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Background: Recombinant human bone morphogenetic
protein (rhBMP)-2 has been shown to stimulate significant
regeneration of alveolar bone and cementum in periodontal
defects clinically. The aim of this study was to evaluate the
osteopromotive effect of oligopeptide domain–coated bovine
bone mineral granules in a rabbit calvarial defect model.

Methods: The peptide-coated bovine bone was fabricated
by incubating the graft material in a solution of oligopeptide
domain. The cell attachment and proliferation were measured
in vitro. Peptide-coated (test group) or uncoated (control
group) bone minerals were implanted into 10-mm calvarial
defects in rabbits, and the animals were sacrificed at 1, 2, or
4 weeks post-surgery.

Results: The cells grown with peptide-coated bone showed
significantly higher proliferation activity at all times com-
pared to cells grown with peptide-uncoated bone mineral. At
2 weeks post-surgery, the control wounds showed a limited
amount of osteoid formation in a centripetal pattern around
the grafted bone, but the oligopeptide domain–coated grafted
bone had formed new bone around the grafted area. At 4
weeks post-surgery, the control sites showed increased new
bone formation, but they still showed a significant difference
from the peptide-coated bone-implanted sites.

Conclusions: At 2 and 4 weeks, accelerated new bone
formation was observed within the experimental sites com-
pared to control groups. The use of deproteinized bovine bone
combined with a synthetic oligopeptide seems to be a more
beneficial material for bone regeneration in the early healing
period. J Periodontol 2007;78:157-163.
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R
ecombinant human bone morpho-
genetic protein (rhBMP)-2 has been
shown to stimulate clinically sig-

nificant regeneration of alveolar bone
and cementum in periodontal defects.1-5

The treatment of intrabony defects with
BMPs is likely to require a carrier that
can deliver the appropriate temporal
release of a particular BMP and one that
can serve as a template for new tissue
formation.6 No BMPs have demon-
strated periodontal regeneration in hu-
man trials.

Thus,developmentof thepeptide mim-
icry of proteins has become of interest.
The small amino acid sequence is as ef-
fective as its larger protein counterparts
for cell adhesion, cell proliferation, and
bone regeneration. A peptide sequence
corresponding to the cell-binding do-
main of collagen was demonstrated to
be involved in the binding of cells, partic-
ularly fibroblasts and osteoblasts.7 Stud-
ies by Bhatnagar et al.8,9 examined the
structure of collagen and identified a po-
tent cell-binding domain of human type I
collagen in the a1(I) chain sequence,
766GTPGPQGIAGQRGVV780(P-15).Also,
previous studies showed that an an-
organic bone mineral particle coated with
P-15 peptides can mimic the bone matrix
components and facilitate bone regener-
ation.10,11 Suzuki et al.12 reported that
ectopic bone formation was observed in
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an alginate hydrogel linked with
BMP-2–derived oligopeptide.

In this study, the oligopeptide
sequence with 15 amino acids,
corresponding to the BMP re-
ceptor I (BMPRI)- and receptor
II (BMPRII)-binding domains,
was coated on the deproteinized
bovine bone granules.13 The
aim of this study was to evaluate
the osteopromotive effect of
peptide-coated bone in a rabbit
calvarial defect model.

MATERIALS AND METHODS

Preparation of Peptide-
Coated Deproteinized
Bovine Bone
A peptide sequence correspond-
ing to the cell-binding domains
of BMPRI and BMPRII, containing
sequence DWIVA, was from Nano-Intelligent Bio-
engineering Corporation (NIBEC). The peptide was
synthesized chemically using an automatic peptide
synthesizer¶ at NIBEC. The peptide was modified fur-
therat itsN-terminalwithaspacer to facilitate thecoat-
ing of the bone material with the peptide.

Deproteinized cancellous bovine bone particu-
lates# (0.2 to 1.00 mm) were used. The peptide was
applied to the bone minerals by incubating the bone
for 24 hours in a solution containing the peptide in
phosphate-buffered saline (PBS). The incubation
was carried out at room temperature with gentle shak-
ing to ensure equilibration of the peptide with all ex-
posed surfaces of the microporous bovine bone.
Following incubation, the bone mineral was washed
three times by shaking with a 5· volume of PBS over
a 24-hour period to remove unadsorbed peptide. The
bone mineral was collected, dried, and sterilized by
g-irradiation.

