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Osteoblastic differentiating potential of dental pulp stem cells in vitro cultured
on a chemically modified microrough titanium surface
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Titanium surface modification is critical for dental implant success. Our aim was to determine surfaces influence on dental pulp stem
cells (DPSCs) viability and differentiation. Implants were divided into sandblasted/acid-etched (control) and sandblasted/acid-etched
coated with calcium and magnesium ions (CaMg), supplied as composite (test). Proliferation was evaluated by MTT, differentiation
checking osteoblastic gene expression, PGE2 secretion and matrix formation, inflammation by Interleukin 6 (IL-6) detection. MTT
and IL-6 do not modify on test. A PGE2 increase on test is recorded. BMP2 is higher on test at early experimental points, Osterix
and RUNX2 augment later. Alizarin-red S reveals higher matrix production on test. These results suggest that test surface is more
osteoinductive, representing a start point for in vivo studies aiming at the construction of more biocompatible dental implants, whose
integration and clinical performance are improved and some undesired effects, such as implant stability loss and further surgical

procedures, are reduced.
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INTRODUCTION

Endosseous titanium implants are widely used for
restoration of completely and partially edentulous
patients'?. The low density, high strength, durability
and resistance to corrosion make titanium the material
of choice for dental implants. One of the main purposes
of research in the implant field was to improve the
macroscopic and microscopic properties of the implant
surface to achieve better treatment outcomes and
long-term survival of osseointegrated implants®?®.
The implant surface/bone interface was considered a
key determinant in the implant treatment success.
Rougher implant surfaces, such as sandblasted and
acid-etched, provide an appreciable biomechanical
stability at the bone/implant area as well as a reduced
release of inflammatory cytokines from the host tissues,
in comparison to smooth machined surfaces®. To
improve the osteoconductive and osteogenic properties
for optimal osteointegration, the surface of titanium
implants was constantly modified, mostly trying to
increase its hydrophilicity”. The microstructure and the
nanostructure of the titanium surface influenced the
behavior of mesenchymal precursors of osteoblasts, thus
affecting cell proliferation and differentiation towards
the osteoblastic lineage®!V.

Mesenchymal stem cells are capable of self-renewal
and, when appropriately induced, of differentiating into
many cellular lineages'*'¥, undifferentiated and highly
clonogenic cells may be isolated from the dental pulp,
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the periodontal ligament and the dental papilla!>'®.

Dental pulp is an optimal source of dental pulp
mesenchymal stem cells (DPSCs) because of the
easy surgical samples withdrawal, the extremely low
morbidity of the anatomical site after pulp harvesting,
simple extraction of stem cells from harvested dental
pulp, differentiation potential, and appreciable
interaction with biomaterials!™19.

DPSCs proliferate and are able to differentiate
into mature odontoblasts/osteoblasts that produce
mineralized matrix, thus are often used as in vitro
models to simulate osteoblastic behavior, as elsewhere
reported®”. The level of differentiation of the DPSCs
greatly influences both the speed and the rate and the
quality of matrix formation around the implant. This
process is highly influenced by the nature of the implant
surface.

Moreover, as the scientific literature widely
demonstrated some inorganic ions, such as magnesium
and calcium, are able to stimulate hard tissue
regeneration by promoting osteoblasts proliferation and
differentiation®"??. It was hypothesized that the addition
of calcium and magnesium inorganic ions (CaMg) to
the implant surface could increase the levels of PGE2
and the expression of BMP2 and RUNX2, generally
considered osteoblastic differentiation markers.

As already stated above and elsewhere already
reported”? the sandblasted and acid-etched implant
surfaces improve the bone-implant interaction allowing
a better osteointegration. For this reason our starting
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point was represented by sandblasted and acid-etched
titanium surfaces coated with CaMg to check if a
chemically modified implant surface could affect DPSCs
proliferation and differentiation into osteogenic cells
lineage.

MATERIALS AND METHODS

Sample preparation

In this experiment 40 experimental commercially pure
titanium discs (titanium grade 4) (Implacil De Bortoli-
Dental Product, Sdo Paulo, Brazil) were used. Each disc
was 5 mm in diameter and 2 mm thick.

