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Stromal cells from bone marrow and adipose tissue are attractive sources of adult
progenitors for cell-based therapy. However, whether those cell populations represent
intrinsically different cell types is still largely under debate. The aim of this study was to
systematically and quantitatively compare adipose-derived stromal cells (ADSC) and bone
marrow-derived multipotent mesenchymal–stromal cells (BM-MSC). The quantitative
comparison was realized using Taqman Low Density Array, 2D electrophoresis and
differentiation functional assays in vitro. Furthermore, cells engineered to express TGFβ1
were injected into the intra-articular space of mouse knee joints in order to determine
whether they were able to form new differentiated tissues in vivo. Our data revealed cell
specific differences at transcriptional and proteomic levels between both cell types
according to their tissue origin as well as functional differences in their differentiation
processes towards adipogenic, osteogenic and chondrogenic programs. Nevertheless, in
vitro as well as in vivo ADSC displayed the same ability than MSC to differentiate towards
chondrocytes/osteoblasts, comforting the status of both cell sources as promising
regenerative cells. In summary, our observations indicate that ADSC and MSC are
fundamentally different cell types and differently committed cells.

© 2008 Elsevier Inc. All rights reserved.
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Introduction

Adipose tissue appears as a suitable reservoir of regenerative
cells as this adult tissue is abundant and easy to sample with no
ethic limitation. Recent works from independent groups state
that adipose tissue hosts cells able to display variousdifferentia-
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tionpotentials invitroand invivo [1–4]. Suchcells canbe isolated
from the stroma vascular fraction (SVF) obtained after adipose
tissue digestion thatmay beused either freshlyprepared or after
sub-culture [2,4–7]. In this last case, cultured cells represent a
particular cell subpopulation, restricted to the adherent cell
fraction of SVF, termed ADSC (adipose-derived stromal cells).
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ADSC are often called adipose-derived mesenchymal stem
cells (MSC), as MSC represent an archetype of adult stem cells.
MSC are classically isolated from bone marrow (BM) aspirates
and are identified as amultipotent cell population in the adult
organism able to be induced to express adipogenic, osteogenic
and chondrogenicmarkers [8–11] and especially studied in the
context of bone/cartilage regeneration in vivo [12–14].
Although stromal cells from BM and adipose tissue seem to
be closely related, notable differences were reported [6,15–19],
but no systematic and extensive parallel comparison between
these cells has yet been performed. According to the large
perspective opened by the easy access to an abundant source
of regenerative cells, such study seems requested.

The objective of this study was to realize such comparison
on the biological characteristics of ADSC andMSC both in vitro
and in vivo. Indeed, two dimensional gel electrophoresis and
real-time PCR based Taqman Low Density Array (TLDA) cov-
ering differentiation, stemness and signalling pathways, were
used to establish, respectively, a proteomic and transcriptional
profile of both cell populations. In addition, we analysed their
phenotype as well as their differentiation potential in vitro. In
vivo, cellswere injected into the intra-articular space ofmouse
knee joints to determine their capacity to differentiate in an in
vivo cartilaginous environment.
Materials and methods

Cell culture

The SVF was isolated from human adipose tissue as previously
described [4]. Human subcutaneous fat was obtained from
healthy patients undergoing abdominal dermolipectomy in the
department of Plastic Surgery of Toulouse Rangueil Hospital
(Toulouse, France). The patients were between 20 and 50 years
oldand theirBMIneverover30. SVFcellswereplatedovernight in
DMEM-F12 (1:1) medium supplemented with 10% FBS, 100 μg/ml
pantothenic acid, 100 μM ascorbic acid, 16 μM biotin, 250 μg/ml
amphotericin, 5 μg/ml streptomycin and 5U/ml penicillin (Sigma
Aldrich, St. Quentin Fallavier, France). Adherent ADSC growth
was pursued until cells reached 75% confluence (passage 0) and
used thereafter or at passage 1. Each experimentwas reproduced
3 to 5 times with independent ADSC cultures.

