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Abstract
In vitro biocompatibility of zirconium oxide was investigated in comparison with titanium,
which is considered the gold standard for medical implants, by using hFOB 1.19 osteoblastic cell line.
The viability of osteoblasts was evaluated by MTT and LDH tests that demonstrated the absence of any
cytostatic or cytotoxic effect. Immunocytochemical staining of fibronectin, showed the capacity of these
cells to elaborate extracellularly large amounts of this important adhesive protein, suggesting a good
cell adhesion to both materials. Despite the differences in cell morphology and orientation,
fluorescence microscopy studies of β-integrins and some cytoskeletal proteins revealed almost identical
immunolabeling patterns in the cells grown on titanium and zirconia substrates. Cell proliferation,
evaluated by bromodeoxyuridine (BrdU) incorporation assay and Proliferating Cell Nuclear Antigen
(PCNA) analysis, was similar in both situations. Zymographic analysis of gelatinolytic activities
specific to matrix metalloproteinases secreted by cells grown in contact with both materials for
different time periods showed no differences in terms of extracellular matrix degradation, suggesting
the possibility of equivalent capacities of implant integration into the host tissue. Our in vitro results
showed that osteoblast responses to zirconia and titanium are comparable and, therefore, the analyzed
zirconia substrate (Biozyr) can be successfully utilized in bone implantology.

Keywords: osteoblasts, titanium, zirconium oxide, fibronectin, integrins, cytoskeleton,
proliferation, matrix metaloproteinase.

Introduction
The clinical success of implants depends on how cells interact with biomaterials. Initial
interaction with the substrate influences cell response at the cell-biomaterial interface, which
determines long term durability and reduces the possible failure of implants [1, 2]. Cellsubstrate compatibility is mediated by various biological molecules such as extracellular
matrix (ECM) proteins, membrane proteins, and cytoskeletal proteins. An important role has
been given to integrins, a family of transmembrane ECM receptors, which initially interact
with proteins adsorbed on the biomaterial surface and later to ECM proteins synthesized by
the cells. Following protein binding, integrin cluster and associate with intracellular
cytoskeletal components to form focal adhesions. These are composed of structural and
signaling proteins through which both anchorage forces and regulatory signals are transmitted
to the nucleus. Thus, integrins transduce extracellular signals via their cytoplasmic domain to
the cytoskeleton and activate downstream signaling cascades which affects cell growth [3],
and gene expression [4, 5]. In addition to the outside-in signals, integrins induce inside-out
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signals leading to ECM biosynthesis with newly incorporated ECM proteins [6], to the
formation of fibronectin network [7], and to cell differentiation [8].
Zirconium dioxide (zirconia) is a bioinert nonresorbable metal oxide which has a good
chemical and dimensional stability, and a high strength and toughness [9]. In the context of
the increasing demand for total joint athroplasty and for tooth implants, the aim of our
investigation was to evaluate human osteoblast response to a zirconia ceramic compared to a
commercially pure titanium (cpTi), which represents, nowadays, the reference material for
orthopaedic and dental implants.

