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The spontaneous expression of neural markers by mesenchymal stem cells (MSCs) has been considered to be a demonstration of
MSCs’ predisposition to differentiate towards neural lineages. In view of their application in cell therapy for neurodegenerative
diseases, it is very important to deepen the knowledge about this distinctive biological property of MSCs. In this study, we
evaluated the expression of neuronal and glial markers in undifferentiated rat MSCs (rMSCs) at different culture passages (from
early to late). rMSCs spontaneously expressed neural markers depending on culture passage, and they were coexpressed or not
with the neural progenitor marker nestin. In contrast, the number of rMSCs expressing mesengenic differentiation markers was
very low or even completely absent. Moreover, rMSCs at late culture passages were not senescent cells and maintained the MSC
immunophenotype. However, their differentiation capabilities were altered. In conclusion, our results support the concept of
MSCs as multidifferentiated cells and suggest the existence of immature and mature neurally fated rMSC subpopulations. A
possible correlation between specific MSC subpopulations and specific neural lineages could optimize the use of MSCs in cell
transplantation therapy for the treatment of neurological diseases.

1. Introduction

Cellular therapies using mesenchymal stem cells (MSCs)
represent a promising approach in regenerative medicine,
tissue-engineering, and autoimmune disease treatment.
Clinical studies have confirmed the therapeutic potential of
MSCs [1, 2] (for other clinical indications presently being
tested, please see http://www.clinicaltrials.gov/). However,
before the approval of clinical trials in humans, it is
mandatory to evaluate in vivo the possible risks of MSC
delivery and distribution, and to investigate MSC biology
in vitro and the molecular mechanisms regulating their
proliferation, differentiation, and senescence. The rat model
may represent a suitable model for in vivo and in vitro studies
since it has physiological characteristics similar to those of
human [3]. Moreover, rat MSCs (rMSCs) and human MSCs
express some common surface antigens [4].

The growing interest in rMSCs has led to a number of
studies in which their biochemical, genomic, immunophe-
notypic, and differentiation properties have been examined
[5, 6]. An open question remains regarding the rMSCs’
ability to differentiate towards a neuronal lineage. Several
differentiation protocols have been proposed [7–10] but,
despite the fact that neuronal-like morphology and neuronal
proteins expression have been observed, until now neuronal
functional properties have not been demonstrated [9, 10].
The finding that undifferentiated rMSCs spontaneously
express neural markers has suggested an intrinsic pre-
disposition of rMSCs to differentiate towards a neuronal
lineage. However, the literature data regarding spontaneous
neural markers’ expression by rMSCs are heterogeneous and
discordant [7, 9–14]. In view of the potential therapeutic
application of MSCs for neurodegenerative diseases, it has
become essential to extend what is known about this
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distinctive property of rMSCs. For this, in the present study,
we evaluated the spontaneous expression and coexpression
of neural markers in undifferentiated rMSCs at different
culture passages (from early to late). In addition, the sponta-
neous expression of mesengenic differentiation markers was
assessed.

2. Material and Methods

When not specified, chemicals were purchased from Sigma-
Aldrich, St. Louis, MO, USA.

2.1. rMSC Isolation and Culture. rMSCs were collected, after
sacrifice (according to the European Directive 86/609/EEC)
from femurs and tibias of 10-week-old female Sprague
Dawley (Harlan, Italy) by flushing the shafts with α-modified
Eagle’s medium (α-MEM; Lonza, Verviers, Belgium), serum-
free, using a syringe with a no. 20 needle. Cells were disag-
gregated by gentle pipetting several times. The suspension
of cells obtained was centrifuged at 500 rcf for 10 min.
Precipitated cells were resuspended in 0.84% NH4Cl for
5 min to dissolve erythrocytes and centrifuged again. The
cell pellet was resuspended in a culture medium consisting
of α-MEM with 20% (v/v) embryonic stem-cell screened
fetal bovine serum (ES-FBS; Hyclone, Logan, UT), 2 mM
L-glutamine, 100 U/mL penicillin, 100 μg/mL streptomycin,
and 250 μg/mL fungizone (Lonza, Verviers, Belgium). Cells
were counted by using a Burker chamber and trypan blue
staining and were plated in 75 cm2 culture flasks.

rMSC cultures were maintained at 37◦C in a humidified
atmosphere containing 5% CO2. After 48 h, the nonadherent
cells were removed, and the cells attaching to the culture
flasks were cultured in α-MEM plus 20% (v/v) ES-FBS, with
a change of medium every 3-4 days. When rMSC cultures
reached 80–90% confluence, cells were detached by using
0.05% (w/v) trypsin in 0.1% (w/v) EDTA (Lonza, Verviers,
Belgium) and were either used in experiments or replated
(1/3) in 75 cm2 culture flasks and expanded. To be passaged,
cells were washed twice with Dulbecco’s phosphate buffer
saline (PBS) to remove the serum added to the medium,
detached with trypsin/EDTA solution and replated.