Titanium surfaces were treated by sandblaster acid
(SLA) —first they were blasted with 50-100 um TiO,
particles and then treated with maleic acid, as elsewhere
reported in the scientific literature®”. The discs were
then ultrasonically cleaned with an alkaline solution
Riozyme IV-E Neutro Gold (Industria Farmaceutica
Rioquimica Sao Jose do Rio Preto, Brazil) followed by
a rinse with distilled water. These discs represented
the Control Group, consisting of twenty discs, while 20
discs of the experimental group (Test Group) also had
a layer of CaMg on its surface. The CaMg layer of the
Test Group was obtained by blasting the samples with
30—80 um CaMg microparticles, supplied as composite,
at a pressure of 2.5 Mpa with a distance of 5 cm, in a
decontaminated ambient (apparatus) with sterilized air.
Each sample was prepared, packaged, and sterilized
using the same requirements and care for implant
packing??.

The discs were used for in vitro experiments, for
which they were aseptically transferred to sterile 48-
well cell-culture trays and exposed to UV radiation for
1h.

Isolation and cultivation of DPSCs

The project obtained the approval of Local Ethical
Committee of the University of Chieti (approval number
1173, date of approval 31/03/2016), in accordance with
the Declaration of Helsinki. Dental pulp samples were
obtained from third molars extracted in young adults
(the age range was 18-28 years) which underwent
orthodontic treatments. Informed consent was obtained
from all the participants. Only impacted teeth without
dental pathologies were included in the study. After
the extraction, all the remaining soft tissues were
mechanically removed and the external tooth surfaces
were cleaned with a solution of clorhexidine 0.2%.
Within 5 min from extraction, the teeth were sliced to
obtain dental pulp samples, by using a diamond cutter,
making a 2—-3 mm groove around the tooth and avoiding
pulp exposure. Then, teeth were fractured off through
the cutting line with a surgical lever, and pulp samples
removed from the pulp chambers.

The dental pulp was washed with phosphate-
buffered saline (PBS), kept in Minimum Essential
Medium Eagle, alpha Modification (a-MEM, Sigma-
Aldrich, St. Louis, MO, USA) with the addition of 10%
of Foetal Bovine Serum (FBS) and 1% of penicillin/

streptomicin (EuroClone, Milan, Italy) and delivered
to the laboratory for stem cells isolation. Extracted
pulp tissue was digested in a solution of 3 mg/
mL of collagenase type I (Sigma-Aldrich) in PBS,
supplemented with 10% of FBS for 1 h at 37°C.
Afterwards, the digested tissue was resuspended in a
solution of PBS with 2% FBS and was centrifuged at
1,000 rpm for 10 min. Pelleted cells were resuspended
in standard growth medium (a-MEM supplemented
with 10% FBS and 1% penicillin/streptavidin, GM) and
seeded onto Petri dish. The medium was renewed every
two/three days to remove cells debris. When cell culture
reached sub-confluence (80-90% of surface area), they
were subcultured.

Antigen expression in flow cytometry

Cells were trypsinized, counted and 2x10° cells for each
antigen were collected. After being washed in 1 mL of
PBS, cells were resuspended in 50 pL of PBS without
calcium and magnesium and the appropriate amount
of antibody was added: PE-CD29, FITC-CD45 and PE-
CD105 (Ancell, Stillwater, MN, USA; 1 uL), PE-CD73
and FITC-CD90 (Becton Dickinson, Franklin Lakes,
NdJ, USA; 5 uL). After 30 min of incubation on ice,
cells were washed and resuspended in 300 uL of PBS
prior to running on the flow cytometer. Only for the
SSEA-4 antibody, cells were resuspended in 50 uL of
PBS without calcium and magnesium containing 5 plL
of a fixative reagent (PerFix-nc, no centrifuge assay Kit,
Beckman Coulter, Brea, FL, USA), gently vortexed and
incubated for 15 min at room temperature. Each sample
was then resuspended in 200 pL of a permeabilizing
reagent (PerFix-nc, no centrifuge assay Kit, Beckman
Coulter) containing 20 uLi of FITC-SSEA-4 antibody
(Becton Dickinson), incubated for 30 min at room
temperature and analyzed after the addition of 300
uL of final reagent 1X (PerFix-nc, no centrifuge assay
Kit, Beckman Coulter). All the samples were run on
a FC 500 flow cytometer (Beckman Coulter) with FL1
and FL2 detector in a log mode using the CXP analysis
software (Beckmann Coulter). At least 15,000 events for
each sample were acquired. The populations presented
in the histogram were gated for the expression of each
antigen. In all the experiments, SCs were always around
the 50% of the entire population.

