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Introduction

Bisphosphonates (BPs) are drugs widely
used to treat bone diseases in which bone
resorption is in excess. Studies of action of
BPs on bone have been mainly limited to their
effects on osteoclast cells. However, the me-
chanism of bisphosphonates action on osteo-
blasts is not fully understood although various
hypothesis have been proposed. In this report,
the direct actions of Zoledronate, an amino-
BPs, on human fetal osteoblasts (hFOB) were
examined in two-dimensional (2D) and three-
dimensional (3D) culture models. We focused
on in vitro viability and cytotoxicity, spheroids
morphology, genes expression and histologi-
cal stain.

Materials and Methods

Cell culture :

The hFOB 1.19 (ATCC ®) is a conditionally
immortalized human cell line stably transfec-
ted with a gene encoding a temperature-sen-
sitive mutant (tsA58) of SV40 large T antigen.
The cells grown at a permissive temperature
of 33.5°C, whereas little cell division occurs at
a restrictive temperature of 39.5°C. Cells were
allowed to proliferate in basic culture medium
or medium containing Zoledronate at various
concentrations (10°M to 107M), in 2D and 3D
culture models. Experiments were performed
at day 3 (D3) and day 10 (D10).
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Viability/Cytotoxicity :

The methyl-thiazolyl-tetrazolium (MTT) as-
say and acid phosphatase (APH) assay were
applied respectively in 2D and 3D cultures to
determine cell viability in various culture con-
ditions.

Spheroids morphology :

- Volume growth kinetics: To analyse spheroid
diameter, phase-contrast images were collec-
ted with a camera during 21 days in various
culture conditions.

- Scanning electron microscopy (SEM): Sphe-
roids were fixed in 2.5% glutaraldehyde, de-
hydrated and sputtered with gold palladium to
be examined using SEM.

RT-PCR analysis :

Total RNA was extracted from samples in 2D
and 3D cultures. Reverse transcription from 1
ug of total RNA was performed and the ampli-
fication by PCR used specific primers for the
selected genes : Runx 2, type 1 collagen, os-
teonectin, biglycane, and actin.

Histological stain:

Spheroid structure was analysed using Mas-
son Trichrome staining (detection of collagen,
cytoplasm and nuclei). Mineralization was de-
tected using Von Kossa staining (detection of
calcium deposition).

Results

High concentration of Zoledronate (10°M) re-
duces cell proliferation in 2D and 3D cultures,
disturbs spheroid growth and morphology.
10 and 10’M Zoledronate respectively redu-
ced or did not change cell proliferation in 2D



Bull Group Int Rech Sci Stomatol Odontol. 50(2): 37-38 (2011)

culture at D10; however, these concentrations
promoted cell proliferation and did not disrupt
the growth kinetics in 3D model.

Gene expression analysis shows that 3D cul-
tures promoted osteoblastic marker genes
expression. RT-PCR and mineralization study
did not show real changes with Zoledronate at
D3 and D10.

Discussion

This study is the first work to consider the
effects of Zoledronate on osteoblasts in 3D
cultures.

Spheroid model more accurately mimics the
tissue environment in vivo than 2D cultures,
better reflects the physiological response pat-
tern and promotes osteogenic differentiation.
This work shows the interest of hFOB sphe-
roid which could be useful to study mecha-
nism of action of BPs on osteoblasts and for
assessment of innovative bioactive materials
in regenerative medicine.

Results of this study show an anti-proliferati-
ve or cytotoxic effect of 10-5M Zoledronate;
lower concentrations can enhance osteoblast
proliferation in 3D model. These data are in
accordance with previous studies showing
the influence of Zoledronate on osteoblast
proliferation in a dose-dependent manner.
Regarding mineralization analysis, this work
did not show real differences between cultu-
re conditions, probably related to too short
evaluation times, while other authors suggest
an increased mineralization with 10-5M Zole-
dronate (Reinholz et al, 2002). Future studies
will highlight effects of BPs on osteoblastic
marker genes expression and mineralization
using increased evaluation times.

Conclusion

This work reveals a differential effect between
2D and 3D cultures. Zoledronate has an effect
on the cell proliferation-differentiation balance
which provides opportunities for application in
bone tissue engineering, regenerative medici-
ne and implantology. The hFOB 3D-spheroid
culture model is an interesting tool in regene-
ration medicine which may be a strong contri-
bution to the development of 3D systems for
the evaluation of bone substitutes.
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