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Abstract – Bone marrow (BM) has been long established as the main source of pluripotential mesenchymal stem cells 
(MSCs), and has been so far the main recognized source of osteoprogenitor cells that contribute to the turnover of the 
skeletal scaffold. The existence of an osteoprogenitor cell in other connective tissues such as skeletal muscle has been 
reported. In light of its availability and because of the relative ease of muscle cell isolation, skeletal muscle is an attractive 
source of cells for use in tissue engineering applications. The aim of this study was to explore the potential to differentiate 
into the chondro-osteoblastic lineage of a plastic adhering cell population, referred t as skeletal muscle-derived cells 
(SMDCs), obtained from biopsies of rat skeletal muscle. SMDCs displayed a fibroblast-like morphology. Our study revealed 
that the isolated cell population had a mesenchymal origin as indicated by abundant expression of STRO-1 and CD166. 
Osteogenic markers like osteocalcin (OC), bone sialoprotein (BSP) and osteopontin (OP) gene expressions were detected by 
RT-PCR. When these cells were cultured in the presence of an osteo-inductive culture medium, positive staining for alkaline 
phosphatase (ALP) and formation of mineralized matrix were increased. Furthermore SMDCs formed bone and cartilage 
tissues in vivo when placed inside of diffusion chambers and in demineralized bone matrix (DBM) cylinders, implanted 
subdermically into the backs of rat for 28 days. In conclusion, this experimental procedure is capable of selecting a cell 
population obtained from the skeletal muscle that is able to complete the differentiation pathway leading to the formation of 
cartilage and bone. In this respect SMDCs resemble BM stromal cells (BMSCs) and have demonstrated a potential 
application for cartilage and bone tissue engineering. 
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INTRODUCTION 

Bone, a dynamic tissue that provides 
structural support for soft tissues as well as stores 
for calcium and phosphate, depends for its          

 
Abbreviations: AB , Alcian blue; ALP , alkaline 
phosphatase; APC, allophycocyanine; BMP, bone 
morphogenetic protein; BMSC, bone marrow stromal cell; 
BSP, bone sialoprotein; Col I, collagen type I; Col II , 
collagen type II; DBM , demineralized bone matrix; FITC , 
fluorescein isothiocyanate; GT, Goldner’s trichromic stain; 
IHC , immunohistochemistry; MSC, mesenchymal stem 
cell; OC, osteocalcin; ON, osteonectin; OP, osteopontin; 
Osx, osterix; PE, phycoerythrin; PSH, picrosirius-
hematoxylin; rSMDC , rat skeletal muscle-derived cell; TB, 
toluidine blue; TGF, transforming growth factor. 

 
normal function on a critical balance between 
formation and resorption. Since osteocytes and 
osteoclasts do not replicate, the maintenance of a 
healthy bone must rely on an exogenous source 
of cells. Although bone marrow stromal cells 
(BMSCs) have been long recognized as the main 
source of pluripotential mesenchymal stem cells 
(MSCs), several studies have suggested the 
existence of an osteoprogenitor cell in the 
skeletal muscle (9,35). Although not normally 
subject to rapid cell turnover, adult skeletal 
muscle also retains the ability to grow in 
response to increased work load and to repair and 
regenerate following damage. The mechanical 
functions of skeletal muscle are carried out by 
syncytial myofibers, each containing a highly 
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specialized contractile apparatus maintained by 
large numbers of postmitotic myonuclei. The 
capacity to generate new myonuclei resides in a 
population of mononucleated precursors, termed 
satellite cells, which lie sequestered between the 
basal lamina and the sarcolemma of each 
myofiber. 

Satellite cells and vascular pericytes have 
been proposed as candidates. Satellite cells have 
demonstrated to possess multipotential MSC 
activity and are capable of differentiating into 
multiple lineages (3, 25). Muscle-derived stem 
cells exhibit the capacity to reconstitute the entire 
hematopoietic repertoire and to participate in the 
formation of new myofibers following tail vein 
injection into lethally irradiated mice (20). 
Likewise, it has been showed that pericytes have 
stem cell characteristics and can differentiate into 
osteoblasts, chondrocytes and adipocytes both in 
vitro and in vivo (14,15,25). Both populations 
express collagen type I, vimentin, fibronectin and 
desmin, but satellite cells are CD34+ ALP– 
whereas pericytes are CD34– ALP+ (4,35). 

