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Purpose: Various bone graft materials have been used for periodontal tissue regeneration. Demineralized freeze-dried bone
allograft (DFDBA) is a widely used bone substitute. The current widespread use of DFDBA is based on its potential osteoin-
ductive ability. Due to the lack of verifiable data, the purpose of this study was to assess the osteoinductive activity of different
DFDBAs in vitro.

Methods: Sarcoma osteogenic (SaOS-2) cells (human osteoblast-like cells) were exposed to 8 mg/mL and 16 mg/mL concen-
trations of three commercial types of DFDBA: Osseo+, AlloOss, and Cenobone. The effect of these materials on cell prolifera-
tion was determined using the 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide assay. The osteoinductive ability
was evaluated using alizarin red staining, and the results were confirmed by evaluating osteogenic gene expression using re-
verse transcription polymerase chain reaction (RT-PCR).

Results: In the SaOS-2 cells, an 8 mg/mL concentration of Osseo+ and Cenobone significantly increased cell proliferation in
48 hours after exposure (P<0.001); however, in these two bone materials, the proliferation of cells was significantly decreased
after 48 hours of exposure with a 16 mg/mL concentration (P<o0.001). The alizarin red staining results demonstrated that the
16 mg/mL concentration of all three tested DFDBA induced complete morphologic differentiation and mineralized nodule
production of the SaOS-2 cells. The RT-PCR results revealed osteopontin gene expression at a 16 mg/mL concentration of all
three test groups, but not at an 8 mg/mL concentration.

Conclusions: These commercial types of DFDBA are capable of decreasing proliferation and increasing osteogenic differen-
tiation of the SaOS-2 cell line and have osteoinductive activity in vitro.
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INTRODUCTION (DFDBA) is a widely used bone substitute in periodontal and
implant therapy. The pioneering studies of Urist [1] have shown

The ultimate goal of periodontal therapy is complete and  that demineralization of bone results in enhanced osteogen-
predictable regeneration of lost periodontal tissue. Various  ic potential. DFDBA has been successfully used to reconstruct
bone graft materials have been used for periodontal tissue  intraosseous periodontal defects and furcation defects. It has
regeneration. Demineralized freeze-dried bone allograft  also been used in defects adjacent to dental implants to pro-
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mote bone growth [2]. The current widespread use of DFDBA
is based on the osteoinductive ability of this bone substitute.
The demineralization process of the graft exposes the bone
inductive proteins located in the bone matrix such as bone
morphogenetic protein-2 (BMP2) and BMPy, which are capa-
ble of inducing mesenchymal cells to differentiate into os-
teoblasts in vivo [2,3]. DFDBA also provides an osteoconduc-
tive surface for cell attachment [4]. Despite the clinical suc-
cess of DFDBA, some debate exists regarding its use in peri-
odontal treatment, due in large part to the various reported
results. Some studies have shown that variation in the osteo-
inductive activity of DFDBA depends on the donor character-
istics (such as age, gender, and medical status), processing
techniques, and particle size [2,5-8]. A direct clinical compari-
son of treatment success using FDBA and DFDBA yielded
similar results [g]. Schwartz et al. [10] showed that some com-
mercial preparations of DFDBA are inactive, due to a lack of
adequate quantities of BMP. Other studies have questioned
the continued use of unsupplemented DFDBA as an implant
material for induction of bone adjacent to periodontal de-
fects or dental implants [11]. Recently, several attempts have
been made to establish a reliable method to assay osteoin-
ductivity in vitro. A truly osteoinductive material must be ca-
pable of phenotypic conversion of progenitor cells within the
healing wound to those that can form osseous tissue [12].
Due to the contradictory data and a lack of sensitive and reli-
able methods for screening the osteoinductivity of DFDBA,
the purpose of this study was to assess the proliferation and
differentiation of the Sarcoma osteogenic (SaOS-2) cell line
(osteoblast-like cells) following exposure to different types of
DFDBA.

