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Simvastatin and Atorvastatin Enhance Gene Expression of
Collagen Type 1 and Osteocalcin in Primary Human
Osteoblasts and MG-63 Cultures
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Abstract To clarify the mechanism of the stimulatory effect of statins on bone formation, we have assessed the effect
of simvastatin and atorvastatin on osteoblast activity by analysing cell proliferation, as well as collagen, osteocalcin, and
bone morphogenetic protein-2 (BMP2) gene expression in primary human osteoblast (hOB) and MG-63 cell line cultures.
Explants of bone from patients without any metabolic disease under orthopedic hip procedures were used to obtain hOB.
Cell cultures were established, synchronized, and different concentrations of simvastatin or atorvastatin were added
(107" M, 1078 M, 1077 M, 107° M) during the experiment. Cell proliferation was analyzed after 24 h. Collagen
polypeptide a1 type 1 (COL1AT) gene expression, osteocalcin, and BMP2 expression levels were quantified by real-time
PCR after 24 h incubation with statins. There was a statistically significant decrease in cell proliferation related to
simvastatin or atorvastatin addition at all concentrations in primary hOB compared with those not treated. A significant
increase in COL1AT, osteocalcin, and BMP2 gene expression was detected when hOB cultures were treated with
simvastatin or atorvastatin at different concentrations. Similar but less significant effects were found on MG-63 cells. After
statin treatment we observed both an arrest of proliferation in hOB cells and an increase in collagen, osteocalcin, and
BMP2 gene expression, consistent with a stimulatory effect towards mature osteoblast differentiation. These findings
support the bone-forming effect of statins, probably through the BMP2 pathway. J. Cell. Biochem. 101: 1430-1438, 2007.
© 2007 Wiley-Liss, Inc.
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Osteoporosis and atherosclerosis are widely
prevalent conditions and induce serious effects
on health, mainly in postmenopausal women
and in the aging population. There is growing
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evidence that osteoporosis and atherosclerosis
are linked by biological associations [Hofbauer
and Schoppet, 2004; Hamerman, 2005]
Although osteoporosis results from an imbal-
ance between the bone-forming action of osteo-
blasts and the bone resorptive action of
osteoclasts, resulting in an increased risk of
fractures [NIH Consensus, 2001], the majority
of currently available treatments, such as
estrogens, bisphosphonates, and raloxifene,
act through a decrease in osteoclastic bone
resorption rather than enhancing bone forma-
tion [Hodgson et al., 2003]. However, a sub-
stantial number of fractures are still observed in
patients on these medications, and in instances
where advanced bone loss has already occurred.
Therefore, these patients could greatly benefit
from bone anabolic agents in order to restore
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bone mass, architecture, and mechanical prop-
erties. Thus, interest has turned, more recently,
to treatments that stimulate osteoblast activity,
such as parathyroid hormone (PTH) [Neer
et al., 2001].

The recent discovery of bone anabolic effects
of statins has spurred a great deal of interest
among basic and clinical bone researchers. Both
in vitro and animal data have suggested that
statins stimulate bone morphogenetic protein-2
(BMP2) mediated osteoblast expression on bone
cells, increase bone formation of calvaria
mice when injected subcutaneously, and increase
cancellous bone volume when administered
orally to rats [Mundy et al., 1999]. Subsequent
in vitro studies confirmed the stimulation of
osteogenic differentiation and concurrent inhi-
bition of adipogenic differentiation of bone
marrow mesenchymal cells by different statins
[Li et al., 2003; Song et al., 2003; Maeda et al.,
2004]. However, further in vivo studies have
yielded ambiguous results with respect to statin
effects on bone metabolism in rodents [Maritz
et al., 2001; Skoglund et al., 2002; Oxlund
and Andreassen, 2004]. Additionally, statins
directly affect osteoclasts through mechanisms
that closely resemble the mode of action of
nitrogen-containing bisphosphonates [Fisher
et al.,, 1999] and it was demonstrated that
inhibition of osteoclastic activity was inversely
correlated with the magnitude of HMG-CoA
reductase activity [Staal et al., 2003].