DPSCs cultivation on titanium discs

DPSCs from the fourth or fifth passage were seeded and
cultivated on both control and test titanium discs at
the density of 10,000 cells/cm? for 21 and 28 days. The
cells were cultured using both GM and differentiation
inducing medium (o-MEM, 10% FBS, 10 nM
dexamethasone, 0.2 mM ascorbic acid, 10 mM
B-glycerophosphate, 1% penicillin/streptavidin, DM).

Scanning electron microscopy (SEM) analysis

For SEM analysis both control and test titanium
discs without and with DPSCs, were fixed in 1%
glutaraldehyde in 0.1 M phosphate buffer for 30 min
at 4°C, washed in 0.1 M phosphate buffer, dehydrated
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in ascending graded series of ethanol and finally dried
in hexamethyldisilazane. The analysis was carried out
with a SEM JEOL JSM-6490.

MTT assay

After 21 and 28 days of culture the 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT)
assay (Sigma Aldrich) was used to evaluate the
metabolic activity of the DPSCs on control and test
titanium discs, based on the capability of viable cells to
reduce MTT into a colored formazan product. At day 21
and 28, the medium was replaced medium containing
0.5 mg/mL MTT and probed with cells for 5 h at 37°C.
In order to solubilize salts, the plate was incubated in
dimethylsulfoxide (DMSO) solution for 30 min at 37°C.
Spectrophotometric reading of the optical density was
at 570 nm with a spectrophotometer Anthos 2010 96
(Anthos Labtec Instruments, Salzburg, Austria). Values
obtained in the absence of cells were considered as
background.

ELISA test of IL6 and PGE2 secretion

IL6 and PGEZ2 secretion in the culture medium was
detected by following the instructions provided by the
manufacturer protocol. EIA kit (Enzo Life Sciences,
Farmingdale, NY, USA) was used to measure IL6 and
PGE2 concentrations. The absorption values were
obtained by spectrophotometric reading of plates at 450
and 405 nm, respectively, by means of plates for reading
in the spectrophotometer 96 Anthos 2010 (Anthos
Labtec Instruments). IL6 and PGE2 secretion levels
were measured in different wells and normalized for
optical density (pg/mL/OD) as previously determined by
MTT assay.

RNA extraction

TRI Reagent (Sigma-Aldrich) was used for total RNA
extraction. Briefly, the cells that adhered to titanium
discs in each plate well were suspended in 500 pL of
TRI Reagent. The insoluble material was removed by
centrifuging this suspension at 10,000 rpm for 10 min
at 4°C. After this, the supernatant was removed and
added to 100 pL of chloroform, vigorously shaken and
incubated on ice for 15 min, after which it was
centrifuged for 20 min at 13,200 rpm at 4°C. The
aqueous phase containing RNA was precipitated in 250
uL of isopropanol and stored for 30 min at —20°C. The
RNA was pelleted by centrifugation for 20 min at 13,200
rpm at 4°C, washed in 500 uL of 75% ethanol, air dried
and resuspended in RNase-free water.

The removal of contaminating DNA was performed
using DNA-free kit (Life Technologies, Carlsbad, CA,
USA). The concentration of RNA was measured by
spectrophotometer reading at 260 nm and its purity
was assessed by the ratio at 260 and 280 nm readings
(BioPhotometer Eppendorf, Hamburg, Germany). The
quality of extracted RNA was assessed by electrophoresis
through agarose gels and visualized by staining with
ethidium bromide, under UV light.