MATERIALS AND METHODS

Cell culture

The human osteoblast-like cell line (osteoblast-derived os-
teosarcoma cells) SaOS-2 (Pasteur Institute Cell Bank, Iran)
were cultured in Dulbecco’s modified Eagle’s medium (DMEM)
(Gibco, Grand Island, NY, USA) supplemented with 10% fetal
bovine serum (FBS; Gibco) and 1% antibiotic penicillin-strep-
tomycin (Gibco) in an incubator with 5% CO. at 37°C. The
cells were seeded in culture plates of a DMEM medium with
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10% FBS. After 24 hours of attachment, the medium was changed
into a medium with 1% FBS. After 24 hours of incubation, the
cells were treated with two concentrations (8 mg/mL and 16
mg/mL) of three different commercially available DFDBA
powders (Table 1): Osseo+ (Imtec Co., Ardmore, OK, USA) (test
group A), AlloOss (ACE Surgical Supply Co., Brockton, MA,
USA) (test group B), and Cenobone (Tissue Regeneration Co.,
Kish, Iran) (test group C). The medium with 1% FBS was used
as the negative control. The medium with 10% FBS and the
osteogenic medium (containing dexamethasone 100 nmol/L,
vitamin C 50 pg/mL, and - glycerophosphate 10 mmol/L)
with 1% FBS were used as the positive controls for prolifera-
tion and differentiation, respectively.

Determination of the optimum dosage of DFDBA

In first stage, for measuring the optimum dosage of DFD-
BA, the SaOS-2 cells were plated in 6-well plates at a density
of 1x10* cells/well. The cells were treated with five concen-
trations (4, 8, 12, 16, and 20 mg/mL) of three different com-
mercially available DFDBA powders. The cells were incubat-
ed for 24 hours after treatment, and morphologic (apoptotic
changes) assessment was performed using microscopy (Nikon,
Tokyo, Japan) under x10-x40 magnification. The results
showed that a 20 mg/mL concentration had a toxic effect on
the SaOS-2 cells, and under the 4, 8, 12, and 16 mg/m concen-
trations, cells had normal morphologic features. Thus, 8 and
16 mg/mL concentrations were chosen for this study.

Cell proliferation assay

The cell proliferation and viability were evaluated 24 and
48 hours after exposure to three test group powders using
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay (Sigma-Aldrich Co.,, St. Louis, MO, USA). The cells
were incubated 24 and 48 hours after treatment, and then ex-
posed with a MTT solution of 3-(4,5-dimethylthiazol-2-yl)-2
and s-diphenyltetrazolium bromide at 0.5 mg/mL for 1 hour
at 37°C. After the incubation period, the formazan crystals
were dissolved in dimethyl sulfoxide and transferred to a 96-
well plate in triplicate. The optical density was measured on a
microplate reader (Anthos Labtec Instruments GmbH, Wals-
Siezenheim, Austria) at 570 nm, with 6go nm as a reference
wavelength. The change in viability was calculated as percent

Three different commercially available DFDBA used in this study.

Product name Company Country Type Particle size (micron)
CenoBone Tissue Regeneration Co. DFDBA Cortico-cancellous 150-1,000
AlloOss ACE Surgical Supply Co. USA DFDBA Cortico-cancellous 250-1,000
Osseo+ Imtec Co. USA DFDBA Cortico-cancellous 200-850

DFDBA: demineralized freeze-dried bone allograft.
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viability compared to the control group, and the results of
the three independent experiments were presented as mean +
standard deviation (SD) (n=3).

Mineralization assay

The formation of calcium phosphate by SaOS-2 osteoblast-
like cells was determined by using an alizarin red-S assay (Sig-
ma-Aldrich Co.). For evaluating cell differentiation, the SaOS-2
cells were plated in 60 mm petri dishes at a density of 2x10*
cells. On day 5 after the treatment, the medium was removed
and the cells were washed with phosphate buffer saline 3 times
and fixed with ice-cold ethanol at room temperature for 6o
minutes. The fixed cells were stained with 2% alizarin red-S
(pH 4.2) for 15 minutes at room temperature. The cells were

Table 2. Primer pairs for amplification of ON, OP, OC and B-actin.