MSC cultures were established from four BM aspirates of
healthy age-matched donors. Mononuclear cells were plated
at the density of 5×104 cells/cm2 in α-MEM, supplemented
with 10% FBS, 1 ng/ml basic fibroblast growth factor, 100 U/ml
penicillin and 100 μg/ml streptomycin. At sub-confluence,
cells were detached with trypsin and plated at the density of
1000 cells/cm2 to be used at passages 2–4.

Cell phenotyping

Isolated cells were analysed by flow cytometry using standard
protocols [4]. Cells were incubated with FITC, PE and APC-con-
jugated primary antibodies from BD Biosciences (Le Pont de
Claix, France). Cells were then analysed on a fluorescence-
activated cell sorter (FACS Calibur, BD, Le Pont de Claix, France).
Data acquisition and analysis were performed using the Cell
Quest software (BD).
Please cite this article as: D. Noël, et al., Cell specific differences
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Whole cell extract and 2D electrophoresis

Cells were washed twice with PBS containing a cocktail of
protease inhibitors (Sigma Aldrich) and lysed with 200 μl of
lysing buffer (8 M urea, 2 M thiourea, 4% CHAPS, 50 mM
dithiothreitol (DTT)). For the first dimension, 30 μg of proteins
were added to 250 μl of rehydratation buffer (9.8 M urea, 4%
zwitterionic detergent CHAPS, 50 mM DTT and 0.5% IPG buffer
[3–10]. IPG strips covering a pH range of 3–10 were used. For
focalisation, the following voltage/time profile was used: 200 V
for 1 h, 1000 V for 1 h, 3000 V for 1 h, a gradient between 3000 V
and 8000 V during 2 h and 8000 V for 5 h. For the second
dimension, focused strips were equilibrated in 6 M urea, 30%
glycerol, 2%SDS, 50mMTris pH8.8, 1%DTT for 30minand then
for an additional 30 min in the same solution except that DTT
was replaced by 5% iodoacetamide. After equilibration, pro-
teins were separated by an SDS-PAGEmethod using 12% acryl-
amide gel with a ratio of acrylamide/bisacrylamide of 37.5/1.

Silver staining and protein identification

Gels were stained with a silver nitrate procedure [20] and
scanned at 300 dots per inch using the Labscan 3 software (GE
Healthcare) after a procedure of calibration using the kaleido-
scope LaserSoft Imaging (Kodak, France). Spot detection and
quantificationwere performedwith ImageMaster 2D Platinum
software (GE Healthcare). The spot detection was performed
using 4 as smooth parameter, 10 as minimum area and 75 as
cut-off saliency. To take into account experimental variations,
gelswere normalized to the volume of all spots detected on the
2D gel.

Using ImageMaster Platinium 5, quantification was per-
formed by an integration of grey level of each spot and nor-
malisation with total spot volume. Three to 5 replicates with
independent samples were performed to ensure reproduci-
bility of the results. Each gel wasmatchedwith others using at
least 10 landmarks per pair and aminimal percentage of 70%of
matches was obtained between each pair. Reference gel was
defined as a MSC gel.

Real-time RT-PCR and analysis of gene expression

Total RNA was extracted using the RNeasy mini kit (Qiagen S.
A., Courtaboeuf, France) and reverse transcribed using Multi-
scribe reverse transcriptase (Applied Biosystems, Courtaboeuf,
France). The amplification was performed using the primer
sets (Table 1) and the TaqMan Universal Master Mix.

TaqMan low density arrays

The 384 wells of each card were preloaded with fluorogenic
probes and primers carefully selected from predesigned Taq-
Man Low Density Arrays (Applied Biosystems). First strand
cDNA was synthesized from 1 μg total RNA using the High
Capacity cDNA Archive Kit (Applied Biosystems). cDNAs were
loaded on the microfluidic cards for thermal cycling on an ABI
Prism 7900 HT Sequence Detection System (Applied Biosys-
tems). Expression values for target genes were normalized to
the expression of GRCC10. The geNorm and Global Pattern rec-
ognition and, the Cluster and TreeView hierarchical clustering
between human adipose-derived and mesenchymal–stromal
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Table 1 – List of primers used for RT-PCR

Gene
(GenBank code)

Primer sequence Product
size (bp)

GAPDH
(NM_002046)

