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Abstract: Objectives: The present study aims to assess if mesenchymal stem cell (MSCs) transplantation could
be useful in the treatment of glucocorticoid-induced osteoporosis (GIO) in rats and to compare the effectiveness
of this therapy with a commonly prescribed bisphosphonate (alendronate). Moreover, it aims to clarify the role of
osteoprotegerin (OPG) in the development of GIO. Methods: Forty adult male albino rats were divided into four
equal groups, ten rats each. The first group (group I) served as healthy control group, while osteoporosis was
induced in the rest of the rats by daily intraperitoneal (ip) injection of 20 mg/kg dexamethasone for 3 wk after
which the osteoporotic rats were divided into three groups: group II: osteoporotic non treated group, group III:
injected once with bone marrow derived-mesenchymal stem cell (BMSCs) into tail vein and group IV was given
ip injections of alendronate (ALN) 60 mg/kg in saline every other day for 4 weeks. On the 28th day of BMSCs
implantation, blood samples were obtained and sera were separated for estimation of bone turnover markers
(osteocalcin and hydroxyproline). Bone samples were collected. Osteoprotegerin gene expression was determined
with real time-polymerase chain reaction (RT-PCR). Also, histopathological examination of bone was done.
Results: In the present study Glucocorticoids-induced osteoporosis is characterized by significant decrease in
serum levels of osteocalcin (OC) and OPG gene expression in tibia with significant increase of hydroxyproline
(HYP) levels in urine. At the end of the treatment period, both BMSCs and ALN increased serum levels of OC
compared to GIO rats. There was no significant difference observed between two treated groups. Both BMSCs
and ALN significantly reduced HYP urine levels compared to GIO rats.
However, ALN, known as an
antiresorptive compound lowered hydroxyproline levels significantly more when compared with BMSCs-treated
group. Also, OPG gene expression was significantly higher in the ALN-treated group, compared to GIO group,
control group and BMSCs-treated group. Also, BMSCs-treated group showed significant increase in OPG gene
expression compared to GIO group but its level still lower than the control level. Conclusion: Bone regeneration
through induction of BMSCs could promote osteogenesis and provide a rational therapeutic strategy for
osteoporosis. However, new approach to increase the homing and retention of the BMSCs to bone is required to
augment bone formation and increase bone mass for the treatment of osteoporosis.
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1. Introduction
Osteoporosis is characterized by low bone mass
and microarchitectural deterioration of bone tissue,
which leads to enhanced bone fragility and increased
fracture risk (Korkia, 2002). Osteoporosis is a
worldwide health problem and a tremendous
economic burden (Burge et al., 2007).
There are several secondary causes of osteoporosis,
of which the most important is GIO, a consequence of
the widespread use of glucocorticoids for a variety of
inflammatory conditions (Devogelaer, 2006; van
Staa, 2006 and Woolf, 2007). However, the precise
mechanism of GIO is unclear. Recently, OPG; an
osteoclastogenesis inhibitory factor, has been
identified as a novel cytokine, which inhibits
differentiation and activation of osteoclasts (Clowes
et al., 2005).
http://www.jofamericanscience.org
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A wide variety of pharmacological interventions
have been shown to decrease bone loss in GIO.
Proposed treatments to maintain or increase bone
density
include
calcium
supplementation,
bisphosphonates, hormone replacement therapy,
vitamin D, calcitonin, parathyroid hormone, fluoride,
testosterone and anabolic steroids (Adachi et al., 1996;
Ringe et al., 1999; Eastell et al., 2000; Boutsen et al.,
2001; Crandall, 2002 and Sambrook, 2007).
Over the past 3 decades, bisphosphonates (BPs)
have been developed as potent inhibitors of bone
resorption and effective agents for the management of
osteoporosis and other bone diseases (Rodan and
Fleisch, 1996). Decreased osteoclast progenitor
development, decreased osteoclast recruitment, and
promotion of apoptosis of mature osteoclasts leading
to decreased bone remodeling are thought to be the
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chain reaction (RT-PCR). Also, histopathological
examination of bone was done.
Establishment
of
Glucocorticoidinduced
osteoporosis (GIO) model
After 7 days of acclimatization, thirty rats were
injected intraperitoneally with 20 mg/kg/day
dexamethasone (Sigma-Aldrich) for 21 consecutive
days, to establish osteoporosis. Bone mass loss in
these animals was examined by measuring their urine
levels of the hydroxyproline. Daily injection of 20
mg/kg dexamethasone for 3 wk was sufficient to
induce significant bone loss in these rats (Lien et al.,
2009).
BMSCs Preparation, Labeling, implantation and
tracing:
1. Preparation of BM-derived MSC
Bone marrow was harvested by flushing the
femurs of 6-week-old male white albino rats with
Dulbecco's modified Eagle's medium (DMEM,
GIBCO/BRL) supplemented with 10% fetal bovine
serum (GIBCO/BRL). Nucleated cells were isolated
with a density gradient [Ficoll/Paque (Pharmacia)]
and resuspended in complete culture medium
supplemented with 1% penicillin–streptomycin
(GIBCO/BRL). Cells were incubated at 37 °C in 5%
humidified CO2 for 12–14 days as primary culture or
upon formation of large colonies. When large colonies
developed (80–90% confluence), cultures were
washed twice with phosphate buffer saline (PBS) and
the cells were trypsinized with 0.25% trypsin in 1mM
EDTA (GIBCO/BRL) for 5 min at 37 °C. After
centrifugation, cells were resuspended with serumsupplemented medium and incubated in 50 cm2
culture flask (Falcon). The resulting cultures were
referred to as first-passage cultures (Alhadlaq and
Mao, 2004). MSC in culture were characterized by
their adhesiveness and fusiform shape (Rochefort et
al., 2006).
2. Labeling of MSCs with PKH26
MSCs were harvested during the 4th passage and
were labeled with PKH26 dye, which is a red
fluorochrome. It has excitation (551nm) and emission
(567 nm) characteristics compatible with rhodamine
or phycoerythrin detection systems. The linkers are
physiologically stable and show little to no toxic sideeffects on cell systems. Labeled cells retain both
biological and proliferating activity and are ideal for
in vitro cell labeling, in vitro proliferation studies and
long in vivo cell tracking. In the current work, MSCs
were labeled with PKH26 from Sigma Company
(Saint Louis, Missouri USA). Cells were centrifuged
and washed twice in serum free medium. Cells were
pelleted and suspended in dye solution (Feng et al.,
2005 and Munoz-Fernandez et al., 2006). After
inhalation anesthesia with diethyl ether, 0.5 ml cell
suspension was injected intravenously into rat tail