Cell Attachment and Proliferation on
Peptide-Loaded Bone Mineral
The preosteoblastic cells (MC3T3-E1) were used to
evaluate the cell adhesion activity of the peptide-
loaded bone mineral. The suspended cell culture
was applied onto peptide-coated bone mineral gran-
ules or granules without peptides for 2 hours, followed
by observation with confocal microscopy. The cells
attached to the granules were fixed, permeabilized,
and their nuclei were stained with Hoechst 33342 re-
agent for ease of quantitative observation. The nuclei
of the cells attached to the surface of the bone mineral
were observed by confocal microscopy. Cell prolifer-
ation on the bone mineral granules coated with the
peptides was measured after 1, 7, 14, and 21 days

of culture. In brief, cells detached from the granules
were stained with methyl thiazol-2-yl-2,5-diphenylte-
trazolium bromide (MTT) and lysed for detection of
the level of solubilized MTT. The absorbance of MTT

Figure 1.
The morphology of MC3T3-E1 cells on peptide-loaded bone mineral granules in a 4-well chamber
slide. Cells were incubated for 3 hours on each sample and were fixed and stained with Hoechst
33342 for nucleus (blue) by confocal microscopy. A) Bone mineral. B) Peptide-loaded bone mineral.

Figure 2.
Effect of peptide-loaded bone mineral on cell proliferation. After 1, 7,
14, and 21 days, cultured cells were treated with methyl thiazol-
2-yl-2,5-diphenyltetrazolium bromide (MTT) and incubated for
4 hours. The cells were lysed and used for measurement of
absorbance of solubilized MTT in the culture medium. The bone
granules without peptides served as a reference for normalization in
each experiment. n = bone mineral; d = peptide-loaded bone
mineral. Data are presented as mean – SE, and triplicate
experiments were performed (N = 4). *P <0.05 compared to the
granules without peptide at the same time point.

¶ APEC 396, Advanced ChemTech, Louisville, KY.
# OCS-B, NIBEC, Seoul, Korea.
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in cells from granules without
peptide served as the reference
in each experiment.

Surgical Procedure
The animal research protocol
was approved by the Institute of
Laboratory Animal Resources,
SeoulNationalUniversity.Twelve
mature New Zealand white rab-
bits were used for the ex-
periments. The animals were
anesthetized with an intramus-
cular injection of xylazine and
ketamine (3.5 mg/kg body
weight). After the surgical site
was disinfected with betadine,
local anesthesia was provided
using a 2% lidocaine solution.
Incisions were made, and the periosteal flaps were re-
flected. The external cortical plates were removed
carefully using an 8-mm trephine bur with saline irri-
gation. Two symmetrical defects were made in each
rabbit. Extreme care was taken to avoid injury to
the brain. The peptide-coated bone was implanted
into the defects. The peptide-uncoated bone was
placed as the control. The periosteum and skin were
closed using 5-0 chromic gut and 4-0 silk sutures, re-
spectively.

Histologic Preparation and
Histomorphometric Evaluation
The animals were sacrificed at 1, 2, or 4 weeks follow-
ing surgery. The retrieved specimens were fixed in a
10% neutral buffered formalin solution, dehydrated
through a series of ethanol solutions of increasing
concentrations, and embedded in embedding me-
dia.** Coronal sections were sliced, ground,†† and
stained with multiple staining (basic fuchsin and tolu-
idine blue methods). Microscopic examination was
conducted using a light microscope.‡‡

After microscopic examination, a photograph of
each slide was taken using a digital camera,§§ and
the resulting images were saved on a computer. Com-
puter-assisted histomorphometric measurements of
the newly formed bone were obtained using an auto-
mated image analysis system.ii The ratio of bone re-
generation was calculated as the area of newly formed
bone divided by that of the original defects.

Statistical Analysis
Statistical analysis was performed using statistical
software.¶¶ Data were reported as mean – SD with a
significance level of P <0.05. Analysis of variance
was performed to compare cell proliferation data. A
paired Student t test was used to compare data from
the in vivo histomorphometric analysis.

RESULTS

Cell Attachment and Proliferation on
Peptide-Loaded Bone Mineral
Culture plates without surface modification were
used in this experiment to prevent non-specific cell

Figure 4.
A) Histologic view of non-coated bone mineral specimen after
2 weeks. Newly formed bone with osteocytes was evident at the
periphery of defects, but less bone formation activity was noted in
the central aspects of the defects. The bony margin is indicated by
an arrow. B) Histologic view of peptide-coated bone mineral
specimen after 2 weeks. New bone and osteoid formation was
more obvious, and the defect tended to coalesce with the new bone.
The bony margin is indicated by an arrow. (Multiple staining;
original magnification: A and B, ·12.5.)

Figure 3.
A) Histologic view of non-coated bone mineral at 1 week. A very limited amount of immature
osteoid formation around the graft material is noted (arrow). B) Histologic view of peptide-coated
bone mineral at 1 week. Osteoid formation was noted around the graft material (*). New vessels
were seen near the center of the defect (arrow), and osteoclastic activity was found adjacent to
the graft material (arrowhead), making the surface of the graft material irregular. (Multiple
staining; original magnification: A and B, ·200.)

