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Abstract Rabbits are considered as appropriate animal
models to study some obesity-associated abnormalities be-
cause of the similarity of their blood lipid profile and metab-
olism to humans. The current study was focused on compar-
ison of adipose differentiation ability in rabbit adipose-derived
stem cells (ADSC) in vitro. Subcutaneous and visceral stromal
vascular fractions (SVF) were isolated from three 28-d-old
New Zealand rabbits by collagenase digestion. Supernatants
from both isolates were collected 24 h after the initial plating.
On the fourth passage, all isolated cell types undergo triplicate
adipogenic induction. The adipose induction potential was
calculated as percentage of increasing optical density (OD)
values. The data revealed that with increasing the number of
induction cycles, the induction tendency in visceral ADSC
decreased in contrast to the subcutaneous ones. Although the
supernatants did not reach induction levels of their relevant

precursors, they follow the same pattern in both subcutaneous
and visceral ADSC. All cell types successfully passed osteo-
genic and chondrogenic differentiation. In conclusion, the best
adipose induction ability was observed in directly plated sub-
cutaneous cell population. The increase of induction numbers
depressed adipose induction ability in cell populations derived
from visceral fat depots.
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Introduction

The obesity and obesity-related diseases have increased glob-
ally in the recent decades. Suitable animal models need to be
developed to study the mechanism of these disorders. Rabbits
are considered as an appropriate species in development of
animal models for atherosclerosis and insulin resistance stud-
ies, because of their similarity to human blood lipid profile
(Aguilera et al. 2002; Yanni 2004). Various high fat diet and
interventions (as castration, for example) have been used in
rabbits for induction of metabolic syndrome (MS) and its con-
sequence disorders such as insulin resistance, visceral obesity,
hypertension, and dyslipidemia (Georgiev et al. 2011;
Vignozzi et al. 2011).

The main purpose of adipose tissue (AT) as a dynamic
system is to store energy, and it has the ability to significantly
influence the metabolic processes in the whole organism by
secreting adipokins (Trayhurn and Beattie 2001; Wozniak
et al. 2009; Dodson et al. 2011). Besides the mature adipo-
cytes, several other cell types are located in the fat tissue and
can be isolated by enzyme degradation following differential
centrifugation. The cell fraction derived from the white adi-
pose tissue (WAT) is defined as stromal vascular fraction
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(SVF), and majority of cells within it are actually precursors to
adipocytes in adults (Rodeheffer et al. 2008; Lowe et al. 2011;
Hausman and Dodson 2012). The SVF consists of a hetero-
geneous mesenchymal population of cells including fibro-
blasts, smooth muscle cells, pericytes, and endothelial cells
(Katz 2002; Ailhaud 2006) but also adipose stromal cells,
hematopoietic stem cells, progenitor cells, endothelial cells,
erythrocytes, lymphocytes, monocyte, macrophages etc.
(Mitchell et al. 2006; Han et al. 2010; Cawthorn et al. 2012).
After seeding into culture, a subset of elongated cells from
SVF adheres to the tissue culture plastic. Following protocols
for cell expansion in culture, which are similar to those used
for bone marrow mesenchymal stem cells (MSC), most of the
hematopoietic cell population diminishes from the SVF cells.
Due to that process, a population of adherent cells, less het-
erogeneous than SVF cells, is purified and termed as adipose-
derived stem cells (ADSC) (Rodeheffer et al. 2008; Bourin
et al. 2013). These cells have multipotent properties (Zuk et al.
2002) in various species including mice, pigs, rabbits, and
humans, and they can be differentiated in vitro into several
lineages such as mature adipocytes (Reyne et al. 1989; Zuk
et al. 2001; Tran and Kahn 2010; Lowe et al. 2011),
chondrocytes, and osteoblasts (Zheng et al. 2006; Tran and
Kahn 2010) or even into cardiomyocytes (Choi et al. 2012).
Some authors reported that these cells proliferate at a high rate
and maintain a multipotent differentiation capacity in vitro for
up to 12 passages (Yang et al. 2011b).