2.2. rMSC Characterization. The rMSCs isolated from rat
bone marrow were characterized for their immunophe-
notype by flow cytometry analysis and for their capacity
to differentiate towards mesengenic lineages using specific
protocols, as described in a previous work [5]. In particular,
in this study, rMSC immunophenotype and differentiation
capacity were evaluated at late passages as P40 and P80.

rMSCs were characterized for genomic instability at
several passages [5]. We evaluated senescence in rMSC
cultures at P40, P80, and P140 (the latest culture passage
examined of rMSCs, already in culture for expansion)
by using the senescence β-galactosidase staining kit (Cell
Signaling Technology, Danvers, MA, USA) according to the
manufacturer’s instructions. Cells were seeded at a density
of 1 × 104/cm2 and cultured for 24 h before senescence-
associated β-galactosidase staining. At the end of the staining

procedure, representative images were taken from several
areas of each cell culture using phase-contrast microscopy.
For the determination of senescent cell percentage in the
culture, an average value was calculated by counting, in eight
random fields, the total number of cells and the number of
cells with intracellular blue dye.

2.3. Immunofluorescence Experiments. rMSCs (P0, P1, P2,
P4, P8, P16, P24, P40, and P80) from 5 rats, respectively,
were seeded at approximately 104 cells/dish on noncoated
glass slides into 35 mm diameter dishes using a culture
medium composed of α-MEM plus 10% (v/v) ES-FBS.
Immunofluorescence was performed at days 10, 14, 21 from
plating. In coexpression experiments, immunofluorescence
was performed at days 14 and 21. (dorsal root ganglia)
DRG primary cultures, in which neurons and glial cells were
present, were used as controls for neural markers.

Cells were fixed with 4% (w/v) paraformaldehyde for
10 min, washed with PBS, and treated for 10 min with
0.1 M glycine to quench autofluorescence. Then cells were
incubated for 1 hour at room temperature with blocking
solution (5% (w/v) BSA, 0.6% (v/v) Triton X-100 in
PBS) and, subsequently, for 30 min at 37◦C with 1 mg/mL
RNAse in blocking-solution. Incubation with the follow-
ing primary antibodies (diluted in blocking solution) was
performed overnight at 4◦C: anti-Nestin (1 : 50; Chemicon,
Temecula, CA, USA); anti-βIII tubulin (1 : 100; Covance,
Berkeley, CA, USA); anti-NeuN (1 : 50; Chemicon, Temecula,
CA, USA); anti-Neurofilament (1 : 100; DakoCytomation,
Glostrup, Denmark); anti-GFAP (1 : 100); anti-S100 (1 : 100;
Chemicon, Temecula, CA, USA); anti-Osteopontin (1 : 100;
Santa Cruz Biotechnology, Inc.); anti-Osteocalcin (1 : 100;
Abcam, Cambridge, UK); anti-PPARγ2 (1 : 500; Abcam,
Cambridge, UK). The following day, cells were rinsed with
washing buffer (PBS plus 0.3% Triton X-100) and incubated
at room temperature for 1 hour in the dark with appropriate
fluorochrome-conjugated secondary antibodies (Alexa Fluor
488, 555 anti-mouse and anti-rabbit, 1 : 200; Invitrogen,
Oregon, USA). Propidium iodide (2.5 μg/mL), as a nuclear
marker, or Alexa Fluor 546-conjugated phalloidin (1 : 200;
Invitrogen, Oregon, USA), as a cytoskeleton filamentous actin
marker was used. Negative controls, to verify the specificity
of the antibodies, were obtained by omitting primary anti-
bodies and incubating only with secondary antibodies. Cells
were then washed with PBS (6 washes of 5 min each) and
mounted with polyvinyl alcohol. Microscopy analysis was
performed with laser confocal microscopy (Radiance 2100;
Biorad Laboratories, Hercules, CA, USA). Noise reduction was
achieved by Kalman filtering during acquisition.