Many of the studies investigating the effects
of statins on osteoblasts were performed in
animal or human immortalized cell lines and
only one has been done with primary human
osteoblasts (hOB) [Viereck et al., 2005]. Inas-
much as studies that examine the influence of
statins on the proliferation of bone cells are
scarce, we performed the present study. We
assessed the effect of simvastatin and atorvas-
tatin, the two hypolipidemiant drugs more
commonly used in clinical practice, on osteo-
blast activity by analyzing cell proliferation, as
well as collagen, osteocalcin, and BMP2 gene
expression in primary hOB and osteoblast-like
MG-63 osteosarcoma cells.

MATERIALS AND METHODS

Experimental Design

The effect of simvastatin and atorvastatin on
normal primary hOB from three healthy
patients (69, 72, and 74 years old) and on the

human osteosarcoma cell line MG-63 was
assessed. Simvastatin and atorvastatin were
prepared at a concentration of 10 mM in ethanol
and they were tested at concentrations that
ranged from 10~ ° M to 10~ ® M. The parameters
assessed included cytotoxicity, bromodeoxyur-
idine (BrdU) incorporation to cell DNA and
Collagen polypeptide ol type 1 (COL1AI),
osteocalcin, and BMP2 gene expression. The
effect of a 24 h incubation with simvastatin and
atorvastatin was tested in triplicate after
synchronization of cells, and was evaluated
both with and without fetal calf serum (FCS).
All experiments were repeated twice.

Cell Culture

To obtain cultures of hOB, bone specimens
were extracted from hip replacement proce-
dures of three postmenopausal women without
history of bone disease, metabolic or endocrine
diseases, hormone-replacement therapy, or use
of drugs that could affect bone mass. A standar-
dized protocol was performed based on a method
applied by Marie et al. [1989] with some
modifications [Garcia-Moreno et al., 1998].
Briefly, the trabecular bone was separated and
cut into small fragments extensively washed in
phosphate-buffered solution (PBS) to remove
non-adherent cells and finally placed on a Petri
dish. The samples from the three donors were
pooled and incubated in Dulbecco’s modified
Eagle’s medium (DMEM; Gibco, Gran Island,
NY) supplemented with 10% FCS, pyruvate
(1 mM), L-glutamine (2 mM), penicillin (56 U/
ml), and streptomycin (56 U/ml), until confluen-
ce. After subculturing twice, cells were collected
and frozen in liquid nitrogen.

MG-63 human osteosarcoma cells from ATCC
(American Type Culture Collection, Rocksville,
MD) (http//www.atcc.org) were cultured in
DMEM supplemented with 10% FCS. The cells
were incubated at 37°C in a humidified atmo-
sphere of 95% air and 5% CO..

Osteoblast Characterization

Alkaline phosphatase histochemistry.
Cells were plated on 35 mm coverslips at a
density of 4 x10° cells/ml in supplemented
DMEM with 10% FCS, 108 M 1-25(0H),D;
(vitamin D; Roche, Basel, Switzerland), 1078 M
vitamin K, and 100 mg/ml ascorbic acid for 72 h.
Alkaline phosphatase activity was assessed in
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cells grown to confluence. The cultures were
rinsed with PBS and fixed in cold 95% ethanol.
The cells were incubated with a contrast
solution (0.1 M Tris, pH =10) containing 0.1%
naphthyl phosphate (Sigma, Aldrich Quimica
S.A., Madrid, Spain) with Fast Blue RR (Sigma),
for 4 h at room temperature. A kidney tissue
sample was used as a positive control.
Qualitative osteocalcin PCR. The PCR
reaction was performed as described previously
in a 50 pl reaction mixture containing 5 ul cDNA
(1/10 dilution of RT mixture), 20 mM Tris-HCI,
50 mM MgCly, 200 uM of each deoxy-NTP,
0.3 mM of each sense and antisense specific
primers (sense:5'-TCACACTCCTCG CCCTAT
T-3, exon 1 specific region, and antisense:5'-
CGATGT GGT CAG CCA ACT-3' exon 4 specific
region) and 0.03 U/ul Tag DNA polymerase
(GibcoBRL, Grand Island, NY, USA), using an
initial denaturation step at 94°C for 5 min
followed by 40 cycles of denaturation at 94°C for
30 s, annealing at 58°C for 40 s, and polymer-
ization at 72°C for 90 s, with a final elongation
step at 72°C for 10 min. As an internal control,
B-actin PCR was performed under the same
conditions with the following specific primers:
sense, 5-TCA TGA AGT GTG ACG TTG ACA
TCC GT-3/, and antisense, 5’- CCT AGA AGC
ATT TGC GGT GCA CGA TG -3'. The expected
sizes of the PCR products of osteocalcin and
B-actin were 246 bp and 285 bp, respectively.