FP: ATGGGGAAGGTGAAGGTCG 108
RP: GGGGTCATTGATGGCAACAATA

Osterix
(NM_152860)

FP: ATTCCTGTAGATCCGAGCACC 81
RP: GCTCACGTCGCTCATTTTGC

Alkaline
phosphatase
(BC021289)

FP: ATGGGATGGGTGTCTCCACA 108
RP: CCACGAAGGGGAACTTGTC

Osteocalcin
(NM_000711)

FP: CACTCCTCGCCCTATTGGC 112
RP: CCCTCCTGCTTGGACACAAAG

Aggrecan
(NM_001135)

FP: CTGCTTCCGAGGCATTTCAG 98
RP: CTTGGGTCACGATCCACTCC

Collagen II
(NM_033150)

FP: GCCAGGATGTCCGGCAACCAG 106
RP: TCCCCTCTGGGTCCTTGTTC

Collagen X
(NM_000493)

FP:
GGTATAGCAGTAAGAGGAGAGCA

111

RP: AGGACTTCCGTAGCCTGGTTT
LPL (NM_000237) FP: ACAAGAGAGAACCAGACTCCAA 149

RP: AGGGTAGTTAAACTCCTCCTCC
PPARγ
(NM_005037)

FP: GTGGCCGCAGAAATGACC 72
RP: CCACGGAGCTGATCCCAA

Analysis of gene expression was performed using the ABI Prism
7900 Sequence Detection System software (Applied Biosystems).
Content of cDNA samples was normalized and expression of each
specific gene was calculated using the formulae 2− (ΔCt) and was
compared to the value obtained for MSC at J0.

Fig. 1 – Immunophenotype of ADSC (left) and MSC (right).
Both cell types (ADSC, P0; BM-MSC, P4) were stained with
antibodies against the indicated antigens, and analysed by
flow cytometry. Representative histograms are shown as red
line and the respective isotype controls are shown as black
line.
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softwares were used. Two filters have been used: one filter
aimed at retaining only genes expressed above the median
value, and the second filter retained genes for which the
difference between the maximum and minimum values was
twice the median value.

In vitro adipogenesis assay

For adipogenic differentiation, cells were plated at the density
of 4–8×104 cells/cm2. Adipogenic differentiation was induced
in DMEM:F12 supplemented with 10% FBS, 1 μM dexametha-
sone, 0.5 mM isobutyl-methylxanthine and 60 μM indometha-
cin for 3 days. Mediumwas changed every 2 days and replaced
with DMEM:F12 supplemented with 10% FBS. Adipocytes were
characterized by oil red O staining. Differentiation was
quantified by real-time RT-PCR using specific primers.

In vitro osteogenesis assay

1.5×104 cells/cm2 were cultured in osteogenic differentiation
mediumconsisting in DMEM (high glucose)with 10% FBS, 0.1 μM
dexamethasone, 3 mM NaH2PO4 and 50 μg/ml ascorbic acid.
Osteoblasts were characterized by Von Kossa staining for se-
creted calcified extracellularmatrix detection. Osteogenic differ-
entiation was quantified by RT-PCR gene expression analysis.

In vitro chondrogenesis assay

Chondrogenic differentiation was induced by culture of cells
in micropellets at the density of 2.5×105 cells/500 μl in DMEM
supplemented with 0.1 μM dexamethasone, 0.17 mM ascor-
bate-2 phosphate, 1% insulin-transferrin-sodium selenite
Please cite this article as: D. Noël, et al., Cell specific differences
cells despite similar differentiation potentials, Exp. Cell Res. (20
supplement and 100 ng/ml of recombinant bone morphoge-
netic protein 2 (BMP2) from AbCys (Paris, France). After
3 weeks, the samples were used for RT-PCR gene expression
analysis and histological staining with 0.1% Safranin O.

