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Abstract
A study was carried out to compare the phenotype, chondrogenic and osteogenic potential of adi-

pose mesenchymal stem cells (ASCs) derived from articular adipose tissue (AAT) and subcutaneous adi-
pose tissue (ScAT) of rheumatoid arthritis (RA) patients. We also aimed to evaluate the role of leptin
(LEP), low molecular weight adiponectin isoform (LMW), high molecular weight adiponectin isoform
(HMW) and tumor necrosis factor (TNF) in ASCs differentiation. AAT and ScAT were obtained from RA
patients undergoing total knee joint replacement surgery. ASCs were isolated and expanded in vitro.
Cells phenotype was assesed by flow cytometry; leptin and adiponectin receptors mRNA expression by
RT-PCR. Differentiation was performed in chondrogenic and osteogenic medium with or without LEP,
LMW, HMW and TNF. After differentiation, expression of mRNA for Sox9, aggrecan (Agr), collagen 2a
(Col2a) for chondrogenesis, and BMP-2, Runx-2 and osteopontin (OPN) for osteogenesis was evaluat-
ed by RT-PCR. Dickkopf-1 (DKK-1) and osteoprotegerin (OPG) proteins concentrations were measur-
ed in supernatants from osteogenic cultures using ELISA. AAT and ScAT-ASCs have the same
CD105+CD90+CD73+CD45–CD34+/–CD19–CD14– phenotype. AAT-ASCs seem to be more suscep-
tible to chondrogenesis and osteogenesis in vitro. Adipocytokines do not exert strong effect on ASCs dif-
ferentiation, however HMW slightly increased expression of chondrogenesis markers mRNA in AAT-
ASCs. TNF diminished expression of all chondrogenesis markers and OPN, but enhanced expression of
BMP-2 and Runx-2 mRNA.
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Introduction
Adipose-derived mesenchymal stem cells (ASCs) have

the ability to differentiate into many cell types, including
chondrocytes and osteoblasts [1] which make them espe-
cially promising in rheumatoid arthritis (RA) treatment.
Rheumatoid arthritis is a chronic autoimmune disease char-
acterized by articular cartilage and bone destruction. Cur-
rently, adipose tissue and adipocytokines have gained much

attention of rheumatologists. Serum concentration of clas-
sical adipocytokines like leptin and adiponectin are altered
in RA patients comparing to healthy individuals, but their
role in this disease is still unclear [2].

Moreover, adiponectin which exists in several isoforms,
seems to exert diverse activity depending on its structure
[3, 4]. Tumor necrosis factor plays a pivotal role in RA
pathogenesis. It is secreted by immune cells and by adipose
tissue as well [2]. All these agents may influence ASCs dif-
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ferentiation potential and therefore influence the disease
course. ASCs localize in different fat depots; here we stud-
ied ASCs derived from articular adipose tissue (AAT) con-
sisting of knee infrapatellar fat pad (IPFP), and ASCs from
periarticular subcutaneous adipose tissue (ScAT). Located
in the rheumatoid joint IPFP may be more influenced by the
course of inflammatory process than ScAT. Although we
have previously found some differences in spontaneous
secretory activity of rheumatoid AAT and ScAT, both tis-
sues were highly reactive to proinflammatory stimuli [5].

The objective of this study was to compare the pheno-
type, chondrogenic and osteogenic potential of rheumatoid
ASCs from AAT and ScAT as well as to evaluate the influ-
ence of leptin, low and high adiponectin isoforms and TNF
on differentiation capacity of ASCs.

Material and methods
Patients

The group of 12 woman with active RA were selected
from Rheumoortopaedic Clinic of Institute of Rheumatol-
ogy in Warsaw, Poland. All patients gave their written
informed consent according to the declaration of Helsinki
and the study was approved by the Institute of Rheumatol-
ogy Ethics Committee.

