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Introduction
 With tooth loss, the lack of stimulus given by chewing leads to 
reabsorption of remnant bone tissue, which many times disables im-
plant installation [1]. Thus, the remnant bone amount has huge impor-
tance in rehabilitation treatment prognosis. In an attempt of solving 
this issue, some alveolar reconstruction techniques were developed 
[2,3]. In this scope, it may be considered that the ideal material for 
grafting should present, besides bone scaffold, a considerable quanti-
ty of mesenchymal cells and osteoblasts to be transferred to the recip-
ient bed [4].

 Initially, autogenous graft use was recommended to the majority 
of reconstructive techniques [3,5]. This graft is still considered the bi-
ological gold standard, as it presents osteogenic, osteoconduction and 
osteoinduction potentials [5]. Autogenous graft contains some viable 
cells and, also, proteins that stimulate the mesenchymal cell differen-
tiation in osteoprogenitor cells [2].

 Nevertheless, despite this consensus concerning the standard pre-
sented by autogenous bone graft, new biomaterials have been devel-
oped to replace it, since autogenous graft harvest repercutes in mor-
bidity at the donor site [6].  However, the majority of bone substitutes 
present just the osteoconductive property, as it does not contain bone 
cells and osteoinductive proteins. Therefore, one of the researchers’ 
main focus in bone regeneration field has been to test the use of an 
alternative to enhance those substitutes with viable cells and growth 
factors, giving to those materials similar characteristics to the autoge-
nous graft ones [5]. In this sense, adult bone marrow has been tested 
as a source tissue to cell therapy because it presents hematopoietic 
and mesenchymal stem cells [7]. Mesenchymal stem cells have the 
potential of differentiation in some lineages, such as bone tissue [8-
11].

 The association of bone marrow cells with biomaterials can acti-
vate bone formation, as this association offers new properties to the 
graft [12]. If the used scaffold biomaterial is a resorbable matrix, af-
ter the association the composite graft starts having osteoinductive, 
osteoconductive and osteogenic properties, since mesenchymal bone 
marrow cells have capacity of differentiation in osteoblasts [4].

 Having that in mind, the present study has the aim of evaluating 
gene expression in proteins enrolled in the initial processes of os-
teogenesis, concerning the association of xenograft to bone marrow 
mesenchymal stem cells induced to the osteogenic differentiation, in 
appositional bone reconstructions in rabbits’ calvaria.

Materials and Methods

Ethical aspects

 The present study was submitted to the Animal Experimentation 
Ethics Committee (CEUA) of the São Leopoldo Mandic Dental Insti-
tute and Research Center and was approved under protocol number 
2010/0483.
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Abstract
 This study aimed to evaluate the expression of  the following os-
teogenesis related markers: Alkaline Phosphatase (ALP), Bone Si-
aloprotein (BSP), Osteopontin (OPN), Bone Morphogenetic Protein 
2 (BMP-2) and 7 (BMP-7), in xenogeneic bone graft associated to a 
culture of mesenchymal stem cells from bone marrow, induced os-
teogenic differentiation (MSCIOD), in appositional bone construction 
on rabbits’ calvaria. For this purpose hollow titanium cylinders were 
installed on 11 rabbit calvaria, which were divided into 3 groups, ac-
cording to the material used to fill the cylinders: G1 (n=3): control 
- filled with clot, G2 (n=5): filled with isolated Deproteinized Bovine 
Bone Mineral (DBBM); and G3 (n=5): DBBM associated to MSCIOD. 
After 60 days, the animals were euthanized and the entire contents 
of the cylinder were collected for analysis by real-time PCR for ALP, 
BSP, OPN, BMP-2 and 7. Statistical difference between the groups 
were observed only for BMP-7 expression (p = 0.029), with signif-
icant difference only between G2 and 3 (p = 0.0304). It was con-
cluded that the combination of the DBBM and MSCIOD resulted in 
increased expression of BMP-7, while for other genes (ALP, BMP-2, 
OPN and BSP), although greater numerical expression was found, 
no differences were observed. 
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 Thirteen adult male rabbits were used, at 60 days of age, New Zea-
land breed, with weight between 2.5 and 3 kg. The rabbits were kept 
in a bioterium, with controlled temperature, separated in individual 
cages and fed with rabbit pelleted feed and water ad libitum.

Animal samples

 The animals were randomly divided into 3 groups, them being 2 
groups with 5 animals and the third group with 3 animals. In this re-
gard, a randomization program available at www.randomization.com 
was used.