main mechanisms of the antiresorptive actions of BPs
(Sambrook, 2005). Alendronate is one of the best and
most extensively recommended bisphosphonates in
the treatment of osteoporosis (Prinsloo and Hosking,
2006).
Several alternative therapeutic approaches have
also been considered in recent years, as stem cell
therapy (Ocarino et al., 2010). Mesenchymal stem
cells (MSCs) are adult stem cells present in a wide
variety of tissues that are capable of differentiating
into various mesenchymal and non-mesenchymal
lineages (Chamberlain et al., 2007). In addition,
these cells have been shown to play an important role
in hematopoiesis (Dazzi
et al., 2006), bone
physiology (Bruder et al., 1994) and in part
participate in the pathophysiology of bone diseases
(Oreffo et al., 2005). Because of the osteogenic
differentiation potential and the relative ease of
isolation and expansion, MSCs became promising
materials for treating various bone degenerative
disorders including osteoporosis (Trounson et al.,
2011).
In light of these observations, the present study
aims to assess if mesenchymal stem cell
transplantation could be useful in the treatment of
glucocorticoid-induced osteoporosis in rats and to
compare the effectiveness of this therapy with a
commonly prescribed bisphosphonate (alendronate).
Moreover, it aims to clarify the role of osteoprotegerin
in the development of GIO.
2. Materials and Methods:
Animal and Experimental Design
Forty adult male albino rats, weighing 180–200
gm, were used for this study. Rats were kept in plastic
cages at room temperature (23-25°C) under a
day/night rhythm in our institutional facility with free
access to food and water.
Rats were divided into four equal groups, ten rats
each. The first group (group I) served as healthy
control group, while osteoporosis was induced in the
rest of the rats by daily intraperitoneal (ip) injection of
20 mg/kg/day dexamethasone for 3 wk, after which
the osteoporotic rats were divided into three groups,
group II: osteoporotic non treated group, group III:
osteoporotic rats injected once with BMSCs into tail
vein and group IV: osteoporotic rats received
intraperitoneal (ip) injections of alendronate (ALN)
(Merk Sharp & Dohme); 60 mg/kg in saline every
other day (Wezeman et al., 2000) for 4 weeks. On the
28th day of BMSCs implantation, blood samples were
obtained and sera were separated for estimation of
bone
turnover
markers
(osteocalcin
and
hydroxyproline). Bone samples (right tibia, left tibia
and right femur) were collected. Osteoprotegerin gene
expression was determined with real time-polymerase
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sequence for OPG gene (forward 5′- TTG TGT GAC
AAA TGT GCT CC-3′, (Reverse 5′- GAC GTC TCA
CCT GAG AAG -3′) and GAPDH primers (forward
5′- TTCGACAGTCAGCCGCATCTTCTT-3′, reverse
5′- CAGGCGCCCAATACGACCAAATC -3′). PCR
reactions, consisting of incubation in 95°C for 10
min (1 cycle), 94°C for 15 s, and 60°C for 1 min
(40 cycles), were performed on an ABI Prism 7900
HT Fast Real Time PCR system (Applied
Biosystems). Data were analyzed with the ABI Prism
7900 sequence detection system software (genetic
analyzer; version 2.2) and quantified with the
comparative threshold cycle method with beta actin as
a housekeeping gene reference.
Detection of implanted MSCs
Cells labeled with the PKH26 showed strong red
autofluorescence after transplantation in rats,
confirming that these cells were actually seeded into
the bone tissue (Fig. 1).

