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The Putative Collagen Binding Peptide
Hastens Periodontal Ligament Cell
Attachment to Bone Replacement Graft
Materials
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Background: Bone replacement graft (BRG) materials are
often used to treat periodontal defects, to promote cellular inva-
sion, and to encourage bone regrowth. Periodontal ligament
fibroblasts (PDLF) incorporate these materials and form the
basis of the renewed connection between the existing and newly
formed alveolar bone and the tooth surface. A peptide (P-15)
that mimics the putative cell-binding domain of collagen has
been reported to promote dermal fibroblast attachment and pro-
liferation.

Methods: PDLF were quantitatively examined for their ability
to adhere to a variety of BRG materials fluorometrically. In addi-
tion, scanning electron microscopy was used to examine the
changes in morphology exhibited by these cells as they attached
and spread on several BRG materials. Finally, BRG materials
containing the P-15 peptide were quantitatively examined for
their ability to promote PDLF attachment and proliferation.

Results: Freeze-dried allograft bone supports greater PDLF
attachment than does several xenograft and alloplastic anor-
ganic bone replacement materials. An anorganic BRG material
containing the P-15 peptide promoted more rapid cell attach-
ment and spreading than a similar anorganic BRG material lack-
ing this peptide. Finally, none of the BRG materials examined
promoted PDLF proliferation.

Conclusions: Our data indicate that the addition of the P-15
peptide increases the rapidity of PDLF attachment to xenogeneic
bone replacement materials. This increase in the rate of attach-
ment may have clinical significance in the context of the dynamic
regulation of cell attachment during periodontal regeneration.
However, this peptide does not promote an increase in stable
cell attachment or proliferation in vitro. J Periodontol 2001;72:990-
997.
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Contemporary periodontal therapy
seeks to reverse the plaque-induced
resorption of bone and periodontal

ligament (PDL) collagen by promoting the
regeneration of the periodontium.1,2 This
process requires the appropriate position-
ing of cells capable of synthesizing collagen,
cementum, and bone. Although the source
of competent cells in the adult for such
repair remains uncertain, PDLF have been
proposed as likely candidates.3-5 Recog-
nized therapeutic strategies such as guided
tissue regeneration6 and coronally posi-
tioned flaps designed to exclude non-PDL
cells from regenerating areas7 provide indi-
rect evidence that the PDL is the source of
such cells. Moreover, PDLF express alkaline
phosphatase,8,9 a marker for developing
bone cells that is either not expressed by
gingival fibroblasts10 or is expressed at sig-
nificantly lower levels.11 In addition, PDLF
are a major cellular component of the
PDL.12-14 Past studies have presented evi-
dence that PDLF are capable of converting
from fibroblasts to osteoblasts,15-18 are
chemotactically responsive to appropriate
growth factors,19 and participate in defect
repairs at surgical sites.4,20

Implantation of bone replacement graft
(BRG) materials to stimulate bone deposi-
tion has been used orthopedically since the
1950s and in periodontal therapy since the
1970s.21-25 BRG materials that maximize
functional bone deposition are considered
more clinically useful. Currently a wide vari-
ety of materials including demineralized and
non-demineralized freeze-dried bone allo-
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graft, various types of natural and synthetic hydroxy-
apatites, ceramics, calcium carbonate (natural coral),
silicon-containing glasses, and synthetic polymers are
utilized as BRG materials. This variety of BRG mate-
rials reflects attempts to identify BRG materials with
high osteogenic potential and low clinical risk.26,27

Such an awareness has led to the incorporation of
hydroxyapatite coatings on dental implants28 and the
use of growth factors and attachment proteins to stim-
ulate osteoprogenitor cells, including PDLF.29 An addi-
tional goal of the use of these BRG materials is to pro-
mote the regeneration of the more complex periodontal
attachment apparatus, including the original and repaired
bone, the periodontal ligament, and cementum.