 For each animal, appositional bone reconstruction situations were 
created, with the aid of hollow cylinders made of commercially pure 
titanium with a diameter of 6 mm and height of 5 mm with a screw-on 
lid, which insinuates 1 mm into the cylinder. The cylinders were fixed 
by two 3mm screws and filled with grafting material, bilaterally, on 
the parietal bones. A third cylinder was installed frontally to the other 
two, at the sagittal suture. Similar methods were used and published 
elsewhere [13].

 The groups were divided according to the material filling the cylin-
ders, as follows: Group 01 (n=3): Negative control - filling with blood 
clot; Group 02 (n=5): filling with Deproteinized Bovine Bone Min-
eral (DBBM) fine isolated granules (0.25-1mm, 2g~4cc - Bio-Oss™, 
Geistlich, Wolhusen, Suíça); and Group 03 (n=5):  DBBM associated 
to mesenchymal stem cells culture from bone marrow induced to os-
teogenic differentiation (MSCIOD). After filling the cylinders with 
the materials, they were closed with a titanium screw cap (Figure 1).

Bone marrow harvest

 Autologous bone marrow was obtained by aspiration following 
the same protocol of general anesthesia described above. Two mL 
bone marrow aspirates were obtained from each tibia of the five rab-
bits using disposable 40 x 10 needles (1.10 mm x 38 mm) and 20 mL 
disposable syringes previously heparinized to prevent blood clotting.

Culture of bone marrow-derived adult mesenchymal stem 
cells

 The following procedure was performed to obtain the BMMSCs. 
The bone marrow aspirate was transferred onto polypropylene tubes 
containing preservative-free heparin (1000 units/mL). The bone mar-
row and heparin were mixed thoroughly. The Bone Marrow Mono-
nuclear Fraction (BMMF) was obtained from bone marrow tissue by  

density-gradient centrifugation using Ficoll Histopaque-1077 (Sig-
ma-Aldrich, Saint Louis, MO, USA) according to the manufacturer’s 
instructions. Briefly, 3.5 mL bone marrow tissue was diluted in a 1:1 
ratio with PBS, which was placed in a conical tube (15 mL) contain-
ing the same volume of Ficoll Histopaque-1077. The final solution 
was centrifuged at 400 g for 30 minutes at 22°C. The mononuclear 
cell layer was then pipetted and washed twice with PBS. A volume of 
4 mL was obtained and another centrifugation was performed at 200 
g for 10 minutes at room temperature. The supernatant was discarded 
and the pellet resuspended in 5 mL of DMEM (Sigma, St. Louis, MO, 
USA) containing 10% fetal bovine serum (FBS, Sigma, St. Louis, 
MO, USA), 1% penicillin/streptomycin. 

 The pellet was transferred to a 75-cm2 culture flask (Corning, 
Tewksbury, MA, USA) previously filled with 5 mL of the osteogenic 
culture medium (DMEM (Sigma, St. Louis, MO, USA) containing 
10% fetal bovine serum (FBS, Sigma, St. Louis, MO, USA), 1% 
penicillin/streptomycin, 50 µg/ml ascorbic acid (Sigma, St. Louis, 
MO, USA), 10 mmol beta-glycerophosphate (Sigma, St. Louis, MO, 
USA), and 10 nmol of dexamethasone (Sigma, St. Louis, MO, USA). 
The cells were incubated at 37°C in an atmosphere composed of 95% 
O2 and 5% CO2. The culture medium was changed every 48 hours and 
the culture was monitored daily using an inverted optical microscope 
until 80% of confluence was reached.

Osteogenic culture medium 

 The stem cells derived from bone marrow were stimulated by the 
addition of osteogenic factors to the culture medium. The osteogenic 
culture medium was constituted of the basic medium (DMEM) with 
bovine fetal serum at 20% (supplemented with iron), and Penicillin/
Streptomycin (100 UI/ml - 100µg/ml) and buffered with sodium bi-
carbonate (1N) improved with 0,5µg/ml of ascorbic acid, 10 mmol/L 
β glycerophosphate and 10nmol/L of dexamethasone [14].

Surgical protocol 

 General anesthesia protocol was induced and maintained by a 
combination of 40mg/kg of ketamine, 2mg/kg of midazolam and 0.8 
µg/kg of fentanyl citrate, all administered intramuscularly. The main-
tenance was conducted by the administration of 100% oxygen 2L/min 
and isoflurane in a universal vaporizer with facial mask. 