vein. After one month, bone tissue was examined with
a fluorescence microscope to detect and trace the cells
(Lein et al., 2009).
Sample collection and biochemical assays:
The animals were anaesthetized at the end of the
experiments and blood samples were obtained from
the orbital sinus of overnight fasted rats. Blood was
immediately centrifuged at 3000 (rpm) for 20 min.
sera were separated and stored at -80 0C until the day
of analysis. In the blood specimens, biochemical bone
formation marker; osteocalcin was measured using,
enzyme-linked
immunoassay
kits
(Formosa
Biomedical kits). Urinary hydroxyproline (HYP)
concentration was determined spectrophotometrically
using the method of Neuman & Logan (1950).
Detection of OPG gene expression by real time
PCR
Left tibias were used for analysis. OPG expression
was determined by real time-polymerase chain
reaction (RT-PCR). Tibias were decalcified prior to
paraffinzization. For analysis, the technique described
by Pfaffl (2001) for RT-PCR analysis of DNA and
RNA extracted from formalin-fixed and paraffinembedded biopsies was used.
1-Ribonucleic acid (RNA) extraction and
complementary deoxyribonucleic acid (cDNA)
synthesis:
Total RNA was isolated from bone tissue
homogenates using trizol reagent (TM) (Invitrogen,
Carlsbad, California) according to the manufacturer’s
protocol. The RNA sample was dissolved in RNasefree water and quantified spectrophotometrically. The
integrity of the RNA was studied by gel
electrophoresis on a 1% agarose gel, containing
ethidium bromide. First-strand cDNA synthesis was
performed with the SuperScript Choice System (Life
Technologies, Breda, the Netherlands) by mixing 2 μ
g total RNA with 0.5 μg of oligo (dT) 12-18 primer
in a total volume of 12 μL. After the mixture was
heated at 70°C for 10 min, a solution containing 50
mmol/L Tris HCl (pH 8.3), 75 mmol/L KCl, 3
mmol/L MgCl2, 10 mmol/L DTT, 0.5 mmol/L dNTPs,
0.5 μ L RNase inhibitor, and 200 U Superscript
Reverse Transcriptase was added, resulting in a total
volume of 20.5 μL. This mixture was incubated at 42
°C for 1 h and then stored at –80°C until further
use.
2-Real time quantitative PCR
For real time quantitative PCR, 1 μL of firststrand cDNA diluted 1:10 in RNase-free water was
used in a total volume of 25 μL, containing 12.5 μL
2x SYBR Green PCR Master Mix (Applied
Biosystems, Foster City, CA, USA) and 200 ng of
each primer. Primers, designed with the Primer
Express software package (Applied Biosystems), the
http://www.jofamericanscience.org

Figure (1): Shows labeling of MSC withPKH26 dye
Histopathological examinations
Autopsy samples were taken from the right tibias
of rats in different groups and fixed in 10% formalin
saline for twenty four hours and decalcification was
occurred on formic acid. Then, the usual procedures
of histological examination were done. Sections were
stained with hematoxylin and eosin then examined
through the electric light microscope (Banchroft et
al., 1996).
Statistical analysis
Data are expressed as means ± standard deviation
(SD). Statistical comparison between different groups
were done using one way analysis of variance
(ANOVA) followed by Tukey HSD multiple
comparison test to judge the difference between
various groups. All calculations were performed using
the SPSS 16.0 software package. Significance was
accepted at P< 0.05.
3. Results:
In the present study Glucocorticoids-induced
osteoporosis was characterized by significant decrease
in serum levels of OC and OPG gene expression in
tibia with significant increase of HYP levels in urine,
when compared to control group.

643

editor@americanscience.org

Journal of American Science 2012;8(10)

http://www.jofamericanscience.org

BMSCs-treated group. The levels of HYP in the two
treated groups were significantly higher than the
control group.
OPG gene expression was significantly higher in
the ALN compared to GIO group, BMSCs-treated
group and control group, suggesting pronounced
antiresorptive effect. Also, BMSCs-treated group
showed significant increase in OPG gene expression
compared to GIO, but its level still lower than the
control level.

At the end of the treatment period, both BMSCs
and ALN increased serum levels of OC compared to
GIO and control rats, suggesting a stimulation of
osteoblast function. However, there was no significant
difference observed between the two treated groups.
Both BMSCs and ALN significantly reduced HYP
urine levels compared to GIO rats, suggesting
decreased bone resorption. However, ALN known as
an antiresorptive compound lowered hydroxyproline
levels significantly more when compared with

Table (1): Bone turnover markers in different groups.
GROUPS
Control
GIO
BMSCs
ALN
Parameters
OC (ng/ml)
329.63±1.34 a
155.26±0.75 b
542.91±1.68 c
511.51±2.01 c
HYP (µg/24h)
42.78±1.23 a
159.15±0.65 b
118.33±1.53 c
86.18±1.41 d
OPG (%)
0.16±0.01 a
0.080±0. 02 b
0.13±0.08 c
0.46±0.02 d
Means followed by the same letter within the same row are not significantly different at p<0.05 level using Tukey
HSD test.
bony resorption is still observed in the bony structure
of the trabecullae of the tibia (Fig.4). ALN showed
greater effects on bone structure compared with
BMSCs. ALN had restored architecture of the
cartilaginous structure as well as the osteoblasts in the
Haversian system (Fig.5).

Histopathological Findings:
GIO rats shows, resorption in the cartilaginous
structure as well as in the Haversian system with
atrophy in the osteoblasts of the shaft of tibia
compared to control group (Figs. 2, 3). BMSCstreated group shows, normalization of the Haversian
system with intact osteoblastic clusters. However,

b
m
Fig. (2): Histopathological view of bone structure in control group. A: Shows normal histological structure
of the cartilaginous surface of the head (C). B: Shows normal histological structure of the Haversian
system of the osteoblasts (b), in the shaft with periosteum (P) and bone marrow (bm).

Fig. (3): Histopathological view of bone structure in GIO group. A: Shows resorption of the cartilaginous
structure of the head (C). B: Shows osteoporosis and atrophy of osteoblasts (OP).
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Fig. (4): Histopathological view of bone structure in BMSCs-treated group. A: Shows resorption of the
bony structure in trabeculae (C). B: Shows intact histopathological structure of the shaft (f).

