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Abstract Recent studies have shown that statins, the most potent inhibitors of 3-hydroxy-2-methylglutaryl
coenzyme A (HMG-CoA) reductase, stimulate bone formation in vitro and in rodents by activating the expression of bone
morphogenetic protein-2 (BMP-2), one of themost critical osteoblast differentiation-inducing factors. However, the effect
of statins onmesenchymal stemcells (MSCs) is yet to be reported. The purpose of this study is to investigate the influence of
fluvastatin, lovastatin, and pravastatin, three commonly prescribed lipid-lowering agents, on the proliferation and
differentiationof humanMSCs. To our surprise, even thoughfluvastatin and lovastatin effectively suppressed the growthof
human MSCs, a neuroglia rather than osteoblast-like morphology was observed after treatment. Interestingly, such
morphological change was inhibited by the co-addition of geranylgeranyl pyrophosphate (GGPP). Immunofluorescence
stainingwith antibodies against neuron-, astrocyte-, aswell as oligodendrocyte-specificmarkers confirmed the neuroglial
identity of the differentiated cells. However, BMP-2 is unlikely to play a positive role in neuroglial differentiation of MSCs
since its expressionwas down-regulated in fluvastatin-treated cells. Taken together, our results suggest that fluvastatin and
lovastatin induce neuroglial differentiation of human MSCs and that these cholesterol-lowering agents might be used in
conjunction with MSC transplantation in the future for treating neurological disorders and injuries. J. Cell. Biochem. 93:
917–928, 2004. � 2004 Wiley-Liss, Inc.
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Inhibitors of 3-hydroxy-2-methylglutaryl
coenzyme A (HMG-CoA) reductase, or statins,
have been described as the most effective class
of drugs to reduce serum cholesterol levels

[Veillard and Mach, 2002]. These agents lower
cholesterol production by inhibiting the conver-
sion ofHMG-CoA tomevalonate, a rate-limiting
step in the pathway of cholesterol biosynthesis
[Bauer, 2003]. It has been reported that statins
are beneficial on the coronary endothelium in
patientswith coronary artery disease [Treasure
et al., 1995]. Reduced recurrence rates and
improved clinical outcome after coronary stent
implantation in patients with statin therapy
have also been demonstrated [Walter et al.,
2000]. In addition, coronary endothelial vaso-
motor function has been shown to be improved
by statin therapy [Vita et al., 2000] whichmight
be attributed to an accelerated re-endotheliali-
zation of damaged cardiac tissues involving the
mobilization and incorporation of bonemarrow-
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derived endothelial progenitor cells [Walter
et al., 2002].

The biologic effects of statins on bone meta-
bolism have also been reported and it has been
found that statins are potent stimulators of
bone formation [Mundy et al., 1999]. In fact,
several recent studies have shown that statins
induce expression of the gene encoding bone
morphogenetic protein-2 (BMP-2), one of the
most crucial activators for osteoblast differen-
tiation in the in vitro cell culture and in animal
bone defect models, respectively [Sakou, 1998;
Sugiyama et al., 2000]. Moreover, increased
BMP-2 expression in human osteosarcoma and
murine embryonic stem cells as well as an
enhanced formation of mineralized nodules at a
later stage of culture by mevastatin has also
been reported [Phillips et al., 2001]. Taken
together, these data demonstrated unequivo-
cally the efficacy of statins in inducing osteo-
blastic differentiation of various types of cells.
However, the effects of statins on the prolifera-
tion and/or differentiation of mesenchymal
stem cells (MSCs), the progenitors of osteo-
blasts, were not reported although an animal
experiment showed that simvastatin induces
osteoblastic differentiation and inhibits adipo-
cytic differentiation in mouse marrow stromal
cells [Song et al., 2003]. The purpose of present
study is to investigate the effects of fluvastatin,
lovastatin, and pravastatin, three commonly
prescribed lipid-lowering agents, on the prolif-
eration and differentiation of MSCs based on
the hypothesis that statins might suppress the
proliferation but stimulate the osteogenic dif-
ferentiation of bone marrow-derived MSCs.