Recently, a synthetic 15-amino acid sequence (P-
15) with steric similarities to the cell binding site of
Type I collagen was demonstrated to promote con-
centration-dependent binding of cultured human der-
mal fibroblasts to anorganic bovine bone material
(ABM) to which the P-15 sequence had been adsorbed
(ABM.P-15). ABM.P-15 also enhanced expression of
alkaline phosphatase, as well as increased nucleic acid
and protein synthesis in dermal fibroblasts grown on
ABM.P-15 versus cells grown on ABM alone.30-32

Since the attachment of PDLF to BRG materials is
of importance in periodontal therapy involving place-
ment of BRG materials, we investigated the interactions
of cultured human PDLF with a variety of BRG mate-
rials including demineralized (DFBA) and non-de-
mineralized (NDFDBA) freeze-dried bone allograft,
ABM with and without adsorbed P-15, and several allo-
plastic materials. This was done to determine: 1) if the
synthetic peptide enhanced cell attachment and pro-
liferation for PDLF as it had for dermal fibroblasts and
2) how the time course of PDLF spreading, as assessed
by scanning electron microscopy (SEM), compared
among the graft materials.

MATERIALS AND METHODS
Periodontal Ligament Fibroblasts
Stock cultures of human polyclonal PDLF (a gift from
Dr. D. Robinson, University of California, San Fran-
cisco) were maintained in 25 cm3 tissue culture flasks‡

at 37.5°C in a humidified incubator gassed with 5.0%
CO2 for 15 to 24 passages. Two polyclonal PDLF pop-
ulations were tested and found to behave identically in
all subsequent tests. PDLF cultures were grown in min-
imum essential medium-alpha (MEM-α)§ complete
with minerals and vitamins, and supplemented with
10% fetal calf serum and antibiotics. Cells were har-
vested using trypsin-EDTA.

Bone Replacement Graft Materials
A variety of BRG materials were examined in this study
(Table 1). BRG materials were rinsed extensively in PBS
prior to use for adhesion or cell proliferation experiments.

The putative collagen binding peptide, P-15 (GTPGPQ-
GIAGQRGVV) was available commercially bound to ABM.�

Scanning Electron Microscopy (SEM)
For culture on bone replacement graft materials (BRG
materials), PDLF were plated onto BRG particles that
had been stabilized in gelled 3.0% agarose¶ in the bot-
toms of wells of 24-well culture dishes.‡ BRG material-
containing wells were constructed by adding 0.7 ml of
liquid 3.0% agarose to each well and allowing the
agarose to solidify. Subsequently, 0.1 ml of the vari-
ous BRG materials were added to each well and were
pressed into the agarose gel so that portions of the
particles protruded above the agarose surface and
were available for cell binding. PDLF were plated at a
density of 6.5 × 103 cells/ml (1 ml/well) and cultured
from 5 minutes to 2 days. For baseline observations
cells were grown on polystyrene. All cultures were fixed
in 4.0% glutaraldehyde in 0.1M sodium cacodylate
buffer for 1 hour (room temperature), post-fixed in
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‡ Corning, Corning, NY.
§ Gibco, Grand Island, NY.
� Osteograf CS-300 or Pepgen P-15, CeraMed Dental LLC, Lakewood, CO.
¶ Invitrogen, Carlsbad, CA.

Table 1.

Bone Replacement Graft Materials

Particle Size 
Number Name Source (µm diameter)

1 Non-demineralized 
freeze-dried bone 200-500

(NDFDBA)

2 Demineralized 
freeze-dried bone 200-500

(DFDBA)

3 Osteograf N-300 (ABM) Bovine bone 250-420

4 PepGen P-15 (ABM.P-15) Bovine bone 250-420

5 Osteograf LD-300 250-420

6 Bio-OSS Bovine bone 200-600

7 Bio-Coral Coral 300-450

8 HTR-24 >500

9 HTR-40 >500

10 Perioglas 58s 200-500

11 Calcitite 200-400

12 Perioss 200-600

13 Osteograf-AR >500

14 Osteogen 300-400

Manufacturer information is provided in the footnotes on pages 991-994.
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1.0% osmium tetroxide in the same buffer
for 1 hour (room temperature), and dehy-
drated in an ascending series of alcohols (50
to 100%).33 The agarose disk containing the
BRG particles was then removed and criti-
cal point dried in a Tsoumis and critically-
point drying apparatus. Samples were then
sputter-coated with gold-palladium in a sput-
ter-coating device# and examined in a scan-
ning electron microscope** at an acceler-
ating voltage of 10 kV. Cells grown on
polystyrene were treated similarly except
that the bottom of the dish was cut out with
an electric “hot wire.” Images were recorded
on film.††