Reverse transcription (RT) and real-time RT-polymerase
chain reaction (real-time RT-PCR)

High Capacity ¢cDNA Reverse Transcription kit (Life
Technologies) was used to reverse transcribe 1 pg of
RNA in a reaction volume of 20 pL. Reactions were
incubated in a 2720 Thermal Cycler (Life Technologies)
initially at 25°C for 10 min, then at 37°C for 2 h and
finally at 85°C for 5 min.

Gene expression was determined by quantitative
PCR using TagMan probe-based chemistry. Reactions
were performed in 96-well plates on an ABI
PRISM 7900 HT Fast Real-Time PCR System (Life
Technologies). TagMan probes and PCR primers were
purchased from Life Technologies (TagMan Gene
Expression Assays (20X): Hs00154192_m1 for BMP2 and
Hs00231692_m1 for RUNX2, Hs01029144_m1 for ALPL
and Hs01866874_s1 for osterix). Glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) (Life Technologies,
Part No. 4333764F) was used as the housekeeping gene.
Each amplification reaction was performed with 10 pL
of TagMan Fast Universal PCR Master Mix (2X), No
AmpErase UNG (Life Technologies), 1 uL of primer-
probe mixture, 1 puL of ¢cDNA and 8 uL of nuclease-
free water. No-template control was used to check for
contamination. A reverse transcriptase minus control
was included for osterix gene assay.

Thermal cycling conditions were: 95°C for 20 s,
followed by 40 cycles of amplification at 95°C for 1 s and
60°C for 20 s. Sequence Detection System software, ver.
2.3 (Life Technologies) elaborated gene expression data.
The comparative 224t method was used to quantify the
relative abundance of mRNA (relative quantification)?.

Real-time PCR analysis was performed in four
independent experiments. In each experiment, one cDNA
sample for each experimental condition was included.
Amplification was performed in triplicate for each cDNA
sample in relation to each investigated genes.

Gene expression data were collected from each
sample used in the experimental procedure and
meanstSEM were obtained for each experimental
group. Values were analyzed by one-sample t-test. 1
(calibrator sample) was considered the theoretical mean
for the comparison.

Alizarin red S (ARS) assay

ARS is a calcium-sensing dye. Differentiated osteoblasts
deposit appreciable extracellular quantities of calcium
phosphate (a hallmark of mineralization) which can be
detected by ARS. Calcium deposits appear as bright
orange-red stained areas.

The wells were washed twice in PBS. PBS was
aspirated and the cellular monolayer was fixed with
4% paraformaldehyde for 15 min at room temperature
and rinsed in deionized water. Forty millimole of ARS
staining solution (Sigma-Aldrich) was added and
incubated for 20 min at RT on a shaker. The plates were
rinsed five times in deionized water and the orange-
red stained calcium deposits were made soluble by the
following procedure: 10% acetic acid was added and the
plate was shuck for 30 min. Titanium discs were scraped
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and the liquid containing deposits was harvested and
vortexed in a tube. Hot mineral oil (Sigma-Aldrich)
was added and the tube was kept on ice for 5 min,
after which it was centrifuged at 20,000xg for 15 min.
The supernatant was removed and 10% ammonium
hydroxide was added. This solution was read by a
spectrophotometer at 405 nm.

Statistical analysis

SPSS software (Statistical Package for Social Science)
GraphPad Prism 5 was used to perform statistical
analysis. ¢-Test was used to evaluate the significance
of the difference in results between groups. The results
were expressed as means+SD. All p values <0.05 were
considered significant.

RESULTS

Before starting DPSCs culture on titanium discs, cells
were analyzed through flow cytometry to detect molecular
markers commonly applied to identify mesenchymal
stem cells. SCs consisted of DPSCs showing high
expression of cell-surface markers such as CD90, CD105
and to a major extent CD29 and CD73. Moreover, a
dim expression of the embryonic stem antigen SSEA-4
is observed. To refine the analysis, the SSEA-4 stained
cells were permeabilized to detect also the intracellular
levels of the molecule?*??. As expected, the cells are
negative for the leukocyte antigen CD45 (Fig. 1).
DPSCs were cultured on control and test titanium
discs in a differentiating medium supplemented with
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Fig.1 Antigen expression in DPSCs at the third
passage.
Each antigen (continuous line) is plotted with the
isotype control at the same experimental time
(dashed line). The representative out of three
separate experiments is shown.

ascorbic acid, dexamethasone and B-glycerol phosphate
for 28 days.