Adenoviral infection and in vivo differentiation assays

For cell transduction, cells were plated at 106 cells in 160 mm
dishes and infected with a TGFβ1-expressing adenoviral
vector, kindly provided by Bruce Beutler (La Jolla, CA, USA), at
the multiplicity of infection of 100 in 15 ml of serum free RPMI
medium overnight. An adenovirus expressing β-galactosidase
between human adipose-derived and mesenchymal–stromal
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enzyme under the control of CMV promoter was also used as a
control [21]. The following day, cells were used for injection.
CB17-severe combined immunodeficient (SCID)/bg mice were
purchased from Harlan (Gannat, France) and cared for accord-
ing to the Laboratory Animal Care guidelines. For intra-
articular injections, mice were anaesthetized and the cell
suspensions (5×105 cells in 5 μl of PBS) were delivered into the
joint cavity using a 10 μl syringe. No injury was performed in
this area prior to the injection. At least fivemicewere included
per group of treatment. Kneeswere dissected from euthanized
mice at day 21 and processed for histology.

Histology and immunohistochemistry

Knee tissues were fixed in 4% formaldehyde solution and
decalcified in acid-based DC3 solution (Labonord; Temple-
mars, France) for 24 h. The tissues were then embedded in
paraffin and sectioned at 5 μm. Sections were deparaffinized
and hydrated before antigen unmasking in a citrate buffer
bath at 97 °C for 40 min. The mAb Ab-2 specific for human
mitochondrial protein, the anti-aggrecan and the anti-type II
collagen mAb, used at the 1:50 dilution, were from Interchim
(Montluçon, France). Sections were stained using the AEC kit
(DAKO) and counterstained with haematoxylin.

Statistical analysis

Statistics were performed using the Student's 2-tailed t-test
with unequal variances. Transcriptomic and proteomic sta-
Fig. 2 – Differential proteomicanalysis ofMSCandADSC.A) 2Dgel e
fromADSC (left panel) andMSC (right panel). B) Comparison of ADS
Test. Red: expression above the median; Green: expression below

Please cite this article as: D. Noël, et al., Cell specific differences
cells despite similar differentiation potentials, Exp. Cell Res. (20
tistical analyses were performed by Hierarchical Clustering
Explorer 3.0 software [22] with an average linkage hierarchical
clustering algorithm, using the centred Pearson correlation
coefficient as the similarity metric.
Results and discussion

Phenotypic characterization of ADSC and MSC

After isolation, both MSC and ADSC exhibited fibroblast-like cell
morphology. Both cells were positive for known mesenchymal
markers such as CD73 and CD90 and negative for the haemato-
poietic marker CD45 (Fig. 1). As previously described [4,5,9,23,24]
CD44 and CD105 were also expressed by both cell types, while
CD31 was not detected (data not shown). MSC expressed CD106
(VCAM1), an adhesion molecule found on vascular cells that
mediates the binding of haematopoietic progenitors onMSC [25],
and did not express CD34 usually detected on haematopoietic
progenitors [26] and endothelial cells. By contrast, ADSC were
CD34positiveandCD106negative (Fig. 1). Althoughweshowthat
CD34 and CD106 are differentially expressed at the surface of
both cell types as previously reported [24], CD34 was previously
reported to be absent onADSC andCD106 to be expressed in 30%
of ADSC [27]. This discrepancy may be due to cell culture since
ADSCbetweenpassages 2 and 5were used byKern et al. [27], and
CD34 expression decreases with passages [28].

Altogether, the panel of surface markers tested revealed
a close but distinct phenotypic profile between the two
lectrophoresiswasperformedusingwhole cellproteinextracts
C andMSC using Hierarchical Clustering Software and Pearson
the median; Black: median expression across all samples.

between human adipose-derived and mesenchymal–stromal
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cell types, as already described by other groups [2,3,5,8,17,
24,27].

Proteomic and genomic characterizations of ADSC and MSC

Proteomic analysis allowed the detection of several protein
spots (Supplementary table 1). However, a number of proteins
(23%) were expressed specifically in one or the other cell type
(Fig. 2A) and 18% of detected spots were found to be
differentially expressed between ADSC and MSC. Using the
Pearson statistical test, we found that the correlation factor,
that represents a statistical analysis of the general expression
profile, was around 0.9 between ADSC andMSC. This indicates
a good correlation between detected proteins in whole
extracts of both cell types (Supplementary table 2). On the
other side, the Hierarchical Clustering method allowed to
define two different clusters that discriminate ADSC and MSC
(Fig. 2B). Thus, despite a general similar proteomic profile
between ADSC and MSC, independent samples of ADSC were
more related together rather than to MSC.