Cell Viability Determination

The MTT test (Cell proliferation kit I (MTT);
Roche Diagnostics, Mannheim, Germany) was
used to measure cell viability. Osteoblast cells
were plated at a density of 2.0 x 10* cells 100 pl/
well in 96-well plates. After synchronization of
the cells for 48 h in a medium containing 0.1%
bovine serum albumin (BSA; Sigma-Aldrich),
the cells were incubated in DMEM for 24 h with
or without FCS, and in the presence of the
corresponding statin (simvastatin or atorvasta-
tin) at concentrations ranging from 1076 M to
102 M. Thereafter, 10 pl of the MTT reagent
were added and cells were incubated for 4 h at
37°C, prior to the addition of 100 pl of the
solubilizing reagent. After checking for com-
plete dissolution of the purple crystals, the
spectrophotometric absorbance at 550 nm and
600 nm was measured using a microplate
(ELISA) reader. The MTT assay was performed
in triplicate.

Cell Proliferation

Cell proliferation was assessed by the 5-
bromo-2'-deoxy-uridine (BrdU) colorimetric
assay. Osteoblast cells were plated at a density
of 2.0 x 10* cells/ 100 pl/well in 96-well plates.
After the synchronization of the cells for 48 h
with medium containing 0.1% BSA, the cells
were incubated in DMEM for 24 h with or
without FCS, and in the absence or presence of
the corresponding statin (simvastatin or ator-
vastatin), at concentrations ranging from 10°
M to 10?2 M. Cell proliferation was determined
using BrdU, which is incorporated in place of
thymidine during the S-phase of the cell cycle.
The BrdU Assay Kit (Cell Proliferation ELISA,
BrdU (colorimetric) Roche Diagnostics) was
used according to manufacturer’s instructions.
The reaction product was quantified by measur-
ing the absorbance at 450 nm using a scanning
multiwell spectrophotometer (ELISA reader).

Extraction of Total RNA and
Reverse Transcription

Total RNA was prepared from cultured hOB
by the guanidinium thiocyanate-phenol-chloro-
form method using Tri Reagent (Molecular
Research Centre, Inc. Cincinnati, OH, USA)
according to the manufacturer’s protocol. The
amount of RNA extracted from the cells was
determined by spectrophotometry. Reverse
transcription of RNA for first strand cDNA
synthesis was performed using 900 ng of total
RNA and 25 ng/ml oligo (dT)***® primer
(GibcoBRL, Piasley, UK) in a final volume of
6 ul. The mix was incubated at 70°C for 10 min
and immediately was frozen on ice. The exten-
sion reaction was performed at 42°C for 50 min
after addition of reaction buffer containing
50 mM Tris-HCI (pH 8.3), 75 mM of KCl, 3 mM
of MgCl,, 10 mM of dithiothreitol, 1 mM of
each dNTPs, and 100 U of the enzyme (Super-
Script™ II Rnase H™ Reverse Transcriptase,
GibcoBRL), in a final volume of 10 pul. Lastly, the
reaction was inactivated at 70°C for 19 min and
samples of cDNA were stored at —20°C.

