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Abstract

Objectives: This study aims to study how Bio-Oss® can induce
osteoblast differentiation in mesenchymal stem cells, the
expression levels of bone related genes and mesenchymal stem
cells markers using real time Reverse Transcription-Polymerase
Chain Reaction,

Methods: PB-hMSCs stem preparations were obtained for
gradient centrifugation from peripheral blood of healthy
anonymous volunteers, using the Acuspin System-Histopaque
1077. The samples were then cultured for 7 days for RNA
processing, and the expression was quantified using real time
PCR.

Results: Bio-Oss® caused an induction of osteoblast transcriptional
factor like RUNX2 and of bone related genes; SPP1 and FOSLLI.
In contrast, the expression of ENG was significantly decreased in

stem cells treated with Bio-Oss® with respect to untreated cells,

Sollazzo V, et al. OMJ. 25, 26-31(2010); doi:10.5001/0m;j.2010.7

Introduction

i0-Oss (Geistlich, Wolhusen, Switzerland) is a deproteinized
sterilized bovine bone constituted by a calcium-deficient carbonate
apatite, and is identical to human bone from a chemical and
physical point of view."® Bio-Oss" has a compressive strength of
35 Mpa and its porous nature (75-80% of the total volume) serves
to greatly increase the surface area of the material. This increased
surface area provides a substratum for an increased angiogenesis
and represents a scaffold for bone formation.'® It has been
reported that Bio-Oss’ promotes osteogenesis and has a very low
resorption rate. Bio-Oss’ has often been used for maxillary sinus

floor elevation.”'®

In some cases, it can be very advantageous to
use a material that shows very little degradation such as Bio-Oss'.
When Bio-Oss' is used, bone grows upward from the pre-existing
bone at the sinus floor into the grafted area, maintaining the space,
helping to prevent the unwanted eatly resorption and not showing
inflammatory reaction. The success of Bio-Oss for maxillary sinus
augmentation has been confirmed also in a long-term study.”

In previous studies, by using DNA microarray containing
19,200 genes, it was identified in osteoblast-like cell lines (i.e.
MG-63) cultured on Bio-Oss’, several genes where expression
was differentially regulated. The differentially expressed genes
cover a broad range of functional activities: 1) signal transduction,

2) transcription, 3) cell cycle regulation, 4) vesicular transport,

indicating the differentiation effect of this biomaterial on stem
cells.

Conclusion: The results obtained can be relevant to enhance the
understanding of the molecular mechanism of bone regeneration
and can act as a model for comparing other materials with similar

clinical effects.
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5) apoptosis and 6) immunity.’® Therefore, the effects of using
microRNA microarray techniques, the translation regulation in
osteoblasts exposed to Bio-Oss were investigated. It was identified
that miRNA regulates the transduction of genes related to skeletal
development (SUFU, IGF2, IGFB4, EN1, PAPSSI1) and cartilage
remodeling (NOG)."”

Since Bio-Oss’ is always fixed onto bone and the mechanism
by which Bio-Oss’ acts on osteoblasts is incompletely known, it is
important therefore, to attempt to acquire more insight by using
human stem cells isolated from peripheral blood (PB-hMSCs).

This study aims to investigate the osteogenic differentiation of
PB-hMSCs, the quantitative expression of the mRNA of specific
genes, like transcriptional factor (RUNX2 and SP7), bone related
genes (SPP1, COL1A1, COL3A1, BGLAP, ALPL, and FOSLI)
and mesenchymal stem cells marker (ENG) which were examined

by means of real time Reverse Transcription-Polymerase Chain

Reaction (real time RT-PCR).

Methods

PB-hMSCs stem preparations were obtained for gradient
centrifugation from peripheral blood of healthy anonymous
volunteers, using the Acuspin System-Histopaque 1077 (Sigma
Aldrich, Inc., St Louis, Mo, USA). Firstly, 30 ml of heparinizated
peripheral blood was added to the Acuspin System-Histopaque
1077 tube and centrifugated at 1000 x g for 10 minutes. After
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centrifugation, the interface containing mononuclear cells was
transferred in another tube, washed with PBS and centrifugated
at 250 x g per 10 minutes.