Annealing .
Gene Primer sequence tempera- Sz
weec) O
Actin F GATGATGATATCGCCGCGCT 60 350
R CTTCTCGCGGTTGGCCTTGG
Osteocalcin (OC) F  CATGAGAGCCCTCACA 51 315
R AGAGCGACACCCTAGAC
Osteorectin (ON) F  GGAAGAAACTGTGGCAGAGGTGAC 54 464
R TGTTGTCCTCATCCCTCTCATACAG
Osteopontin (OP) F CCAAGTAAGTCCAACGAAAG 54 348
R GGTGATGTCCTCGTCTGTA
MTT Assay B Negative control
200 - ) 1 Positive control
| A
H B

mec
100

Viability
percent control
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then washed with deionized water 4 times, and orange/red
nodules were observed by microscopy (Nikon) under x10—
x 40 magnification.

Reverse transcription polymerase chain reaction (RT-PCR)
analysis

Expression of specific osteogenic differentiation genes in-
cluding osteonectin (ON), osteopontin (OP), and osteocalcin
(OC) was assessed qualitatively on days 3 and 5 of the experi-
ment in both the 8 mg/mL and 16 mg/mL DFDBA groups
using RT-PCR. For osteogenic gene analysis, the SaOS-2 cells
were plated in 60 mm plates at a density of 2x10* cells. The
total RNA was extracted from the treated cells using the RNeasy
Kit (RNeasy, Qiagen, Valencia, CA, USA) and cDNA was syn-
thesized from 1 pg of the total RNA using a cDNA synthesis
kit (Bioneer Co., Daejeon, Korea) according to the manufac-
turer’s instructions. The OC, ON, and OP mRNA expression
was evaluated using RT-PCR with specific primers (Table 2).
The PCR was performed using the following process: 95°C
for 2 minutes, 35 cycles of denaturation at 95°C for 30 seconds,
annealing for 30 seconds (Table 2), extension at 72°C for 30
seconds, and a final extension at 72°C for 5 minutes. The -
actin was used as a housekeeping gene (internal control). The
PCR products were analyzed on 1.8% agarose gels and ultra-
violet illumination.

Each experiment was repeated 2 times using two different
batches of each type of DFDBA, which were selected randomly.

[ Negative control

MTT Assay -
200 ) [ Positive control
mA
m B

a)

mc

Viability
percent control

0
24 43 (Hour) 24 48 (Hour)
Negative  Positive A (Hour) B (Hour) C (Hour) Negative  Positive A (Hour) B (Hour) C (Hour)
control  control n 18 18 YR Control  Control 18 YR 18
Cell prolife- 100 157 182 68 94 88 134 61 90 Cell prolife- 100 136 184 91 80 84 99 81 69
ration in % ration in %
SD 0 44 14 04 26 27 48 41 06 SD 0 05 15 26 07 39 36 06 09

A

(5]

Figure 1. The effect of A, B and C test groups on saos-2 cell viability and proliferation. Cells were treated with 8 mg/mL (A) and 16 mg/mL (B)
concentration of test groups. After 24 and 48 hours, the cell viability and proliferation were evaluated by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyltetrazolium bromide (MTT) assay. The results are presented as meantstandard deviation (SD) of three independent experiments (n=s3;

¥p<o0.001,”P<0.01).
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Statistical analysis

MTT assay data are presented as the means+ SD of at least
three independent experiments. Statistical analysis was per-
formed using one way analysis of variance followed by Tukey-
Kramer multiple comparison, and P-values less than o.05 were
considered statistically significant. The results obtained from
RT-PCR analysis and alizarin red staining were assessed qual-
itatively.

RESULTS

The effects of DFDBA powders on SaOS-2 cell proliferation

In 24 hours after treatment, cell proliferation and viability
of the three experimental groups in both concentrations (8
and 16 mg/mL) were significantly lower than the negative
control (P<o.001). Cell proliferation and viability at 8 mg/mL
concentration and at 16 mg/mL were 68% and 91% in test
group A (Osseo+), 88% and 84% for test group B (AlloOss),
and 61% and 81% for test group C (Cenobone), respectively
(Fig. 1A).