** Technovit 7200, Exakt, Hamburg, Germany.
†† Exakt.
‡‡ Olympus BH-2, Olympus Optical, Osaka, Japan.
§§ Olympus Optical.
ii TDI Scope Eye, Seoul, Korea.
¶¶ SPSS v10.1, SPSS, Chicago, IL.
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attachment. The cell attachment
of the bone mineral without
peptide was not as significant
as that of peptide-coated bone
mineral. The nuclei of cells at-
tached around the surface of
bone mineral were more obvi-
ous than those of cells attached
to bone mineral without pep-
tides (Fig. 1). A large amount
of cell coverage was observed
on the surface of the peptide-
loaded bone mineral compared
to that without peptide. In addi-
tion, the peptide-coated bone
mineral enhanced cell prolifera-
tion for 21 days (Fig. 2).

Histologic Evaluation of Bone Regeneration in
Rabbit Calvarial Defects
No specimen revealed any evidence of infection or for-
eignbodyreaction,andallwoundsshowedagoodheal-
ing response. At 1 week post-surgery, the defect area
was occupied mainly by graft particles and connective
tissue.Thecontrolsideshowedlittleevidenceofosteoid
formation around the bone (Fig. 3A). However, the ex-
perimental specimens showed many small vessels
near the center of the defect, indicating higher cellular
activity. Evidence of osteoid formation adjacent to the
graft material could be found. The osteoclast-like cells,
which are multinucleated cells, were sitting on the graft
bone, making its surface irregular (Fig. 3B).

At 2 weeks post-surgery, the ratio of the area occu-
pied by the graft particles was reduced in the control
specimens. The specimens showed a limited amount
of new osteoid and bone formation developing in a
centripetal manner or adjacent to the graft material
(Figs. 4A and 5A). In the experimental specimens,
new bone formation was more obvious around the
grafted material, and the defect tended to coalesce
with new bone, which could be seen clearly at high
power (Figs. 4B and 5B).

At 4 weeks, the quantity of new bone was greater
than that observed at 2 weeks in both groups. The
new bone was deposited evenly around the graft ma-
terial, the bone mineral was integrated fully with the
new bone, and a more advanced stage of remodeling
and consolidation was noted in both groups (Figs. 6
and 7). The control sites showed increased new bone
formation compared to the 2-week control speci-
mens, but they still showed a significant difference
from the experimental test sites.

Histomorphometric Evaluation of
Calvarial Defects
The results of the histomorphometric analysis are
shown in Table 1. The average area occupied by

new bone was 6.60% – 0.89% for the control site
and 23.72% – 1.73% for the experimental site at
2 weeks. At 4 weeks, the average area was 34.77% –
3.31% and 42.27% – 2.35%, respectively. There were
significant differences in the regenerated areas be-
tween control and experimental sites at 2 and 4 weeks.
The values at 4 weeks were significantly different from
those at 2 weeks in both groups.

DISCUSSION

Bone regeneration has become a significant area
of research. As a result of emerging activity in this
field, a new class of drugs has been introduced with
excellent potential to stimulate bone formation and

Figure 5.
A) Higher magnification of selected site from Figure 4A. A limited amount of new osteoid and bone
formation was noted (arrow). B) Higher magnification of selected site from Figure 4B. The newly
generated bone seems well integrated with the graft material (arrow). (Multiple staining; original
magnification: A and B, ·200.)

Figure 6.
A) Histologic view of non-coated bone mineral specimen after
4 weeks. New bone formation was noted all over the defect area.
The bony margin is indicated by the arrow. B) Histologic view of
peptide-coated bone mineral specimen after 4 weeks. The bony
margin is indicated by the arrow. (Multiple staining; original
magnification: A and B, ·12.5.)
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to induce the regeneration of new bone. The new class
of drugs is based on protein growth factors, endoge-
nous proteins that are effective in stimulating bone
formation.13 BMPs are one example of this class of
drugs; these are members of the transforming growth
factor-b superfamily and have been known to induce
heterotopic bone formation.14 The pharmacokinetics
of BMPs and the retention of BMPs in the implanted
carrier are of crucial importance for successful bone
induction.15 A clinically relevant result was obtained
by increasing the concentration of BMPs.16,17 The in-
creases in the quantity and rate of bone induction by
rhBMP-2 were affected by the delivery system and the
animal species used.17 However, the optimum release
pattern of BMPs has not been established; therefore,
BMPs should be applied in small dosages because
they have various effects.18