Bone morphogenetic proteins (BMPs) were 
originally identified from demineralized bone 
matrix (DBM) as factors that induce ectopic bone 
formation when implanted into muscular tissue 
(33). In addition, several reports have shown that 
skeletal muscle-derived cells (SMDCs) can 
differentiate into osteogenic and chondrogenic 
lineages upon stimulation with BMPs (22, 23, 
27-29, 31). 

This report describes a reproducible method 
for the culture and differentiation into chondro-
osteoblastic lineage of fibroblast-like cells from 
mature rat skeletal muscle connective tissue, 
which are capable of forming bone and cartilage 
in vivo. 

Characterization of rat skeletal muscle-
derived cells (rSMDCs) revealed that these cells 
have a mesenchymal origin (STRO-1+ CD166+), 
and have the potential to undergo both 
osteogenic and chondrogenic differentiation 
under appropriate culture conditions as indicated 
by expression of Runx2 and Sox9. Furthermore, 
rSMDCs express osteocalcin (OC), bone 
sialoprotein (BSP) and periostin mRNAs, 
considered to be important for osteoblastic 
differentiation. 

We demonstrate that both the ALP staining 
and mineralization nodules formation gradually 
increase when rSMDCs are cultured in the 
presence of an osteoinductive medium. 
Moreover, we provide evidence of the ability of 
rSMDCs to form bone and cartilage when they 

are loaded in diffusion and DBM chambers and 
implanted in vivo. 

Thus, our results suggest that a population 
of muscle-derived cells have the capacity to 
differentiate into chondro-osteogenic lineage in 
vitro and in vivo, as well as the own BMPs from 
DBM promote the formation of mature cartilage 
and bone tissue. 
 

MATERIALS AND METHODS 

Isolation of primary rSMDCs 
Muscle biopsies were performed on the back legs of 4 

weeks old rats (Charles River). The surrounded soft tissue 
was discarded and the samples were washed with DMEM 
3% penicillin/streptomycin and 1.5% fungizone (Sigma) for 
1hr, followed by an enzymatic digestion with 0.2% 
collagenase (Gibco), during 30 min at 37ºC with orbital 
shaking. The supernatant obtained was cultured with 
DMEM 10% FBS, 2.5 mM L-Glutamine, 100 U/ml 
penicillin, 100 µg/ml streptomycin and 1.25 µg/ml 
fungizone (Sigma). The culture medium was changed twice 
per week and the cells selected by their capacity to attach to 
the dish surface, discarding the floating cells in the first 
medium change at 72 hr. 
 
RT-PCR Analysis 

The expression of bone sialoprotein (BSP), alkaline 
phosphatase (ALP) and osteocalcin (OC) was semi-
quantitatively evaluated for rSMDCs at passage 1 by 
reverse-transcription-polymerase chain reaction (RT-PCR). 
mRNA extracted from BMSCs was analyzed as a positive 
control. Total RNA was isolated using Real Total RNA Spin 
Plus (Real, Spain) and 1 µg of total RNA was used as a 
template for reverse transcription into cDNA by 
Transcriptor First Strand cDNA Synthesis Kit (Roche, 
USA). cDNA was amplified by PCR with the 
oligonucleotide primer sets outlined in Table 1. The 
expression of ß-actin was used to normalize gene expression 
levels. All primer sequences were determined through 
established GenBank sequences. DNA amplifications were 
performed at the occasion of an initial denaturation at 95˚C 
for 30 sec, annealing at 60˚C for 30 sec, and extension at 
72˚C for 1 min. The final cycle included 7 min for extension 
at 72˚C. PCR products from each sample were analyzed by 
electrophoresis on 2% agarose gel and visualized by staining 
with ethidium bromide. Table II shows each primer set. 

