
INTRODUCTION

Growing interest has been observed recently in the
development of a new generation of biocompatible,
corrosion and wear resistant materials (1). In the last
several decades titanium and its alloys have been
extensively used as materials for orthopedic implants,
dental implants, and medical devices (2). Titanium and
its alloys are suitable for biomedical materials due
their superior qualities, such as low specific gravity,
high corrosion resistance, low elasticity modulus, and
good biocompatibility. The high corrosion resistance
of titanium and its alloys is partly due to a protective
titanium dioxide passive film spontaneously formed
on the titanium surface. The physicochemical and
electrochemical properties of the oxide film and its
long-term stability in biological environments play a
decisive role for the biocompatibility of Ti implants; in
addition, the film improves the osseointegration
process (1-3). Furthermore, the TiO2 surface offers the
ideal substrate for calcium phosphate crystal
formation, through specific chemical exchange
processes with constituents of body fluids, and this
results in a modified and thicker interfacial layer,
which may account for the proven biocompatibility of
the oxide film (3). However, for a metallic biomaterial,
it is essential to have excellent mechanical properties
too. In general, Ti alloys exceed the mechanical
properties of pure Ti (4). 
Attempts were made to develop titanium alloys of
different compositions, prepared with non-toxic
elements like Nb, Ta, Zr, Mo and Sn (4-5), to achieve
better performance in terms of biomechanical
compatibility (by reducing the Young’s modulus) and
biochemical compatibility (by excluding toxic elements)
(2). In recent years Ti–Mo alloys applied as biomaterials
have been studied with an emphasis on their
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ABSTRACT

Aim Nowadays, research on orthopedic and dental implants is
focused on titanium alloys for their mechanical properties and corro-
sion resistance in the human body environment. Another important
aspect to be investigated is their surface topography, which is very
important to osseointegration. With laser beam irradiation for
roughening the implants surface an easier control of the micro-
topography is achieved, and surface contamination is avoided. The
aim of this study was to assess human bone marrow stem cells
response to a newly developed titanium alloy, Ti-15Mo, with surface
topography modified by laser beam irradiation. 
Materials and methods A total of 10 Ti machined disks (control),
10 Ti-15Mo machined disks and 10 Ti-15Mo disks treated by laser
beam-irradiation were prepared. To study how Ti-15Mo surface
topografy can induce osteoblast differentiation in mesenchymal
stem cells, the expression levels of bone related genes and mes-
enchymal stem cells marker were analyzed, using real time Reverse
Transcription-Polymerase Chain Reaction..
Results In Test 1 (comparison between Ti-15Mo machined disks and
Ti-machined disks) quantitative real-time RT–PCR showed a signifi-
cant induction of ALPL, FOSL1 and SPP1, which increase 20% or
more. In Test 2 (comparison between Ti-15Mo laser treated disks and
Ti-machined disks) all investigated genes were up-regulated. By
comparing Test 1 and Test 2 it was detected that COL1A1, COL3A1,
FOSL1 and ENG sensibly increased their expression whereas RUNX2,
ALPL and SPP1 expression remained substantially unchanged.
Conclusion The present study demonstrated that laser treated Ti-
15Mo alloys are promising materials for implants application.



microstructure and mechanical properties (with
different studies on phase transformations, stress
release, and mechanical properties) and on their
electrochemical behavior (electrochemical stability and
corrosion resistance in simulated physiological media)
(1, 2 and references therein). Oliveira et al. (6) found by
means of an electrochemical analysis that Ti–Mo alloys
are promising materials for orthopedic devices, because
their electrochemical stability is directly associated with
biocompatibility, particularly in the case of Ti-15Mo. 
In addition, the design of the ideal surface is critical to
long-lasting implant anchorage. The bone is known to
form directly on the surface of the implants, due to the
osteoblasts adhesion. Thus, the bone formation is
strongly correlated with the implant surface chemical
composition, its energy, and morphology. Therefore, an
appropriate treatment of the implant surface is very
important in order to control the implant chemical and
morphological properties (7). Alteration in surface
topography by physical placement of grooves and
depressions along titanium surfaces has been shown to
influence cell orientation through contact guidance
(8-10). In this regard sandblasting, plasma spraying and
acid etching have become the three most common
approaches used to alter the surface topography and
increase the surface area of implants. However, the
main problem of surface treatment is the
contamination of the surface during the roughening
procedure (11, 12). By comparing with several implants
surface modification processes currently on the
market, such as mechanical processes (machining and
abrasive sandblasting), chemical processes (acid
etching and oxidation), and thermal processes (plasma
spray), it has been observed that the resulting surface
by laser beams irradiation, shows similar characteristics
without the occurrence of contaminations since it is a
clean and reproducible process, furthermore it enables
a better control of the variables involved in such
process (13). Using laser techniques for roughening the
implants surface, contamination is avoided, because
the laser enables implant surface treatment without
direct contact, and an easier control of the micro-
topography is achieved, with enough roughness for
good osseointegration (11, 12, 14).
The aim of this study was to assess human bone
marrow stem cells (BM-hMSCs) response to a newly
developed titanium alloy, Ti-15Mo, with surface
topography modified by laser irradiation. Moreover,
the expression levels of bone related genes and
mesenchymal stem cells markers were analyzed. 