Cell isolation and culture

Tissue specimens of AAT and periarticular ScAT were
obtained from knee joint of RA patients at the time of total
knee joint replacement surgery. AAT was taken from IPFP
and ScAT from the site of the suture. In order to isolate
ASCs, adipose tissue was cut and digested in 0.25% trypsin
(Sigma-Aldrich, St Louis, MO, USA) solution (20 min,
37°C, agitation). After that, tissue was filtered, washed in
PBS (Biomed, Lublin, Poland) and centrifuged 3 min at
1200 g. The lower stromal vascular fraction (SVF) was har-
vested and other two centrifugation in PBS were performed.
If necessary, the red blood cells were lysed. Cells were seed-
ed onto 25 cm3 culture flasks in DMEM/F12/10%FCS/peni-
cillin/streptomycin/plasmocin medium (GIBCO, Grand
Island, NY, USA; Biochrom, Berlin, Germany; Polfa Tar-
chomin S.A., Warsaw, Poland; InvivoGen, San Diego, CA,
USA; respectively) and cultured in 37°C. Every 2 or 3 days
medium was replaced with a fresh one. All the experiments
were done with the 4th passage ASCs.

Flow cytometric analysis

ASCs were collected from cultures using non-enzymatic
cell dissociation solution (Sigma-Aldrich) and washed with
FACS buffer (phosphate-buffered saline, 0.1% NaN3,
1% FCS). 5 × 104 of cells were resuspended in 50 µl of
FACS buffer and stained for 30 min on ice with fluo-
rochrome conjugated murine anti-human monoclonal anti-
bodies against following surface markers: CD90-FITC,
CD105-PE, CD73-APC (eBioscience), CD34-PE, CD45-PE,

CD19-PE, CD14-APC (Becton Dickinson). Appropriate
isotype controls were used. Cells were analysed using
FACSCalibur flow cytometer and CellQuest software (Bec-
ton Dickinson).

Leptin and adiponectin receptors mRNA detection

Cells were washed and total cellular RNA was isolated
(RNA II Isolation Kit; Macharey-Nagel, Düren, Germany).
cDNA synthesis was performed using 200U of M-MLV
reverse transcriptase (Invitrogen, Carlsbad, CA, USA).
Expression of mRNA for AdipoR1, AdipoR2 and Ob-R
(common domain) was quantified by polymerase chain reac-
tion (PCR).

The cDNA was amplified with 1.25 U of Taq Poly-
merase (Invitrogen, Carlsbad, CA, USA) and 0.625 µM of
primers, denaturation step was performed at 95°C and ex-
tension at 72°C. The primers sequence, annealing temper-
ature, cycles number and product size are given in Table 1.
PCR products were size fractionated on agarose gel (Geno-
plast, Pruszków, Poland) with addition of ethidium bromide
(Sigma-Aldrich, St Louis, MO, USA) and photographed
under UV transillumination. Quantitive analysis of mRNA
expression was assessed relatively to house-keeping gene
glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
expression using gels analysis software (Kodak Digital Sci-
ence 1D, New Haven, CT, USA).

Cell differentiation

For differentiation assays cells were cultured in differ-
entiation media with or without human recombinant: LEP
10 ng/ml (PeproTech, London, UK), LMW 1 µg/ml, HMW
1 µg/ml (BioVendor, Brno, Czech Republic) or TNF
10 ng/ml (R&D Systems, Minneapolis, MN, USA). Chon-
drogenesis: 2 × 105 cells were cultured in pellets for 21 days
in following medium: DMEM with 1 g/ml glucose (GIB-
CO, Grand Island, NY, USA)/sodium puryvate 110 mg/l
(POCH S.A., Gliwice, Poland)/insulin-transferrin-sodium
selenite media supplement 1% (Sigma-Aldrich, St Louis,
MO, USA)/ ascorbate-2-phosphate 0.15 mM (Sigma-
Aldrich, St Louis, MO, USA)/TGF-β1 10 ng/ml (Pepro-
Tech, London, UK)/dexamethasone 100 nM (Sigma-
Aldrich, St Louis, MO, USA)/penicilin 100 U/ml (Polfa
Tarchomin S.A., Warsaw, Poland)/streptomycin 100 µg/ml
(Polfa Tarchomin S.A., Warsaw, Poland). Osteogenesis:
2 × 104 cells were cultured in monolayers, in 12-wells cul-
ture plates for 14 days in following medium: DMEM sup-
plemented with 4.5 g/ml glucose (GIBCO, Grand Island,
NY, USA)/fetal calf serum 10% (Biochrom, Berlin, Ger-
many)/glycerophosphate 10 mM (Sigma-Aldrich, St Louis,
MO, USA)/1.25-(OH)2 vitamin D3 10 nM (Sigma-Aldrich,
St Louis, MO, USA)/ascorbate-2-phosphate 0.2 mM
(Sigma-Aldrich)/dexamethasone 10 nM (Sigma-Aldrich,
St Louis, MO, USA)/penicilin 100 U/ml (Polfa Tarchomin
S.A., Warsaw, Poland)/streptomycin 100 µg/ml (Polfa Tar-
chomin S.A., Warsaw, Poland).
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Osteogenesis and chondrogenesis markers mRNA
detection