 
Flow cytometry analysis of cells 

In order to analyze the expression of surface markers 
characteristic for MSCs on rSMDCs, flow cytometry 
analysis using specific fluorochrome-conjugated 
monoclonal antibodies was used. Adherent cells at passage 
1 were washed in PBS (without Ca2+/Mg2+), harvested in 
0.25% trypsin/EDTA and washed twice in flow cytometry 
buffer (FACS buffer) consisting of 10 mM hepes (Gibco), 
100 U/ml penicillin, 100 µg/ml streptomycin and 2 mg/ml 
bovine serum albumin (BSA) (Sigma) in Leibovitz’s L-15 
medium (Gibco). After the washing step, cells aliquots 
(1x106 cells) were incubated in FACS buffer containing 
monoclonal antibodies to phycoerythrin (PE)-conjugated 
CD29 (integrin alpha-1 involves in cell adhesion 
mechanism), fluorescein isothiocyanate (FITC)-conjugated 
CD34, allophycocyanine (APC)-conjugated CD45 (both 
specific for hematopoietic cells) and ALP (all from R&D 
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Systems), FITC-conjugated CD166 (AbD Serotec. Specific 
antigen was used for MSCs) and STRO-1 (R&D Systems 
characteristic antigen for MSCs) with a PE-conjugated anti-
mouse IgM (AbD Serotec), or an appropriate isotype control 
antibody (Sigma). After 30 min in the dark on ice, cells 
were washed again in FACS buffer before flow cytometry 
analysis. Four hundred-thousands events per sample were 
analyzed on a MoFlo® SP1338 (DakoCytomation, 
Denmark) using Summit software. Cells were gated on 
forwards and side scatter to exclude debris and cell 
aggregates, and dead cells were excluded by 7-Amino-
Actinomycin D (7-AAD, BD Pharmigen) staining. 
 

 
 

In vitro osteogenic differentiation 
rSMDCs reached the confluence when they were 

subcultured and amplified in order to evaluate the 
osteogenic differentiation in vitro as well as the expression 
of the osteoblastic markers. Cells were seeded at a density 
of 2 x 104 cells/well in a 35 mm well-plate and osteoinduced 
at 70% of confluence during 14 days with 10-8 M 
dexamethasone, 10 mM ß-glycerophosphate and 50 µM 
ascorbate-2-phosphate. 

DNA analyses 
   DNA content was quantified by a modification of a 

technique described previously (17). Triplicate cultures 
were rinsed twice with Tyrode's salt solution and stored at -
70ºC until all cells had been collected. All samples from 
each preparation were analyzed for DNA content at once. At 
some time before the assay was conducted, the dishes were 
thawed, and then 1 ml of 0.1 N NaOH was added. The 
dishes were kept at room temperature for at least 1 hr, and 
then were returned to the freezer. On the day of the assay, 
after frozen cultures had thawed, the 0.1 N NaOH/cell lysis 
suspension was collected from each dish and transferred to a 
pre-labeled tube.       

 One ml of neutralizing buffer consisting of 4 M NaCl, 
100 mM Na2HPO4 and 0.1 N HCl in water was added to 
each dish, collected while pipetting up and down to rinse off 
any remaining cells of the dish, and transferred in the 
appropriate tube. Appropriately 100 µl of diluted samples 
were transferred to a 96-well culture dish, and 100 µl of 2 
µM Hoechst dye solution were added to each well. Samples 
were read at excitation of 360 nm and emission 460 nm with 
a fluorometer (BIO-TEK, FL600). A standard curve 
generated from a series of dilutions of calf thymus DNA 
was used to determine the DNA concentration of the 
samples. Differences in DNA content are assumed to reflect 
differences in cell number. 
 
Quantitative analysis of ALP 

After 14 days in culture in osteogenic medium, ALP 
enzyme activity in control and experimental groups was 
measured colorimetrically with a microplate reader (Elx800, 
Bio-Tek Instruments, Vennont, USA). Cultures were rinsed 
twice with Tyrode's balanced salt solution (Sigma), and 1 ml 
of a 1 mg/ml solution of ALP substrate (p-nitrophenyl 
phosphate, Sigma) in a buffer consisting of 50 mM glycine 
and 1 mM MgCl2.6H20 (pH 10.5) was added per 35-mm 
dish. After 10 min the solution was removed and transferred 
to a tube containing an equal volume of 1M NaOH. 
Appropriately diluted samples of the resulting solutions 
were transferred to a 96-well culture dish, and the 
absorbance was read at 405 nm. A standard curve generated 
from a series of dilutions of p-nitrophenol (Sigma) was used 
to determine the concentration of the enzyme reaction 
product. The ALP assay solution was removed, the cultures 
were rinsed twice with Tyrode's salt solution and stored at 
room temperature until used for cytochemistry. For each 
experiment, a minimum of 3 dishes were counted. 
 