MATERIALS AND METHODS

Alloy preparation
The Ti-15Mo weight % (Ti-15Mo wt %) alloy was
melted from high-purity chemical elements, in an arc-

melting furnace with a non-consumable W electrode
and a water-cooled copper hearth under an ultra-pure
argon atmosphere, following a well-known procedure
described in the literature (1, 15). Ti-15Mo alloy was
studied in as-cast conditions. Prior to disks
preparation, the ingots were analyzed by EDX and XRF
and were found being quite close to the nominal
values. SEM analysis revealed surfaces without defects
from casting process, while the mapping of Mo shows
a homogeneous distribution of this element for all
alloys (these data are not shown at this paper).

Disks preparation
The obtained ingots were turned on a cylindrical
lathe and then cut with a diamond disc into disks (Ø
10mm x 2mm thickness). The samples were cleaned
by acetone for 10 minutes in a ultrasonic bath and
then in deionized water. A total of 20 disks of the
alloy were obtained, which were divided into two
groups: 10 machine-surfaced and 10 modified by
laser beam-irradiation. In addition, 10 commercially
pure Ti (Ti cp) with a machined surface were used as
control group. 
The laser irradiation procedure for laser groups was
performed with pulsed Yb laser (DML-100, Violin
System Omnimark - Laser,- Yb pulsed, 20W) in normal
environmental atmosphere using the following
parameters: power 140%; scanning speed 100mm/s;
repetition rate 20 KHz; peak power 14,5 KW. 

Stem preparation
BM-hMSCs were obtained from healthy adult
volunteers (mean age 45 years). Bone Marrow
collected in heparinized tubes, was diluted 1:3 with
phosphate buffered saline (PBS) (Lonza, Basel,
Switzerland) and layered over a Ficoll-Histopaque
gradient (1.077g/ml; Sigma, St. Louis, MO). The low-
density mononuclear cells were washed twice in PBS,
counted and plated at 106/cm2 in cell culture flasks
(Falcon BD, Bedford, MA, USA) in Dulbecco’s Modified
Eagle’s Medium (DMEM) (Lonza, Basel, Switzerland)
supplemented with 20% heat inactivated fetal bovine
serum (FBS) (Lonza, Basel, Switzerland) and antibiotics
(100 U/ml penicillin, 100 µg/ml streptomicin) (Sigma
Aldrich, Inc., St Louis, Mo, USA), and incubated at 37°C
in a humidified atmosphere with 5% CO2. After 1 week,
the non-adherent cells were removed by replacing the
medium supplemented with 10% FBS. When the
cultures were near confluence (after 2 weeks) the cells
were recovered, by treatment with 1X trypsin/EDTA
solution (Sigma Aldrich, Inc., St Louis, Mo, USA), for
cytometric analysis and functional assays. 

Immunofluorescence
Cells were washed with PBS for three times and fixed
with cold methanol for 5 min at room temperature.
After washing with PBS, cells were blocked with
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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 h 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 Spa, Florence, Italy).

Cell culture
BM-hMSCs at fourth passage were cultured in
Alphamem medium (Sigma Aldrich, Inc., St Louis, Mo,
USA) supplemented with 10% fetal calf serum,
antibiotics (Penicillin 100 U/ml and Streptomycin 100
µg/ml - Sigma Aldrich, Inc., St Louis, Mo, USA) and
amminoacids (L-Glutamine - Sigma Aldrich, Inc., St
Louis, Mo, USA). The cells were maintained in a 5%
CO2 humidified atmosphere at 37°C. For the assay,
cells were collected and seeded at a density of 1x105
cells/ml into 9 cm2 (3ml) 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 cultured on Ti-
machined disks (control), one on Ti-15Mo machined
disks (test 1) and one on Ti-15Mo laser treated disks
(test 2). The medium was changed every 3 days. After

seven days, when cultures were sub-confluent, cells
were processed for RNA extraction.