Fig. (5): Histopathological view of bone structure in ALN-treated group. A: Shows normal histological
structure of the cartilage in the head (C). B: Shows normal histological arrangement of the osteoblasts in
the Haversian system (b).
2007). However, the precise mechanisms have not
been defined. Glucocorticoids are thought to directly
affect the differentiation, activity and lifespan of
osteoblasts and osteocytes (O’Brien et al., 2004).
Others reported that, Glucocorticoids inhibit
expression of genes important for bone formation
including those responsible for the production of
collagen A1, transforming growth factor-b,
fibronectin and insulin-like growth factor-1 (Iu et al.,
2005).
Recently, it has been suggested that the
mechanisms for bone resorption in glucocorticoid
therapy probably include activation of important and
relevant kinase systems (Horsch et al., 2007; SoaresSchanoski et al., 2007). Osteoprotegerin has been
identified as a novel cytokine, which acts on bone
tissues to increase bone mineral density and volume
by decreasing the number of active osteoclasts
(Krakauer, 2008). The present data provide the novel
finding that circulating OPG was significantly
suppressed by a short-term administration of
glucocorticoids. These results are in agreement with
Weinstein et al. (2011) who reported that,
glucocorticoids increased production of receptor
activator of nuclear factor-κB ligand (RANKL) and
reduced production of OPG, resulting in increased
osteoclast recruitment and survival in mice.

4. Discussion:
An increasing amount of clinical evidence
suggests that the MSCs derived from the adult bone
marrow may provide an exciting and promising
alternative therapy for repair of bone in skeletal
diseases (Undale et al., 2009). Osteogenic
differentiation of MSCs in vitro has been studied, and
the applications of MSCs in bone defects in
experimental models have been performed with
success (Payushina et al., 2006 and Wang et al.,
2006). Proof of efficacy, however, in the treatment of
GIO in comparison with currently available
treatments is still lacking (Teitelbaum, 2010). In
order to clarify this issue, we investigated the effects
of MSCs systemic implantation compared with
alendronate in an experimental animal model of GIO.
GIO is particularly serious because it increases the
frequency of fractures and seriously impairs patient's
activities of daily livings (Ogoshi et al., 2008). In the
present study Glucocorticoids-induced osteoporosis
was characterized by significant decrease in serum
levels of OC and OPG gene expression in tibia with
significant increase of HYP levels in urine, when
compared to control group.
It is generally accepted that glucocorticoids
rapidly decrease bone formation and increase bone
resorption (Sasaki et al., 2001 and Canalis et al.,
http://www.jofamericanscience.org
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Osteoprotegerin is a decoy receptor for, the
receptor activator of nuclear factor kappa B ligand
(RANKL). By binding RANKL, OPG inhibits nuclear
kappa B (NF-κB) which is a central and rapid acting
transcription factor for osteoclasts survival and
differentiation. OPG can reduce the production of
osteoclasts by inhibiting the differentiation of
osteoclast precursors (osteoclasts are derived from
granulocyte/macrophage-forming colony units ) into
osteoclasts and also regulates the resorption of
osteoclasts in vitro and in vivo. OPG binding to
RANKL on osteoblast/stromal cells, blocks the
RANKL-RANK
ligand
interaction
between
osteoblast/stromal cells and osteoclast precursors.
This has the effect of inhibiting the differentiation of
the osteoclast precursor into a mature osteoclast
(Blázquez-Medela et al., 2011).
Histopathological findings of this study Showed
that, GIO causes resorption in the cartilaginous
structure as well as in the Haversian system with
atrophy in the osteoblasts of the shaft of tibia. These
findings are in consistent with Dalle Carbonare et al.
(2005) who reported that, glucocorticoid-treated
individuals has shown a reduction in bone formation
at the cellular and tissue level, resulting in reduced
bone volume and a decrease in the number of viable
osteocytes. There is also some evidence that
glucocorticoids cause thinning of trabecular elements
(Natsui et al., 2006).
In this study, both BMSCs and ALN succeeded in
treating GIO in this experimental rat model: both
increased serum levels of OC (bone formation marker)
and OPG gene expression in bone compared to GIO
rats, suggesting a stimulation of osteoblast function.
Both of them also, reduced HYP (bone resorption
marker) urine levels, suggesting decreased bone
resorption.
Moreover, they ameliorated the
histological damage caused by glucocorticoids.
Surprisingly, however ALN, a very useful drug for
osteoporosis (the gold standard treatment for
osteoporosis), had a superior effect on restoring bone
structure compared with BMSCs implantation. In
addition, ALN known as an antiresorptive compound
lowered hydroxyproline levels significantly more and
significantly increase OPG gene expression when
compared with BMSCs-treated group. Also, it
restored architecture of the cartilaginous structure as
well as the osteoblasts in the Haversian system.
Wezeman et al. (2000) showed that ALN not only
inhibit osteoclastic bone resorption in osteoporosis but
also promote bone formation. Others found that bone
biopsies from subjects in an alendronate trial showed
reduction of markers of bone resorption (Eslami et al.,
2011). Alendronate also, prevented ovariectomy induced cancellous bone loss in rats, as evidenced by