After differentiation, expression of mRNA for Sox9,
Agr, Col2a (chondrogenic cultures) and Runx-2, BMP-2 and
OPN (osteogenic cultures), was quantified by RT-PCR. The
procedure and cells treatment was the same as in section
“Leptin and adiponectin receptors detection”. The primer
sequence, annealing temperature, cycle number and prod-
uct size are given in Table 1.

Enzyme linked immunosorbent assay (ELISA)

The concentration of DKK-1 and OPG was measured
in supernatants (SNs) from osteogenic cultures using
ELISA. SNs were collected after the end of osteoblastic dif-
ferentiation (on day 14th), centrifuged and frozen at –70°C.
All measurements were done in duplicates. DKK-1 meas-
urement was performed using appropriate ELISA kit
(DuoSet, R&D Systems, Minneapolis, MN, USA). OPG
measurement was performed using own procedure. 96-wells
plates were coated with capture antibody (monoclonal
mouse anti-human OPG IgG2A) and incubated overnight
at 4°C. After washing, blocking solution (PBS with 1%
bovine serum albumin) was added for 1 h at room temper-
ature (RT). Standards and samples were incubated 1 h at
RT, with gentle agitation. Antigen detection was performed
using polyclonal gout biotinylated anti-human OPG IgG
(1 h, RT), than samples were incubated (20 min, RT) with
streptavidin-horse-radish peroxidase conjugate (all anti-
bodies and human recombinant protein purchased from
R&D Systems, Minneapolis, MN, USA).

Enzymatic reaction was performed using o-phenylene-
diamine dihydrochloride (Sigma-Aldrich, St Louis, MO,
USA) as a substrate and stopped with 1M H2SO4. Concen-
tration of OPG was measured colorimetrically at 492 nm
(measurement filter) and 620 nm (reference filter).

Statistical analysis

All statistical analysis were made using STATISTICA
6.0 software (StatSoft Inc., Tulsa, OK, USA). Data are
expressed as means and standard error (SE) unless other-
wise noted. The normality of data distribution was assessed
by Shapiro-Wilk test. All data was not normally distributed.
The Mann-Whitney U test was used for comparison
between AAT and ScAT groups. The differences between
gene expression in control, differentiated and adipocytokines
treated samples within the limits of one group (AAT or
ScAT) were evaluated using Wilcoxon signed-rank test. Dif-
ferences were considered significant for p < 0.05.

Results
Patients

Demographic and clinical characteristics of the study
patients are presented in Table 2.

None of the study patients were treated with biological
therapy.

Phenotypic ASCs analysis

In order to evaluate the phenotype of ASCs derived
from rheumatoid AAT and ScAT, cells were analyzed by
flow cytometry. Cells from both tissues were almost com-
pletely positive for CD105, CD90 and CD73 expression.
Less than 1% of analyzed cells expressed CD45, CD19 and
CD14, while CD34 was expressed by about 10% of ana-
lyzed cells (Fig. 1A, B). Thus, both AAT-ASCs and ScAT-
ASCs derived cells were highly enriched in mesenchymal
stem cells.

Adiponectin and leptin receptors mRNA expression

AdipoR1 and AdipoR2 are both functional and ubiq-
uitousely expressed adiponectin receptors. However Adi-

Table 1. Primer sequence, annealing temperature, cycles numbers and product size for RT-PCR reactions

Gene Forward primer sequence Reverse primer sequence Ta (°C) Cycles Product
number size (bp)