Real-Time PCR

Real-time PCR amplification was performed
with the ABI PRISM 7900 HT Sequence
Detector (Applied Biosystems, Foster City,
CA). Three Tagman Assays were used to
quantify COL1A1, osteocalcin, and BMP2 gene
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expression (Assays-on-Demand Gene Expres-
sion Products, Applied Biosystems). Beta actin
gene expression was used as an internal control.
Samples were assayed in triplicate in a
384-well optical plate with a final volume of
20 pl each. All reactions consisted of 1 ul cDNA,
10 pl 2x TagMan Universal PCR Master Mix,
900 nM concentrations of each of the primers
and 250 nM concentration of the fluorescent-
labeled probe. The PCR mixture was incubated
for 2 min at 50°C for AmpErase™ uracil-N-
glycosylase-mediated decontamination, follow-
ed by 10 min at 95°C to activate AmpliTaq
Gold DNA polymerase. Subsequently, a total
of 50 cycles were performed; these consisted of
a denaturation step for 15 sec at 95°C and a
combined annealing-extension step for 1 min at
60°C. Data from the ABI Prism 7900 HT
Sequence Detection instrument were analyzed
with Sequence Detector software version 2.1
(SDS 2.1, Applied Biosystems), according to the
comparative Ct (threshold cycle) method.

Statistical Analysis

Analysis of variance was used to compare the
means of quantitative variables among groups
with independent data. For all analyses, a two-
tailed nominal P-value less than 0.05 was
considered statistically significant. Values were
expressed as mean + SEM. Analyses were per-
formed using the SPSS statistical package
(12.0, Copyright (c) SPSS, Inc., 2004—2005).

RESULTS

Analysis of Statin Cytotoxicity on
Normal hOB and MG-63 Cells

To confirm the osteoblast phenotype of the
cells in culture, alkaline phosphatase activity
and qualitative osteocalcin gene expression
were assessed. The results of an MTT test
performed on hOB and MG-63 cells after
incubation with different simvastatin and ator-
vastatin concentrations (ranging from 10 % M
to 1072 M) showed a percentage of cell viability
above 85% and there were no differences with
non-treated cells used as control.

Effect of Simvastatin and Atorvastatin
on Cell Proliferation

The BrdU incorporation was quantified
to analyze the effect on cell proliferation
of simvastatin and atorvastatin in hOB and

MG-63 cells. There was a statistically signifi-
cant decrease in cell proliferation related to
simvastatin addition at all concentrations in
primary hOB compared with those not treated.
This effect was observed both in the absence
or presence of FCS (Fig. 1). In the case of
atorvastatin, a significant decrease in cell
proliferation was only observed at 10’ M and
10 ® M in the absence of FCS and at 108 M,
100" M, and 10 ® M when FCS was present
(Fig. 1). Cell proliferation effect of simvastatin
and atorvastatin on MG-63 cells was negligible
(data not shown).