Cytochemical study 

After 14 days in culture, confluent cells were stained 
for ALP using Kit. N85L-3R (Sigma) according to the 
manufacturer’s instructions. The ALP positive cells stained 
red violet. 

The deposition of a calcified matrix was evidenced by 
von Kossa staining in which calcium phosphate deposits are 
stained brown to black. Triplicate cultures were rinsed twice 
with Tyrode's salt solution, fixed for 15 min in 10% 
buffered neutral formalin at room temperature and rinsed 3 
times with distilled water. One ml of 2% silver nitrate 
(Sigma) was added per dish, and the cultures were placed in 
a dark environment for 10 min. Cultures were then rinsed 3 
times with distilled water and exposed to a 100-watt lamp 
light (while covered with water) for 15 min. Culture dishes 
were rinsed again with distilled water and then dehydrated 
with 100% ethanol. 
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In vivo implantation and histological study 
One million of induced cells were inoculated into 

DBM (40 µl volume. Chambers made of cylinders from 
bone diaphysis) and diffusion chambers (130 µl volume. 
Commercial discs made of a plastic ring and two Millipore 
filters of 0.45 µm pore size) and then implanted 
subdermically into syngenic 10-week-old Fisher 344 rats 
under anesthesia. Chambers, harvested 28 days after 
implantation, were processed for histology, fixed in Bouin 
or 4 % paraformaldehyde, dehydrated in alcohol, embedded 
in paraffin, sectioned 8 µm thick and the sections stained 
with picrosirius-hematoxylin (PSH), a technique that shows 
specificity for collagen I. Alcian blue (AB) reveals 
glycosaminaglycans from the cartilage matrix, toluidine 
blue (TB) colours in pink  cartilage matrix, Goldner 
trichromic (GT) reveals mineralized collagen I fibers, and 
immunohistochemical antibodies to determine anti-collagen 
I and II. 
 
Statistics 

Four assays in triplicate, means and standard 
deviations were performed using Sigma Stat software (SPSS 
 Inc., Chicago, IL). DNA content and ALP activity data for 
cultures were evaluated with one way analysis of variance 

(ANOVA) after the data passed normality and equal 
variance tests. Comparisons to determine significance 
between cells in control and in osteoinduced medium were 
done with the Student’s t-test. Results were considered 
significantly different at p>0.05%. 
 

RESULTS 
 
 
Cultured cell morphology 

In primary cultures the cells showed a fibroblast-
like polymorphic phenotype (Fig. 1A) at the time 
of the first change of media. Once the secondary 
cultures reached 70% of confluence and they 
were treated with either control or osteogenic 
medium during 14 days, the control situation 
showed cells with a spread-out morphology 
(Figs. 1B & 1C) while the osteoinduced cells 
were round in shape and aggregated in 
mineralized colonies (Figs. 1D-1F). 

 
 

 

 

 
 
 

Figure 1. Rat SMDCs in vitro cultures. (A) Primary culture; (B y C) Secondary culture of control cells; (D) Detail of a 
mineralized colony of the osteoinduced secondary culture; (E y F) Secondary culture of the osteoinduced cells. Bar A-B and 
D-E, 150 µm; bar C and F, 75 µm. 
 
 
 
RT-PCR analysis 

We analyzed the expression of the mRNA 
for osteogenic and chondrogenic specific markers 
by RT-PCR and the signal was compared with 
cells derived from BM (Fig. 2). The osteogenic 

phenotype of the rSMDCs was suggested by 
demonstrating the expression of genes involved 
in the osteogenic lineage. Runx2, independently 
or cooperatively with Osx, up-regulates 
osteoblast marker genes, Col I and ALP in early 
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differentiation stages, as well as BSP and OC in 
later stages. Osteonectic and OP, genes related 
with osteoblast maturation, and periostin, that is 
highly expressed in early osteoblastic cells in 
vitro, were up-regulated in the rSMDCs. Msx1 
and Msx2, genes involved in cell proliferation 
and in the prevention of osteogenic 
differentiation, were expressed through a very 
low signal. 