To examine surface topography of control and test
titanium discs SEM analysis was performed before
seeding cells. Control disc surface shows a great
homogeneity while test discs are characterized by peaks
and microcavities (Fig. 2).

Then SEM analysis was performed on DPSCs
cultured on both control and test titanium discs. After
3 days by the seeding cells are able to attach to both
surfaces. On control surfaces cells show fillopodia, thin
cytoplasmic projections that extend beyond the leading
edge of the cells, indicated by arrows, that contribute to
the attachment. On test discs cell surface shows a well
evident secretome activity consisting of light granules of
extracellular matrix indicated by asterisk (Figs. 3A and
B, Figs. 4A and B). This trend is more evident after 7
days of cultures. In both cases cells show a flat and star
like feature according to odontoblastic/osteoblastic like
cells (Figs. 3C and D, Figs. 4C and D). Starting from 14
days in both surfaces cells spread well and contribute
to form an uniform monolayer (Figs. 3E—J and Figs.
4E—J). MTT analysis was performed after 21 and 28
days of culture, finding that both at day 21 and day 28
of culture no significant differences of cell metabolic
activity, which can be considered an indirect evaluation
of cellular proliferation rate, between control and test
surfaces could be identified (Fig. 5).

To investigate the occurrence of an inflammatory
event, ELISA assay was performed to detect IL6 pro-
inflammatory cytokine secretion in the culture medium.
IL6 secretion level does not undergo changes between
test and control surface after both 21 and 28 days of
culture (Fig. 6).

To evaluate the differentiation process of DPSCs
towards the osteoblastic lineage both the expression of
osteoblastic markers at early and late stages, through
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Fig. 2 SEM images of Ctrl discs (A and B) and Test discs
(C and D).
Magnification 500x and 2,000x.
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Fig. 3 SEM images of DPSCs cultured on Ctrl discs for 3 (A and B), 7 (C and D), 14 (E and F), 21 (G and H)
and 28 days (I and J).
Arrows indicate fillopodia. Magnification 1,000x and 5,000%.
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Fig. 4 SEM images of DPSCs cultured on Test discs for 3 (A and B), 7 (C and D), 14 (E and F), 21 (G and H)
and 28 days (I and J).
Asterisk indicates secretome activity. Magnification 1,000x and 5,000%.
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Fig. 5 MTT assay in DPSCs cultured on titanium discs Fig. 6 ELISA assay for IL6 secretion of DPSCs cultured

for 21 and 28 days. on titanium discs for 21 and 28 days.

The histogram represents optical density (OD) Secretion levels are reported as picograms per mL
values in control and test discs. Data shown are per MTT optical density (OD) values. The results
the mean (+SD) of three separate experiments. are the mean+SD of three samples from three

different experiments.
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Fig. 7 Relative gene expression of BMP2 (A), RUNX2 (B), ALP (C) and osterix (D) in DPSCs

cultured on titanium discs for 3, 7, 14, 21, and 28 days.

Data are expressed as relative to control (calibrator sample, defined as 1). Values

represent the meanstSD. Y-axis, fold change. The most representative of three

separate experiments is shown.

* BMP2 mRNA day 3 Test vs BMP2 mRNA day 3 Ctrl p<0.01;

*RUNX2 mRNA day 21 Test vs RUNX2 mRNA day 21 Ctrl p<0.001;

* ALP mRNA day 7, day 14, day 21 and day 28 Test vs ALP mRNA day 7, day 14, day
21 and day 28 Ctrl, respectively p<0.001;

*osterix mRNA day 21, day 28 Test vs osterix mRNA day 21 and day 28 Ctrl,
respectively p<0.001.