 After inducing general anesthesia, trichotomy on the animal’s 
head and asepsis with iodopovidone was performed. Posteriorly, com-
plementary infiltrative anesthesia was administered at the surgery lo-
cation, using lidocaine with epinephrine 1:100.000, with the objective 
of promoting local ischemia. 

 Sagittal incision was performed, the skin and periosteum were 
folded and each one of the animals received three hollow cylinders 
made of pure machined titanium, which were fixed to the calvaria by 
two 3mm auto-screwing screws. 

 Along with the installation of the cylinders, bone decortication for 
graft nutrition was performed by means of 5 micro perforations on the 
bone cortical contained inside the cylinders. These perforations were 
conducted with the aid of 0.5 mm diameter spherical milling cutters. 
At this moment, in a randomized manner, Bio-Oss™, associated or 
not to cell culture of mesenchymal stem cells induced to osteogenic 
differentiation, was deposited inside group 1 and 2 cylinders.  Group 
3 devices were maintained only with the clot. 

Figure 1: Titanium cylinders fixed on rabbits’ calvaria after being filled with the 
materials and closed with the titanium caps.
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 After insertion of the materials, the cylinders were hermetically 
closed with an internal screw-on lid for complete isolation of the ma-
terial from the adjacent tissues. Continuous sutures with 4.0 nylon 
were performed to close the surgical field, which was made in planes. 
During the postoperative period, the animals were medicated with an-
tibiotics (sodium cefazolin 30 mg/kg IM every 12 hours for 3 days) 
and anti-inflammatory (fluxene meglumine 1.0mg/kg IM every 24 
hours for 3 days). In order to obtain analgesia, tramadol hydrochlo-
ride was used (2mg/kg/SC every 8 hours for 3 days).

 The surgical wounds were cleaned with 0.9% physiological solu-
tion and posterior application of iodopovidone and bandages. This 
procedure was performed three times a day for a period of fifteen 
days. The sutures were removed at the end of 2 weeks of healing. 
After 8 weeks, the animals were euthanized with the application of 
ketamine (40mg/kg IM) and overdose of sodium thiopental via mar-
ginal auricular vein catheter. After euthanasia all the animals had the 
calvaria of the head removed with help from an oscillatory saw in 
a careful manner maintaining galea, periosteum and dura-mater pre-
served.

Analysis of gene expression

 For the analysis of gene expression the material contained inside 
the frontal cylinder was collected with aid from a dentine curette. The 
material was stored in RNAlater (Ambion Inc., Austin, TX, USA) and 
frozen at -80°C. To extract RNA from the samples Trizol reactant was 
used according to the manufacturer’s recommendation. The RNA pel-
let was resuspended in diethylpyrocarbonate-treated water and stored 
at -70°C. RNA concentration was determined by optical density using 
a biophotometer (Eppendorff, Hamburg, Germany). Samples were as-
sessed quantitatively for the expression of the following genes: BMP-
2, BMP-7, Ssteopontin (OPN), Alkaline Phosphatase (ALP) and Bone 
Sialoprotein (BSP)

 Real-Time Polymerase Chain Reaction (PCR) Reverse transcrip-
tion. Total RNA was treated with DNase (Turbo DNA-free, Ambion.) 
and 1 mg was used for cDNA synthesis. The reaction was carried out 
using the first-strand cDNA synthesis kit (Transcriptor cDNA synthe-
sis, Roche Diagnostics, Indianapolis, IN) following the manufactur-
er’s recommendations.

Primer design

 Primers were designed using probe design software (LightCycler 
Probe design 2.0, Roche Diagnostics) as shown in table 1.

Quantitative PCR (qPCR)

 All of the primers were verified according to their specificity with 
use of the Melting curve verification (obtained after running in the 
LightCycler) and running the gel to verify the products.

Real time PCR 

 RT-PCR reactions were performed with the LightCycler system 
(Roche Diagnostics GmbH, Mannheim, Germany), using FastStart 
DNA Master SYBR Green I™ kit (Roche Diagnostic Co.). For each of 
the runs, DPEC water was used as a negative control, and the product 
of the reactions was quantified by the manufacturer’s own program 
(LightCycler Relative Quantification Software™ - Roche Diagnostics 
GmbH). GAPDH was used as the reference gene (housekeeping) in 
order to normalize the values. The calculation of the gene expression  

was based on the threshold cycle values (TC), using the formula 2 ̄Δ 

Δ TC.