In 48 hours after the three DFDBA treatments, cell prolifer-
ation and viability were significantly (P<o.001) lower than
the negative control in test groups A and C, which had a 6%
and 10% decrease at 8 mg/mL concentration, respectively,
and a 20% and 31% decrease at 16 mg/mL concentration, re-
spectively. However, the difference between test group B (in
both concentrations) and the negative control was not sig-
nificant (P> 0.05). At this point in time, only the differences
between the AlloOss and Cenobone group at 8 mg/mL con-
centration were significant (P<0.001) (134% vs. 90%, respec-
tively). However, at the 16 mg/mL concentration, the differ-
ences among the three experimental groups was significant
(P<o0.001) (80% for the Osseo+ group, 99% for the AlloOss
group, and 69% for the Cenobone group) (Fig. 1B).

Mineralization activity of the DFDBA-treated SaOS-2 cells
The results of alizarin red staining 5 days after DFDBA treat-
ment showed that morphologic differentiation to osteoblasts
and formation of mineralized nodules occurred in all three
experimental groups at the 16 mg/mL concentration, but did
not occur at the 8 mg/mL concentration. The differentiated
Sa0S-2 cells in the positive control group and in all three test
groups at 16 mg/mL concentration lost their primary polyhe-
dral shape with the round central nucleus, which was typical-
ly seen in the undifferentiated SaOS-2 cells of the negative
control, and they acquired an elongated morphology with
long osteoblastic processes and a polarized spindle-shaped
nucleus. As shown in Fig. 2, the red and orange calcification
nodules were observed in the positive control group and in
all three test groups at the 16 mg/mlL concentration, but were
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Figure 2. The effect of test groups A, B and C on bone mineraliza-
tion in sarcoma osteogenic (SaOS-2) cell. Optical image of alizarin
red S in SaOS-2 osteoblast-like cells for day 5 after treatment with
8 mg/mL and 16 mg/mL concentration of test groups.

not observed in the negative control group or in all three test
groups at the 8 mg/mL concentration.

RT-PCR analysis of OP, OC, and ON mRNA expression

To investigate the effects of DFDBA powders on early and
late mRNA expression of osteogenic markers (OP, ON, and
OC), we evaluated the expression of these genes on days 3 and
5 after treatment with RT-PCR analysis. Expression of B-actin
gene as an internal control for RT-PCR was positive and sim-
ilar in all the test groups. As shown in Fig. 3A and B, the ON
and OC gene expressed in all three experimental groups and
in the two control groups at both concentrations. However,
OP gene expression was only seen in the three experimental
groups at 16 mg/mL concentration and in the positive con-
trol, but no expression was observed in the negative control
group or in any of the three test groups at 8 mg/mL concen-
tration in the SaOS-2 cells (Fig. 3A), suggesting a dose-depen-
dent osteoinductive effect of these materials on these cells.

DISCUSSION

Due to the existing contradictory results on the osteoinduc-
tive activity of DFDBA, the purpose of this study was to assess
the proliferation and differentiation (osteoinductive activity)
of SaOS-2 cells (the human osteoblast-like cell line) following
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Figure 3. The effect of A, B and C test groups on expression of osteogenic markers in sarcoma osteogenic (SaOS-2) cells. SaOS-2 cells were
treated with 8 mg/mL (A) and 16 mg/mL (B) concentration of test groups. The mRNA expression of 3 osteogenic markers was evaluated 3 and
5 day after treatment and compared with positive (differentiated cells) and negative control (undifferentiated cells). B-actin was used as inter-

nal control. OP: osteopontin, OC: osteocalcin, ON: osteonectin.

exposure to three different commercially available types of
DFDBA. The results of alizarin red staining showed that mor-
phologic differentiation to osteoblasts and formation of min-
eralized nodules occurred in all three of the experimental
groups at the 16 mg/mL concentration. However, a few of
the differentiated cells and calcium nodules were observed
at the 8 mg/mL concentration. The present study was the first
study that used this specific staining method for assessing
the osteoinductive properties in this cell line.