This unpredictability, particularly with reference to
the effectiveness of the highly concentrated applied
substances, has led to interest in receptor technology,
which has proven to be a practical and cost-efficient
method of accelerating bone regeneration.19 A short
sequence of collagen a1 (I), forming the major pro-
portion (85%) of the organic components of bone,

has been identified as a cell-
binding domain for mesenchy-
mal progenitor cells.8 A syn-
thetic 15-amino acid sequence
(P-15), with steric similarities
to the cell-binding site of type I
collagen, was demonstrated
to promote cell adhesion, facil-
itate physiological processes in
a manner similar to collagen,
and promote cell differentia-
tion.9,20,21 P-15, associated with
anorganic-derived bone matrix,
was helpful in the treatment of
periodontal defects and alveolar
ridge defects and in sinus-lifting
procedures.10,22-25

A synthetic peptide, corre-
sponding to residues 68 through 87 of BMP-2, re-
cruited osteocalcin-positive osteoblasts and induced
ectopic calcification when a peptide-conjugate algi-
nate gelwas implanted intoa rat’s calfmuscle.12 It also
was found that the synthetic peptide corresponding
to residues 73 though 92 of BMP-2 induced higher al-
kaline phosphatase activity than the 68 though 87
peptide,26 and a 73 though 92 peptide–conjugated
alginate gel showed prolonged ectopic calcification
for up to 7 weeks in rat calf muscle.27

A synthetic peptide domain containing the binding
domains for BMPRI and BMPRII was used in this study.
The peptide sequence contained wrist and knuckle
epitopes and, therefore, was anticipated to mimic
functions similar to the whole molecule of BMP-2.
Our group documented the effect of the peptide on
cellular activity and surface activation on implants un-
der a microscopic observation.13 It was suggested
that the peptidomimetics of the binding domain of
BMP-2 could result in a partial role of whole BMP-2
in terms of bone cell maturation, including mineraliza-
tion, thereby increasing bone healing efficacy.

In this study, the peptide was used to coat the de-
mineralized bovine bone, and the effect of the peptide
was evaluated. The attachment level on the synthetic
peptide increased in a dose-dependent fashion; these
results indicated that the oligopeptide domain was
loaded quantitatively into bone mineral and was ac-
tive in promoting cell adhesion. The peptide-loaded
bone mineral enhanced cell proliferation for 21 days;
it is possible to enhance cell proliferation because the
peptides loaded in bone mineral are able to maintain
their biologic activity for 21 days.

Histologic observation using multiple staining
showed that no adverse response was induced by
the graft bone, with or without peptide. The peptide-
loaded bone sites showed evidence of osteoid for-
mation near the center of the defect at 1 week after

Table 1.

Induced Bone Formation (ratio of the area
of newly formed bone to original defect)

Group 2 Weeks 4 Weeks

Non-coated bone 6.60% – 0.89% 34.77% – 3.31%*

Peptide-coated bone 23.72% – 1.73%† 42.27% – 2.35%*‡

* The value at 4 weeks was significantly different from that at 2 weeks.
† There was a significant difference between the peptide-coated bone

mineral and non-coated bone mineral groups after 2 weeks (P <0.05).
‡ There was a significant difference between the peptide-coated bone

mineral and non-coated bone mineral groups after 4 weeks (P <0.05).

Figure 7.
A) Higher magnification of selected site from Figure 6A. The graft was integrated fully with the
new bone (arrow). B) Higher magnification of selected site from Figure 6B. The grafted bone was
integrated fully with the new bone and a more advanced stage of remodeling and consolidation
was noted (arrow). (Multiple staining; original magnification: A and B, ·200.)
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surgery. New bone formation was more evident at the
experimental site 2 weeks after surgery compared to
the control site.

In the histomorphometric analysis, the percentage
gain of bone regeneration was calculated as the ratio
of the area of newly formed bone to that of the original
defect, as reported previously by our group.28 A sig-
nificant finding in this study is the accelerated forma-
tion of new bone observed within the experimental
sites at 2 and 4 weeks. These results suggest that
new bone formation and the normal healing process
in the defects may have increased because of the syn-
thetic oligopeptide.

The paired t test P values at 2 and 4 weeks were
0.006 and 0.033, respectively, showing that the dif-
ference was more evident after 2 weeks. This suggests
that the synthetic oligopeptide has more beneficial
effects; deproteinized bovine bone combined with a
synthetic oligopeptide seems to be a more beneficial
material than uncoated bone for bone regeneration,
especially in the early healing period.

CONCLUSIONS

After 2 and 4 weeks, accelerated new bone formation
was observed within the experimental sites with pep-
tide-coated bone minerals, compared to control
groups. Deproteinized bovine bone combined with a
synthetic oligopeptide seems to be a more beneficial
material than uncoated bone for bone regeneration,
especially in the early healing period.
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