2.4. Cell Lysates and Immunoblotting Analysis. rMSCs were
washed twice with ice-cold PBS, and total cellular extracts
were prepared as previously described [15]. To obtain
nuclear protein extracts, the Ronca et al. protocol was
performed [16]. The protein concentration was determined
by the Bradford assay using a Coomassie protein assay
reagent kit (Pierce, Rockford, IL, USA) and aliquots were
solubilized in Laemmli buffer 5x, boiled for 5 min, and
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Figure 1: Cultures of undifferentiated rMSCs at different passages. At P1 rMSC cultures were morphologically heterogeneous (a). At P2
rMSC cultures consisted of a more homogeneous population of cells, most of which had a large flattened morphology (arrow). Relatively
elongated cells were also present (arrow head) (b). At P50 rMSCs lost their morphology appearing more rounded (c). Bars:100 μm.

run onto 7.5% or 13% SDS-PAGE. After electrophore-
sis, the proteins were transferred to nitrocellulose filters,
and immunoblotting analysis was performed. Membrane
blocking, washing, and antibody incubation were carried
out according to the manufacturer’s instructions. Antibod-
ies against nestin (1 : 1000), βIII-tubulin (1 : 3000), GFAP
(1 : 500), and NeuN (1 : 200) were used. Anti-actin (1 : 1000,
Santa Cruz, Temecula, CA, USA) immunoblotting analysis
was performed as a loading control. After incubation with
primary antibodies, membrane was washed and then incu-
bated with appropriate horseradish peroxidas-conjugated
secondary antibodies (1 : 2000) (anti-mouse, Chemicon,
Temecula, CA, USA; anti-rabbit, PerkinElmer, Boston, MA,
USA). The immunoreactive proteins were visualized using
an ECL chemiluminescence system (Amersham, Arling-
ton Heights, IL, USA). DRG neuron and glial cell total
protein extracts were prepared as previously described
[15].

2.5. Statistical Analysis. Differences in the number (%) of
cells expressing a specific differentiation marker among
passages were analyzed by using one-way analysis of variance
(ANOVA). For each marker, an average value of positive
cells, after 14 days of culture, was calculated from at
least 3 experiments. Data were expressed as mean ± SD.
Comparisons of mean values among the passages were
analyzed using a Tukey’s multiple comparison test. A five
percent probability (P < 0.05) was used as the level of
significance.

3. Results

The present study is an offshoot of a previous work by our
group [5]. We used rMSCs derived from the rats examined in
the previous study (with the exception of 1 rat), but different
parameters have been determined.

3.1. rMSC Isolation and Characterization. The rMSCs, iso-
lated from rat bone marrow and used in our experiments,
according to the international criteria proposed for the defi-
nition of MSCs [17], were (a) plastic adherent and capable of
extensive proliferation when maintained in standard culture

conditions; (b) positive for CD29 and CD90 and negative for
hematopoietic surface molecules CD34 and CD45; (c) able to
differentiate into mesengenic lineages under specific in vitro
differentiating conditions [5].

In our culture conditions, rMSCs at P0 and P1 were
morphologically heterogeneous (Figure 1(a)). From P2 to
P40 rMSC cultures consisted of a more homogeneous
population of cells, most of which had a large flattened
morphology (Figure 1(b)). Relatively elongated cells were
also present (Figure 1(b)). From P40 to subsequent passages,
rMSCs lost their flattened morphology appearing more
rounded (Figure 1(c)).

rMSCs, at P40 and P80, maintained the immunophe-
notype observed at P2 [5], being more than 90% positive
for CD29 (Figure 2(a)) and CD90 (Figure 2(b)) and negative
for CD34 (Figure 2(c)) and CD45 (Figure 2(d)). However, at
P40 and P80, rMSC capacity to differentiate towards mesen-
genic lineages was altered, with rMSCs being able to differen-
tiate, under appropriate conditions, towards the osteogenic
lineage (Figure 2(e)) but not towards the adipogenic one
(Figure 2(f)).

In all the culture passages examined rMSCs maintained
their capacity to actively divide (data not shown), and rMSCs
at P140 are already in culture for expansion. Moreover,
as demonstrated by β-galactosidase staining (Figure 3), few
senescent cells were present in rMSC cultures at P40, P80,
and P140, where the number of β-galactosidase-positive cells
was respectively, 10%, 5%, and 3%.