Materials and Methods
1. Biomaterials
Commercially pure titanium and zirconia (ZrO2+HfO2+Y2O3>99% with 5.15±0.20%
Y2O3 and ≤3% Hf2O3) based ceramic (Biozyr) discs were generously provided by Dr.
Philippe P. Gautier and Dr. Bogdan Vladila, Zirimplant Ltd., Bucharest. The discs were
cleaned and then sterilized at 180°C for 30 min (cpTi) and by UV light exposure for 6 h
(Biozyr).
2. Cell culture
Human fetal pre-osteoblast cell line hFOB 1.19 provided by American Type Culture
Collection was used for this study. The cells were seeded on cpTi and zirconia discs, placed
into Permanox Lab-Tek Chamber Slides (Nunc), at an initial density of 1.2 x 104 cells/cm2.
They were allowed to adhere and to proliferate for at least 72h in DMEM-Ham’s F-12
(Sigma-Aldrich Co.) (1:1) supplemented with 10% Fetal Bovine Serum (FBS, Gibco) and 0.3
mg/ml geneticin G 418. Cells were incubated at 34ºC in a humidified atmosphere of 5% CO2
and 95% air, with the growth media changed every 48h. Titanium discs served as control.
3. Study of osteoblast morphology
Phase contrast microscopy was used every 24 h, until the cell culture reached the
confluence, to examine the cell morphology evolution of hFOB 1.19 human fetal osteoblastic
cells in contact with cpTi and zirconia specimens.
4. Cell viability and cytotoxicity assays
A combination approach, MTT and lactate dehydrogenase (LDH) assays, was used to
provide valuable information about cell viability and possible cytotoxic effects of the
analyzed materials. MTT-assay allows evaluation of cell survival by reduction of a
tetrazolium salt solution - MTT (3- (4, 5 – dimethylthiazolyl - 2) - 2, 5-diphenyltetrazolium
bromide) to insoluble purple formazan granules by all living, metabolically active cells. The
precipitated formazan was dissolved in isopropanol, and after 10 min of slow shaking, the
absorbance was recorded at 550 nm. Absorbance values, that are lower than those displayed
by control cells, indicate a reduction in the cell metabolic activity and viability. Conversely, a
higher absorbance rate indicates an increase in cell viability.
LDH leakage into the culture medium as a result of plasma membrane lysis was
evaluated with a cytotoxicity detection kit (TOX-7, Sigma-Aldrich Co.) according to the
manufacturer’s protocol. Data are presented as the average of three replicates (mean ±
standard deviation).
5. Immunofluorescence microscopy
Cells plated on cpTi and zirconia discs were fixed in 4% paraformaldehyde,
permeabilized in 0.1% Triton X-100 (not in the case of integrin staining), blocked in 2%
bovine serum albumin (BSA), incubated for 2h at room temperature with primary antibodies
(1:50) specific to fibronectin, integrin, α-tubulin and vinculin and washed in PBS. Samples
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were subsequently treated with fluorescent dye (FITC or rhodamine) - conjugated secondary
antibodies against mouse IgG at a dilution of 1:100 for 1h at room temperature. PhalloidinFITC (Sigma) was used to label the cytoskeletal actin filaments (1 h at 37ºC). Cells were
viewed with an inverted fluorescence microscope Olympus IX71 and images were captured
by means of Cell F image acquiring system. All antibodies, excepting vinculin antibody
(Sigma-Aldrich), were purchased from Santa Cruz Biotechnology.
6. Cell proliferation assays
The proliferation status of hFOB 1.19 cells was assessed by quantifying the degree of
DNA biosynthesis using BrdU incorporation assay and Western blotting analysis of PCNA
expression. For the BrdU labeling assay, cells were seeded on cpTi and zirconia supports and
at 24 h post-seeding they were incubated in the presence of 5-bromo-2'-deoxyuridine (BrdU)
at a final concentration of 10 μM BrdU. Immunocytochemical detection of the incorporated
BrdU into the DNA of dividing cells was realized on paraformaldehyde-fixed and Triton X100 - permeabilized cells after partial denaturation of double stranded DNA by sequential
treatment with 1N HCl and 2 N HCl. With the purpose of this detection, the samples were
incubated for 2 h with monoclonal mouse anti-BrdU antibody (1:100; Sigma-Aldrich Co.) and
then for 1 h with FITC-conjugated goat anti-mouse IgG (1:100, Santa Cruz Biotechnology).
After washing with PBS samples were examined by using fluorescence microscopy.
Western blotting analysis of PCNA was performed on cell lysates prepared after 24 h
of culture. Total cellular protein was quantified by Bradford assay. Thirty micrograms of total
cellular protein were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE; 10% polyacrylamide) and then transferred to nitrocellulose membranes
(Millipore). Membranes were blocked with 5% nonfat milk and probed with PCNA mouse
monoclonal antibody (Santa Cruz Biotechnology; 1:200). In order to detect the antibodies
which have bound, the membranes were incubated with goat anti-mouse IgG (alkaline
phosphatase-conjugated) from Santa Cruz Biotechnology (dilution 1:7500) and developed
with NBT/BCIP solution. The blots were reprobed with anti-β-actin antibody to confirm equal
protein loading.
7. Study of gelatinolytic activity by zymography
For detection of gelatinolytic matrix metalloproteinases (MMPs) secreted by hFOB
1.19 cells grown in contact with cpTi and zirconia materials for different time periods (24 h,
48 h and 72 h), gelatin zymography was performed by using a modification of the procedure
by Cimpean et al. [10]. Briefly, aliquots (20 μg protein) of conditioned culture medium were
subjected to SDS-PAGE in 7.5% polyacrylamide gels containing 0.1% gelatin. Samples were
electrophoresed under non-reducing conditions. After electrophoresis, gels were washed in
2.5% Triton X-100 and incubated in a buffer containing 50 mM Tris-HCl (pH 7.6), 50 mM
NaCl and 10 mM CaCl2 for 18 h at 37°C. Then, the gels were stained with 0.1% Coomassie
Brilliant Blue R-250 and destained in acetic acid: methanol: water (1:2:7). The gelatinolytic
activities were detected as clear bands against the blue background of un-degraded gelatin
impregnated acrylamide gel.