Quantitation of Cell Attachment
Cell attachment was measured to BRG mate-
rials fluorometrically. Cells were grown in
MEMα containing 10% fetal bovine serum
(FBS). BRG materials were added to Eppen-
dorff tubes to a volume of between 25 to 40
µl. BRG particle size varied from 200 to
greater than 500 µm in diameter (Table 1).
BRG materials were rinsed 3 times with 1 ml of PBS
prior to the addition of cells. 2 × 104 PDLF were added
to BRG materials proteins in a volume of 500 µl of
MEMα in the presence or absence of 10% FBS. Cells
were allowed to adhere to the substratum for 15 min-
utes to 48 hours, as noted for each experiment. In all
cases, 8 samples were prepared for each BRG mate-
rial for each experiment. Non-adherent cells were
removed by 3 washes of 500 µl of PBS, and the adher-
ent cells lysed by freezing at −80°C for 1 hour. Adher-
ent cells were quantified fluorometrically, using fluo-
rescent dye‡‡ and measured in a fluorescent microplate
reader.§§ This dye fluoresces at 530 nm when bound
to DNA, and was prepared per the manufacturer’s
instructions. This dye fluoresces only when in the pres-
ence of nucleic acids and did not fluoresce after expo-
sure to BRG materials in the absence of cells (data
not shown). Since the nucleic acid content of cells is
fairly constant, this measurement was used to repre-
sent the relative number of cells attached to each BRG
material examined. For each sample, 300 µl of the
dye solution was added to each sample, vortexed vig-
orously, and incubated for 1 hour at 25°C in the dark;
200 µl of the resulting supernatant was transferred to
a 24-well microplate. The data presented represent
the mean and standard deviation of 3 experiments,
each containing 8 samples. Student t-test was used to
determine the significance of the differences in adhe-
sion seen between samples.

Cell Proliferation Assay
To determine the effect of various BRG materials on
PDLF proliferation, 5,000 PDLF cells were incubated

with 25 µl of BRG materials in 500 µl of MEMα with
10% FBS for 1, 2, 3, or 4 days at 37°C. This repre-
sents 10% of the cells used in the quantitative cell ad-
hesion experiment to ensure that available BRG par-
ticle surface would not be limiting. After incubation, the
excess media were removed, and the relative cellular
content of each sample determined using the cell
attachment protocol described above, with the excep-
tion that no effort was made to remove non-adherent
cells. The data presented represent the mean and stan-
dard deviation of 8 samples.

RESULTS
Quantitation of Periodontal Ligament Fibroblast
Attachment to BRG materials
A variety of BRG materials are currently used to
replace bone and promote fibroblast invasion in the
treatment of periodontal disease. In order to quantify
their potential clinical usefulness, we compared a vari-
ety of commercially-available BRG materials for the
ability to promote PDLF attachment (Fig. 1). In gen-
eral, the use of NDFDBA and DFDBA supported the
greatest amount of PDLF attachment (about 70% and
60%, respectively). This was significantly greater than
any other of the plain BRG materials examined within
this study (P <0.01). In contrast, the alternative plain
BRG materials (HTR-24,�� HTR-40,�� Bio-Coral,¶¶ Cal-
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Figure 1.
Quantitative analysis of PDL fibroblast attachment to numerous BRG materials. PDL
fibroblast attachment to a variety of commercially available BRG materials was
quantified in the presence or absence of 10% fetal bovine serum.

#  Anatech, San Diego, CA.
** Model T-300, JEOL, Peabody, MA.
†† 4127 Graphic Arts film, Kodak, Rochester, NY.
‡‡ Cyquant, Molecular Probes, Eugene, OR.
§§ FL500, Biotek, Winooski, VT.
�� Bioplant Inc., Norwalk, CT.
¶¶ INOTEB, Saint-Gonnery, France.
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citite,## Bio-OSS,*** Perioss,†††

Osteogen,‡‡‡ Osteograf N-300,§§§

Osteograf-AR,§§§ and Perioglas-
58s)��� supported much less attach-
ment (<25%). Cell attachments
among the alternative plain BRG
materials tested were not signifi-
cantly different (P <0.05). The pres-
ence or absence of serum (10%) did
not significantly affect cell adhesion
to any of the BRG materials exam-
ined (P <0.05).