3.2. Expression of Mesengenic and Neural Markers by Undiffer-
entiated rMSCs. At different passages and at different times
(see Section 2) by means of immunofluorescence experi-
ments, we evaluated, in undifferentiated rMSCs cultured in
the absence of any differentiative agent, the expression of the
following differentiation markers: the neuronal markers βIII
tubulin [18], NeuN [19], and Neurofilament [20]; the glial
markers, GFAP [21]; and S100 [22]; the osteogenic markers,
osteopontin [23] and osteocalcin [24] and the adipogenic
marker, PPARγ2 [25]. Moreover, we analyzed the expression
of the neuroprogenitor marker nestin [26]. We estimated the
number of cells that were positive for the different markers
by considering, for each marker examined, ten fields of
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Figure 2: rMSC characterization. (a–d) rMSCs, at P80, were characterized by flow cytometry analysis for the expression of the following
markers (pink histograms): CD29 (a), CD90 (b), CD34 (c), and CD45 (d). Isotype-matching IgGs were used to determine nonspecific
signals (white histograms). (e and f) rMSC differentiation, at P80, after treatment with specific induction media: osteogenic differentiation
was evaluated by alizarin red staining that visualizes calcium deposits (e), adipogenic differentiation was evaluated by oil red O staining that
labels lipid droplets, not observed in adipogenic treated rMSC cultures at P80 (f). Bar: 100 μm.
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Figure 3: rMSCs senescence. β-galactosidase staining (blue, arrow) of rMSCs at P40 (a), P80 (b), and P140 (c). Bars: 100 μm.

(a) (b) (c) (d)

(e) (f) (g)

Figure 4: Control cultures represented by DRG primary cultures, in which neurons and glial cells were present. Phalloidin-staining labeled
actin filaments in blue (c). Only neurons were positive for βIII tubulin (a and e, red) and Neun (b, green), and only glial cells were GFAP
positive (f, green). Merges (d and g). Bars: 50 μm.

view where positive cells were counted estimating an average
value.

The specificity of the antibodies used against neural
antigens was confirmed by control cultures represented by
DRG primary cultures, in which neurons and glial cells were
present (Figure 4). In these control cultures, only neurons
were positive for βIII tubulin (Figures 4(a) and 4(e)) and
NeuN (Figure 4(b)), and only glial cells were GFAP positive
(Figure 4(f)).

The data reported in Table 1 refer to an average value
(mean ± SD) of at least 3 experiments for each marker
after 14 days of culture. For each culture passage the results
remained relatively unchanged for the other time points

evaluated. In all the experiments the markers retained their
proper cellular localization.

The neuroprogenitor marker nestin was expressed at P0
and P1 by about 50% of rMSCs (Table 1). At P2 about 25% of
cells expressed nestin, while at P4, P8, and P16 the percentage
of cells that were nestin positive increased considerably
reaching about 60% (Figure 5(b)). At P24 nestin expression
decreased (about 30% positive cells), and at P40 it was
drastically reduced and no more than 5% of cells were nestin-
positive. At P80 no nestin-positive cells were present in our
rMSC cultures.

At P0 about 30% of rMSCs were positive for the early
neuronal marker βIII tubulin, while at P1, P2, and P4 about
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Figure 5: Continued.
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Figure 5: Spontaneous expression of neural and mesengenic markers by undifferentiated rMSCs (P4) after 14 days of culture. Phalloidin
staining labeled actin filaments in red (a, d, g, j, m, p, and s), and neural and mesengenic markers were labelled in green (b, e, h, k, n, q, t,
and w). Propidium iodide labeled nuclei in red (v), used instead of phalloidin for a better labelling visualization after superimposition, being
OPN expressed as dots. Most of cells were, respectively, positive for nestin (b) and βIII tubulin (e). Numerous cells were NeuN positive with
nuclear localization (h). Few cells were, respectively, positive for GFAP (n) and OPN (w). Very few cells were, respectively, positive for NF
(k), S100 (q), and PPARγ (t). Merges (c, f, i, l, o, r, u, and x). Bars: 50 μm.

50–70% of rMSCs were positive for the marker (Figure 5(e)).
At P8, P16, and P24 rMSCs expressing βIII tubulin were
reduced, and they were about 10–30%. At P40, βIII-tubulin
expression decreased drastically (<1%) becoming negative at
P80 (Table 1).