MATERIALS AND METHODS

Reagents

Human recombinant basic fibroblast growth
factor (bFGF), epidermal growth factor (EGF),
and bone morphogenetic factor-2 (BMP-2) were
purchased from R&D Systems (Minneapolis,
MN). Antibodies against human microtubule-
associated protein-2 (MAP-2), bIII-tubulin, and
glial fibrillary acidic protein (GFAP) were pur-
chased from Santa Cruz Biotechnology (Santa
Cruz, CA). Antibody against human oligoden-
drocytemarkerO4was obtained fromChemicon
(Temecula, CA). Antibody against human neu-
ron specific enolase (NSE) was purchased from
Dako (Carpinteria, CA). Secondary antibody
conjugated with fluorescein isothiocyanate

(FITC) or rhodamine was obtained from Santa
Cruz Biotechnology. Geranylgeranyl pyropho-
sphate (GGPP) and farnesyl pyrophosphate
(FPP) were purchased from Sigma-Aldrich (St.
Louis, MO). Cisplatin and doxorubicin were
purchased from David Bull Laboratory (Vic-
toria, Australia) and Pharmacia Corp. (Pis-
cataway, NJ), respectively. Oligonucleotide
primers used for PCRanalysis were synthesized
by MDBio (Taipei, Taiwan). Fluvastatin, lovas-
tatin, and pravastatin were gifts from Standard
Chemical and Pharmacy Co., Ltd., Taiwan.

Preparation and Characterization of Human
Bone Marrow MSCs

Human bone marrow MSCs were isolated
according to a method described previously by
us [Lee et al., 2004] with slight modification.
Briefly, bone marrow was collected during
orthopedic surgeries with informed consent.
Mononuclear cells were harvested by negative
immuno-depletion of CD3, CD14, CD19, CD38,
CD66b, and glycophorin-A positive cells using a
commercially available kit (RosetteSep1, Stem-
Cell Technologies, Vancouver, BC, Canada) as
per manufacturer’s instructions, followed by
Ficoll-Paque (Amersham-Pharmacia, Piscat-
away, NJ) density gradient centrifugation
(1.077g/cm3), and were plated in non-coated
tissue culture flasks (Becton Dickinson, Flan-
ders, NJ) in expansion medium. Cells were
allowed to adhere overnight and non-adherent
cells were discarded and medium changes were
carried out twice weekly thereafter. Expansion
medium consists of Iscove’s modified Dulbecco’s
medium (IMDM,Gibco BRL, Grand Island,NY)
and 20% fetal bovine serum (FBS, Hyclone,
Logan, UT) supplemented with 10 ng/ml bFGF,
100 U penicillin, 1,000 U streptomycin, and
2mML-glutamine (GibcoBRL). To obtain single
cell-derived, clonally-expanded MSCs, the iso-
lated plate-adhering second-passage cells were
serially diluted and plated onto 96-well plates
(Becton Dickinson) in expansion medium at a
final density of 0.3 cell/well (30 cells for each 96-
well plate). Cell pellets in the wells were obtain-
ed and the most rapidly proliferating clone was
selected. Surface phenotyping was performed
using flow cytometry. Antibodies against hu-
man antigens CD7, CD14, CD16, CD19, CD29,
CD33, CD34, CD38, CD44, CD45, CD73, CD90,
CD105, CD117, CD127, CD135, CD166, HLA-
ABC, andHLA-DRwere purchased fromBecton
Dickinson. Antibody against human antigen
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CD133 was purchased from Miltenyi Biotec
(Bergisch Gladbach, Germany). Antibody ag-
ainst human antigen SH-2 was purified from
SH-2 hybridoma cell line (American Type
Culture Collection, Rockville, MD). In essence,
MSCs were detached and stained with fluor-
escein- or phycoerythrin-coupled antibodies and
analyzed with FACS Calibur (Becton Dickin-
son). MSCs were routinely maintained in
IMDM supplemented with 10% FBS, 10 ng/ml
bFGF, and 10 ng/ml EGF at 378C in 5% CO2.

Cell Viability Assay

MSCs were seeded at a density of 3,000 cells
per well in a 96-well plate. After overnight
incubation, cells were replenished with media
containing 10, 1, or 0% FBS with varying
concentrations of fluvastatin or pravastatin.
Forty-eight hours later, the viability of MSCs
was determined by MTS [3-(4,5-dimethyl-thia-
zol-2-yl)-5-(3-carboxy-methoxyphenyl)-2-(4-sul-
fophenyl)-2H-tetrazolium, inner salt] assay
using the CellTiter 961 AQueous Non-Radio-
active Cell Proliferation Assay kit (Promega,
Madison, WI). Briefly, 20 ml of a solution
containingMTS/PMS (phenazine methosulfate,
an electron coupling reagent) (20:1 V/V) was
added to eachwell and theplateswere incubated
at 378C for 4 h before the optical density of the
soluble formazan produced in each well being
measured at 490 nm by a microplate reader
(PerkinElmer, Boston, MA). Each experiment
was performed at least twice in triplicate.