Lian and Stein [13] and Rodan et al. [14] reported that when
proliferation decreased in the SaOS-2 cells, the expression of
the osteoblastic functions, including alkaline phosphatase
activity and extracellular matrix (ECM) production, increased.
Comparing the cell proliferation rate between 24 and 48 hours
after DFDBA treatment showed that the proliferation rate
had significantly increased at the 8 mg/mL concentration in
all of the experimental groups, while it had significantly de-
creased in the Osseo+ and Cenobone groups at the 16 mg/
mL concentration. This means that in vitro osteoinductive
activity of DFDBA may be dose-dependent, such that in the
16 mg/mL concentration, the proliferation rate decreased in
shorter periods of time, and the cells were differentiated to
osteoblasts after 3 days of exposure.

Carnes et al. [15] demonstrated that 2T9 cells exhibited a
dose-dependent response to soluble BMP2, and in the pres-
ence of BMP2, proliferation of these cells decreased, and al-
kaline phosphatase activity, OC production, and mineralized
nodule formation increased. Decreased proliferative activity
of bone marrow stem cells following exposure to DFDBA has
been reported in a study by Kumaran et al. [12]. Bormann et
al. [3] also showed that the proliferation rate of the C2Ci2 cell
line decreased following exposure to two commercial types
of DFDBA including Allomatrix and demineralized bone ma-
trix putty. The proliferation rates in our study are in agree-
ment with the above studies.

Rochet et al. [16] and Trojani et al. [17] demonstrated that the
ON and OC gene primarily express in the SaOS-2 cell line,

but the OP gene does not express in these cells. Thus expres-
sion of OP is a critical marker for terminal osteoblastic differ-
entiation of the SaOS-2 cell line. Our study also confirmed
those findings. Our results showed that OC and ON genes
expressed in all the groups. However, OP gene expression was
observed only at the 16 mg/mL concentration in all of the
three experimental groups, but not at the 8 mg/mL concen-
tration, suggesting an in vitro dose-dependent osteoinduc-
tive effect of these materials on this cell line. The RT-PCR re-
sults demonstrated osteoinductive activity of these 3 commer-
cial types of DFDBA and confirmed the alizarin red staining
results.

In most of the previous studies for evaluation of osteoin-
ductive activity in vitro, only alkaline phosphatase activity as-
say had been used [3,12,18]. The use of RT-PCR and evalua-
tion of osteogenic markers increases the strength of a study
that is assessing the osteoinduction properties [15,19]. Kuma-
ran et al. [12] and Bormann et al. [3] reported on the alkaline
phosphatase activity of bone marrow stem cells and the C2Ci2
cell line following exposure to DFDBA. Han et al. [18] dem-
onstrated that alkaline phosphatase activity of the C2Ca2 cell
line varied widely from bank to bank as well as from batch to
batch within the same bank.

The results of the present study are in agreement with Carinci
et al. [19], in which the authors identified, in an MG-63 cell
line (osteoblast-like cell) cultured with DFDBA, that expres-
sion of several genes, such as those responsible for ECM
component formation and bone metabolism and remodel-
ing, were significantly up-regulated. In contrast to our re-
sults, Carnes et al. [15] reported that when 2Tqg cells were ex-
posed to DFDBA in the presence or absence of BMP2, no ef-
fect on 2Tg cell differentiation was observed. Their study
showed that DFDBA released no soluble factors with bone
inductive ability and that if any active factors were adsorbed
to the DFDBA, they were inactive. One reason for this may
be the type of cells used and another may be the cytotoxicity
of selected concentrations of DFDBA for 2Tg cells.
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In future studies, the use of bone marrow stem cells could
be beneficial for observing the effects of the osteoinductive
properties on noncommitted osteoprogenitor cells such as
myeloid and lymphoid stem cells. Adding qualitative assess-
ments using real-time PCR and assessing protein production
with western blot assay would also contribute toward improv-
ing the validity of the present study.

In conclusion, our study indicates that these three commer-
cially available types of DFDBA are capable of decreasing pro-
liferation and increasing osteogenic differentiation of the
Sa0S-2 cell line in 16 mg/mL concentrations and have osteo-
inductive activity in vitro.
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