The late neuronal marker NeuN (Figure 5(h)) was
expressed by rMSCs mostly at P0, P2, and P4 (about 30–
50% of cells), and its expression decreased progressively at
the subsequent passages. At P40 and P80 no cells were NeuN
positive (Table 1).

The late neuronal marker neurofilament (NF) was not
expressed by rMSCs at any culture time examined at P0
and P1. At P2, P4, P8, P16, and P24, we observed no more
than 1% of cells that were NF positive (Figure 5(k)). At P40
and P80 this neuronal marker was not expressed by any cell
(Table 1).

The glial marker GFAP was mainly expressed by rMSCs
at P0, where about 50% of cells were GFAP positive. From
P1 to the subsequent passages GFAP expression decreased
progressively, and at P40 and P80 no rMSCs expressed
this marker (Table 1). In rMSC cultures, GFAP-positive cells
were characterized by both a large flattened morphology
(Figure 6(e)) or a more elongated one (Figure 5(n)) in
almost the same number.

The expression of the glial marker S100 was evident at P0
and P1 and was extended, respectively, to about 10% and less
than 5% of cells. At P2, P4, P8, P16, and P24 the percentage
of positive rMSCs decreased to less than 1% (Figure 5(q)).
At P40 and P80 no S100-positive cells were observed in our
rMSC cultures (Table 1).

From the earliest passages (P0, P1, and P2), the adi-
pogenic marker PPARγ2 was expressed by only a few cells
(<5%). The percentage of cells that expressed PPARγ2 was
further reduced from P4 to subsequent passages where the
expression of this protein was observed in less than 1% of
cells (Figure 5(t)). At p40 some rare cells were PPARγ2 posi-
tive, and at P80 no cells expressing this marker were observed
(Table 1). PPARγ2-positive rMSCs were often characterized
by actin filaments that were not well-organized, unlike the

majority of cells that presented a typical fibroblastic-like
morphology.

At P0 and P1 the osteogenic marker osteopontin (OPN)
was expressed by about 10–15% of cells that were frequently
clustered. At P2 we observed more clustered OPN-positive
cells. From P4 to subsequent passages (Figure 5(w)), the
number of cells expressing OPN decreased progressively
(about 10% at P4 and P8, and about 5% at P16), and at P24
and P40 a very small number of cells positive for this protein
were observed. At P80 no OPN-positive cells were present in
our rMSC cultures (Table 1). The osteogenic marker osteo-
calcin (OC) was negative at each passage and time examined
(Table 1).

3.3. Coexpression of Neural Markers by Undifferentiated
rMSCs. At different passages and at different times (see Sec-
tion 2), in undifferentiated rMSCs, we examined the coex-
pression of nestin with neural and mesengenic markers by
means of double-labeling immunofluorescence experiments.
In all culture passages examined, the coexpression of nestin
with the mesengenic markers PPARγ2 and OPN was not
observed except for P1, but in a very low percentage of cells
(<1%). Nestin coexpression with the early neuronal marker
βIII tubulin (Figures 6(a)–6(c)) and with the glial marker
GFAP (Figures 6(d)–6(f)) was observed at each passage and
culture time examined except for P40 and P80. In contrast,
nestin coexpression with the late neuronal marker NeuN
was observed at the earliest passages (P0, P1, and P2) and,
from P4 to subsequent passages, we did not observe any
nestin-positive/NeuN-positive rMSCs (Figures 6(g)–6(i)). In
all the coexpression experiments performed, rMSCs that
were positive only for one of the examined markers were also
evident.

3.4. Evaluation of Neural Marker Expression by Immunoblot-
ting. Nestin, βIII-tubulin, NeuN, and GFAP expression in
undifferentiated rMSCs was evaluated through immunoblot-
ting analysis. Concerning the neuroprogenitor marker
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Figure 6: Spontaneous coexpression of neural markers by undifferentiated rMSCs (P4) after 14 days of culture. Nestin was labelled in green
(a, d, and g), and the other neural markers in red: βIII-tubulin (b); GFAP (e); NeuN (h). Merges (c, f, and i). Bars: 50 μm.

nestin, two bands corresponding to 200 and 220 kDa molec-
ular weight were evident (Figure 7(a)). A band correspond-
ing to a predicted 50 kDa molecular weight was evident,
respectively for βIII-tubulin and GFAP immunoblotting
(Figure 7(b)). Concerning NeuN (nuclear extracts), the
immunoblot showed two major NeuN species at 45–50 kDa
and additional reactive bands at ∼66 kDa and between 70
and 90 kDa in accordance with the literature data [27]
(Figure 7(b)). Actin was used as loading control (Figures 7(a)
and 7(b)).