Effect of Simvastatin and Atorvastatin
on COL1AT Gene Expression

A significant increase in COLIAI gene
expression was detected when hOB cultures
were treated with simvastatin at 10~? M in the
presence of FCS (161.79+7.7 AU (arbitrary
units), P=0.037), 10 ®*M (177.63 +3.1 AU, P=
0.002),10 "M (212.98 + 6.6 AU, P =0.014), and
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Fig. 1. Cell proliferation evaluated by DNA synthesis (BrdU
incorporation) in a pool of human primary osteoblastic cells
(hOB) treated 24 h with 1072 M, 1078 M, 1077 M, and 10" ° M
concentrations of simvastatin or atorvastatin compared with non-
treated cells without FCS (white bars) and with FCS (solid bars).
The data are mean (+SE) of values of quadruplicate determina-
tions measured by optical density (OD 450 nm). *Significant
difference with respect to non-treated cells (P < 0.05).
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107°M (215.9 +5.72 AU, P = 0.009) versus non-
treated (74.36 + 2.70 AU; Fig. 2a). A significant
increase in COL1A1 gene expression was found
when hOB cultures were treated with atorvas-
tatin and FCS at 107® M (160.31+5.0 AU, P=
0.020), 107" M (451.10+14.9 AU, P=0.003),
and 10 °M (212.88 + 5.37 U, P=0.012; Fig. 2a).
In the absence of FCS no statin effect on
COL1A1 gene expression was observed.
Regarding MG-63 cultures, a significant
increase in COLIA1 gene expression was
detected when cells were treated with simvas-
tatin at 10 ° M and FCS (32.25+0.6 AU,
P=0.025), 10 ® M (16.06 0.5 AU, P=0.01),
107" M (16.89+0.8 AU, P=0.049), and 10 ° M
(17.104+:0.4 AU, P=0.041) versus non-treated
(Fig. 2b). In the absence of FCS, a significant
decrease in COL1A1 gene expression was dete-
cted with atorvastatin at 1072 M (9.99 + 0.13 AU,
P =0.05), and a significant increase was found
at 10" M treatment (47.43 + 1.01 AU, P =0.05)
versus non-treated (Fig. 2b). No significant
change in COLIAI gene expression was

a hOB

COL1A1 relative gene
r

Mo treatment 107 108
simvastatin

hOB

500 ~
450 -
400 -
350 -

£ 300 -
& 250 - *
£. 200
@ 150 -
100 4
50

n 4
Hotreatment  10°° 108 107 108

atgrvastatm

COL1A1 relative gene

Fig. 2.

100 -
50
0 - T T T T T T T T
107 106

Ruiz-Gaspa et al.

detected at any concentration when cells were
treated with atorvastatin with FCS (Fig. 2b).

Effect of Simvastatin and Atorvastatin on
Osteocalcin Gene Expression

A significant increase in osteocalcin gene
expression was revealed when hOB cultures
were treated with simvastatin at 10" M (7.61 +
0.4 AU, P=0.03) and 10 ° M (4.14+0.1 AU,
P =0.016) concentrations without FCS and at
107" M (2.27+0.1 AU, P=0.01) and 10 ° M
(1.194+0.1 AU, P=0.022) concentrations with
FCS versus non-treated (1.04 +0.09 AU with-
out FCS and 0.41 +0.05 AU with FCS; Fig. 3a).

A significant increase in osteocalcin gene
expression was identified when hOB cultures
were treated with 10~ M atorvastatin without
FCS (5.11+0.1 AU, P=0.032) and with FCS
(1.19+0.1 AU, P=0.008) versus non-treated
(Fig. 3a). A similar effect on osteocalcin gene
expression was observed when MG-63 cells were
treated with either simvastatin or atorvastatin
(Fig. 3b).
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COLTAT relative gene expression in a pool of human primary osteoblastic cells (hOB) (a) and in

MG-63 cells (b) treated with 1077 M, 1078 M, 1077 M, and 10~® M concentrations of simvastatin or
atorvastatin compared with non-treated cells without FCS (white bars) and with FCS (solid bars). The data are
mean (+SE) of values of triplicate determinations measured by real-time PCR. *Significant difference with

respect to non-treated cells (P < 0.05).
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Fig. 3. Osteocalcin relative gene expression in a pool of human primary osteoblastic cells (hOB) (a) and
in MG-63 cells (b) treated with 1072 M, 1078 M, 10~7 M, and 10~® M concentrations of simvastatin or
atorvastatin compared with non-treated cells without FCS (white bars) and with FCS (solid bars) The data are
mean (+SE) of values of triplicate determinations measured by real-time PCR. *Significant difference with

respect to non-treated cells (P < 0.05).