Statistical analysis

 Previous to statistical analysis properly said, the Kolmogor-
ov-Smirnov test was conducted to evaluate the normality of the data. 
Since the data did not present normal distribution, the nonparametric 
Kruskal Wallis test for intragroup comparisons was used. The pro-
gram used for data analysis was BioEstat 5.0 (Instituto Sustentável 
Mamirauá, Belém, PA, Brasil). A 5% significance level was consid-
ered for all the analysis. 

Results
 Of the 13 animals used for the study, two did not resist the surgical 
procedure, them being one from Group 02 and the other from Group 
03. The 11 remaining animals were divided among the respective 
groups: Samples 01 to 03 in group 01; Samples 04 to 07 in group 02 
and samples 08 to 11 in Group 03.

 After analyzing the samples with real time PCR, it was possible 
to observe the expression of the ALP, BSP, OPN, BMP-2 and BMP-7 
genes by the relation of the concentration of mRNA of these genes 
with the concentration of GAPDH (mRNA/GAPDH). A grand vari-
ability on the distribution of the data can be observed, identified by 
the large standard deviation.

PRIMER 
NAME

 SEQUENCE (5' to 3') TIME (s)
TEMPERATURE 

(°C)

 

BMP2-F
TGT AAG AGA CAC 

CCT TTG TAC G
7 56

BMP2-R
CTT AGA GTT CAC 

GGA GTT GAC

 

OPN-F
CGG TTA AAC ACG 

CTG ATT CG
7 56

OPN-R
GGA GGG TCT CTT 

GTT TAA GGT

 

BMP7-F
ACA AGG ACT ACA 

TCC GGG
6 56

BPM7-R
GTG ATG TCG AAG 

ACC AGC C

 

GAPDH-F
CTG CGA CTT CAA 

CAG TGC
7 56

GAPDH-R
GGT GGT TTG AGG 

GCT CTT AC

 

BSP-F
CCA CTC ACT CTA 

GTG AGC TTG
6 56

BSP-R
TGG CCT GAA CTT 

AAA GAC CC

 

ALP-F
GGA CAT CTG GAG 

GAG CTT C
6 57

ALP-R
TGT TGT TCC TGT 

TCA GCT CG

Table 1: Characteristics of the primers with regards to sequence, time and 
temperature.
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 Levels of expression of the ALP, BSP, OPN and BMP-2 presented 
a tendency of increase in values from G3 with regards to G2 and the-
sewith regards to G1 (Table 2), however without statistical differenc-
es among the groups (p>0.05).

 Regarding the expression of BMP-7, differences were not ob-
served (p>0.05) between the averages of G1 (0.0002 ± 0.0001) and 
G2 (0.00090002 ± 0.0015). When G3 was evaluated (0.219 ± 0.343) 
it was statistically different from G1 and G2 (p = 0.029), indicating an 
increase in the expression of BMP-7 (Table 2). 

Discussion

 The challenge to achieve a bone reconstruction using bone substi-
tutes has already motivated a larger number of researchers to present 
their ideas, specially using animal models. The gold standard in bone 
reconstruction keeps being the autologous bone graft, and its advan-
tages are many e.g.: osteoconductive properties, but there are some 
disadvantages e.g.: donor site morbidity [15].  In order to overcome 
these disadvantages, numerous tissue-engineering approaches have 
been developed to take advantages of using physiological osteoin-
ductive signals [16]. Osteoinductive factors released from resident 
cells or after osteoclast bone resorption regulate the recruitment and 
differentiation of osteoblastic cells. Some markers of bone metabo-
lism have correlative and prognostic value, especially products of os-
teogenesis or osteoblast-secreted factors and they can provide insight 
into the ongoing levels of bone formation [17].

 The expression of Alkaline Phosphatase (ALP), Osteopontin 
(OPN), Bone Sialoprotein (BSP) and BMP-2 and BMP-7 have been 
used in several studies to evaluate bone formation because it is known 
that in physiological conditions they are released into extracellular 
matrix. The analysis of these osteogenic factors altogether, can pro-
vide information about early and late osteogenic marker expressions.