Results and Discussion
1. Cell viability
In culture the morphology indicates the status of the cells. In our study, health state of
hFOB 1.19 cells was monitored every 24 h by phase contrast microscopy until the cell culture
reached the confluence. Thus, as it is shown in Figure 1, the human fetal osteoblasts
displayed a typical fibroblast-like morphology and no differences in cell shape and density
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between cells grown on the plastic supports in the proximity of studied materials (black
region) were remarked. Round isolated fetal osteoblasts were also noticed, they representing
the cells in the process of division.

Figure 1. Appearance in phase contrast microscopy of hFOB 1.19 cells (after 48 h of culture) at interface of
plastic culture support with: titanium (a), and zirconia (b) discs.

Moreover, by using MTT (Figure 2a) and LDH assays (Figure 2b) we found out that
both cpTi and zirconia materials did not exert cytotoxic effects and cell viability of the
osteoblasts grown in contact with these cellular substrates was quite similar.
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Figure 2. Cytotoxicity assessement of Biozyr support in comparison with titanium:
a) MTT and, b) LDH tests.

On the whole, these findings suggest a high biocompatibility of zirconia based ceramic
“Biozyr” comparable to titanium, the classical implant material.
2. Osteoblast adhesion to titanium and zirconia surfaces
Cell adhesion to extracellular matrix is essential to the development, maintenance, and
remodeling of osseous tissue [11, 12]. Adhesive cell interactions with extracellular matrix
components, including fibronectin and type I collagen, play critical roles in osteoblast
survival, proliferation, differentiation, and matrix mineralization, as well as in bone formation
[13, 14]. Furthermore, adhesive interactions are also important for osteoclast function and
bone resorption [15, 16]. Because of the crucial role of the extracellular matrix-mediated
adhesion in osteoblast functions, cell adhesion considerations are central to many
biotechnological and biomedical applications focusing on bone formation, including cellculture supports, implant surfaces, and tissue-engineering scaffolds.
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In our cell adhesion studies to cpTi and zirconia materials we investigated fibronectin,
β1 integrins and vinculin expression. These molecules could represent indicators that prove
the effectiveness of biomaterial surfaces in promoting cell adhesion and, implicitly,
proliferation and function of osteoblasts. It is a known fact that osteoblasts express fibronectin
in contact with biomaterials [17], which mediates cell attachment and proliferation [18].
Fibronectin molecules contain in their structure the tripeptide sequence Arg-Gly-Asp (RGD)
that is recognized by integrin receptors, playing a role in many recognition systems involved
in cell-to-cell and cell-to-matrix adhesion. They are organized in an extracellular fibrillar
network. Fibronectin expression by hFOB 1.19 cells grown on titanium and Biozyr ceramic
substrates is illustrated in Figure 3.