Periodontal Ligament Fibroblast
Attachment and Morphology on
Bone Replacement Graft Materials
All of the BRG materials utilized in
this study were capable of support-
ing attachment of PDLF. The most
dramatic morphological differences
were observed after short culture
intervals. PDLF attached to all of the
BRG materials and polystyrene within
5 minutes in culture (Fig. 2A, D, G,
and J), and were still rounded and
had numerous surface irregularities.
Cells cultured on polystyrene,
NDFDBA, and ABM.P-15 (Fig. 2A,
D, and G) had already begun to send
out lamellaepodia and filopodia, while
those cultured on ABM without P-15
did not possess lamellaepodia, and
filopodia were either short or absent
(Fig. 2J). Cells plated on polystyrene
showed the most rapid cell spreading,
while those grown on ABM without
P-15 were slowest. The spreading
response was characterized by: 1)
attachment of rounded cells to the
substratum; 2) extension of filopodia
and abbreviated lamellaepodia; 3)
expansion of lamellaepodia; and 4)
continued flattening of the cell. After
30 minutes in culture (Fig. 2) PDLF
cultured on ABM without P-15 were less well spread
than those on polystyrene, NDFDBA, or ABM.P-15.
Cells cultured on polystyrene, NDFDBA, and ABM.P-
15 had undergone extensive spreading and were almost
completely flattened except for a prominent nuclear
bulge (Fig. 2B, E, H). Cells cultured for 30 minutes on
ABM without P-15 were still rounded, had smaller lamel-
laepodia, and more irregular surfaces than those cul-
tured on the other materials (Fig. 2K). Two hours after
plating, PDLF cultured on ABM without P-15 were still
not as spread as PDLF cultured on polystyrene,
NDFDBA, or ABM.P-15 (Fig. 2L versus Figs. 2C, F, and

I). After 1 day in culture, PDLF had completely flat-
tened out on all of the substrata (not illustrated).

Quantitation of Periodontal Ligament Fibroblast
Attachment to P-15 on BRG materials
In order to substantiate the functional relevance of the
apparent differences in cellular morphology in indi-
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Figure 2.
Effect of P-15 peptide on the morphology of PDL fibroblast to BRG materials. PDL fibroblasts grown
on polystyrene (A-C), NDFDBA (D-F), ABM.P-15 (G-I), and ABM (J-L) for 5 minutes (A, D, G,
and J), 30 minutes (B, E, H, and K), and 2 hours (C, F, I, and L). Note the lamellaepodia (open
arrows) and filopodia (solid arrows) associated with the basal membranes of PDL fibroblasts grown
on polystyrene, NDFDBA,ABM.P-15, and ABM (A, D, G, and J). Cells are rounded regardless of
substrate after 5 minutes (A, D, G, and J). After 30 minutes, PDL fibroblasts grown on polystyrene,
NDFDBA, and ABM.P-15 (B, E, and H) are substantially more spread than cells grown on ABM (K).
Note the prominent nuclear bulges (dark arrows) on the cultured cells (B, E, H, and K).After 2 hours,
PDL fibroblasts are completely spread out on polystyrene, NDFDBA, and ABM.P-15 (C, F, and I)
whereas lamellaepodia (open arrow) are still being put forth from PDL fibroblasts grown on 
ABM (L).

##   Sulzer Calcitek, Carlsbad, CA.
*** Osteohealth, Inc., Shirley, NY.
††† Miter Inc., Indianapolis, IN.
‡‡‡ Impladent, Jackson Heights, NY.
§§§ CeraMed Dental LLC, Lakewood, CO.
��� Dbek Drug Co., Inc., Jersey City, NJ.
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vidual cells seen with SEM, we quantitatively
measured the attachment of PDLF to a bat-
tery of these materials (Fig. 3). In order to
promote cell attachment to xenogeneic nat-
ural hydroxyapatite BRG materials (such as
Osteograf N-300), the putative collagen
binding peptide P-15 has been adhered to
the surface of hydroxyapatite ABM (PepGen
P-15). After 2 hours of incubation, 60% to
70% of PDLF adhere to demineralized and
non-demineralized bone (Fig, 3). In contrast,
less than 15% of PDLF attach to ABM-with-
out P-15 (Osteograf N-300). The addition of
P-15 to ABM (PepGen P-15) did not signif-
icantly increase PDLF adhesion to these par-
ticles. Of potential clinical interest, the low-
density hydroxyapatite BRG material¶¶¶