AdipoR1 TCTTCCTCATGGCTGTGATG AGCACTTGGGAAGTTCCTCC 62 30 263

AdipoR2 GGAGCCATTCTCTGCCTTTC ACCAGATGTCACATTTGCCA 62 30 466

Ob-R TGTTGTGAATGTCTTGTGCC TGCTCCAGTCACTCCAGATTCC 60 33 394

BMP-2 CAGAGACCCACCCCCAGCA CTGTTTGTGTTTGGCTTGAC 57 33 672

Runx2 GTTTGTTCTCTGACCGCCTC CCAGTTCTGAAGCACCTGA 55 30 318

OPN CTAGGCATCACCTGTGCCATACC CAGTGACCAGTTCATCAGATTCATC 55 30 373

Sox9 TCCTCAGGCTTTGCGATTT TGCTCGGGCACTTATTGG 52 30 304

Agr ATGCCCAAGACTACCAGTGG TCCTGGAAGCTCTTCTCAGT 55 30 501

Col2a TTCAGCTATGGAGATGACAAT AGAGTCCTAGAGTGACTGAG 58 30 432

GAPDH TGGTATCGTGGAAGGACTCA ATGCCAGTGAGCTTCCCGTT 63 23 189

Ta – annealing temperature, bp – base pair
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poR1 is expressed primarily in skeletal muscle and Adi-
poR2 in the liver [6]. Ob-R exists in six isoforms derived
from alternative splicing from a single gene. All isoforms
share common extracellular domain and differ in the length
of cytoplasmic domain [7, 8]. Expression of mRNA for
AdipoR1, AdipoR2 and common domain of Ob-R were
detected in ASCs from both AAT and ScAT. Control reac-
tions without reverse transriptase showed no DNA ampli-
fication (Fig. 2).

Chondrogenesis and osteogenesis markers mRNA
expression

The relative differences in chondrogenesis and osteo-
genesis markers mRNA expression between control and
stimulated ASCs as well as between cells from AAT and
ScAT were evaluated by RT-PCR method. Expression of
mRNA for all studied markers was slightly higher in AAT-
ASCs than in ScAT-ASCs cultured in control and differen-

Table 2. Demographic and clinical characteristics of the study
patients

Characteristics RA patients, n = 12

Age, mean ± SD (range), years 56.1 ±7.2 (42-67)

Duration of RA ± SD, mean (range), years 18.1 ±7.0 (7-30)

DAS28 (range) 4.34 ±0.73 (2.95-5.67)

High severity RA (DAS28 > 5.1), n (%) 2 (16.7)

Moderate severity RA (DAS28 3.2 – 5.1), 9 (75)
n (%)

Low severity RA (DAS28 < 3.2), n (%) 1 (8.3)

CRP, mean ± SD (range), mg/litre 25.9 ±23.1 (6-84)

ESR 1 h, mean ± SD (range) 31.1 ±17.3 (6-58)

CRP – C-reactive protein; ESR – erythrocyte sedimentation rate
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CD19 0.09 (0.18) 0.03 (0.05)
CD14 0.05 (0.07) 0.03 (0.05)

Fig. 1A, B. Cytometric characteristic of rheumatoid ASCs from AAT and ScAT. A) Grey closed histograms represent expres-
sion of tested molecules, grey-line histograms represent isotypematched controls. B) Percentage of cells positive for each mark-
er; values are the mean (SD) of 4 or 5 independent experiments
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Fig. 3. Expression of Sox9, Agr and Col2a mRNA in rheuma-
toid ASCs from AAT and ScAT cultured in control (C), chon-
drogenic (CH), chondrogenic + 10 ng/ml leptin (LEP), chon-
drogenic + 1 µg/ml LMW adiponectin (LMW), chondrogenic
+ 1 µg/ml HMW (HMW) and chondrogenic + 10 ng/ml TNF
(TNF) supplemented media. Values are the mean and SE of
11 (AAT) and 12 (ScAT) independent experiments. Statistical
analysis was performed as described in Materials and Meth-
ods. Asterisk (*) inside the bars indicates statistical signifi-
cance vs. control; hash (#) indicates statistical significance vs.
chondrogenic medium; asterisk (*) above the bars indicates
statistical significance between AAT and ScAT
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Fig. 2. Expression of mRNA for AdipoR1, AdipoR2 and ObR
common domain in rheumatoid ASCs form AAT and ScAT.
Representative RT-PCR results demonstrating products
obtained in reaction with reverse transcriptase (RT) and with-
out reverse transcriptase (–RT). Expression of mRNA for
house-keeping gene GAPDH and PCR products length in base
pairs (bp) are also shown

tiation media, but these differences did not reached statis-
tical significance except Runx2 (Figs. 3, 4). In AAT-ASCs
cultured in chondrogenic medium, we observed up-regula-
tion of all chondrogenesis markers, whereas in ScAT-ASCs
only Col2a mRNA expression was upregulated.