The enriched mononuclear pellets was resuspended in 10
ml of Alphamem medium (Sigma Aldrich, Inc., St Louis, Mo,
USA) supplemented with antibiotics (Penicillin 100 U/ml and
Streptomycin 100 micrograms/ml-Sigma, Chemical Co., St Louis,
Mo, USA) and amminoacids (L-Glutamine-Sigma, Chemical
Co., St Louis, Mo, USA). The cells were maintained at 37°C in
a fully humidified atmosphere at 5% CO2 in air. Medium was
changed after 24 hours. PB-hMSC were selected for adesivity and
characterized by immunoflorescence.

Cells were washed with PBS three times and fixed with cold
methanol for 5 min at room temperature, After washing with PBS,
cells were blocked with bovine albumin 3% (Sigma Aldrich, Inc., St
Louis, Mo, USA) for 30 min at room temperature. The cells were
incubated overnight sequentially at 4°C with primary antibodies
raised against CD105 1:200, mouse (BD Biosciences, San Jose,
CA, USA), CD73 1:200, mouse (Santa Cruz Biotecnology,
Inc., Santa Cruz, CA, USA), CD90 1:200, mouse (Santa Cruz
Biotecnology, Inc., Santa Cruz, CA, USA), CD34 1:200, mouse
(Santa Cruz Biotecnology, Inc., Santa Cruz, CA, USA). They were
washed with PBS and incubated for 1 hr at room temperature with
secondary antibody conjugated-Rodamine goat anti-mouse 1:200
(Santa Cruz Biotecnology, Inc., Santa Cruz, CA, USA).

Subsequently, cells were mounted with the Vectashield
Mounting Medium with DAPI (Vector Laboratories, Inc.,
Burlingame, CA, USA) and observed under a fluorescence
microscope (Eclipse TE 2000-E, Nikon Instruments S.p.a.,
Florence, Italy).

For cell culture preparations, PB-hMSCs at the second passage
were grown in Alphamem medium (Sigma Aldrich, Inc., St Louis,
Mo, USA) supplemented with 10% fetal calf serum, antibiotics
(Penicillin 100 U/ml and Streptomycin 100 micrograms/ml-
Sigma Aldrich, Inc., St Louis, Mo, USA) and amminoacids
(L-Glutamine-Sigma Aldrich, Inc., St Louis, Mo, USA). The cells
were maintained at 37°C in a fully humidified atmosphere at 5%
CO2 in air.

For the assay, cells were collected and seeded at a density of
1x10° cells/ml into 9 cm? (3 ml) wells by using 0.1% trypsin, 0.02%
EDTA in Ca++ - and Mg—free Eagle’s buffer for cell release.

One set of wells were added with Bio-Oss  (Geistlich,
Wolhusen, Switzerland) at a concentration of 10 mg/ ml. Another
set of wells containing untreated cells were used as control. The

medium was changed every 3 days. After seven days, when cultures

were sub-confluent, cells were processed for RNA extraction.

For RNA processing, reverse transcription to cDNA was
performed directly from cultured cell lysate using the TagMAn
Gene Expressio Cells-to-Ct Kit (Ambion Inc., Austin, TX, USA),
following manufacturer’s instructions. Briefly, cultured cells were
lysed with lysis buffer and RNA released in this solution. Cell
lysate were reverse transcribed to cDNA using the RT Enzyme
Mix and appropriate RT buffer (Ambion Inc., Austin, TX, USA).

Finally, the cDNA was amplified by real-time PCR using the
included TagMan Gene Expression Master Mix and the specific
assay designed for the investigated genes.

Using real time PCR, expression was quantified. The
gene expression levels were normalized to the expression of
the housekeeping gene RPL13A and were expressed as fold
changes relative to the expression of the untreated PB-hMSCs.
Quantification was done with the delta/ delta calculation method.
Forward and reverse primers and probes for the selected genes
were designed using primer express software (Applied Biosystems,
Foster City, CA, USA) and are listed in Table 1.

All PCR reactions were performed in a 20 pl volume using
the ABI PRISM 7500 (Applied Biosystems, Foster City, CA,
USA). Each reaction contained 10 pl 2X TagMan universal
PCR master mix (Applied Biosystems, Foster City, CA, USA),
400 nM concentration of each primer and 200 nM of the probe,
and cDNA. The amplification profile was initiated by 10-minute
incubation at 95°C, followed by two-step amplification of 15
seconds at 95°C and 60 seconds at 60°C for 40 cycles. All
experiments were performed including non-template controls to
exclude reagents contamination. PCRs were performed with two

biological replicates.