RNA processing
Reverse transcription to cDNA was performed directly
from cultured cell lysate using the TaqMAN Gene
Expression 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 TaqMan Gene Expression Master
Mix and the specific assay designed for the
investigated genes.

Real time PCR
Expression was quantified using real time RT-PCR.
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 BM-hMSCs.
Quantification was done with the delta/delta
calculation method (16). 
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 µl volume
using the ABI PRISM 7500 (Applied Biosystems,
Foster City, CA, USA). Each reaction contained 10 µl
2X TaqMan universal PCR master mix (Applied
Biosystems, Foster City, CA, USA), 400 nM
concentration of each primer and 200 nM of the
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Table 1 Primer and probes used in real time PCR.

SPP1 osteopontin F-GCCAGTTGCAGCCTTCTCA
R-AAAAGCAAATCACTGCAATTCTCA CCAAACGCCGACCAAGGAAAACTCAC

COL1A1 collagen type I alpha1 F-TAGGGTCTAGACATGTTCAGCTTTGT
R-GTGATTGGTGGGATGTCTTCGT CCTCTTAGCGGCCACCGCCCT

RUNX2 runt-related transcription factor 2 F-TCTACCACCCCGCTGTCTTC
R-TGGCAGTGTCATCATCTGAAATG ACTGGGCTTCCTGCCATCACCGA

ALPL alkaline phospatasi F-CCGTGGCAACTCTATCTTTGG
R-CAGGCCCATTGCCATACAG CCATGCTGAGTGACACAGACAAGAAGCC

COL3A1 collagen, type III, alpha 1 F-CCCACTATTATTTTGGCACAACAG
R-AACGGATCCTGAGTCACAGACA ATGTTCCCATCTTGGTCAGTCCTATGCG

CD105 endoglin F-TCATCACCACAGCGGAAAAA
R-GGTAGAGGCCCAGCTGGAA TGCACTGCCTCAACATGGACAGCCT

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

RPL13A ribosomal protein L13 F-AAAGCGGATGGTGGTTCCT
R-GCCCCAGATAGGCAAACTTTC CTGCCCTCAAGGTCGTGCGTCTG

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



FOSL1 and SPP1, which increase 20% or more. Also
COL1A1, and RUNX2 were up-regulated but a lower
level. Instead COL3A1 was down-regulated (Fig. 2)
like ENG. Quantification was done with the
delta/delta calculation method (see M&M section). It
was not possible to apply the ANOVA test as we
performed biological replication (i.e. we performed
several different wells treated in the same time in the
same way). In Test 2 (Ti-15Mo laser treated disks vs.
Ti machined disks) all investigated genes were up-
regulated (Fig. 3). 

DISCUSSION

The success of most current orthopedic and dental
implants depends on osseointegration. The desire and
necessity to increase osseointegration has led to the
development of new materials and implant designs
(17).
Osteoblast response to Ti implants depends not only
on the chemistry of the implant but also on the
physical properties of the implant surface, such as
microtopography and roughness. The nature of the
surrounding bone, hard tissue formation around

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 

BM-hMSCs were characterized by immuno-
fluorescence. The cell surfaces were positive for
mesenchymal stem cell marker, CD105, CD90 and
CD73 and negative for markers of hematopoietic
origin, CD34 (Fig. 1).
Transcriptional expressions of several osteoblast-
related genes (ALPL, COLIA1, COL3A1, ENG,
FOSL1RUNX2, SPP1) and mesenchymal stem cells
marker (ENG) were examined after 7 days of culture
on Ti-machined disks, Ti-15Mo machined disks and
Ti-15Mo laser treated disks. 
In Test 1 (comparison between Ti-15Mo machined
disks vs. Ti machined disks) quantitative real-time
RT–PCR showed a significant induction of ALPL,
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Fig. 1 BM-hMSCs by indirect immunofluorescence (Rhodamine). Cultured cells were positive for the mesenchymal stem cell marker CD73 (A), 
CD90 (C), CD105 (D) and negative for the hematopoietic markers CD34 (A). Nuclei were stained with DAPI. Original magnification x 40