Effect of Simvastatin and Atorvastatin
on BMP2 Gene Expression

A significant increase of BMP2 gene expres-
sion was observed in hOB cultures treated with
simvastatin at 10° M and FCS (3.05+ 0.1 AU,
P =0.032), versus those without (0.67 £ 0.17 AU;
Fig. 4a). A significant increase in BMP2 gene
expression was found when hOB cultures were
treated with atorvastatin at 10 ® M and FCS
(2.51+0.15 AU, P=0.016) versus non-treated
(Fig. 4a). A similar effect on BMP2 gene
expression was observed when MG-63 cells
were treated with simvastatin or atorvastatin
(Fig. 4b).

DISCUSSION

The results of the present study indicate that
simvastatin and atorvastatin have a stimula-
tory effect on the expression of the osteoblast-
specific genes COLIA1I, osteocalcin, and BMP2
in hOB and MG-63 cell cultures. Cell prolifera-
tion arrest after statin treatment is another
important new finding that we observed.

Our results agree with previous reports on
the osteoblast-differentiating effect of statins.
The cell proliferation arrest may be explained
by a stimulatory effect towards mature osteo-
blast, as shown by the increase of collagen and
osteocalcin gene expression. In the stages of
in vitro osteoblast differentiation, the initial
phase consists on an active replication for
several days. After confluence, cultures display
a rapid increase in cell number. Collagen
accumulation is minimal during this cell growth
period but after this intermediate phase, cell
replication decreases and alkaline phosphatase
activity increases significantly [Quarles et al.,
1992]. We started the experiment at this stage
and here is when the addition of statins induced
cell differentiation, as demonstrated by an
increase in collagen gene expression. In this
respect, osteocalcin was a good specific marker
for the final phases of osteoblast maturation.

The intimate action mechanism of statins
in inducing bone formation is not fully under-
stood. The osteoblast-differentiating effect may
be explained by a BMP2 mediated action as
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BMP-2 relative gene expression in a pool of human primary osteoblastic cells (hOB) (a) and in

MG-63 cells (b) treated with 10-9 M, 10-8 M, 10-7 M and 10-6 M concentrations of simvastatin or
atarovastatin compared with non-treated cells without FCS (white bars) and with FCS (solid bars). The data
are mean (£SE) of values of triplicate determinations measured by real-time PCR. *Significant difference with

respect to non-treated cells (P< 0.05).

described by Mundy et al. [1999]. Alternatively,
in osteoblast-like MC3T3-E1 cells some studies
have shown that simvastatin induces phosphor-
ylation of mitogen-activated-protein (MAP)
kinase through the heat shock protein 27
(HSP-27) [Wang et al., 2003]. Further evidence
of a BMP2 involvement in the osteoblast-
differentiating effect of statins has been pro-
vided by several groups [Sugiyama et al., 2000;
Ohnaka et al., 2001; Maeda et al., 2004]. In
particular, Ohnaka et al. [2001] found a sig-
nificant increase in BMP2 gene expression in
hOB culture after addition of pitavastatin, a
novel HMG-CoA reductase inhibitor, already
available for clinical use in Japan [Mukhtar
et al., 2005]. In the present study we found a
significant increase in BMP2 gene expression in
primary hOB cultures and MG-63 cells treated
with both simvastatin and atorvastatin, thus
further supporting this mechanism.

Some strengths of the present study are
worth mentioning. First, we used hOB cultures
with a view to reflecting a close physiological

scenario. To date, almost all the in vitro and in
vivo experiments have been performed in rat or
murine experimental models. In our case, we
used both hOB and the MG-63 osteosarcoma cell
line in parallel. Interestingly, we observed a
negligible effect of simvastatin and atorvastatin
on MG-63 cell proliferation. This may be related
with the particularly high growth rate of this
human transformed cell line and illustrates a
limitation of its use as an in vitro model for
osteobasts. In the gene expression analyses, the
MG-63 cells behaved in a similar way as the
hOBs although with more oscillations, notably
in the case of COLIAI gene expression in
response to atorvastatin.