Results

PB-hMSCs were characterized by immunofluorescence. The cell
surfaces were positive for mesenchymal stem cell markers, CD105,
CD90 and CD73 and negative for markers of hematopoietic
origin, CD34. (Fig. 1)

Transcriptional expressions of several osteoblast-related genes
(RUNX2, SP7, SPP1, COLIA1, COL3A1, BGLAP, ALPL
and FOSL1) and mesenchymal stem cells marker (ENG) were
examined after 7 days of treatment with Bio-Oss’.

The results of real-time PCR showed that after 1 week
of treatment, compared to the control cells, the osteogenic
transcription factors RUNX2 and two bone related genes FOSL1
and SPP1 were up-regulated.

COL1A1 and COL3A, BGLAP, SP7 and ALPL were
decreased in the presence of Bio-Oss™ at day 7, like the stem cell
marker ENG. (Fig. 2)
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Table 1: Primer and Probes used in Real Time PCR

Gene

Gene name Primer sequence (5'>3’) Probe sequence (5’>3)
symbol

F-GCCAGTTGCAGCCTTCTCA

SPP1 osteopontin CCAAACGCCGACCAAGGAAAACTCAC
R-AAAAGCAAATCACTGCAATTCTCA

collagen type I F-TAGGGTCTAGACATGTTCAGCTTTGT
COL1A1 CCTCTTAGCGGCCACCGCCCT
alphal R-GTGATTGGTGGGATGTCTTCGT

runt-related F-TCTACCACCCCGCTGTCTTC

RUNX2 ACTGGGCTTCCTGCCATCACCGA
transcription factor 2 RTGGCAGTGTCATCATCTGAAATG

F-CCGTGGCAACTCTATCTTTGG

ALPL  alkaline phospatasi CCATGCTGAGTGACACAGACAAGAAGCC
R-CAGGCCCATTGCCATACAG

collagen, type III, F-CCCACTATTATTTTGGCACAACAG
alphal R-AACGGATCCTGAGTCACAGACA

F-CCCTCCTGCTTGGACACAAA

BGLAP lci TTTGCTGGACTCTGCACCGCTG
osteocatemn R-CACACTCCTCGCCCTATTGG cC < CICTGCACCGC

COL3A1 ATGTTCCCATCTTGGTCAGTCCTATGCG

F-TCATCACCACAGCGGAAAAA

D10 I TGCACTGCCTCAACATGGACAGCCT
CD105  endoglin R-GGTAGAGGCCCAGCTGGAA CACTGCCTCAAC cAGCC

. . F-CGCGAGCGGAACAAGCT
FOSL1 FOS-like antigen 1 ACTTCCTGCAGGCGGAGACTGACAAAC
R-GCAGCCCAGATTTCTCATCTTC

F-ACTCACACCCGGGAGAAGAA

SP7 osterix TCACCTGCCTGCTCTGCTCCAAGC
R-GGTGGTCGCTTCGGGTAAA

ribosomal protein  F-AAAGCGGATGGTGGTTCCT

RPL13A 113 R-GCCCCAGATAGGCAAACTTTC CTGCCCTCAAGGTCGTGCGTCTG

-
-

Figure 1: PB-hMSCs by indirect immunofluorescence (Rodamine).
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Figure 2: Gene expression analysis of BM-hMSCs after 7 days of

treatment with BioOss

Cultured cells were positive for the mesenchymal stem cell marker Discussion
CD73 (b), CD90 (c), CD105 (d) and negative for the hematopoietic
markers CD34 (a). Nucleuses were stained with DAPI. Original

magnification x40

Histologic reports in the literature shows that most of the Bio-Oss’
particles were surrounded by newly formed mature, compact bone

with well-organized osteons.>*”® In some fields, osteoblasts were
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observed in the process of apposing bone directly on the particle
surface. No gaps were present at the bone-particles interface, and
the bone was always in close contact with the particles.®** No
inflammatory cell infiltrate was present around the particles or at
the interface of the bone.

In order to highlight the exact mechanism of how Bio-Oss’
acts on PB-hMSCs, changes in expression of bone related marker
genes (RUNX2, SPP1, SP7, COLIA1, COL3A1, BGLAP, ALPL
and FOSL1) and mesenchymal stem cells marker (ENG) were
investigated using real-time RT-PCR.

In this study, mesenchymal stem cells from peripheral
blood were isolated and characterized by morphology and
immunophenotype. Isolated PB-hMSCs showed fibroblast-like
morphology and were positive for MSC surface molecules (CD90,
CD105, CD73) and negative for markers of haematopoietic
progenitors (CD34).