real time RT-PCR, PGE2 secretion level, through ELISA PGE2

assay, and extracellular matrix deposition at later

stages, through Alizarin Red staining, were measured. 80 1 * B Ctil
BMP2 gene expression is found significantly 70 x

augmented in the test surface compared to the control 60 - 7 B

one after 3 days of culture, whereas, after 7, 14, 21 350 | 2 ﬁ/

and 28 days of culture BMP2 expression levels appear /

to be similar in test and control surfaces (Fig. 7A). On a,4° ]

the other hand, RUNX2 gene expression level does not =30 |

show any significant difference between test and control 20 A

surfaces after 3, 7, 14 and 28 days of culture whereas ol

RUNX2 gene expression is increased after 21 days

in cells cultured on Test discs respect to control ones 0 -

(Fig. 7B). Alkaline phosphatase (ALP) gene expression a5l 128

does not show significant differences in cells grown on Fig. 8 ELISA assay for PGE 2 secretion of DPSCs cultured

the two tested surfaces after 3 days while after 7, 14, on titanium discs for 21 and 28 days.

21 and 28 days of culture ALP gene expression always Secretion levels are reported as picograms per mL

appears significantly higher on test surface respect per MTT optical density (OD) values. The results

to control (Fig. 7C). Lastly osterix gene expression is are the meantSD of three samples from three

significantly higher after both 21 and 28 days of culture different experiments.

in test surfaces respect to control ones (Fig. 7D). PGE2 *day 21 Test vs day 21 Ctrl p<0.05

secretion levels are significantly higher in test compared *day 28 Test vs day 28 Ctrl p<0.05
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Fig. 9 The histogram represents optical density (OD)
values of solubilized orange-red stained calcium
deposits.

*day 28 Test vs day 28 Ctrl p<0.05

to control samples at both 21 and 28 days of culture
(Fig. 8). Alizarin Red staining does not show significant
differences in matrix deposition between test and control
surfaces after 21 days of culture; however, the difference
is significantly increased on test surfaces after 28 days
of culture (Fig. 9).

DISCUSSION

Recently biomedical research was frequently interested
in ameliorating bone tissue healing in the bone-to-
implant area and in enlarging this little contact region
between titanium surfaces and bone tissue.

It was shown that modifying the surface of titanium
implants by sandblasting, and therefore increasing the
roughness of the surface can have a positive influence on
cell growth and differentiation?®. There is evidence that
bone tissue cell adhesion is higher on rougher surfaces
than on smooth machined surfaces. However, in order
for cells to organize the cytoskeleton and to adhere to an
implant surface, intermediate values of roughness are
required whereas extremely rough surfaces reduce the
overall adhesive strength®”. For this reason the rough
sandblasted surface was treated by organic or inorganic
acid etching which smoothened the peaks created by
the formation of microcavities, and promoted protein
adhesion which is essential for the early stages of bone
healing®®.

It was already reported, in a previous study from
our laboratory, performed on the same titanium discs,
that the inorganic ions surface coating after acid etching
surface was found to be more biocompatible and better
tolerated by human osteoblasts?. A morphological study
of the titanium discs, performed by AFM, reported in our
previous work?, evidences a nanometric modification of
the surface. The innovation of this surface is represented
by the surface treatment which create a stable layer on
titanium discs able to better promote cell adhesion, as
firstly demonstrated by Zizzari et al.”,and subsequently

by Gehrke et al.?”. In the present work, the goal was
to better understand if this surface treatment could
also have a positive influence on the differentiation
of mesenchymal stem cells towards the osteoblastic
lineage. DPSCs were identified as a different source of
mesenchymal stem cells for odontoblastic/osteoblastic
differentiation. DPSCs were chosen for this study
because of their easy extraction from the harvested
dental pulp and their high odontogenic/osteogenic
ability®V. In standard culture conditions more than 60%
of the cell population used in this study was positive
for mesenchymal antigens CD90, CD105, CD29, CD73,
while they are negative for the leukocyte antigen
CD45. They also showed a strong adhesion to plastic
surfaces and the potential to differentiate in several
cell types. These features were in accordance with
the criteria of the Mesenchymal and Tissue Stem Cell
Committee of the ISCT, proving that the cells used were
mesenchymal stem cells®?. To stimulate and accelerate
the differentiation towards the osteoblastic lineage a
differentiation medium was applied in DPSCs culture.
Osteoblasts proliferation around the implant is the basis
of the osteointegration process. Cell metabolic activity
and morphological features were investigated after
seeding on both surfaces. Both implants preserved cell
viability, thus suggesting that the new tested surface
allowed good cell proliferation, as did the control one
even if the secretion of organic and inorganic molecules
of the cells grown on test surface immediately appears
pronounced thus letting us hypothesize that the
new surface better and faster promotes osteoblastic
differentiation. Furthermore, the results obtained for
interleukin-6 (IL-6) indicated that the test surface did
not provoke a higher inflammation response than the
control surface. IL-6 produced by osteoblasts and their
precursors lead to bone resorption by stimulating the
differentiation and activation of osteoclasts®*??. The
relatively low levels of IL-6 release on both surfaces
suggested that it could not be sufficient to recruit
osteoclast precursors and support osteoclastic activity.