The expression of Sox9, a gene involved in 
the chondrocytes maturation, was also detected 
in the rSMDCs cultures, indicating the potential 
of these cells to differentiate to cartilage. 
 

 
 

Figure 2. mRNA expression in rSMDC and BMSC by 
semi-quantitative RT-PCR. (ALP, alkaline phosphatase; 
BSP, bone sialoprotein; Col I, collagen type I; OC, 
osteocalcin; ON, osteonectin; OP, osteopontin; Osx, 
osterix). 
Flow cytometry 

The cell populations from rSMDCs were 
characterized by staining for surface marker 
proteins. From the set of accepted markers we 
choose six different cell surface markers and 
stained freshly isolated cells from rSMDCs 
(Table I). 

 

As shown in Fig. 3, we have found a relative 
heterogeneous cell population since the majority 
of the cells stained positive for STRO-1 and 
CD166, and negative for CD29, CD34 and CD45 
while some cells were positive for ALP. 

 

 
 
Figure 3. Phenotype of the cultured rSMDCs. Most of the 
cells were STRO-1+ CD166+ ALP+ CD29– CD34– and 
CD45–. The blue line represents the corresponding control 
isotype. 
 
Osteoblastic differentiation of culture expanded 
cells 

The differentiation potential of the cultured 
rSMDCs into osteoblasts was also proved by 
analysis of quantitative/qualitative ALP as well 
as by the presence of dense mineralized nodules. 
The expression of ALP as a pre-osteoblast 
marker was tested on control cultures (day 0) and 
after osteoinduction. The quantification of ALP 
activity showed an increase of ALP per ng/ml of 
DNA with time, reaching a maximum level by 
day 14 (Fig. 4). The levels of ALP activity in the 
osteoinduced cells were significantly (p<0.001) 
higher in comparison with controls. 

 
 

Figure 4. ALP expression in secondary cultures in presence 
and absence of osteoinducers. The asterisks indicate the 
significant difference between the control values and the 
experimental ones (*** p=<0,001). 
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rSMDCs after 14 days of culture formed an 
extensive network of a homogeneous distribution 
or grouped dense, multilayered nodules that 
stained positive for ALP (Figs. 5A-B) . 
Consistent with osteogenesis, several black 
regions with high mineral content, indicatives of 
a calcified extracellular matrix, were observed in 
cell colonies by von Kossa (Figs. 5C-D). In non-
supplemented cell cultures no staining appeared. 
 

 
 
Figure 5. Rat SMDCs after 14 days of in vitro culture (A-B) 
ALP activity as an osteoblastic differentiation marker. (A) 
Cultured cells in control media; (B) Osteoinduced culture; 
(C-D) Von Kossa stain. (C) Negative control cells; (D) 
Detail of a mineralized colony in osteoinduced cultures. Bar, 
150 µm. 
 

In vivo tissue formation 
Loading the cells into diffusion chambers 

and implanting them under the skin of rats 
provided a proof that rSMDCs have chondro-
osteogenic potential. These chambers have 
previously been used to demonstrate the potential 
of BM MSCs to form bone and cartilage. 
Importantly, neither cartilage nor bone is formed 
when cells cultured with control medium are 
implanted in these chambers. The feature of the 
tissue formed by cells cultured in control 
conditions was of an homogeneous connective 
fibrous nature (data not shown). Figures 6A-C 
show examples of tissue formed within the 
diffusion chambers by cells cultured under 
chondro-osteogenic conditions: dense tissue 
condensations with osseous matrices localized 
adjacent to the Millipore filter positive for PSH 
and GT and immunoreactive for collagen I. 
Figures 6D-C show parallel sections with 
positive areas for AB and TB and negative 
stained for collagen II. Figures 7A and D-F 
correspond to a typical cartilage tissue positive 
for PSH, AB and TB, as well as immunoreactive 
antibodies for collagen II and negative for 
collagen I. This tissue contains a laguna of 
mature chondrocytes surrounded by a periostic 
layer positive for collagen I and negative for 
collagen II (Figs. 7A-C). Areas resembling 
fibrocartilage were localized towards the centers 
of the chambers (Figs. 6 and 7). 