ability to differentiate, under adequate stimuli, into
several mesenchymal lineages, including osteoblasts
(19). In the present study, BM-hMSCs were isolated
and characterized by morphology and
immunophenotype. Isolated BM-hMSCs showed
fibroblast-like morphology and were positive for MSC
surface molecules (CD90, CD105, CD73) and negative
for markers of hematopoietic progenitors (CD34).
After 7 days of culture the expression levels of
osteodifferentiation genes were measured by relative
quantification methods using real-time RT–PCR.
In Test 1 (comparison between Ti-15Mo machined
disks and Ti-machined disks) quantitative real-time
RT–PCR showed that ALPL was significantly up-
regulated in treated stem cells with respect to control.
ALPL is widely used as a marker of osteoblasts
differentiation, an increase in ALPL expression should
be associated with osteoblast differentiation. Ti-15Mo
machined disks induce significant up-regulation of
SPP1 too. This gene encodes osteopontin, which is a
phosphoglycoprotein of bone matrix and it is the

implants is profoundly influenced by the surface of
the implant (18). Implants physically and chemically
interact with the tissues where they are placed and
induce the production of systemic mediators that
have substantial effects on tissues at more distant
sites (18). Titanium is a great material for inducing
osseointegration, while a number of other materials,
such as stainless steel, tend to promote fibrous tissue
formation. This metal is one of the most
biocompatible implant materials used in clinics today.
Titanium alloys are superior to pure titanium in
strength, and thus have replaced pure titanium in
many orthopaedic devices (18).
In order to analyze how BM-hMSCs respond to Ti-
15Mo alloy with surface modified by laser beam
irradiation, in the present study changes in expression
of bone related marker genes (RUNX2, SPP1, COLIA1,
COL3A1, ALPL and FOSL1) and mesenchymal stem
cells marker (ENG) were investigated by real-time
RT–PCR. Mesenchymal stem cells are defined as self-
renewable, multipotent progenitors cells with the
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Fig. 2 Gene expression analysis of BM-
hMSCs cultured on Ti machined disks vs. Ti-
15Mo machined disks.

Fig. 3 Gene expression analysis of BM-
hMSCs cultured on Ti-15Mo laser treated
disks vs. Ti machined disks.



most representative non collagenic component of
extracellular bone matrix (20). Osteopontin is actively
involved in bone resorption processes directly by
ostoclasts (21). Osteopontin produced by osteoblasts
shows high affinity to the molecules of
hydroxylapatite in extracellular matrix and it is
chemo-attractant to osteoclasts (22). 
FOSL1, another significant up-regulated gene in
treated stem cells, 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. (23) 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.
Kim et al. (24), studying the effect of a new anabolic
agents that stimulate bone formation, find that this
gene is activated in the late stage of differentiation,
during the calcium deposition.
ENG (CD105), a surface marker used to define a bone
marrow stromal cell population capable of
multilineage differentiation (25), was not affected in
treated BM-hMSCs when compared to control at 7
days. Ti-15Mo machined disks also modulate the
expression of genes encoding for collagenic
extracellular matrix proteins like collagen type 1·1
(COL1A1). COL1A1 was up-regulated as compared to
the control when exposed to Ti-15Mo machined disks.
Instead, COL3A1 was down regulated, probably
because this gene is activated in the late stage of
differentiation and is related to extracellular matrix
synthesis. Its expression did  not have significant
change in treated cells respect to control after 7 day
of treatment. The trascriptional factor RUNX2 was up-
regulated but a lower level. This gene is a key
transcriptional modulator of osteoblast differentiation
that 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 (26). 
In Test 2 (Ti-15Mo laser treated disks vs. Ti machined
disks) all investigated genes were up-regulated (Fig.
3). This results showed that Ti machined disks have
higher oseoinductive properties with respect to Ti-
15Mo machined disks. 
The present study showed the effect of laser
modification on Ti-15Mo alloys on BM-hMSCs in the
early differentiation stages. Specifically, Ti-15Mo alloy
seemed to be inducer of osteogenesis on human stem
cells. By comparing Test 1 and Test 2, machined and

laser-surfaced Ti-15Mo alloys respectively, it was
detected that COL1A1, COL3A1, FOSL1 and ENG
sensibly increased their expression, whereas RUNX2,
ALPL and SPP1 expression remain substantially
unchanged. This study demonstrates that Ti-15Mo
surface roughness affects osteoblast proliferation and
gene expression.

CONCLUSION

The laser surface modification allowed obtaining
physical-chemical properties and morphology
suitable for the use as dental and orthopedics
implants. In conclusion, the present study
demonstrated that laser treated Ti-15Mo alloys are
promising materials for implants application.
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