(Osteograf LD-300) promoted significantly
more adhesion of PDLF (about 30% of cells
(P <0.01)). After 24 hours of incubation,
adhesion of PDLF to all the various ABM was
increased slightly (about 5%). Under these
conditions, PDLF adhesion to demineralized
and non-demineralized bone increased to a
greater extent (10% and 30%, respectively).
No significant changes in adhesion were
observed in cells allowed to adhere for 48
hours (P >0.05). The only noticeable differ-
ence observed with PDLF attachment to ABM.P15 ver-
sus ABM was in the initial phase of cell attachment at
15 minutes (P <0.01). These studies suggest that the
P-15 peptide does not enhance stable PDLF attach-
ment to BRG materials, but may promote more rapid,
dynamic adhesion associated with cell migration and
tissue repair. They also demonstrate that fragmented
bone (whether demineralized or non-demineralized),
supports PDLF attachment to a greater extent than
xenogeneic or alloplastic hydroxyapatite based BRG.

Effects of BRG Materials on Periodontal Ligament
Fibroblast Proliferation
Another potential result of cell interaction with colla-
gen is the stimulation of cell division. Thus, the puta-
tive collagen cell-binding peptide (P-15) could poten-
tially stimulate PDLF to proliferate after invading a
recently filled defect. We therefore quantitatively com-
pared PDLF proliferation on cells grown on several
BRG with polystyrene (Fig. 4). On polystyrene, PDLF
divided rapidly, doubling first with 24 hours, and then
again within another 24 hours. Thereafter, cell prolif-
eration slowed, but remained substantial through the
fourth day in culture. In contrast, PDLF grown on non-
demineralized bone proliferated, but failed to double
their number by the fourth day in culture. Cell prolif-
eration was even slower on both ABM (Osteograf N-
300) and ABM.P-15 (PepGen P-15). A direct com-

parison of these 2 growth conditions demonstrated no
significant difference in the response of PDLF to ABM
or ABM.P-15. Finally, no cell proliferation was detected
in PDLF grown on low-density hydroxyapatite
(Osteograf LD-300). Therefore, P-15 did not signifi-
cantly affect PDLF proliferation. In addition, all of the
BRG materials promoted only minimal cell prolifera-
tion when compared to tissue culture plastic, thus indi-
cating that BRG materials may potentially inhibit cell
proliferation. Since non-demineralized bone supported
nearly 95% PDLF attachment at 24 hours (Fig. 3), but
failed to support significant cell proliferation (Fig. 4),
we conclude that the inhibition observed in prolifera-
tion in not due simply to a failure in cell anchorage.

DISCUSSION
Our results indicate that xenogeneic and synthetic BRG
materials are inferior to human-derived bone (whether
demineralized or non-demineralized) in promoting
PDLF cell attachment. We also demonstrate that cul-
tured human PDLF spread out more rapidly on ABM
coupled to a synthetic attachment peptide (P-15) than
on ABM without the adsorbed peptide, and that the
time course of cell spreading on ABM.P-15 is similar
to that observed in PDLF cultured on either polystyrene
or NDFDBA. This enhanced initial cell interaction indi-
cates that such agents may be clinically useful, since
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Figure 3.
Effect of P-15 peptide on PDL fibroblast attachment to BRG materials. PDL fibroblast
attachment to commercially available BRG materials (Osteograf N-300 [ABM],
PepGen P-15 [ABM.P-15], Osteograf LD-300, demineralized bone allograft
[DFDBA]and non-demineralized bone allograft [NDFDBA]) was quantified. PepGen P-
15 (ABM.P-15) contains the putative collagen binding peptide, P-15. No significant
difference was observed in the attachment of either PDL fibroblast cell lines to any of
the BRG materials tested. *A significant difference in adhesion between non-P-15 and
P-15 ABMs. Error bars represent the standard deviation of the mean.