The efforts of the scientists in the recent years have been
directed to establishment of new methods for isolation of en-
dogenous fraction of multipotent stem cells. While the tradi-
tional protocols of ADSC rely on the cell’s ability to adhere to
tissue culture plastic overnight, recently an additional method
was described. It was implemented by seeding the floating
ADSC supernatant fractions after 24 h of initial incubation
(Buschmann et al. 2013). Comparison of adherent and
supernatant fractions of ADSC resulted in similar surface
protein profiles and in insignificantly different growth
kinetics. The authors concluded that the floating ADSC
fraction is an equivalent second cell source just like the
adherent ADSC fract ion. The crosstalk between
subcutaneous and visceral AT in relation to development of
MS and its consequence disorders on the one hand and the
multipotent properties of SVF and ADSC, respectively, on the
other hand make them suitable for therapy of various diseases
by which those abnormalities can be modulated. Recently,
Perrini et al. (2013) revealed for the first time that depending
on isolation method, the functionality of achieved cells could
differ widely in humans. The authors distinguish two ADSC
populations in addition to the SVF—from ceiling and bottom.
They report significant differences in gene expression profile
and related functional networks and in the cytokine release
ability of these cells respective to their anatomical origin
(Perrini et al. 2013).

The current study proposes an in vitro model for defining
the adipose differentiation potential of rabbit induced subcu-
taneous and visceral ADSC achieved from SVF. While there
is scarce available information concerning adipose differenti-
ation ability of those cells in rabbits, we aimed to discover it in
relation to the isolation method, numbers of applied induc-
tions, and adipose depot origin. Since rabbits are considered
as an appropriate animal species for exploring obesity and
related disorders in humans, the proposed model could con-
tribute to the obtaining of more precise data in further studies
of AT malfunctions. The additional benefits of such investi-
gation will develop better isolation methods for future use of
ADSC as a source of adult stem cell autologous therapies in
animals.

Materials and Methods

Animals and cell isolation procedure The SVF were obtain-
ed from three 28-d-old New Zealand rabbits. Euthanasia was
performed in accordance with the recommendations of the
Local Committee for Humane Treatment of Animals. The
samples, weighting approximately 1–1.5 g each, were collect-
ed from the subcutaneous (interscapular region) and visceral
(perirenal region) fat depots, washed several times with PBS,
and minced into fine pieces under sterile conditions. To re-
lease the individual cells, samples were digested with 0.5 mg/
ml collagenase for 2 h and centrifuged at 300g for 10 min.
This step separated the mature lipid-filled adipocytes, which
floated to the top, from the heterogeneous mixture of cells
(blood cells, pericytes, endothelial cells, fibroblasts,
preadipocytes, and other cells, collectively named SVF)
which were in pellet from the bottom (Tang et al. 2008 with
somemodification). The final isolation stepwas seeding of the
SV fraction into T25 tissue flasks in basal medium consisting
of Dulbecco’s Modified Eagle Medium (DMEM), 10% fetal
bovine serum (FBS), L-glutamine, and antibiotic mixed solu-
tion (penicillin G, streptomycin, amphotericin B), all from
Sigma (St. Louis, MO), and incubation under humidified 5%
CO2 conditions at 38°C until reaching confluence. By this
stage, presumably only the preadipocytes (i.e., the adipose
stem cell population) were selected, by their adherence to
plastic (Monaco et al. 2011). Twenty-four hours after the ini-
tial plating, the supernatants (S) were collected and re-plated
for further cell expansion (Fig. 1).

Experiment design and adipogenic differentiation After
initial expansion, the achieved ADSC were cultured up to pas-
sage 4 and then they were used for the experiment. The exper-
imental groups of ADSC from subcutaneous and visceral fat
depots were seeded at 5×104/ml density and cultured in 24-
well plates with basal medium for 3 d under humidified 5%
CO2 conditions at 38°C until the monolayer became confluent.
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After that period, the cell cultures were harvested for an addi-
tional 24 h for growth arrest and treated with adipogenic induc-
tion medium (AIM) consisting of DMEM (high glucose), 10%
FBS, L-glutamine, 0.1 mM 3-isobutyl-1-methylxanthine
(IBMX), 0.05 mM indomethacin, 1 μM dexamethasone,
10 μg/ml insulin, and antibiotic mixed solution (penicillin G,
streptomycin, amphotericin B), all from Sigma, for 3 d. On the
third day AIM was replaced with adipogenesis maintenance
medium (AMM), containing DMEM (high glucose), 10%
FBS, L-glutamine, 10 μg/ml insulin, and antibiotic mixed solu-
tion (penicillin G, streptomycin, amphotericin B) for an addi-
tional 3 d. This procedure was triplicated up to Day 21
(Bosnakovski et al. 2005). In order to distinguish between the
spontaneous and induced adipogenesis, an additional group of
each cell type was kept in control medium containing DMEM
(high glucose), 10% FBS, L-glutamine, and antibiotic mixed
solution (penicillin G, streptomycin, amphotericin B). Those
cells were considered as controls and were used for further
calculations to eliminate the level of spontaneous induction.
Each experimental plate was duplicated.