After 7 days of treatment with Bio-Oss’ the expression levels of
osteodifferentiation genes were measured by relative quantification
methods using real-time RT-PCR.

Two transcriptional factors had an opposite expression.
RUNX2 was up-regulated in treated PB-hMSCs with respect to
controls, while SP7 was down-expressed.

RUNX2 is a key transcriptional modulator of osteoblast
differentiation which plays a fundamental role in osteoblast
maturation and homeostasis. RUNX2-null mice despite normal
skeletal patterning have no osteoblasts and consequently bone
tissue. RUNX2 at the early stage of embryogenesis determines the
osteoblast lineage from multipotent mesenchymal stem cells.”!

SP7is a zinc finger transcriptional factor which regulates bone
formation and osteoblast differentiation in vitro and in vivo and is
downstream of RUNX2; however, in this experimental model, the
SP7 expression was down-regulated during osteogenic induction,
probably because this gene regulates the later stages of osteoblast
differentiation and bone development.?*

Also,BGLAP, abonespecific protein involved in mineralization
and bone resorption was expressed early in osteogenic progression
of PB-hMSCs trated with Bio-Oss'.

Another investigated gene, up-regulated in treated stem cells,
was FOSL-1 which encodes for Fra-1, a component of the dimeric
transcription factor activator protein-1 (Ap-1), which is composed
mainly of Fos (c-Fos, FosB, Fra-1 and Fra-2) and Jun proteins (c-Jun,
JunB and JunD). AP-1 sites are present in the promoters of many
developmentally regulated osteoblast genes, including alkaline
phosphatase, collagen I, osteocalcin. McCabe et al. demonstrated
that differential expression of Fos and Jun family members could

play a role in the developmental regulation of bone-specific gene

expression and, as a result, may be functionally significant for
osteoblast differentiation.?

ENG (CD105), a surface marker used to define a bone marrow
stromal cell population capable of multilineage differentiation,
was down expressed in treated PB-hMSCs with respect to control
during the 7 days, indicating the differentiation effect of this
biomaterial on stem cells.*® The disappearance of the CD105
antigen during osteogenesis suggests that this protein, like
others in the TFG-88 superfamily, is involved in the regulation of
osteogenesis.”

Bio-Oss also modulates the expression of genes encoding for
collagenic extracellular matrix proteins like collagen type 1-alpha-1
(COL1A1) and collagen type 3-alpha-1 (COL3A1). COL1Al,
and COL3A1 were significantly down expressed compared to
the control when exposed to Bio-Oss, probably because this gene
is activated in the late stage of differentiation and is related to
extracellular matrix synthesis.

Compared to levels in control cells, after 7 days of
treatment, ALPL was down-regulated. Alkaline phosphatase
regulates mineralization of bone matrix. Several studies have
demonstrated that the potency of individual substances to induce
alkaline phosphatase varies in a species-dependent manner.
Glucocorticoids such as dexamethasone are potent inducers in
human and rat stromal cells, but they have no effect on alkaline
phosphatase activity in mouse stromal cells.?**” On the contrary,
bone morphogenetic proteins (BMPs) are potent inducers of
osteogenesis in both mouse and rat bone marrow stromal cells but
Diefenderfer et al. showed that BMP-2 alone is a poor osteoblast
inducer in human marrow derived from stromal cells.?%

SSP1 encodes osteopontin, which is a phosphoglycoprotein
of bone matrix and it is the most representative non collagenic
component of extracellular bone matrix.** Osteopontin is actively
involved in bone resorbitive processes directly by ostoclasts.*
Osteopontin produced by osteoblasts, shows high affinity to the
molecules of hydroxylapatite in extracellular matrix and it is a
chemo-attractant to osteoclasts.’” In this study, osteopontin was
significantly down expressed when exposed to Bio-Oss'. Therefore

Bio-Oss’ seemed to act by reducing bone resorption processes.
Conclusion

The present study showed the effect of Bio-Oss on PB-hMSCs
in the early differentiation stages, as indicated by the activation
of bone related markers RUNX1, FOSL1 and SPP1. The
down regulation of genes such as SP7, ALPL and collagens
demonstrated that 1 week of treatment was not enough for

osteoblast differentiation. Moreover, it was decided to perform the
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experiment after 7 days in order to get information on the early

stages of stimulation. The general understanding, therefore, is that

more investigations with different time points are needed in order

to get a global comprehension of the molecular events related to

Bio-Oss'. The reported model is useful to investigate the effects of

different substances on stem cells.
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