¶¶¶ Osteograf LD-300, CeraMed Dental LLC.
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rapid functional interaction of cells capable of pro-
moting periodontal regeneration with implant materi-
als is important in initiating repair. ABM.P-15 did quan-
titatively promote more rapid attachment of PDLF than
ABM alone. However, subsequent PDLF attachment to
ABM.P-15 was quantitatively identical to that seen on
ABM alone. This may reflect an increase in the rapid
and dynamic cell attachments on ABM.P-15 associated
with motile cells that occur during tissue repair, com-
pared to a more stable cell attachment characteristic
of stationary cells on ABM alone. It is also possible
that any clinical benefit observed with ABM.P-15 could
result from another function of the cell-collagen inter-
action, for instance the promotion of either cell prolif-
eration or differentiation. In testing the potential cellu-
lar functions, we found that ABM.P15 promoted PDLF
proliferation no better that ABM alone.

In our experiments, only the initial attachment of
cultured human PDLF to ABM was enhanced by the
P-15 peptide. Subsequent PDLF attachment was unaf-
fected by the presence of the P-15 peptide. Previously,
the P-15 peptide was demonstrated to enhance attach-
ment of dermal fibroblasts in a sustained manner, with
observable differences at 4 days in culture.30 The dif-
ferences in these observations may be due to differ-
ent sources of fibroblasts (dermal versus PDL), the
number of cells plated onto a larger surface area in the
above study, or different sampling times (24 hours ver-
sus 1 week). The accelerated binding of PDLF over
dermal fibroblasts may reflect greater efficiency on the
part of PDLF to bind to bone minerals such as hydroxy-
apatite. Interestingly, the cellular morphology of PDLF

spreading on polystyrene and cells spread-
ing on NDFDBA, ABM, and ABM.P-15 is
very similar. The initial binding and spread-
ing of PDLF to polystyrene is probably medi-
ated by serum vitronectin and possibly
fibronectin.34-39 Nevertheless, the slower
spreading of PDLF grown on ABM compared
to those grown on ABM.P-15, polystyrene,
and NDFDB indicates that the nature of the
substratum is also important in determining
the nature and dynamics of the interactions
between PDLF and BRG materials.

Our results also differ quantitatively from
those previously reported for ABM.P-15.30

Specifically, dermal fibroblasts displayed a
small (15%) but significant increase in
attachment to ABM.P-15. In our hands, PDLF
attached no better to ABM.P-15 than to ABM.
In addition, dermal fibroblasts were previ-
ously reported to increase their DNA syn-
thesis and protein synthesis when grown on
ABM.P-15. This was reported to indicate an
increase in cell adhesion, but may also reflect
an increase in cell proliferation. In contrast,

PDLF displayed no increase in cell proliferation when
exposed to ABM.P-15. In fact, all of the BRG tested
appear to inhibit cell proliferation, when compared to
tissue culture plastic. Together, these data may indi-
cate a stimulation of PDLF differentiation by BRG,
resulting in a coincident decrease in cell proliferation.
ABM.P-15 has been demonstrated to induce alkaline
phosphatase activity in dermal fibroblasts.30 In addi-
tion, very favorable clinical results with ABM.P-15 have
been demonstrated in periodontal osseous defects.40

Further studies will be required to investigate the rela-
tionship between clinical efficacy and PDLF differen-
tiation and proliferation.

PDLF proliferation and differentiation and the colo-
nization of postsurgical sites by PDLF are of critical
importance in determining clinical success of proce-
dures using BRG materials in periodontal therapy.41,42

Early stages of osseous repair depend on interaction
of PDLF and HA43 and conversion of PDLF to
osteoblasts to effect bone formation. Cultured PDLF
can differentiate into either osteoblasts and express
osteoblastic characteristics such as alkaline phos-
phatase or retain gingival fibroblast phenotypes.11,13,44

Our data indicate that the clinical benefits observed
while using ABM.P-15 in osseous repair are not due to
an increase in cell adhesion or proliferation. Never-
theless, ABM.P-15 may play a beneficial role in pro-
moting fibroblast invasion of the graft site and their
subsequent differentiation. Future studies should allow
an assessment of which, if any, of the BRG materials
promote expression of proteins such as alkaline phos-
phatase and osteonectin in cultured PDLF.
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Figure 4.
Effect of P-15 peptide on PDL fibroblast proliferation on BRG materials. PDL
fibroblast proliferation on commercially available BRG materials was quantified. No
significant difference was observed in the proliferation of either PDL fibroblast cell
lines to any of the BRG materials tested. Error bars represent the standard deviation
of the mean.
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