Oil red O (ORO) staining and lipid quantification After
finishing each cycle of induction/maintenance medium treat-
ment, cells from the experimental and control groups were
washed twice with PBS and fixed with 10% (v/v) neutral buff-
ered formalin for 30 min at room temperature. During fixation, a
fresh working solution of Oil Red O (Sigma) was prepared by
mixing three parts of 0.5% Oil Red O in isopropanol stock solu-
tion with two parts of dd H2O. It was kept at room temperature
for 10 min and was filtered through filter paper (Yang et al.
(2011a)) to remove the unresolved stain particles. Fixed cells
were washed twice with PBS, and each well was filled up with
300 μl Oil Red O working solution and incubated for 30 min at
room temperature. Subsequently, the stain was removed and the
wells were triple washed with distilled water. The images were
taken using an inverted Telaval Carl Zeiss Jena (Jena, Germany)
microscope equipped with an MDCE-5 high-resolution ocular

camera (China). Immediately after the washing procedure, the
wells were dried and each stained well filled with 1 ml 100%
isopropanol for 10 min at room temperature to extract the accu-
mulated Oil Red O stain from the intracellular lipid droplets
(LD). The optical density (OD) of collected elutesweremeasured
at 490 nm using Evolution™ 300 UV-Vis spectrophotometer
(Thermo Scientific, Waltham, Massachusetts (MA), USA). The
extraction procedure was performed after each cycle of induction
in both experimental and control groups. The adipose induction
potential (AIP) was calculated as percentage of increasing OD
values in induced and their relevant controls (considered as
100%) for each sample by the following formula,
AIP%=[(Induced−Contr)×100] /Control, and the mean value
for each induced group was calculated.

Additional osteogenic and chondrogenic differentiation
was performed for testing the functional multipotency of the
ADSC and applied to each isolated cell type.

Osteogenic differentiation After the initial expansion, the
ADSC cells were seeded in 24-well plates with average density
5×104/ml and harvested in basal medium, under humidified
5% CO2 conditions at 38°C until reaching confluence. After
that stage, the cells were harvested for an additional 24 h for
growth arrest and treated with osteogenic differentiation medi-
um, containing DMEM; 10% FBS, L-glutamine, and 0.1 μM
dexamethasone; 10 mM β-glycerophosphate; 50 μM L-ascor-
bic acid; and antibiotic (PG/S/AmB), all from Sigma, for a
period of 21 d. The medium was changed every 3 d. Mineral
deposition by ADSC, indicating early stages of bone formation,
was visualized by Alizarin Red S staining with pH 4.2. Finally,
the medium was removed and cells were washed with PBS
followed by fixation in 10% (v/v) neutral buffered formalin
for 30 min, stained with Alizarin Red S solution (prepared
according to the manufacturer’s instructions) for 45 min, and
rinsed with ddH2O several times. Then images were taken. The
extracellular calcium deposits, indicating early stages of bone
formation, were stained in bright orange-red.

Subcunaneus Visceral

24h later

Figure 1 Schematic
representation of direct seeded
subcutaneous and visceral ADSC
and their relevant supernatant
cells. Scale bars 350 μm.
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Chondrogenic differentiation Chondrogenesis was per-
formed as Bpellet^ culture system (Bosnakovski et al. 2004)
by centrifugation of cells at a density of 2×105/ml at 400g for
10 min. The cells were expanded further into centrifuge tubes
under humidified 5%CO2 conditions at 38°C and treated with
serum-free basal medium, supplemented with 10 ng/ml
TGFβ-1 (R&D Systems, Inc., Minneapolis, MN), 0.1 μM
dexamethasone, and 50 μM L-ascorbic acid. The medium
was changed every third day for a 21-d period. The cells were
fixed in 10% (v/v) neutral buffered formalin for 1 h, washed
twice with PBS, stained for 2 h in Alcian blue, treated with
0.1 M HCl for 5 min, and double-washed with PBS. The
samples were embedded in Entellan and pictures were taken.