HMW adiponectin treatment further increased the
expression of Sox9 and Col2a mRNA in AAT-ASCs, but
not in ScAT-ASCs. In ASCs derived from both tissues TNF
caused down-regulation of all markers mRNA comparing
to the chondrogenic mediumtreated cells (Fig. 3).

In AAT-ASCs expression of mRNA for Runx2 and OPN
was significantly, while BMP-2 slightly up-regulated after
osteogenic medium treatment. In these cells TNF further
raised Runx2 and BMP-2 mRNA levels while inhibited
OPN expression. ScAT-ASCs failed to express BMP-2 and
upon treatment with osteogenic medium only OPN mRNA
upregulation was obsereved in these cells. Similar to AAT-
ASCs, also in ScAT-ASCs TNF counteracted the increase
of OPN but elevated Runx2 mRNA expression. Among
adipokines, only LMW adiponectin had any effects: it up-
regulated BMP-2 expression in AAT-ASCs and downreg-
ulated OPN in ScAT-ASCs (Fig. 4).
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DKK-1 and OPG secretion

Spontaneous secretion of DKK-1 was higher in ScAT-
ASCs than in AAT-ASCs and remained stable after stimu-
lation. In contrary, AAT-ASCs released more DKK-1 after
osteogenic medium-treatment and this was potentiated by
TNF. ASCs from both tissues released spontaneously com-
parable amounts of OPG. In AAT-ASCs neither osteogenic
medium nor adipokines modified OPG secretion but the
release of this cytokine was significantly raised by TNF.
Osteogenic medium-treated ScAT-ASCs released consid-
erably less OPG than control cells, which was deepened by
LMW adiponectin (Fig. 5).

Discussion
In presented study we aimed to compare ASCs derived

from two different fat depots – AAT and ScAT – regarding
their phenotype, chondrogenic and osteogenic potential.
The second objective was to evaluate the effects of classi-
cal adipokines and TNF on differentiation capacity of ASCs.

We failed to observe differences in the phenotype of
ASCs derived from AAT and ScAT. In both tissues more
than 97% of ASCs expressed CD90, CD105 and CD73.

CD45, CD19 and CD14 were present at less than 1% of
analyzed cells (Fig. 1) which is in accordance with criteria
for defining multipotent mesenchymal stem cells recom-
mended by the International Society for Cellular Therapy
[9]. CD34, a classical haematopoietic and endothelial cells
marker, was expressed at about 10% of analyzed cells. The
presence of CD34+ cells among ASCs has been already
reported elswhere [10-13].

The regenerative properties of ASCs are well docu-
mented and these cells can be easily differentiatied toward
many cells types [1]. Few reports comparing osteogenic
and chondrogenic capacity of mesenchymal stem cells iso-
lated from different fat depots are available. In healthy indi-
viduals, ScAT-ASCs and visceral ASCs have been shown
to possess similar multigermline potential [14], however
the comparison of ScAT-ASCs with adipose synovium-
derived ASCs revealed that the latter had better chondro-
genic capacity [15]. Analysis of chondrogenic and
osteogenic potential of ASCs derived from abdominal sub-
cutaneous layer and greater omentum [16] as well as
derived from various subcutaneous locations [17] did not
reveal any differences. In our experiments ScAT-ASCs
from RA patients expressed slightly less mRNA encoding

Fig. 4. Expression of BMP-2, Runx2 and OPN mRNA in
rheumatoid ASCs from AAT and ScAT cultured in control (C),
osteogenic (OS), osteogenic + 10 ng/ml leptin (LEP), osteo-
genic + 1 µg/ml LMW adiponectin (LMW), osteogenic + µg/ml
HMW (HMW) and osteogenic + 10 ng/ml TNF (TNF) sup-
plemented media. Values are the mean and SE of 11 (AAT)
and 12 (ScAT) independent experiments. Statistical analysis
was performed as described in Materials and methods. Aster-
isk (*) inside the bars indicates statistical significance vs. con-
trol; hash (#) indicates statistical significance vs. osteogenic
medium; asterisk (*) above the bars indicates statistical sig-
nificance between AAT and ScAT
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markers of chondrogenic and osteogenic differentiation and
were less responsive to chondrogenic and osteogenic media
(Figs. 3, 4). Moreover, ScAT-ASCs secreted lower amounts
of osteoprotective OPG and more DKK-1, which is well
known to inhibit osteoblastogenesis, than AAT-ASCs
(Fig. 5). Interestingly, AAT-ASCs and ScAT-ASCs from
osteoarthritis (OA) subjects were reported to exhibit sim-
ilar osteogenic potential [18]. Reassuming, it seems that
ASCs derived from rheumatoid articular adipose tissue
have stronger differentiation potential despite localization
in the site of inflammation.