 This present study was undertaken to assess the effects of bone 
marrow mesenchymal stem cells induced to osteogenic differentia-
tion (MSCIOD) associated to a bone xenograft, in an in vivo appo-
sitional reconstructive model after 8 weeks of healing. The models 
were designed as titanium cylinders with a removal caps, fixed with 
screws on rabbits’ calvaria, as described by Pelegrine et al. [18]. Our 
hypothesis was that by using MSCIOD, it would be possible to have 
the distribution throughout the biomaterial of the differentiated cells 
in a more predictable way, since it would not depend on the proximity 
between the BMSC within biomaterial to native bone for induction 
toward osteo differentiation.

 In this study the gene expression of ALP, OPN, BSP and BMP-
2 were not affected by the presence of biomaterial associated with 
MSCIOD (p >0.05), with the ALP level in all experimental groups 
close to the negative control group (G1) and OPN, BSP and BMP-2 
levels with a higher level in the test group (G3) in comparison with 
G1 and G2, but without statistical significance.

 These results were expected in an experimental model with 8 
weeks of healing time, since ALP, OPN and BSP are considered early 
markers of osteogenic expression [19]. ALP is the marker most com-
monly used to evaluate bone formation and plays an important role in 
osteoid formation and bone mineralization. It is detectable in the early 
stages of osteoblast formation [20]. Moreover, it is one of the major 
stimulants of OPN expression, which can also be detected in early 
stages of differentiation of bone precursors, although their levels are 
increased in osteoblasts [21]. The trend toward greater expression of 
ALP and OPN in the group where stem cells were used may indicate 
higher levels of osteoblast formation, suggesting a greater osteogenic 
potential presented by this group. OPN is very important in osteogen-
esis by the ease of adhering osteoblasts to this extracellular matrix. 
In addition, it plays a crucial role in the mineralization of this matrix 
[22]. BSP is only to mineralized tissues and is a specific marker of os-
teoblast differentiation, being highly specific for tissue mineralization 
[23].

 BMP-2 and BMP-7 have a strong osteoinductive potential, play-
ing a key role in bone repair, and participating in the differentiation of 
mesenchymal cells into osteoblastic cells [24]. Only a limited num-
ber of studies have focused on BMP-7 and mesenchymal stem cells 
(MSC). In particular, Burastero et al., [25] used the association of 
human MSCs and BMP7 and Schiavi et al., [26] tested a novel 3D 
collagen nanofiber functionalized with BMP-7, and both have demon-
strated the correlation between BMP-7 and bone formation. In this 
present study only the expression of BMP-7 was statistically higher 
in the test group.

 Even though in this study we did not achieve statistically signif-
icant results for most of the osteogenic markers, it was evident that 
there was a tendency for an increase in its expression in the group 
where stem cells derived from bone marrow with osteogenic stimula-
tion were used. Other studies involving the same model but with cells 
derived from bone marrow without osteogenic stimulation showed a 
greater presence of vital mineralized tissue in the same healing period 
than in the control group where only the biomaterial was used [27]. 
Thus, it could be observed that the increase of BMP-7 gene expres-
sion and the increase of the amount of vital mineralized tissue could 
be related in this particular experimental model, but a greater num-
ber of studies involving this theme will be necessary to corroborate 
these inferences. Additionally, expression analysis of genes involved 
in bone formation by real-time quantitative PCR should be support-
ed by histochemical staining of tissue sections obtained from each 
experimental,as well as the analysis of other important proteins that 
participate in the osteogenesis process, such as collagen type I and 
osteocalcin. Considering the results, it could be concluded that the 
combination of the DBBM and MSCBM resulted in increased ex-
pression of BMP-7, while for other genes (ALP, BMP-2, OPN and 
BSP), although it has been found greater numerical expression, no 
differences were observed. 

Group ALP BMP-2 OPN BMP-7 BSP

G1 
(Clot)

0.64
(0.56)

0.28
(0.35)

0.011
(0.017)

0.0002
(0.0001)

2.1567
(2.5267)

G2 
(DBBM)

0.89
(0.60)

0.38
(0.27)

0.012
(0.013)

0.0009
(0.0015)

7.3325
(6.5598)

G3 
(DBM+MSCBM)

1.09
(1.09)

2.91
(3.32)

0.017
(0.028)

0.219*
(0.343)

10.915
(20.720)

Table 2: Average and standard of the triplicate relative to the genes ALP, 
BMP-2, BMP-7, OPN and BSP, for G1, G2 and G3.

*Represents the statistical difference between groups (Kruskal-Wallis test; 
p = 0.029).
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