Figure 3. Immunofluorescent localization of fibronectin synthesized by hFOB 1.19 cells grown on: titanium (a),
and zirconia (b) discs.

In both studied cases, a strong fibronectin expression was noticed. However,
differences in the fibronectin network distribution were remarked, probably as a result of
surface topographic characteristics. Thus, the fluorescent images showed a random
fibronectin distribution on Biozyr, and a more uniformous fibronectin network on cpTi.
Considering that cell adhesion is an important parameter by which implant surfaces
may be evaluated in order to determine suitability for medical use, we also investigated the
expression of the β1 integrin - fibronectin receptors. Integrins are composed of at least
twenty-four α and nine β different subunits that dimerize in specific combinations. Moreover,
β1 subunits are components of the most part of the integrin receptors expressed by osteoblasts
being involved in the dominant adhesion mechanism to ECM ligand molecules [19]. In
addition to support adhesion, spreading, and migration, β1 activates various intracellular
signalling pathways, gene expression, and protein activity that regulate cellular functions [20].
In our study the most intense β1 integrin immunofluorescence (Figure 4) was observed in the
cells being in process of adhesion and as bright aggregations (dot morphological variant of
focal adhesions) at edges of the spread cells, contributing to the adherence of the osteoblast
cells to the substrate and mediating their spreading and migration.
We found out more cells displaying expression of “dot” focal adhesions in hFOB 1.19
cells cultured on zirconia surface in comparison with osteoblast cultured on cpTi. This result
suggests a more rapid cell adhesion on zirconia materials and, perhaps, more stable
connection between its surface and the surrounding tissue. The occasional presence of β1
integrin immunofluorescence at the rest of the main cell body in the hFOB 1.19 cells may be,
either, due to non-clustered non-activated integrins, where a diffuse pattern is observed, or
due to de novo-formed clusters of integrin, where bright fluorescent aggregations are
displayed.
Romanian Biotechnological Letters, Vol. 15, No. 1

5053

RALUCA ION, VALENTINA MITRAN, CRISTINA M. CIOFRANGEANU, BIANCA GALATEANU,
ANISOARA CIMPEAN, DANA IORDACHESCU

Figure 4. Integrin β1-subunit expression, assessed by immunofluorescence, in hFOB 1.19 cells cultured for 24 h
on: titanium (a), and zirconia (b) discs.

Focal adhesions are areas where the plasma membrane comes to within 10-15 nm of
the underlying substrate. They are sites where large bundles of actin filaments (stress fibers)
terminate. As vinculin is present in both cell–cell contacts and focal contacts, we further
investigated its expression by immunocitochemistry. As shown in Figure 5, vinculincontaining focal contacts were predominantly found at the cell periphery in a punctuate
pattern. Osteoblasts also exhibited a diffuse cytoplasmic immunofluorescence without
significant differences between the both materials.

Fig. 5. Immunofluorescent detection of vinculin in hFOB 1.19 cells cultured for 4h on:
titanium (a), and zirconia (b) discs.