 

 
 
Figure 6. Histochemistry (A-B y D-E) and immunohistochemistry analyses (C y F) of the implants. (A) PSH stain; (B) GT 
stain; (C) Anti-Coll I stain; (D) AB stain; (E) TB stain; (F) Anti-Coll II stain. Asterisks represent the diffusion chamber 
filters. Bar, 100 µm. 
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Figure 7. Histochemistry (A-B y D-E) and immunohistochemistry analyses (C y F) of DBM chambers. (A) PSH stain; (B) 
GT stain; (C) Anti-Coll I stain; (D) AB stain; (E) TB stain; (F) Anti-Coll II stain. Asterisks represent the DBM chamber 
filters.and the arrow heads represent the pericondrio. Bar, 200 µm. 
 
  

DISCUSSION 
 

The renewal of several terminally 
differentiated adult tissues is supported by 
populations of stem cells that both self-renew 
and generate a hierarchy of progressively 
lineage-restricted progenitors culminating in 
lineage-committed precursors fated to undergo 
terminal differentiation (36). In tissues with a 
high rate of turnover, such as blood, skin, and 
gut, the demands of replacement require a 
constant supply of precursors for terminal 
differentiation, such that progression from 
progenitor to functional, post-mitotic cell appears 
continuous. In adult skeletal muscle, however, 
new myonuclei are only required for growth and 
repair. 

Several scientific groups have recently 
dedicated their studies to multipotent cell 
populations derived from the skeletal muscle, 
investigations realized through the necessity to 
find an osteogenic precursor source alternative to 
BM, together with the interest generated in the 
last years about the multipotent adult stem cells 
in regenerative medicine (9, 20, 22 ,23). 
It is still not well known whether are capable of 
differentiation into osteogenic and adipogenic 
lineages. In this study, we present results about 
the isolation of a cell population obtained from 
rat skeletal muscle with similar characteristics 
to these ones of BMSCs. Rat SMDCs formed 

colonies in secondary cultures heterogeneous in 
shape and size that mineralize in the presence of 
the osteogenic conditions. 

The characterization of rSMDCs indicated 
that these cells expressed high levels of ON and 
OP mRNAs, important specific markers of the 
skeletal lineage (8,11,30). Moreover, rSMDCs 
expressed both Runx2, which has been widely 
accepted as the master osteogenic transcription 
factor because Runx2-knockout mice display 
complete absence of bone due to arrested 
osteoblast maturation (20), and Sox9, a master 
regulator of early phases of chondrocyte 
differentiation (7). Regarding other osteogenic 
markers, we found positive expression of the 
mRNA for OC, BSP and periostin.  

Osteocalcin is considered to be important 
for osteoblastic differentiation although, as 
previously demonstrated (16), mRNA levels of 
BSP and OP appear more specifically associated 
to osteogenic cell differentiation than OC. We 
also report the low expression of transcription 
factor Msx1 and Msx2. Recent studies (13,18,24) 
demonstrate a negative role of Msx2 during the 
early osteoblastic differentiation due to the 
blocking effect exerted over master transcription 
factors of the osteogenic commitment. Msx2 
seems to play its main effect in the expansion of 
the osteoprogenitor cell population in an initial 
phase, therefore promoting an indirect bone 
formation cascade. 
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Rat SMDCs were also characterized by 
mean of the expression of six cellular surface 
molecules (flow cytometry). The results show 
that this cell population is heterogeneous since 
most of the cells were STRO-1+ CD166+ CD29- 

CD34- and CD45- and only some of them express 
ALP. BMSCs are positive for CD29, CD44, 
CD73, CD90, CD105 (endoglin), CD166, and 
STRO-1 but negative for CD34, CD45 and HLA-
DR (18). It is of particular interest to mention 
that some authors have described the isolation 
from mouse skeletal muscle of a cell population 
named as pp6 which is CD34+ and located in the 
basal laminae, the usual location for satellite cells 
(22).  