BMP2 was recognized to stimulate bone formation
around endosseous implants and is considered to be
the most osteogenic bone morphogenetic protein®.
The significantly higher BMP2 gene expression on test
surfaces at very early stages (3 days) implied that the
test surface had a stronger and more prompt effect on
inducing DPSCs differentiation into osteoblasts than
the control surface.

Regarding the comparison of the two surfaces
effects, quantitative RT-PCR showed significant
difference between the expression of RUNX2 only
after 21 days of culture RUNX2 is an important
transcriptional modulator of osteoblast differentiation,
maturation and homeostasis, it showed that its role is in
the earlier stages of multipotent stem cell activation and
differentiation towards the osteoblast lineage®® even if
several studies underline that an appreciable increase of
RUNX2 gene expression is generally recognizable after
two weeks of culture®®®. In our experimental model
an increase of RUNX2 gene expression, detectable
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after 3 weeks of culture, is paralleled by an increase of
osterix gene expression which is maintained until the
fourth week of culture. RUNX2 in fact seems to act
upstream of osterix as shown by several studies which
have demonstrated that in RUNX2 null mice, osterix
is not expressed whereas in osterix null mice RUNX2
is expressed®. Finally DPSCs cultured on new Test
surface, starting from the first week of culture, clearly
reveal high levels of ALP gene expression, which is
known to be a clear evidence of differentiation towards
the osteoblastic phenotype. ALP is in fact commonly
considered an osteoblast marker as it is associated with
calcification events®?.

Even though high levels of prostaglandins are
associated with inflammation, prostaglandins are
important mediators of osteoblastic differentiation.
PGE2 is needed for the increase of TGF-B1 and both
molecules are needed in later stages for DPSCs terminal
differentiation by increasing alkaline phosphatase
specific activity?*?. In the present model an increase
of PGE2 secretion level released by cells grown on
test compared to those exposed to control surfaces was
recorded, thus confirming the hypothesis of a more
prominent osteoblastic differentiation on test surfaces.
This finding was further supported by extracellular
matrix deposition which was significantly augmented on
test surfaces.

According to this evidence different performances
of test respect to untreated surface are probably due
to more than one factor. Firstly, surface treatment
with inorganic ions induces a significant roughness
modification which is responsible, in turn, of an
increased cell adhesion and of a reduced osteoblasts
cytotoxicity, as demonstrated in our previous paper?.
Furthermore, it can be argued that magnesium and
calcium addition on test surface plays a pivotal role
in promoting and enhancing cell differentiation thus
improving bone-implant contact, as supported by the
scientific literature?-?>?%, However the reasons of this
outcome still remain unknown and need to be clarified in
future studies. Finally it can be also hypothesized that
surface wettability increase, due to both maleic acid and
inorganic ions treatment, is able to bind extracellular
matrix produced by osteoblasts, thus triggering a positive
feedback which leads to further matrix deposition.

CONCLUSIONS

The present results indicated that the new sandblasted
and acid etched surfaces, followed by inorganic ion
treatment, could guarantee a good cell viability along
with a low inflammatory response and, at the same time
they promote the osteoblastic differentiation. All in all
the obtained data can represent a good start point for
in vivo studies which aim to investigate the molecular
mechanisms underlying bone tissue cells osteoinductive
response to titanium implants.
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