In order to evaluate the effect of classical adipokines,
we have firstly analyzed the expression of mRNA for Adi-
poR1, AdipoR2 and ObR. mRNA for two isoforms of Adi-
poR and common domain of ObR were detected in both
AAT and ScAT-ASCs (Fig. 2). We did not observed any
impact of leptin treatment on the expression of mRNA
encoding differentiation markers and proteins secretion by
ASCs (Figs. 3-5). HMW adiponectin slightly increased
expression of chondrogenic markers in AAT-, but had no
effect on ScAT-ASCs (Fig. 3). Stimulation with LMW
adiponectin had divers effects on osteogenesis (Figs. 4, 5).
This adiponectin isoform decreased the expression of OPN
mRNA in ScAT-ASCs and the release of OPG from these
cells. By contrast, it had no inhibitory effect on AAT-ASCs
and even upregulated BMP-2 expression in these cells.
Thus, present results suggest that depending on localiza-
tion, ASCs differ in their reactivity to adiponectin isoforms.
Among published data there is no reports concerning
adiponectin isoforms effect on these cells differentiation.
However, total adiponectin was shown to enhance chon-

drocyte differentiation and mesenchymal stem cells
osteoblastic differentiation [19, 20].

In our previous publications, we have reported that TNF
is able to inhibit chondrogenesis of AAT-ASCs from RA and
OA patients [21]. We have also shown that TNF has complex
effect on AAT-ASCs osteogenesis: it up-regulates early osteo-
genesis markers mRNA expression and enhances calcium
deposition, but decreases expression of mRNA coding for
non-mineral bone components [22]. Here we have demon-
strated that ASCs from AAT and ScAT responded similarily
to TNF stimulation, which inhibited expression of chondro-
genic markers and late osteogenic marker OPN, whereas
enhanced expression of early osteogenic markers (Runx2 and
BMP-2) (Figs. 3, 4). However, OPG and DKK-1 secretion
which was up-regulated by TNF in AAT-ASCs, stayed
unchanged in ScAT-ASCs (Fig. 5). It is well proved that TNF
modifies DKK-1 and OPG secretion but its effect depends
on the cell type [23-26]. Our results suggest that in this regard
ScAT-ASCs are less susceptible to TNF. Summarizing, we
demonstrated that AAT and ScAT-ASCs have similar phe-
notype, but differ regarding their differentiation capacity.
ScAT-ASCs seem to be less competent to undergo osteoge-
nesis and chondrogenesis in vitro than AAT-ASCs. TNF has
considerable impact on ASCs differentiation, whereas clas-
sical adipokines do not exert strong effect on this process.

We thank dr hab. Barbara Lisowska and prof. dr hab.
Paweł Małdyk from Rheumoortopaedic Clinic of Institute
of Rheumatology in Warsaw and their patients for provid-
ing adipose tissue for these studies. This work was sup-

Fig. 5. DKK-1 and OPG secretion by rheumatoid ASCs from AAT and ScAT cultured in control (C), osteogenic (OS), osteogenic
+ 10 ng/ml leptin (LEP), osteogenic + 1 µg/ml LMW adiponectin (LMW), osteogenic + 1 µg/ml HMW (HMW) and osteogenic
+ 10 ng/ml TNF (TNF) supplemented media. Cytokines concentration was measured by ELISA in culture supernatants in
duplicates. Values are the mean and SE of 11 (AAT) and 12 (ScAT) independent experiments. Statistical analysis was per-
formed as described in Materials and methods. Asterisk (*) inside the bars indicates statistical significance vs. control; hash
(#) indicates statistical significance vs. osteogenic medium; asterisk (*) above the bars indicates statistical significance between
AAT and ScAT
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