http://www.jofamericanscience.org

646

the reduction of urinary hydroxypyridinoline (DPD)
(Iwamoto et al., 2006).
Animal studies have indicated the following mode
of action. At the cellular level, alendronate shows
preferential localization to sites of bone resorption
specifically under osteoclasts. The osteoclasts adhere
normally to the bone surface but lack the ruffled
border that is indicative of active resorption.
Alendronate does not interfere with osteoclast
recruitment or attachment, but it does inhibit
osteoclast activity (Drake et al., 2008). Also,
bisphosphonates (ALN) may target cells of the
osteoblastic lineage in different ways to cause
outcomes relative to their stimulatory effect on bone
formation. Bisphosphonates stimulate cultured
osteoblasts in vitro to release a factor that inhibits
osteoclastic activity (Rizzoli et al., 2010). It increases
collagen synthesis and mineralization, builds
cancellous bone mass in ovariectomized rats,
stimulates fibroblast growth factor 2 (FGF-2)
production in bone marrow cultures, and increases
positive calcium balance and bone mass in humans
and rats (Bitto et al., 2009 ).
Plotkin et al. (1999) reported that alendronate
administration abolished the osteocyte and osteoblast
apoptosis induced by prednisolone in mice. They
suggested that the therapeutic efficacy of ALN in
diseases such as glucocorticoid induced osteoporosis
may be due, in part, to their ability to prevent
osteocyte and osteoblast apoptosis. The antiapoptotic
effect of alendronate on osteocytes was associated
with a rapid increase in the phosphorylated fraction of
extracellular signal regulated kinases (ERKs) which
are protein kinase intracellular signalling molecules
that are involved in functions including the regulation
of meiosis, mitosis, and postmitotic functions in
differentiated cells. On the other hand it activates
ERKs in osteoblastic cells (Dobnig et al., 2006).
In agreement with the present data, Eslami et al.
(2011) showed that administration of alendronate to
women was associated with reduced proosteoclastogenic RANKL and elevated antiosteoclastogenic factor, OPG, in bone marrow. The
ALN-related changes in serum OPG levels during
treatment
could
result
from
effects
on
osteoclastogenesis and osteoclast apoptosis as well as
from a direct stimulatory effect on osteoblastic OPG
production. These changes in OPG levels may be used
to predict the individual response of patients to ALN
treatment. Given that OPG is a secreted molecule
produced by marrow stromal cells and osteoblasts, it
is conceivable that the circulating level of OPG is a
meaningful indicator of the effects of bisphosphonates
on bone marrow (Reyes-García et al., 2010). The
histopathological findings of this study showed that
ALN had restored architecture of the cartilaginous
editor@americanscience.org
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structure as well as the osteoblasts in the Haversian
system. In another study, histomorphometry in rats
showed that alendronate treatment reduces bone
turnover (i.e., the number of sites at which bone is
remodeled). In addition, bone formation exceeds bone
resorption at these remodeling sites, leading to
progressive gains in bone mass (Eslami et al., 2011).
On the other hand, prolonged use of alendronate
(more than 5 years) resulting in suppression of bone
turnover (resorption and formation) and the bone may
accumulate microdamage which, can result in atypical
fractures (Abrahamsen et al., 2010).
However, stem cell therapy could be a safe
alternative treatment for osteoporosis. Mesenchymal
stem cells are easily obtainable from bone marrow by
means of minimally invasive approach and can be
expanded in culture and permitted to differentiate into
the desired lineage (Rastegar et al., 2010). Scientists
believe that stem cells could halt osteoporosis,
promote bone growth and initiate new pathways that
control bone remodeling (Pedram et al., 2010).
In this study, BMSCs increased serum levels of
OC and OPG gene expression in bone. They also,
reduced HYP urine levels.
Moreover, they
ameliorated the histological damage caused by
glucocorticoids as they show normalization of the
Haversian system with intact osteoblastic clusters. But,
resorption is still observed in the bony structure of the
trabecullae of the long bone. Unexpectedly, BMSCs
had a lesser effect on restoring bone structure
compared with ALN. Lien et al. (2009) also, reported
that partial restoration of bone formation in
glucocorticoid-induced osteoporotic mice was
observed 4 wk after a single intravenous infusion of
BMSCs.
Bone marrow stem cells (BMSCs) are pluripotent
cells that have been used to facilitate bone repair
because of their capability of differentiating into
osteoblasts (Kim et al., 2008). Others reported that,
human MSCs inhibit osteoclastogenesis without cell–
cell contact, partly due to constitutive secretion of
OPG (Oshita et al., 2011). MSCs within bone marrow
have a multi-lineage potential and give rise to the
following cell types: osteoblasts, chondrocytes and
adipocytes (Halleux et al., 2001). MSCs undergo
osteogenic differentiation in the bone marrow, and
mobilization of the osteoblastic progenitors to the
bone surface is a crucial step in osteoblast maturation
and the formation of mineralized tissue (Chen et al.,
2007). Once the osteoblastic progenitors are directed
to the bone surface, they synthesize a range of
proteins, including osteocalcin, osteopontin, bone
sialoprotein, osteonectin, type-I collagen and
fibronectin that will further enhance the adhesion and
maturation of the osteoblasts (Guan et al., 2012).
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The failure of systemic implantation of MSCs to
achieve the expected results in osteoporosis models
suggests that, the local ‘catabolic’ environment such
as old age and osteoporosis does not provide the
required stimulus to the MSCs for their differentiation
down the osteoblast lineage (Trounson, 2009). It was
generally assumed that factors released upon tissue
damage or apoptosis mobilize and recruit stem and
progenitor cells to the damaged site where they
proliferate and differentiate, eventually replacing the
damaged tissues. However, it is well known that the
number of BMSCs with osteogenic potential
decreases in patients with old age, osteoporosis and
metabolic diseases. It may be necessary to either
combine MSCs with an osteoinductive carrier
material to direct the cells to the bone surface for
osteogenic differentiation or provide an autologous
stimulus by expressing a cell differentiation-inducing
agent into the cells (MSC-based gene therapy) in
order to achieve therapeutically significant bone
regenerative effects (Pedram et al., 2010). Guan et
al. (2012), found that Directing mesenchymal stem
cells to bone by attaching them to ALN through
specific ligand, will augment bone formation and
increase bone mass. In addition, the use of intra-bone
marrow injection of differentiated BMMSCs as a
simple surgical technique offers a new perspective for
local treatment of osteoporosis (Ocarino et al., 2010).
Conclusion, Bone regeneration through induction of
BMSCs could promote osteogenesis and provide a
rational therapeutic strategy for osteoporosis.
However, systemic infusions of BMSCs in vivo do not
achieve the desired osteogenic response in bone
because of the limited ability of MSCs to home to the
bone surface unless they have infused after certain
conditions, such as injuries. New approach to increase
the homing and retention of the MSCs to bone is
required to augment bone formation and increase bone
mass for the treatment of osteoporosis.
References:
1. Abrahamsen B, Eiken P, and Richard Eastell R
(2010). Cumulative Alendronate Dose and the
Long-Term Absolute Risk of Subtrochanteric
and Diaphyseal Femur Fractures: A Register
Based National Cohort Analysis. J Clin
Endocrinol Metab., 95(12):5258–5265.
2. Adachi JD, Bensen WG, Bianchi F, Cividino A,
Pillersdorf S, Sebaldt RJ et al. (1996). Vitamin
D and calcium in the prevention of
corticosteroid induced osteoporosis: 3 year
follow up. J Rheumatol., 23: 995–1000.
3. Alhadlaq A and Mao JJ (2004). Mesenchymal
stem cells: isolation and therapeutics. Stem
Cells Dev., 13:436–448.