Immunofluorescence Staining

MSCs cultured overnight on the coverslips
were treatedwith 50 mMfluvastatin in 10%FBS
for 48 h. For immunofluorescence staining, cells
were fixed with 4% paraformaldehyde in PBS
(Gibco BRL) for 15 min, permeabilized with
0.1% Triton X-100 for 15 min, and then blocked
with 5%BSA inPBS for 30min. Coverslipswere
then incubated respectively with primary anti-
bodies against human MAP-2 (1:100), human
NSE (1:100), human bIII-tubulin (1:100),
human O4 (1:100), and human GFAP (1:100)
at room temperature for 1 h and followed by
either FITC- or rhodamine-labeled secondary
antibody (1:100). One hour later, cells were
counterstained with 1 mg/ml Hoechst 33258 for
30 min and then washed with PBS, mounted in
70% glycerol, and observed with fluorescence
optics on an Olympus BX50 microscope (Tokyo,
Japan).

RT-PCR Analysis

Total RNAs were isolated from MSCs after
they were incubated with 50 mM fluvastatin for
48 h using UltraspecTM-II RNA Resin Purifi-
cation System (Biotecx Laboratories, Inc.,
Houston, TX). The synthesis of first strand
cDNA was performed using 5 mg total RNAs as
templates in a 20 ml reactionmixture containing
0.4mMdNTP,12.5mMoligodT, 12.5mMrandom
hexamer, and 200U reverse transcriptase (New
England Biolabs, Inc., Beverly, MA). The
reverse transcription was done in a block
incubator (Primus-25, MWG Biotech Ltd.,
Ebersberg, Germany) for 60 min at 428C after
heating at 708C for 5 min. PCR amplification
was carried out in a reactionmixture containing
250 ng of cDNA, 0.4 mM dNTPs, 1 U of poly-
merase, and 200 pM of the following primers:
BMP-2-specific: sense, 50-GAGTTGCGGCT-
GCTCAGCATGTT-30, and antisense, 50-ACAT-
GTCTCTTGGAGACACCT-30; and GAPDH-
specific: sense, 50-GACCACAGTCCATGCCAT-
CAC-30, and antisense, 50-TCCACCACCCTG-
TTGCTGTAG-30. RT-PCR of mRNA encoding
human BMP-2 and GAPDH resulted in pro-
ducts of 572 and 453 bp, respectively. The PCR
cycles consisted of 1 min initial denaturation at
948C, followed by 30 cycles of 948C for 45 s, 598C
for 45 s, and 728C for 1 min, and 7 min final
elongation at 728C in a thermal cycler (Primus-
25, MWG Biotech Ltd.). Ten microliters of each
PCR products were separated in a 1% agarose
gel and photographed under UV light.

Statistical Analysis

Each data point in the figures represents the
mean�SD for three individual determinations.
Statistically significant difference was set at
P value< 0.05 by two-tailed Student’s t-tests.

RESULTS

Clonally-expanded MSCs were isolated from
human bone marrow and characterization by
flow cytometry. As shown in Table I, these cells
were negative for CD7 (gp40), CD14 (LPS-R),
CD16 (FcgRIIIa), CD19 (B4), CD33 (P67), CD34
(gp105-120), CD38 (T10), CD45 (leukocyte
common antigen), CD127 (IL-7Ra), CD133
(AC133), CD135 (Flt-3), and HLA-DR. On the
other hand, these cells were positive for CD29
(b1-integrin), CD44 (hyaluronate receptor),
CD73 (ecto-5-nucleotidase), CD90 (Thy-1),
CD105 (endoglin), CD166 (ALCAM), HLA-
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ABC, and most importantly, MSC-specific anti-
gen SH-2.

To examine the response of MSCs to different
statins as well as the influence of serum on such
response, cells were incubated with varying
concentrations of fluvastatin and pravastatin in

the presence of 10, 1, or 0% FBS for 48 h and
their viability was subsequently determined by
MTS assays. In the presence of serum, dose-
dependent growth suppression of MSCs by
fluvastatin was observed (Fig. 1A,B), but sig-
nificant inhibition by pravastatin was not
detected until 250 mM of this drug was added.
Under serum-free condition, as low as 0.016 mM
of fluvastatin was able to suppress MSCs
growth, whereas no apparent growth inhibition
was found even when cells were incubated with
250 mM of pravastatin (Fig. 1C).