Second, it is also interesting to emphasize
that the statin doses, ranging between 1076 M
and 102 M, preserved cell viability as demon-
strated by the MMT assay. Since a reduced
cell viability using higher atorvastatin dosage
(10~° M) has been previously described [Viereck
et al., 2005], we have confirmed, and therefore
used, cell viability with both statins at lower
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concentrations. Although bone statin concen-
tration after oral administration in humans
is not known, we used the concentration
reached in serum after clinical doses commonly
used that correspond to 12.7-18.1 ng/ml or
1077-10"° M.

Third, we have performed all the analyses in
the absence or presence of 10% FCS. These two
conditions may be viewed as extreme scenarios.
In the first case, depletion of growth factors may
lead to cell quiescence, while in the second, high
proliferation is expected. We envisage that the
physiological environment of osteoblasts in
bone may be somewhere in between. Indeed,
when no statins were added to the medium, the
proliferation of cells on FCS was more than
double that of cells without it. Upon statin
addition, the antiproliferative effect was much
more evident in cells growing on FCS than in
cells without it probably because there was a
much larger range of action for them. At the
highest statin concentration, however, the pro-
liferation of cells growing with or without FCS
was very similar as if a limit had been reached.
Regarding gene expression, differences in the
effect of FCS on the studied genes were observ-
ed, which might be explained by the different
requirements of these genes in terms of factors
and differentiation stages.

One possible limitation of this study is that
protein expression analysis has not been per-
formed. However, real-time PCR accurately
measures the mRNA levels of the gene and it
is highly reliable in in vitro studies. Although
posttranslational modifications may occur, the
amount of mRNA may be considered a good
predictor of protein levels. Therefore, it is a
suitable first step towards later protein expres-
sion experiments. Another limitation is that
only one time point was studied (24 h). Previous
analyses using 24, 48, 72, and 96 h had shown
that 24 h was enough to see the statin effect on
cell proliferation. Thus, this time point was
selected for the rest of analyses.

Clinically it is possible to study bone remodel-
ing using bone biochemical markers. After
treatment with simvastatin, some authors have
found high levels of osteocalcin and bone alka-
line phosphatase, indicating an increase in bone
formation [Chan et al., 2001; Montagnani et al.,
2003]. However, Berthold et al. [2004] have
recently found that this effect is related to age,
with a diverse effect of atorvastatin on bone
turnover markers in young and old subjects,

suggesting a beneficial effect of statins only in
patients older than 63 years.

The effects of statins on bone mineral density
(BMD) and fracture risk are controversial. In a
recent prospective study by Rejnmark et al.
[2004a], after one year of treatment with 40 mg/
day of simvastatin, changes in BMD at lumbar
spine, total hip, femoral neck, and whole body in
postmenopausal women were not statistically
different from those observed in the placebo
group. When this effect of statins was analyzed
in large epidemiological studies it was asso-
ciated with a fracture risk reduction even after
adjustment by confounding factors [Rejnmark
et al., 2004b]. Moreover, several meta-analyses
performed have shown either non-clinically
significant effect or only a marginal benefit
[Bauer et al., 2004; Hatzigeorgiou and Jackson,
2005; Scranton et al., 2005]. The liver-specific
nature of statins is one possible reason for the
discrepancy between the results of the preclini-
cal and clinical studies. Considering their high
liver specificity and low oral bioavailability,
distribution of statins to the bone microenviron-
ment in optimal concentration is questionable.
To unravel their exact mechanism and confirm
beneficial action on bone, statins should reach
the bone microenvironment at sufficient con-
centration.

For this reason cell culture systems provide a
reliable way to demonstrate the concept of these
actions. We consider that the experiment we
performed is a well-established in vitro human
model in which it will be possible to test new
statins with a bone-targeted delivery. Our study
confirms the bone-forming effect of statins on
hOB cells and supports the goodness of a
potential combined treatment of hyperlipide-
mia and osteoporosis.
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