To confirm these data, genomic analysis was conducted by
using Taqman LowDensity Array (TLDA). The gene expression
panel used was custom-made and composed of 384 different
sets of primers covering differentiation pathways, stemness
pathway and signaling pathway (for complete list, see [29]).
The primers plotted on the TLDA focused on receptors, growth
and transcription factors. Such factors are usually localized in
Fig. 3 – Differential gene expression between MSC and ADSC. A)
ADSC and BM-MSC performed using Taqman Low density Array
visualizes the relationship between different ADSC and MSC pre
Green: expression below the median; Black: median expression

Please cite this article as: D. Noël, et al., Cell specific differences
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nucleus and/or in membrane compartments that are poorly
revealed by 2Delectrophoresis approach.On the other side, the
protein isolation methods focused on the highly expressed
proteins, representing the cellular machinery. Thus, taken
together, the proteomic and transcriptomic analyses are most
complementary rather than redundant. The expression levels
of ADSC transcripts were plotted against the levels of MSC
transcripts and a correlation coefficient around 0.7 was found
(Fig. 3A and Supplementary table 3). Despite the great
similarity between both cells, each sample was clustered
with the other samples from the same tissue (Fig. 3B). Most
of the genes were highly expressed in ADSC andMSC (13.4% of
analyzed genes) and were related to cell adhesion molecules
such as collagens, SPARC and fibronectin. Similarly, most of
the silent genes were absent in both cell types, representing
8.4% of the analyzed genes (Supplementary table 4). Never-
theless, 3.4% of the analyzed genes were found to be specif-
ically expressed only by one population. Genes expressed only
in ADSC aremostly involved in cellular communication (CCL3,
FGF9, IL1R2, KDR) and in transcription control (PAX3, SPI1,
ZNF45) (Table 1). The genes expressed uniquely in MSC are
involved in WNT signalling and differentiation pathways
(WNT11, WNT7B, SOX6) (Table 1). Furthermore, 9.7% of the
analyzed genes were differentially expressed between ADSC
and MSC (Supplementary tables 4 and 5). Taken together this
analysis indicates that the differential expression of 13.2% of
geneswas able to discriminate both populationswithout being
Correlation analysis between the levels of gene expression in
. (B) Hierarchical clustering analysis. The dendogramm
parations. Red: expression above the median;
across all samples.

between human adipose-derived and mesenchymal–stromal
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able to define specificmarkers of each cell population. It has to
be noted that both in 2D electrophoresis and in TLDA analyses,
independent samples of ADSC were more related together
rather than to MSC. This did not exclude but lowered the pos-
sibility than the variability observed in the current work
reflects variation between individuals rather than between
tissue depots of origin. Markers specific for chondro/osteogen-
esis such as HES-1, DLX-5, TWIST1, osteocalcin, osterix, SOX9,
WNT5A, TGFβ1 and VEGF were highly expressed in MSC
compared to ADSC. To our knowledge, this is the first study
comparing adipose- and bone marrow-derived MSC using 2D
electrophoresis. One previous study comparing the proteomic
profile of BM-MSC cultured under two different expansion
media revealed that culture conditions exerted a prominent
impact on the proteome [30]. In addition, there is a substantial
body of literature examining ADSC or BM-MSC proteome (for
reviews, see [31,32]). However, it is difficult to compare the
different results described, or to identify a clear proteomic
signature for each cell type. One of the reasons is the different
paradigms, protein extraction protocols and analytical
approaches were used. We also report specific differences at
the transcriptomic level between ADSC and MSC. While com-
mondifferentiation pathways to ADSCand BM-MSChave been
previously identified [33], our report is one of the first to
Fig. 4 – Adipogenic, osteogenic and chondrogenic differentiation
and Safranin O (E; × 100) staining of ADSC and MSC in vitro reve
differentiations. Relative expression of adipogenic (B), osteogenic
(d0, white bars) or after (d21, black bars) induction of differentiatio
in MSC vs ADSC.