Negative controls (NC) Fibroblasts obtained from rabbit kid-
ney were used as negative controls during the adipogenic,
osteogenic, and chondrogenic differentiation.

Statistical analysis Statistical calculations and the least sig-
nificant digit (LSD) test were performed to determine the
mean values, standard error of the mean (SEM), and signifi-
cant differences observed in the samples after each adipose

induction cycle, and AIPs were evaluated by Statistica v. 6.1
(StatSoft Inc., 2002).

Results

The OD values of eluted intracellular ORO-stainable lipids
increased gradually during the whole experimental period in
both controls and induced cell groups from all cell types
(Fig. 2). At the end of the first induction cycle, significant
differences between induced and their relevant controls were
found only in directly seeded cell groups from subcutaneous
(0.356 vs 0.446, р < 0.01) and visceral (0.314 vs 0.377,
p<0.05) fat depots. After the second cycle of induction, this
dependency diminished for the cells of visceral fat depot, but
appeared in the subcutaneous supernatant group (0.416 vs
0.468, p<0.05) and remained for the subcutaneous primary
isolated ADSC at the highest level of significance (0.429 vs
0.518, p<0.001). The last two dependencies were observed in
the same proportions after the third induction cycle in both
primary isolates of subcutaneous (0.565 vs 0.802, p<0.001)
and their supernatants (0.565 vs 0.659, p<0.05) as well.
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Figure 2 The level of accumulated Oil Red O-stained intracellular lipid
droplets during the first, second, and third induction cycle, represented as
mean group OD value of isopropanol extractions measured at 490 nm.

Significances: to the NC: A, B,C; controls to induced for each group: a, b,
c; (A,a p < 0.05; B,b p< 0.01; C,c p < 0.001). Error bars indicate standard
error of the mean.
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Our microscopic observations established that the ADSC
from supernatant groups were morphologically closer to the
non-induced controls than the other ones.When the number of
inductions was increased, primary isolated ADSC from both
subcutaneous and visceral fat depots showed the ability to
form visible intracellular lipid filled compartments (Fig. 3A),
but their supernatants did not. The directly seeded visceral fat
cells reveal a well-visible capability to merge smaller lipid
droplets into bigger ones in comparison to the subcutaneous
cells (Fig. 3C).

Concerning the whole induction period, the OD values of
eluted intracellular ORO-stainable lipids increased 1.80 times
for the primary isolated subcutaneous cells, 1.72 times for
their supernatants, 1.50 times for primary isolated visceral
cells, and 1.63 times for the relevant supernatants. At the
end of the first induction (Fig. 4), logically and following
the previous exposed data, the highest rate of adipogenic abil-
ity was observed in directly seeded cells isolated from

subcutaneous (25%) and visceral (22%) fat depots. After the
second induction cycle, a process of depression of adipogen-
esis was observed in all groups, but it was highly expressed in
directly seeded ADSC from visceral fat depots and their su-
pernatants. Only the cells from the directly seeded subcutane-
ous group seemed to recover successfully, and after the third
induction cycle, their adipogenic ability increased significant-
ly up to 43% compared to the properties of the same cell types
during the first (p<0.05) and second (p<0.05) induction.
Although the mean OD values of the rest of the induced
groups rose with the increasing number of inductions,
neither the differences to their relevant controls nor the
AIP within any other groups were statistically signifi-
cant. Supernatants did not reach induction OD levels
and adipogenic potential of their relevant precursors
but followed the same pattern in both subcutaneous
and visceral ADSC. However, the trend of induction
in subcutaneous and visceral ADSC was opposite.

(A)
First induction cycle Second induction cycle Third induction cycle

Control Induction Control Induction Control Induction

Subcutaneous

Visceral

(B)
First induction cycle Second induction cycle Third induction cycle

Control Induction Control Induction Control Induction

Subcutaneous S

Visceral S 

(C)
Subcutaneous Visceral 

Figure 3 Oil Red O-stained non-induced (controls) and induced ADSC
after the first, second, and third induction cycle. (A) Direct seeded ADSC
from subcutaneous and visceral fat depots. (B) Supernatants of ADSC

from subcutaneous and visceral fat depots. (C) Comparison of Oil Red O-
stained direct seeded subcutaneous and visceral ADSC after the third
induction cycle. Scale bars 200 μm (A, B, C).
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The fibroblasts obtained from kidney and used as negative
controls did not show ability to accumulate intracellular ORO-
stainable lipids. During the adipogenic induction, the differ-
ences of their OD mean values were considered insignificant
(Fig. 5).