editor@americanscience.org

Journal of American Science 2012;8(10)

http://www.jofamericanscience.org

4. Banchroft JD, Stevens A and Turner DR(1996):
Theory and practice of histoloicl techniques.
Fourth Ed. Churchil Livingstone, New York,
London, San Francisco, Tokyo; 1996.
5. Bitto A, Burnett BP, Polito F, Levy RM, Marini
H, Di Stefano V, et al. (2009). Genistein
aglycone
reverses
glucocorticoid-induced
osteoporosis and increases bone breaking
strength in rats: a comparative study with
alendronate. British Journal of Pharmacology
156:1287–1295.
6. Blázquez-Medela AM, López-Novoa JM,
Martínez-Salgado C (2011). Osteoprotegerin
and diabetes-associated pathologies. Curr Mol
Med .,11 (5): 401–16.
7. Boutsen Y, Jamart J, Esselinckx W, Devogelaer
JP
(2001).
Primary
prevention
of
glucocorticoid-induced
osteoporosis
with
intravenous pamidronate and calcium: a
prospective controlled 1-year study comparing a
single infusion, an infusion given once every 3
months, and calcium alone. J Bone Miner Res.,
16: 104–112.
8. Bruder SP, Fink DJ, Caplan AI (1994).
Mesenchymal stem cells in bone development,
bone repair, and skeletal regeneration therapy. J
Cell Biochem., 56:283–294.
9. Burge R, Dawson-Hughes B, Solomon DH,
Wong JB, King A and Tosteson A (2007).
Incidence
and
economic
burden
of
osteoporosis- related fractures in the United
States, 2005–2025. J Bone Miner Res., 22:465–
475.
10. Canalis E, Mazziotti G, Giustina A, Bilezikian
JP (2007). Glucocorticoid-induced osteoporosis:
pathophysiology and therapy. Osteoporos Int.,
18: 1319–1328.
11. Chamberlain J, Yamagami T, Colletti E, Theise
ND, Desai J, Frias A, Pixley J, Zanjani ED,
Porada CD, Almeida-Porada G (2007). Efficient
generation of human hepatocytes by the
intrahepatic delivery of clonal human
mesenchymal stem cells in fetal sheep.
Hepatology, 46:1935–1945.
12. Chen XD, Dusevich V, Feng JQ, Manolagas SC
& Jilka RL (2007). Extracellular matrix made
by bone marrow cells facilitates expansion of
marrow-derived mesenchymal progenitor cells
and prevents their differentiation into
osteoblasts. J Bone Miner. Res., 22: 1943–1956.
13. Clowes JA, Riggs BL, Khosla S (2005). The role
of the immune system in the pathophysiology of
osteoporosis. Immunol Rev., 208:207–27.
14. Crandall C (2002). Parathyroid hormone for
treatment of osteoporosis. Arch Intern Med.,
162: 2297–309.
http://www.jofamericanscience.org