Please cite this article as: D. Noël, et al., Cell specific differences
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compare undifferentiated MSC isolated from fat and bone
marrow [19,34]. In agreementwith the study fromLiu et al., our
data revealed considerable similarities between the two cell
populations with a set of genes that can discriminate both
populations [33]. It will be of importance to determinewhether
the differences observed in our study between MSC from
various origins may be ascribable to the cell passages, culture
conditions or the tissue sources.

In vitro adipogenic, osteogenic and chondrogenic
differentiation of ADSC and MSC

We further investigatedwhether thedifferences observed at the
transcriptomic and proteomic levels between both cell types
could have an impact on the extent of differentiation in vitro.
Previous spared functional studiesdemonstrated thatADSCand
MSC display the triple potentials of differentiation [5,8,35] al-
though no strict and quantitative comparisonwas yet provided.

When cultured in adipogenicmedium, both ADSC andMSC
displayed a positive staining of cytoplasmic lipid droplets with
Oil Red O (Fig. 4A). As expected, no staining was observed in
undifferentiated cells (data not shown). To quantify the
differentiation capacities of both cell types, real-time RT-PCR
was performed tomeasure the expression of genes specifically
s of ADSC and MSC. Oil Red O (A; × 450), Von Kossa (C; × 450)
aling respectively adipogenic, osteogenic and chondrogenic
(D) and chondrogenic (F) markers in ADSC versus MSC before
n, *p<0.05 in differentiated vs undifferentiated cells, °p<0.05

between human adipose-derived and mesenchymal–stromal
08), doi:10.1016/j.yexcr.2007.12.022

http://dx.doi.org/10.1016/j.yexcr.2007.12.022
stephane
Zone de texte 

stephane
Zone de texte 



7E X P E R I M E N T A L C E L L R E S E A R C H X X ( 2 0 0 8 ) X X X – X X X

ARTICLE IN PRESS
involved in adipocyte differentiation. This analysis revealed
similar expression levels for the mRNA coding for PPARγ and
LPL in undifferentiated cells (Fig. 4B). These RNA were sig-
nificantly increased in differentiated cells indicating that the
cells underwent adipogenic differentiation to a similar extent.

Inductionof osteogenesis inMSCandADSCcultures resulted
in the appearance ofmineralisednodular structures (Fig. 4C). To
quantify the extent of osteogenic differentiation, the expression
of 3 different transcripts was evaluated. Both osterix and
osteocalcin transcripts were significantly higher in undiffer-
entiated MSC compared to undifferentiated ADSC (Fig. 4D).
Fig. 5 – In vivo differentiation of ADSC andMSC in SCIDmice. Kne
Untransduced and βgal-transduced MSC (A, C) and ADSC (B, D) f
MSC (E, G) and ADSC (F, H) formed chondrophytes/osteophytes (i
antibody (E, F arrows) and collagen II (G, H arrows) (×100).

Please cite this article as: D. Noël, et al., Cell specific differences
cells despite similar differentiation potentials, Exp. Cell Res. (20
Osterix and alkaline phosphatase mRNAs were stronger up-
regulated in differentiated MSC than in differentiated ADSC, in
contrast to osteocalcin (Fig. 4D).

After chondrogenic induction [36], the presence of proteo-
glycans was identified in both cell types (Fig. 4E) but not in non
induced control cells (data not shown). The analysis of genes
restricted to chondrocyte lineage (collagen type II and aggrecan)
revealed a similar level of expression in undifferentiated MSC
and ADSC (Fig. 4F). At day 21, a significant increase in collagen
type IIwas detected in both cell types. Aggrecan expressionwas
poorly induced in MSC in our culture conditions and, by
e joints of treated animalswere analysed by immunostaining.
ormed fibrous tissue (arrows). TGF-β1-transduced
nsets) composed of chondrocytes positive for human specific

between human adipose-derived and mesenchymal–stromal
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contrast, was completely down regulated in ADSC. Finally,
collagen type X, a marker associated with hypertrophic
chondrocyte, reached a similar level in both cultures (Fig. 4F).