3. Substrate dependent cytomorphological changes
To explore the influence of substrate on osteoblasts morphology, we examined the
expression of actin (Figure 6) and α-tubulin (Figure 7) proteins in osteoblasts grown on cpTi
and Biozyr materials. Cells attached to these two substrates were not similar in shape, size and
orientation. These differences seem to be dictated by surface topographic features since
surface of cpTi was rougher than zirconia surface. Thus, on grooved Ti surface, hFOB 1.19
cells adopted spindle shape morphology with interconnecting cytoplasmic prolongations and
aligned themselves in an end-to-end fashion parallel to the direction of the grooves material,
phenomenon known as “contact guidance”. On the contrary, on Biozyr ceramic, the cells were
randomly oriented and formed a monolayer with each cell having little contact with
surrounding cells. Majority of cells had a flattened appearance with a predominantly
polygonal morphology and short cytoplasmic extensions.
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On both materials, bright actin stress fibers that extended throughout the entire cell
body were clearly visible (Figure 6). However, differences in their thickness, density and
distribution pattern were noticed, most probably as a result of cellular adaptation to the
surfaces with different topographies.

Figure 6. Actin cytoskeleton visualization by FITC-conjugated phalloidin in osteoblasts grown on:
titanium (a), and zirconia(b) discs.

Fluorescent signals of microtubular α-tubulin (Figure 7) were mainly detected in the
perinuclear area of osteoblasts cultured on zirconia surface, as an expression of its
involvement in cell division process. Osteoblasts grown in contact with cpTi showed a
positive immunostaining both in perinuclear region and in cytoplasmic extensions, suggesting
their active implication in cell proliferation and cellular motility.

Figure 7. Fluorescent staining of microtubular α-tubulin in hFOB 1.19 cells grown on:
titanium (a), and zirconia (b) discs.

4. Proliferative status of osteoblasts grown on titanium and zirconia substrates
Immunofluorescent staining of BrdU incorporated into chromosomal DNA during the
S-phase of cell cycle showed that the density of fluorescent nuclei was similar on cpTi and
zirconia surfaces (Figure. 8).
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Figure 8. Fluorescent detection of proliferative cells after BrdU incorporation on:
titanium (a), and Biozyr (b) discs.

Furthermore, Western blotting analysis of cell lysates demonstrated no significant
differences in PCNA expression between the two specimens (Figure 9). Combining these
results we concluded that both materials had similar favourable effects on cell proliferation.

Figure 9. Western blotting detection of PCNA expression in lysates of osteoblasts grown in contact with:
titanium (1), and zirconia (2) discs; MW- high molecular weight marker.

5. MMP activity expressed in cell culture media
To definitively assess the biocompatibility of the analyzed materials, we proceeded to
evaluate the ECM degradative activity exhibited by hFOB 1.19 cells grown in contact with
these substrates. It is well known that the main mediators of ECM degradation are members
of a family of zinc-dependent proteases known as MMPs. By cleavage of cell surface
receptors, MMPs are capable to interrupt cell-cell and/or cell-ECM adhesions causing integrin
substrate detachment and decreasing the area of cell attachment. As shown in Figure 10, cells
grown on both supports secreted increasing and almost similar quantities of MMP-2 in the
zymogen form (72-kDa) suggesting a high capacity of in vivo integration of these materials.

Figure 10. Gelatin-zymographic determination of the MMPs secreted by hFOB 1.19 cells grown in contact with:
titanium (lane 1: 24 h, lane 3: 48 h, lane 5: 72 h), and zirconia (lane 2: 24 h, lane 4: 48 h, lane 6: 72 h) materials;
MW- high molecular weight marker.
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Physiologically, MMP-2 in coordination with other MMPs, play a role in normal
tissue remodeling events, including osteoblastic bone formation and/or inhibition of
osteoclastic bone resorption [21].

Conclusion
In this study we analysed human osteoblast response to a zirconia based ceramic
(Biozyr) in comparison with titanium, the most widely used implant material. The results of
this in vitro study demonstrate the ability of the zirconia material to support cell growth,
attachment and proliferation of hFOB 1.19 cells in a manner comparable to titanium. The
analysis of MMP activity, which has influence on osseointegration and bone remodeling,
showed a low ECM degradative activity without differences between the two samples. On the
whole, our data demonstrate that Biozyr material has the potential to be used in dental and
orthopaedic implant applications as an alternative to titanium based materials.
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