648

15. Dalle Carbonare L, Bertoldo F, Valenti MT,
Zenari S, Zanatta M, Sella S et al. (2005).
Histomorphometric
analysis
of
glucocorticoidinduced osteoporosis. Micron 35:
645–652 (Review).
16. Dazzi F, Ramasamy R, Glennie S, Jones SP,
Roberts I (2006). The role of mesenchymal
stem cells in haemopoiesis. Blood Rev., 20:161–
171.
17. Devogelaer JP (2006). Glucocorticoid-induced
osteoporosis: mechanisms and therapeutic
approach. Rheum Dis Clin North Am., 32:733–
757.
18. Dobnig H, Hofbauer LC, Viereck V,
Obermayer-Pietsch B and Fahrleitner-Pammer
A (2006). Changes in the RANK
ligand/osteoprotegerin system are correlated to
changes in bone mineral density in
bisphosphonate-treated osteoporotic patients.
Osteoporos Int 17(5):693-703.
19. Drake MT, Clarke BL and Khosla S (2008).
Bisphosphonates: mechanism of action and role
in clinical practice. Mayo Clin Proc.,
83(9):1032–45.
20. Eastell R, Devogelaer JP, Peel NF, Chines AA,
Bax DE, Sacco-Gibson N et al. (2000).
Prevention of bone loss with risedronate in
glucocorticoid-treated rheumatoid arthritis
patients. Osteoporos Int., 11: 331–337.
21. Eslami B, Zhoua S, Eekerena IV, LeBoffb MS,
and
Glowackia
J
(2011).
Reduced
Osteoclastogenesis and RANKL Expression in
Marrow from Women Taking Alendronate.
Calcif Tissue Int., 88(4): 272–280.
22. Feng SW, Yao XL, Li Z, Liu TY, Huang W,
Zhang C (2005). In vitro bromodeoxyuridine
labeling of rat bone marrow-derived
mesenchymal stem cells. Diyi Junyi Daxue
Xuebao 25:184–186.
23. Guan M, Yao W, Liu R, Lam KS, Nolta J, Jia J
et al. (2012). Directing mesenchymal stem cells
to bone to augment bone formation and increase
bone mass. Nature Medicine 18: 456-462.
24. Halleux C, Sottile V, Gasser JA & Seuwen K
(2001). Multi-lineage potential of human
mesenchymal stem cells following clonal
expansion. J Musculoskelet Neuronal Interact
2: 71–76.
25. Horsch K, de Wet H, Schuurmans MM, AllieReid F, Cato AC, Cunningham J et al. (2007).
Mitogen activated protein kinase phosphatase
1/dual specificity phosphatase 1 mediates
glucocorticoid
inhibition
of
osteoblast
proliferation. Mol Endocrin., 21: 2929– 2940.
26. Iu MF, Kaji H, Sowa H, Naito J, Sugimoto T,
Chihara K (2005). Dexamethasone suppresses
editor@americanscience.org

Journal of American Science 2012;8(10)

http://www.jofamericanscience.org

Smad3 pathway in osteoblastic cells. J
Endocrinol 185: 131–138.
27. Iwamoto J, Seki A, Takeda T, Sato Y, Yamada
H and Yeh JK (2006).Comparative therapeutic
effects of alendronate and alfacalcidol on
cancellous and cortical bone mass and
mechanical properties in ovariectomized
osteopenic rats J Nutr Sci Vitaminol (Tokyo)
52(1):1-8.
28. Kim H, Park J, Lee JK, Park E, Park E, Riew
KD et al. (2008). Transplanted xenogenic bone
marrow stem cells survive and generate new
bone formation in the posterolateral lumbar
spine of non-immunosuppressed rabbits. Eur
Spine J 17:1515–1521.
29. Korkia P (2002). Osteoporosis: Process,
prevention and treatment. J
Bodywork
Movement Ther 6:156–169.
30. Krakauer T (2008). "Nuclear factor-kappaB:
fine-tuning a central integrator of diverse
biologic stimuli". Int Rev Immunol., 27 (5):
286–92.
31. Lien C, Ho KC, Lee OK, Blunn GWand SuY
(2009). Restoration of bone mass and strength
in glucocorticoid-treated mice by systemic
transplantation of cxcr4 and cbfa-1 coexpressing mesenchymal stem cells. Journal of
Bone And Mineral Research 24(5):837-848.
32. Munoz-Fernandez R, Blanco FJ, Frecha C,
Martin F, Kimatrai M, Abadia- MolinaAC, et al.
(2006). Follicular dendritic cells are related to
bone marrowstromal cell progenitors and to
myofibroblasts. J Immunol 177: 280–289.
33. Natsui K, Tanaka K, Suda M, Yasoda A,
Sakuma Y, Ozasa A et al. (2006). High-dose
glucocorticoid treatment induces rapid loss of
trabecular bone mineral density and lean body
mass. Osteoporos Int 17: 105–108.
34. Neuman RE and Logan MA (1950). The
determination of hydroxyproline. J. Biol. Chem.
184: 299-306.
35. O’Brien CA, Jia D, Plotkin LI, Bellido T,
Powers CC, Stewart SA et al. (2004).
Glucocorticoids act directly on osteoblasts and
osteocytes to induce their apoptosis and reduce
bone formation and strength. Endocrinology
145: 1835–1841.
36. Ocarino MN, Boeloni JN, Jorgetti V, Gomes DA,
Goes AM and Serakides R (2010). Intra-bone
marrow injection of mesenchymal stem cells
improves the femur bone mass of osteoporotic
female rats.
Connective Tissue Research
51:426–433.
37. Ogoshi T, Hagino H, Fukata S, Tanishima S,
Okano T and Teshima R (2008). Influence of
glucocorticoid on bone in 3-, 6-, and 12-monthhttp://www.jofamericanscience.org