To assess whether differentiation was accom-
panied with reduced proliferation in MSCs
caused by fluvastatin, cells were subjected to
microscopic examination after they were incu-
bated with 50 mM of fluvastatin for 24 h. Sur-
prisingly, some of the MSCs showed a stellate
cell body with many dendrite-like protrusions
(Fig. 2C) and almost all of them exhibited this
neuroglia-like morphology 48 h after drug

TABLE I. Surface Phenotype of BM–
Mesenchymal Stem Cells (MSCs)

Positive (þ) Negative (�)

CD29 CD7
CD44 CD14
CD73 CD16
CD90 CD19
CD105 CD33
CD166 CD34
SH-2 CD38
HLA-ABC CD45

CD117
CD127
CD133
CD135
HLA-DR

Fig. 1. Effects of fluvastatin and pravastatin on the viability of human mesenchymal stem cells (MSCs)
cultured inmediumcontainingdifferent concentrations of fetal bovine serum (FBS). Viability of humanMSCs
after being incubated with varying concentrations (0.016, 0.08, 0.4, 2, 10, 50, and 250 mM) of fluvastatin or
pravastatin in amediumcontaining 10 (A), 1 (B), or 0% (C) of FBS for 48 hwas determined byMTS assay. The
results are expressed as mean� SD of triplicates. *P<0.05 versus control according to t-test.
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treatment (Fig. 2D). Induction of the morpholo-
gical change in MSCs could be achieved with
lower concentration of fluvastatin (2 mM) when
serum level was reduced to 1% (Fig. 2E,F).
Interestingly, neuroglia-like morphology of
MSCs was also observed when fluvastatin was
replaced by lovastatin (Fig. 3), but not by
pravastatin (data not shown). To determine
whether the morphological change in MSCs
induced by two statins was a mere stress
response to the cytotoxic effects of these
agents, cells were cultured in the presence of
two cytotoxic drugs, cisplatin and doxorubicin.
While severe shrinkage of MSCs was detected
when they were incubated in the presence of
either cisplatin (10 mg/ml) or doxorubicin (1 mg/
ml) for 2 and 4 days, respectively, no neuroglial-
like morphology in these cells was observed
(Fig. 4).

To determine the identity of these morpholo-
gically-changed MSCs, immuno fluorescence
stainings were carried out with antibodies
against three neuron-specific markers includ-
ing MAP-2, bIII-tubulin, and NSE. As can be
seen in Figure 5, the majority of cells expressed
these neuron-specific proteins. Expression of
the astrocyte-specific marker, GFAP, and the
oligodendrocyte-specific antigen, O4, in these
cells was also analyzed. Only morphologically
changedMSCswere stained positively by either
antibody (Fig. 6D,H).

To elucidate themolecularmechanismunder-
lying MSC differentiation induced by fluvasta-
tin, we examined the involvement of protein
isoprenylation in this process since earlier
studies have shown good correlation between
the inhibition of isoprenylation of several small
GTPases and the activation of genes whose

Fig. 2. Morphological changes of human MSCs induced by fluvastatin. Cells were plated at a density of
6�103 cells/cm2 onto 24-well plates. Sixteen hours later, culture medium was replenished by the one
containing either 10% FBS (A and B), 10% FBS plus 50 mM fluvastatin (C and D), or 1% FBS plus 2 mM drug
(E and F). Photographs were taken 24 (A, C, and E) or 48 h (B, D, and F) after drug treatment. (Magnification,
�100.)
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products could facilitate differentiation [Martin
et al., 2001; Ohnaka et al., 2001; Maeda et al.,
2003]. Interestingly, morphological change of
MSCs induced byfluvastatinwas suppressed by
the addition of GGPP, but not by FPP (Fig. 7).

We then assessed the role of bone morphoge-
netic factor (BMP-2), a cytokine with neuronal
differentiation-promotingactivity [Pisanoetal.,
2000; Yung et al., 2002]whose expression can be
stimulated by various statins [Mundy et al.,

Fig. 3. Morphological changes of human MSCs induced by lovastatin. Cells were seeded in a medium
containing 10% FBS and treated with drug as described in Figure 2 except 50 mM lovastatin was used to
replace fluvastatin (B). (Magnification, �100.)