We thus confirm that both cells can undergo the three
differentiation programs but the in vitro quantitative analysis
reveals clear differences. For osteogenesis, osterix and osteo-
calcin expressions were always more elevated in MSC
compared to ADSC, suggesting that cells isolated from BM
could be more prone to osteogenic differentiation than those
isolated from fat. This is consistent with a previous report [31].

Themicropellet culture technique described in other studies
[37,38] and BMP-2 supplementation resulted in the condensa-
tion of ADSC and MSC into three dimensional aggregates
positive for safranin O. A similar expression level of collagen
type II and aggrecan was found in undifferentiated cells, al-
though only collagen type II was increased in micropellets
obtained from both cell types. A slight increase in aggrecan
expression was observed only in MSC under chondrogenic
conditions, suggesting that in vitro chondrogenesismay be less
efficient in ADSC compared to MSC, as already reported [18,31].

Altogether our molecular and functional investigations
strongly suggest that MSC already exhibits molecular and func-
tional signs of lineage commitment towards chondrogenic and
osteogenic differentiation. Thus the cell lineage commitment
could be due to intrinsic differences ascribable to tissue origin.
With oneexception [27],most of thepreviousstudies comparing
themultilineage capacity of MSC isolated from different tissues
reported ahigher osteogenic and chondrogenic potential ofMSC
isolated from BM compared with ADSC [16,31,39]. These data,
whichwere essentially based onqualitative histological evalua-
tion, are confirmed here on a quantitative basis.

In vivo chondrogenic differentiation of ADSC and MSC

To go further, we investigated the behaviour of ADSC and MSC
after engraftment into a physiological niche [40]). Indeed,
although some studies on ADSC and MSC have focused on
their ability to generate cartilage at ectopic sites (subcutaneous,
intramuscular), no study has investigated their differentiation
potential in the intra-articular space, where environmental
factors may play a regulatory role. Because MSC do not spon-
taneously differentiate after ectopic implantation [40], we
genetically modified both cell types to express TGF-β1 since
TGF-β1 has been shown to induce the differentiation of MSC
towards bone/cartilage tissues [41,42].

Injected with untransduced or βgal-transduced cells, none
of the naive or βgal expressing cells formed spontaneously
cartilage or bone structures (Figs. 5A-D). In joints implanted
with TGF-β1-expressing ADSC or MSC (Figs. 5 E-H), the for-
mation of new structures similar to chondrophytes or osteo-
phytes was observed. Importantly, both TGF-β1-transduced
ADSC or MSC were detected in histologically proven cartilage
region and stained positive for humanmitochondrial proteins
(Figs. 5 E, F), and collagen II (Figs. 5 G, H), indicating the
contribution of both cell types to ectopic cartilage formation.
Because the quantification of these structures was difficult to
measure, our data suggest that both cell types have a similar
ability to form osteo/chondrogenic structures in the cartilage
environment. The different behaviour of ADSC in vitro and
in vivo concerning the chondrogenic differentiation may be
Please cite this article as: D. Noël, et al., Cell specific differences
cells despite similar differentiation potentials, Exp. Cell Res. (20
ascribable to environmental factors present in the knee joint.
The variability between in vitro and in vivo observation may
also be due to overexpression of TGFβ1 in ADSC, since in vitro
the chondrogenic differentiation of adenovirally transduced
cells has not been tested.

In conclusion, despite known similarities between ADSC
and MSC, our observations revealed cell specific differences at
the phenotypic, mRNA, proteomic and functional levels ac-
cording to their tissue origin. These two cell types have thus to
be considered as different even though they can be induced to
differentiate towards the three mesenchymal lineages. From
an absolute view, and in the perspective of cell therapy, our
results favour the use of MSC for osteogenesis and chondro-
genesis because it seems that these cells are pre-committed
towards these lineages. Nevertheless, the easiness of fat tissue
sampling and a better control of ADSC differentiation could
overcome this initial disadvantage. Indeed, our results high-
light the crucial need for a better identification of the molec-
ular mechanisms involved in the regulation of the stemness
and differentiation pathways to specifically optimize the cell
specific maintenance/differentiation protocols.
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