In our cultures we also found a CD34+ cell 
population. Pp6 cell population, as well as a 
clonal subpopulation named mc13, demonstrated 
their capacity to form bone in vivo. Interestingly, 
mc13 is CD34–, therefore this cell population 
could be isolated from a small cell population 
CD34– located in the pp6 cell population, or it 
was CD34+ originally although it could lose such 
a marker due to a differentiation stateproduced 
during the selection period. Other cells derived 
from skeletal muscle that demonstrated their 
differentiation capacity to several mesenchymal 
lineages have been CD34– (23). However, for 
these authors the absence of this surface antigen, 
together with other cell characteristics such as the 
high expression of ALP, have led them to 
propose that the cell population isolated was in 
fact formed by vascular pericytes. Since the 
rSMDCs that we have selected are ALP+ and 
CD34– we could propose that both are of the 
same cell type. 

In addition to the own capacity of the 
rSMDCs to differentiate into the chondro-
osteogenic lineage in vitro and when once they 
were implanted in rat, we have observed that the 
presence of ß-glycerophosphate, dexamethasone 
and ascorbate-2-phosphate into the culture media 
during 14 days increases the expression of an 
early osteoblastic marker as ALP and the 
formation of calcium phosphate deposit 
comparing to the untreated cells. As it have been 
published by others for BMSCs the addition of 
dexamethasone would accelerate the 
differentiation process originally induced by the 
growth factors and cytokines from FBS used in 
the culture media (6, 12, 30). 

Levy et al. (24) have isolated a cell 
population from the human skeletal muscle that 
was ALP+, adhering to the uncoated plastic dish 
and up regulating OC expression in vitro after a 

24 hr induction with 1,25-dihydroxyvitamin D3. 
They failed nevertheless to demonstrate   a real 
formation of cartilage and/or bone after 
implantation  in vivo and they did not investigate 
the cell differentiation potential towards other 
mesenchymal lineages such as chondrogenic and 
osteogenic one’s; Nevertheless it is likely that the 
cell population that we isolated is the same as 
that described by those authors. Therefore, the 
definitive proof of the rSMDC chondro-
osteogenic potential was given through their 
ability to form cartilage and bone in vivo. 

Implants of induced rSMDCs loaded into 
DBM and diffusion chambers yielded cartilage 
and bone tissue formation, confirming that both 
tissues were originated from the implanted rat 
cells and not from the host. The formation of the 
cartilaginous tissue could be due to i) the 
presence of residual traces of BMPs coming from 
the osseous matrix of the DBM chamber (1,2,5), 
ii) a chemoattraction effect exerted by the DBM 
matrix towards the circulating BMPs, or iii) the 
vasculature invasion. It could also be the result of 
a combination of all of them. Some studies have 
published already the induction effect directed by 
the BMPs over this type of cells. A recent study 
revealed significantly better articular cartilage 
repair in rats that received BMP-4–transduced 
muscle-derived stem cells (21). 

Moreover, it has been demonstrated that the 
differentiation of the muscle-derived pp6 cells 
into the osteogenic lineage improves 
consequently bone healing enhanced by BMP-2 
released from a gelatine scaffold (30). In this 
way, several authors repaired functionally and 
structurally 7-mm femoral segmental bone 
defects by using ex vivo gene therapy with rat 
primary muscle-derived cells expressing BMP-4 
(22,29), and non-healing skull defect with mc13 
cells expressing BMP-2 (26). 

In conclusion, our results consolidate that 
skeletal muscle is a promising source of 
progenitor, pluripotent mesenchymal stem cells 
that can undergo chondrogenic and osteogenic 
differentiation in vitro and in vivo under 
appropriate stimulation. Further experimentation 
will elucidate whether or not SMDCs and 
satellite cells share a common phenotype and if 
both could represent the origin of chondrocytes 
and/or osteocytes in vivo. 
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PS: Professor R.Wegmann, founder of the 
journal CMB® and former Editor-in-Chief has 
revised a certain number of words and phrases 
and corrected them in order to permit a better 
understanding of the text and to respect the true 
spelling and senses of the words, by example: 
writing sarcolemma instead of sarcolema, 
phenotype instead of fenotype, trichromic instead 
of tricromic,  perichondrium instead of 
pericondrium, paraffin instead of parafine, 
glutamine instead of glutamina,  & instead of y, 
Alcian blue instead of alcian blue , hematoxyline 
instead of hematoxiline, etc..etc..A perfect 
presentation of the text is representative of the 
high standard of the journal. Moreover it has 
been observed that the authors have perfectly 
well respected the remarks of the Peer Reviewers 
and corrected some small mistakes detected by 
the latter.  
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