4. Discussion

In this study we have demonstrated that rMSCs, in the
absence of any differentiative agent, are able to sponta-
neously express neural markers. This finding is not new,
but, compared to the literature data, our study is more
extensive and thorough in terms of the panel of markers and
number of passages. Our results show that the percentage
of rMSCs expressing neural markers depends on the culture
passage. In fact, at late passages, in which cells are not
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Figure 7: rMSC expression of neural markers by immunoblotting. Protein extracts (15 μg), from rMSC or DRG cultures, were separated
by 7.5% SDS-PAGE (a) or 13% SDS-PAGE (b) and transferred to a nitrocellulose membrane. Membranes were, respectively, blotted with
anti-nestin, anti-βIII-tubulin, anti-GFAP, and anti-NeuN antibodies. Two bands corresponding to 200 and 220 kDa molecular weight were
evident for nestin (a), a 50 kDa band for βIII tubulin and GFAP (b) immunoblottings. The NeuN blot shows two major bands at 45–50 kDa
and additional reactive bands at ∼66 kDa and between 70 and 90 kDa (b). Actin was used as loading control (a and b).

senescent and maintained the MSC immunophenotype,
the expression of neural markers decreases or is absent
in comparison with early passages. On the other hand,
the spontaneous expression of mesengenic differentiation
markers, in rMSCs, is very low or absent at all passages
examined.

The ability of undifferentiated rMSCs to express neural
proteins confirms that MSCs are multidifferentiated cells
[28] and suggests that rMSCs have a wide differentiation
potential due to an intrinsic plasticity [29]. rMSCs that
spontaneously express neural markers retain a mesenchymal
morphology, and no neural phenotypes are observed. This
finding excludes the possibility that the expression of neural
markers by rMSCs may be a consequence of spontaneous
neural differentiation.

The biological origin of MSCs may account for the
expression of neural markers by undifferentiated rMSCs.
It has been demonstrated that, during embryonic devel-
opment, MSCs are generated from the neural crest and
that neural crest-derived MSCs may persist in adult bone
marrow [30, 31]. If the neural crest origin can explain the
spontaneous expression of neural markers, this expression
should be limited to an MSC subset, which was not the case
in our rMSC cultures. An alternative explanation has been
proposed [9]. It has been hypothesized that neuronal gene
expression in MSCs could be due to the release of neuron-
restrictive silencer factor (NRSF) involved in the repression
of the neuron-specific gene in nonneuronal cells [32].
This hypothesis could account for the rMSCs’ spontaneous
expression of neuronal markers, but not for the expression
of nestin and glial markers.

The expression of nestin is considered to be one of
the initial steps in the MSC progression to neural lineage.
We have found that, in the presence of serum, nestin is
expressed by a high percentage of undifferentiated rMSCs
even at very early culture passages. In contrast, previous
publications have reported that the presence of serum
inhibited nestin expression and that, only after serum
starvation, was an enrichment in nestin-expressing cells
observed [11, 13]. This discrepancy could be explained
in terms of differences in the rat strains used to isolate
MSCs and different methods of cell isolation and culture
conditions.

In the literature the existence of MSC subpopulations
has been proposed [8, 33, 34]. In agreement with this, we
have found that the overall population of rMSCs is not
homogeneous but is composed of distinct subpopulations
that, in our study, are characterized by the expression
of different neural markers. Neuronal and glial markers
are coexpressed or not with the neural progenitor marker
nestin suggesting the existence, respectively, of immature and
mature neurally fated rMSC subpopulations.

In conclusion, we have demonstrated the spontaneous
expression of neural markers by undifferentiated rMSCs,
thereby supporting the concept of MSCs as multidifferen-
tiated cells. Moreover, the presence of distinct rMSC sub-
populations suggests that the controversial results regarding
MSC neuronal differentiation could derive from the use
of the whole population of MSCs, whereas the use of
a neutrally fated subpopulation of MSCs could optimize
their differentiation. The possibility of linking a specific
MSC subpopulation with a specific neural lineage provides
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a framework for optimizing future transplantation studies
aimed at treating neurodegenerative diseases.
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