Fig. 4. Morphological changes of human MSCs resulted from cisplatin and doxorubicin treatment. Cells
were incubated without (A and B) or with 10 mg/ml of cisplatin (C and D) or 1 mg/ml of doxorubicin (E and F)
for 2 (A, C, and E) or 4 (B, D, and F) days before photographs were taken. (Magnification, �200.)
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1999; Sugiyama et al., 2000; Ohnaka et al.,
2001; Song et al., 2003; Maeda et al., 2004], in
neuroglial differentiation of MSCs by RT-PCR
analysis. To our surprise, a down-regulated
BMP-2 expression was found in fluvastatin-
treated cells (Fig. 8). Accordingly, an osteoblas-
tic-like morphology of MSCs was detected 7
days after they were incubated with the afore-
mentioned cytokine (Fig. 9).

DISCUSSION

Clonally-expanded MSCs from human bone
marrowwere obtained and their phenotypewas
characterized by flowcytometric analysis. Pro-
file of the molecules expressed on cell surface

(Table I) is in good agreement with the ones
reported earlier by others [Pittenger et al.,
1999], indicating their authenticity as MSCs.
We then examined the response of these cells to
statins because someof the cholesterol-lowering
agents have been shown to induce osteogenesis
[Mundy et al., 1999] plus our own observation
that these MSCs could differentiate into osteo-
blasts [Lee et al., 2004]. MTS assays demon-
strated that not only was the growth of MSCs
suppressed by fluvastatin but the suppression
was in a dose-dependent manner when they
were cultured in the presence of FBS. By
contrast, pravastatin even at a concentration
of 250 mM showed little or no inhibition onMSC
growth (Fig. 1). Since certain statins have been

Fig. 5. Expression of neuron-specific markers on human MSCs
induced by fluvastatin. Cells were seeded onto coverslips and
processed as described in the ‘‘Materials and Methods’’ after
being incubatedwithout (A,C, and E) or with (B,D, and F) 50 mM
fluvastatin. Forty-eight hours later, cells were stained with anti-
MAP-2 (A andB), anti-neuron specific enolase (NSE) (C andD), or

anti-bIII-tubulin (E and F) antibody, respectively. After counter
staining the nuclei with Hoechst 33258, cells were examined
under a fluorescencemicroscope. (Magnification,�200.) [Color
figure can be viewed in the online issue, which is available at
www.interscience.wiley.com.]
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shown to induce osteoblastic differentiation of
various types of cells [Sugiyama et al., 2000;
Song et al., 2003], morphology of MSCs was
examinedmicroscopically after drug treatment.
To our surprise, a neuroglia-like morphology

was observed when these cells were treated
with either fluvastatin (Fig. 2) or lovastatin
(Fig. 3). Although death of MSCs was detected
when they were incubated with high dose of
statins, aforementioned morphological change

Fig. 6. Expression of astrocyte- and oligodendrocyte-specific
markers on human MSCs induced by fluvastatin. Cells were
seeded and treatedwithout (A,B, E, and F) with 50 mMfluvastatin
(C, D, G, and H) as described in Figure 4 except immunofluor-
escence stainings were performed using either an anti-glial

fibrillary acidic protein (GFAP) (A–D) or anti-O4 (E–H) antibody,
respectively. Photographs were taken either by bright field (A, C,
E, and G) or fluorescent microscopy (B, D, F, and H).
(Magnification,�400.) [Color figure can be viewed in the online
issue, which is available at www.interscience.wiley.com.]
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in these cells is unlikely to be accounted by a
mere stress response of MSCs to the cytotoxic
effects of the cholesterol-lowering agents
because no such change could be found when
death of these cells was triggered by cytotoxic
drugs, cisplatin and doxorubicin (Fig. 4).
While the neuronal identity of these cells was

validated by immunofluorescence stainings
with antibodies against three neuron-specific
markers,MAP-2,bIII-tubulin, andNSE (Fig. 5),
their glial cell features were confirmed by the
positive stainingsbyboth theanti-GFAP (Fig. 6)
and anti-O4 (Fig. 6) antibodies. On the other
hand, no apparent morphological change in
MSCs was found after pravastatin treatment
(data not shown). Intriguingly, an osteoblastic
differentiation of mouse bone marrow stromal
cells resulted from simvastatin treatment has
been reported [Song et al., 2003]. These dis-
crepancies might be attributed to (a) unlike our
MSCs were clonally derived, the stromal cells
they used were heterogenous that might con-
tain a dominant population of osteoblast pre-
cursors which could undergo osteoblastic
differentiation under proper circumstances. (b)
The inability of simvastatin to stimulate neu-