Excepting the fibroblasts, all isolated cell types dem-
onstrated functional plasticity, which is proved by suc-
cessfully performed osteogenic and chondrogenic differ-
entiation, and could assume their multipotent properties
(Fig. 6).

Discussion

Sugihara et al. (1986) proposed a method termed Bceiling
culture^ for culturing in vitro unilocular fat cells obtained
from humans and rats. In this protocol, floating unilocular
mature adipocytes adhere to the top inner surface of a culture
flask filled completelywithmedium. This cell fraction, known
as dedifferentiated fat (DFAT) cells (Nobusue et al. 2008), is
abundant, homogenous, could be re-differentiated into mature
adipocytes (Matsumoto et al. 2008), and exhibits multilineage
potential in vitro (Matsumoto et al. 2008; Shen et al. 2011). In

our study, the supernatants showed closer functional proper-
ties to the reported DFATcells than to the floating ones. These
results demonstrate that even though the mean OD levels in-
crease with time laps, significant differences within induced
and control groups were not observed. An increased lipid
synthesis in induced supernatants and control groups was
found during the experiment. These changes were not accom-
panied by increased ability to merge smaller lipid droplets into
bigger ones, which is the main sign for differentiated adipo-
cytes. Supernatants did not reach induction OD levels and
adipogenic potential of their relevant precursors but follow
the same pattern in both subcutaneous and visceral ADSC.
In humans for example, it has been established that the sub-
cutaneous DFAT cells do not express adipocyte markers such
as lipoprotein lipase (LPL), leptin, glucose transporter-4
(GLUT-4), and C/EBP-a, showing low levels of PPARγ, C/
EBP-b, and C/EBP-d transcripts (Matsumoto et al. 2008).
Moreover, these cells express critical factors for osteogenesis
and chondrogenesis, such as RUNX2 and SOX9, respectively,
and are able to undergo osteogenic and chondrogenic differ-
entiation in vitro in the presence of appropriate culture condi-
tions (Matsumoto et al. 2008). The isolated cells in our study
showed functional plasticity which was expressed by
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Figure 4 The mean adipose
induction potential (AIP) as per-
centage of OD values between
induced and their relevant con-
trols (considered as 100%) for
each induced group and each in-
ducing cycle with trend lines. The
panels represent plotted data re-
ferring direct seeded cells (in up-
per panel) and their relevant su-
pernatants (in lower panel).
Significances (A,a p< 0.05): third
to first (capital letter) and third to
second induction cycles. Error
bars indicate standard error of the
mean.

First induction cycle Second induction cycle Third induction cycle

Kidney 
Fibroblasts

Figure 5 Oil Red O-stained kidney fibroblast after the first, second, and third induction cycle Scale bars 200 μm.
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successfully performed osteogenic and chondrogenic differ-
entiation. These results confirmed the findings that primary
cells and their supernatants have similar potential for differen-
tiation along the mesenchymal lineage to produce adipocytes,
osteoblasts, and chondrocytes (Miyazaki et al. 2005). In this
context, the supernatant cells in the current experiment had
functional properties closer to the DFAT cells reported by
Buschmann et al. (2013) rather than floating cells. A possible
explanation of that finding could be lack of the specific adi-
pocyte gene expression mentioned above, but such a hypoth-
esis should be investigated by additional study.

Тraditional protocols for adipogenic induction propose a
hormonal cocktail of insulin, dexamethasone (DXM), and
IBMX, in order to differentiate preadipocytes into mature ad-
ipocyte cells (Gregoire et al. 1998; Farmer 2006). In the cur-
rent study, we found that the inducing media cause changes in
quantity as opposed to morphological changes in visceral
cells. Even though induction was triplicated, those cells nei-
ther deployed their adipogenic potential nor showed typical
signs of mature adipocytes, i.e., the spontaneous adipogenesis
in controls was in a range closer to the induced ones.
Dexamethasone and IBMX are known as powerful inductors
of adipogenesis at early stages of differentiation (Caprio et al.
2007; