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|, Introduction

Fibronectin(FN) is a major glycoprotein in the
extracellular matrix (ECM), which can be a ligand
for a dozen members of the integrin receptor family,
It consists of disulfide-linked 235 kDa monomers,
which are composed of three domains: i,e,, domain
types I, II, and IIL,® Integrins are cell surface het-
erodimeric receptors that link the ECM with the
intracellular cytoskeleton, Through the interaction
with integrin, FN plays an important role during cell
adhesion and osteoblast differentiation, ? Therefore
FN has been expected to be applied to the surface
of implants, GTR membrane and bone graft materi-
als to enhance their biological effects, 345 Because
osseointegration of titanium implants is a biological
process that occurrs by formation of new periim-
plant bone in direct contact with the implant sur-
face, cell adhesive property is required for success-
ful implantation, ©

Extensive analyses revealed that within the
lengthy FN molecule regions involved in cell
adhesion there are several specific integrin recog-
nition sequences, It has been reported that the
Arg-Gly-Asp (RGD) sequence is located in FN III
10, and the Pro-His-Ser-Arg- Asn (PHSRN)
sequence which serves as a synergistic site is
located in FN II1 9,

Whole natural protein usage have problems such
as reduced material availability, immunogenicity, rel-
atively high cost, high molecular weight, enzymatic
degradation and sterilization,® Therefore, synthetic
small peptides which contain the active binding
sequences of the natural protein such as the Arg-
Gly-Asp (RGD) sequence and the Pro-His-Ser-Arg-
Asn (PHSRN) sequence can be an attractive alterna-
tives,®

Recently, it was reported that FN III 7-10, FN III 9-
10 synthetic peptides are effective in osteoblast
adhesion, 110 Their effects are similar to FN whole
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protein, However, it was also reported that biologi-
cal activity of RGD is significantly lower than that of
the complete FN protein, 12131415 Therefore, it is
necessary to design optimal peptides which possess
comparable biological effects to FN in an attempt to
induce favorable cellular activity,

The purpose of this study is to evaluate the bio-
logical effect of FN III 10 in the aspects of osteoblas-
tic cell adhesion, cell proliferation, alkaline phos-
phatase activity, and to compare its activity with FN,

Il. Materials and Methods,
1. Preparation of FN Type 1l 10

Native plasma FN was used (American Peptide
Company, Sunnyvale, CA) and FN IIT 10 was
expressed by using recombinant DNA technology. FN
cDNAs were amplified from adult human brain cDNAs
library, Polymerase chain reaction (PCR) primers were
designed to recognize FN III 10 as follows,

Forward : 5-GCTGGTACCGGCCAACAATCAACA-3

Reverse : 5'-TCGGATCCTAAGTTCGGTAAT-

TAAT-3

The thermocycling parameters used in PCR were
as follows: annealing, 1min at 55°C; extension, 2min
at 72°C; denaturation, 1min at 94°C,

After 30 cycles, amplified ¢cDNA products were
digested with Ndel and BamHI and separated using
PCR purification kit (Qiagen, Chatsworth, CA).

The FN III 10 proteins containing poly-histidine
tag were expressed and purified using a N#* affinity
column under denaturing conditions according to
the manufacturer's protocol (Invitrogen, Carlsbad,
CA). The cell lysates and purified fusion proteins
were separated by sodium dodecyl sulfate-polyacry-
lamide gel electrophoresis and visualized by
Coomassie Blue staining,

2. Cell Culture

HOS (Human osteosarcoma) cell (KCLB, Korea)
were maintained in RPMI solution supplmented
with 10% fetal bovine serum and 1% gentamycin at
37°C in a 5% CO, atmosphere, Each medium was
changed every 34 days,

3. Peptide coating

The concentration of FN groups used was 0.5 #M,
For peptide coating 500 #! solution of FN groups
were inserted into each wells, and maintained
overnight at 4°C;

At 1 day, 24 well plates were washed with phos-
phate buffer solution and then 500 ¢ of cell suspen-
sion were seeded onto 24-well plates coated with
FN, FN III 7-10, FN 1II 10, In the control group,

RPMI solution was used,
4. Cell adhesion assay

The concentration of cells used for cell adhesion
assay was 2,5%10%ml, 500 ¢l of cells in a serum
free media were seeded into 24 well plates,

After maintaining cells in a serum free media for 1
hour, washing with 1% phosphate buffer solution,
fixation with 3,7% formaldehyde, staining with 1%
Crystal Violet were followed,

And then maintaining in room temperature for 24
hours, we observed cells by light microscope and
measured optical density at 570nm to determine cell
concentration,

5. Cell profiferation assay
The concentration of cells used for cell prolifera-

tion assay was 6.5X10%ml. 500 ¢l of cells were
seeded into 24 well plates,



Cell proliferation was measured at 4 day, Methyl
thiazole sulfate (MTS) which is provided in CellTiter
96% AQueous One Solution (Promega, USA) was
used, By metabolicallly active cells, MTS is con-
versed into deeply colored formazan product, So
the degree of proliferation can be measured by
measuring the optical density,

Cell proliferation was measured by manufacturer's
protocol, Media was suctioned and 24-well plates
were washed with PBS solution, And then media
was changed. 100 ¢! solution of MTS was added,
After 2 hours optical density was measured at
570nm,

6, Alkaline phosphatase activity

AlPase was measured at 6 day by using p-nitro-
phenyl phosphate (pNPP) as a substrate, p-nitro-
phenyl phosphate is conversed into p-nitrophenol
by ALPase and it is measured spectrometrically at
405nm, This test was done with the same cells used
for the cell proliferation test,

Cell lysis buffer was added to destruct cell mem-
brane, 100 #1 cell suspension was collected and
mixed with 50 4 solution of pNPP, After 30 min 2N-
NaOH was added to stop the reaction, Optical den-

Figure 1_ LM image of the cell attachment of con-
trol after maintaining cells in a serum free
media for 1 hour (x 100)

sity was measured to determine ALPase activity,
7. Statistical analysis

Differences in biological effects of FN groups
were analyzed through ANOVA and Tukey's test.
p<0.05 was considered statistically significant,
Statistical test was performed by SAS program (SAS
Institute Inc., Cary, NC)

lil, Results
1, Cell adhesion assay

Figure 1 showed the results of LM image of HOS
cell attachment on the control surface after 1 hour
incubation, Figure 2,34 showed the results of LM
image of HOS cell attachment on the FN groups
coated surface after 1 hour ‘incubation, At 1 hour
HOS cells cultured on the FN groups coated sur-
faces were demonstrated very well spread and more
flattened stellate shapes compared to the cells on
control surfaces,

FN III 10 promoted osteoblatic cell adhesion and
its cell adhesive effect was significantly greater than
that of control, while it was similar to FN groups,

Figure 2, LM image of the cell attachment of
fibronectin after maintaining cells in a
serum free media for 1 hour (x 100)



Figure 3. LM image of the cell attachment of
fibronectin Il 7-10 after maintaining cells
in a serum free media for 1 hour (x 100)

Figure 4, LM image of the cell attachment of
fibronectin lll 10 after maintaining cells in
a serum free media for 1 hour (x 100)
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Figure 5, Cell adhesion at 1 hour
Table 1, Cell adhesion at 1 hour
C FN FNIII 7-10 FNII 10
Mean 1,126 2.758* 2.915* 2.388°
SD 0,015 0.085 0,008 0.095

The concentration of adhesive cells in FN groups was statistically greater than that of control after 1 hour incubation (*p{0.05)

Optical density which is measured after maintain-
ing cells in a seram free media for 1 hour is shown in
Figure 5. The mean optical density of control group
was 1,126, The mean optical density of FN, FN HI 7-
10, FN HI 10 was 2,758, 2,915, 2,388 (Table 1),

Adherent cell concentration in FN groups was sta-
tistically greater than that of control after 1 hour
incubation, There was no significance between FN

III 10 and FN in the aspect of cell adhesion,
2. Cell proliferation assay

Optical density which is measured at 4 day after
treated with MTS solution is shown in figure 6, MTS
is conversed into visible formazan by metabolically
active cells, Afterall, cell proliferation can be mea-
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Figure 6. Cell proliferation at 4 days

Table 2, Cell proliferation at 4 days (optical density)

C FN FNTIII 7-10 FNIH 10
Mean 0,519 0.576 0.560 0,547
SD 0,009 0,023 0.021 0.018
0.115
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Figure 7. ALPase activity at 6 days
Table 3, ALPase activity at 6 days (optical density)
C FN FNIII 7-10 FNIHI 10
Mean 0.105 0.110 0.110 0.109
SD 0,002 0.002 0.002 0.003
sured by measuring optical density. The mean opti- was not statistically significant, Cell proliferation

cal density of control group was 0.519, The mean level of FN and FN 10 groups was similar,
optical density of FN, FN III 7-10 and FN III 10 was

0.576, 0,560, and 0,547 (Table 2) 3. ALPase activity assay
At 4 day, cells treated by FN groups proliferated
better than control group, however the difference Optical density which is measured at 6 day after



treated with p-nitrophenyl phosphate is shown in
figure 7. The mean optical density of control group
was 0,105, The mean optical density of FN, FN III 7-
10, and FN III 10 was 0,110, 0,110, and 0,109,
(Table 3).

At 6 day ALPase activity in FN groups was greater
than that of control, But that difference was not sta-
tistically significant. The level of ALPase activities of
FN and FN 10 groups was simiilar,

IV, Discussion

Since FN was reported by Morrison et al, in 1948,
extensive analyses were performed for its interesting
cell adhesive properties,®® And its potential applica-
tion to implants, bone graft materials were evaluated
in lab test and animal studies, 343 It has been report-
ed that bioactive glass promoted osteobalst-like cell
adhesion, while unreacted glass, amorphous calci-
um phosphate, and synthetic hydroxyapatite didn't.
Improved adhesion to reacted bioactive glasses
resulted from enhanced cell receptor-FN interac-
tions, ® It has been reported that coating of titanium
implants with RGD peptides may increase peri-
implant bone formation, ¥ Also It has been reported
that RGDC peptide coating may enhance titanium
rod osseointegration in the rat femur,®

FN is envolved in cellular adhesion, celluar
spreading, cytoskeletal organization hemostasis, cel-
lular migration, oncogenic transformation , embry-
onic differentiation, phagocytosis.*? FN interact var-
ious molecules such as fibrin, heparin, collagen and
etc, 13 Therefore whole natural proteins may cause
some biological side effects. Peptides of dim-
inished size, but similar effects is preferred,

Many researchers have reported that biological
activity of RGD is significantly lower than that of the
complete protein, 1213 It has been supposed that FN
can stimulate cell growth by RGD- independent

mechanisms, ® Peptides which are smaller than FN
but bigger than RGD were needed, Therefore we
choosed FN type III 10 because it includes RGD
motifs and its size is smaller than that of FN type Il
7-10 or FN type I 9-10 of which effect is proven to
be similar to the complete protein, 101V

HOS cells were chosen for this study, for they have
shown to be similar to osteoblasts in many respect,
19 n this study, we found that FN III 10 has a similar
effect to that of other FN groups in cell adhesion, cell
proliferation, ALPase activity, The effect of FN III 10
on cell adhesion was significantly better than that of
control, And its effect on cell proliferation, ALPase
activity was better than that of control, but that differ-
ence was not significant, The possible reason is that
EN is envolved in early healing. It is effective in cell
adhesion, but its effect is decreased as cell proliferate,
Delvin, reported that the function of FN may be
important in granulation tissue formation, by provid-
ing a template matrix for fibroblasts migration,
Greiliny et al, reported that after injury, the wound
space is filled with a fibrin/fibronectin clot containing
growth factors released by platelets and monocytes.
In response to these factors, fibroblasts migrate into
the fibrin clot and contribute to the formation of gran-
ulation tissue, 0

We think the reasult of this study is encouraging,
FN type III 10 has a smaller size but similar effect to
that of other FN groups, Further study is recom-
mended to ideytify the effect of specifec sequences
in FN type III 10,

V. Conclusion

1. FN III 10 showed significant osteoblastic cell
adhesion effect compared to control, however,
it revealed no statistical significance compared
to FN and FN III 7-10,

2. Regarding cell proliferation and AlLPase activity,



FN III 10 showed similar extent to FN and FN
1T 7-10, However, there exists no statistical sig-
nificance between control and FN groups,
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