649

old rats as determined by bone mass and
histomorphometry. Mod Rheumatol 18:552–561.
38. Oreffo RO, Cooper C, Mason C, Clements M
(2005). Mesenchymal stem cells: Lineage,
plasticity, and skeletal therapeutic potential.
Stem Cell Rev 1:169–178.
39. Oshita K, Yamaoka K, Udagawa N, Fukuyo S,
Sonomoto K, Maeshima K, et al. (2011).
Human mesenchymal stem cells inhibit
osteoclastogenesis through osteoprotegerin
production.
Arthritis
&
Rheumatism
63(6):1658-1667.
40. Payushina O V Domaratskaya E I, and Starostin
V I (2006). Mesenchymal stem cells: Sources,
phenotype, and differentiation potential. Cell
Biol 33:6–25.
41. Pedram MS, Dehghan MM, Soleimani M,
Marjanmehr SH and
Nasiri Z (2010).
Transplantation of a combination of autologous
neural differentiated and undifferentiated
mesenchymal stem cells into injured spinal cord
of rats. Spinal Cord 48, 457–463.
42. Pfaffl MW (2001). A new mathematical model
for relative quantification in real-time RT-PCR.
Nucleic Acids Res 29 (9): 2003-2007.
43. Plotkin LI, Weinstein RS, Parfitt AM, Roberson
PK, Manolagas SC and Bellido T (1999).
Prevention of osteocyte and osteoblast
apoptosis
by
bisphosphonates
and
calcitonin .The Journal of Clinical Investigation
104:1363-1374.
44. Prinsloo P J J and Hosking D J(2006).
Alendronate sodium in the management of
Osteoporosis. Therapeutics and Clinical Risk
Management 2(3): 235–249.
45. Rastegar F, Shenaq D, Huang J, Zhang W,
Zhang B, He B et al. (2010). Mesenchymal
stem cells: Molecular characteristics and
clinical applications. World J Stem Cells 26;
2(4): 67-80.
46. Reyes-García R, Muñoz-Torres M, García DF,
Mezquita-Raya P, García Salcedo JA and de
Dios Luna J (2010). Effects of alendronate
treatment on serum levels of osteoprotegerin
and total receptor activator of nuclear factor
kappaB in women with postmenopausal
osteoporosis. Menopause 17(1):140-4.
47. Ringe JD, Coster A, Meng T, Schacht E,
Umbach R (1999). Treatment of glucocorticoidinduced osteoporosis with alfacalcidol/calcium
versus vitamin D/calcium. Calcif Tissue Int 65:
337–340.
48. Rizzoli R, Laroche M, Krieg M, Frieling I,
Thomas T, Delmas P, and Felsenberg D (2010).
Strontium ranelate and alendronate have
differing effects on distal tibia bone
editor@americanscience.org

Journal of American Science 2012;8(10)

http://www.jofamericanscience.org

56. Trounson A (2009). New perspectives in human
stem cell therapeutic research. BMC Med 7:2933.
57. Trounson A, Thakar RG, Lomax G and
Trounson DG (2011). Clinical trials for stem
cell therapies. BMC Medicine 9:52-58.
58. Undale AH, Westendorf JJ, Yaszemski MJ and
Khosla S (2009). Mesenchymal stem cells for
bone repair and metabolic bone diseases. Mayo
Clin Proc 84(10):893-902.
59. van Staa TP (2006). The pathogenesis,
epidemiology
and
management
of
glucocorticoid-induced osteoporosis. Calcif
Tissue Int 79: 129– 137.
60. Wang Y, Chen X, Zhu W, Zhang H, Hu S, and
Cong X (2006). Growth inhibition of
mesenchymal
stem
cells
by
aspirin:
involvement of the wnt/β-catenin signal
pathway.
Clinical
and
Experimental
Pharmacology and Physiology 33(8) 696–701.
61. Weinstein RS, O’Brien CA, Almeida M, Zhao H,
Roberson PK, Jilka RL, and Manolagas SC
(2011).
Osteoprotegerin
Prevents
Glucocorticoid-Induced Osteocyte Apoptosis in
Mice. Endocrinology 152(9):3323–3331.
62. Wezeman FH, Emanuele MA, Moskal SF,
Steiner J, and Lapagli N (2000). Alendronate
administration and skeletal response during
chronic alcohol intake in the adolescent male rat.
Journal of Bone and Mineral Research 15:
2033-2041.
63. Woolf AD (2007). An update on glucocorticoidinduced osteoporosis. Curr Opin Rheumatol 19:
370–375.

microstructure in women with osteoporosis.
Rheumatol Int 30:1341–1348.
49. Rochefort GY, Vaudin P, Bonnet N, Pages JC,
Domenech J, Charbord P, et al. (2006).
Influence of hypoxia on the domiciliation of
mesenchymal stem cells after infusion into rats:
possibilities of targeting pulmonary artery
remodeling via cells therapies? Respir Res
6:125-137.
50. Rodan GA and Fleisch HA (1996).
Bisphosphonates: mechanisms of action. J Clin
Invest 97:2692–2696.
51. Sambrook PN (2005). How to prevent steroid
induced osteoporosis. Ann Rheum Dis 64:176–
178.
52. Sambrook PN (2007). Anabolic therapy in
glucocorticoid-induced osteoporosis. N Engl J
Med 357: 2084–2086.
53. Sasaki N, Kusano E, Ando Y, Yano K, Tsuda E,
Asano Y (2001). Glucocorticoid decreases
circulating osteoprotegerin (OPG): possible
mechanism
for
glucocorticoid
induced
osteoporosis.
Nephrol
Dial
Transplant
16(3):479-82.
54. Soares-Schanoski A, Gómez-Piña V, del Fresno
C, Rodríguez-Rojas A, García F, Glaría A et al.
(2007). 6-Methylpresisolone down regulates
IRAK-M in human and murine osteoclasts and
boost bone resorbing activity: a putative
mechanism for corticoid induced osteoporosis.
J Leukoc Biol 82: 700–709.
55. Teitelbaum S L (2010). Stem Cells and
Osteoporosis Therapy. Cell Stem Cell 7: 553554.

9/20/2012

http://www.jofamericanscience.org

650

editor@americanscience.org