roglial differentiation in stromal cells. (c) Spe-
cies difference [Osyczka et al., 2004]. However,
failure of pravastatin in inducing MSCs differ-
entiation reported herein is in agreement with
an earlier finding that pravastatin was incap-
able of triggering osteoblastic differentiation in
human osteosarcoma cells [Sugiyama et al.,
2000], which might be explained by its poor
lipophobicity and cell penetration [Quion and
Jones, 1994]. Even though approximately 2 mM
of fluvastatin seems to be required to suppress
the growth of MSCs, which is higher than the
steady-state serum levels (�0.1 mM) needed for
hypercholesterolemia therapy [Pan et al.,
1990], it is nonetheless within the circulating
concentrations (2–4 mM) that were well toler-
ated [Kornbrust et al., 1989]. Thus, once its
long-term effects on MSCs were established,
fluvastatin (or lovastatin) might be used as an
adjuvant to improve the treatment of neural
injury with MSCs as that achieved by the co-
administration with several neurotrophic fac-
tors [For a review, see Chopp and Li, 2002].

Although the mechanism(s) underlying neu-
roglial differentiation of human MSCs induced
by fluvastatin and lovastatin is unclear at

Fig. 7. Morphological change in human MSCs induced by fluvastatin is abolished by geranylgeranyl
pyrophosphate (GGPP). Cells were treated with 2 mM fluvastatin in the presence of 5 (A) or 10 (B) mM of
farnesyl pyrophosphate (FPP); or 5 (C) or 10 (D) mM of GGPP for 48 h before photographs were taken
(Magnification, �100.)
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present, their inhibitory effects on protein iso-
prenylation seem to play critical roles because
morphological change in these cells induced by
fluvastatin was abrogated by the addition of
GGPP but not by FPP (Fig. 7), even though both
are derived from the metabolism of mevalonate
and both can be utilized for protein prenylation.
Interestingly, several earlier studies have
demonstrated correlations between the inhibi-
tion of prenylation in small Rho GTPases (Rho,
Rac, and Cdc42) and the activated expression of
genes whose products might facilitate cell diff-
erentiation. For example, inhibition on Rho-
associated kinase might be the reason for
pitavastatin-stimulated up-regulation of BMP-
2 and osteocalcin expression in primary cul-
tured human osteoblasts [Ohnaka et al., 2001].
Furthermore, statin-induced increases in the
apolipoprotein A-I mRNA levels in human
HepG2 cells [Martin et al., 2001] and in the
VEGF transcript levels in MC3T3-E1 cells

[Maeda et al., 2003] have been reported to be
abolished by the addition of mevalonate or
GGPP.

Regarding themolecule(s) thatmodulates the
neuroglial differentiation of MSCs triggered by
statins, BMP-2 is considered to be a good
candidate not only because its expression can
be induced byvarious statinsbut also its efficacy
in promoting neuronal differentiation of sympa-
thetic and enteric precursor cells as well as
potentiating the elaboration of striatal [Pisano
et al., 2000] and cerebral cortical GABAergic
neurons [Yung et al., 2002]. However, the
involvement of this cytokine in statin-induced
neuroglial differentiation of human MSCs was
ruled out by ourfindings thatBMP-2 expression
in these cellswas down-regulated byfluvastatin
(Fig. 8) plus an osteoblastic-like morphology of
MSCs was clearly detected when they were
cultured in the presence of exogenous BMP-2
(Fig. 9). More work is needed to elucidate the

Fig. 8. Bonemorphogenetic protein-2 (BMP-2) expression is down-regulated in humanMSCs treatedwith
fluvastatin. RT-PCRwas carried out as described in the ‘‘Materials andMethods’’ using total RNAs prepared
from cells incubated in the absence (lanes 1 and 3) or presence (lanes 2 and 4) of 50 mM fluvastatin for 48 h
with BMP-2- (lanes 1 and 2) andGAPDH- (lanes 3 and 4) specific primer sets. LaneM, 100-bpDNA ladders.
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molecularmechanism(s), especially the involve-
ment of other neurotrophic factors, leading to
the neuroglial differentiation of human MSCs
induced by statins. Experiments of this nature
are currently undergone in our laboratory.
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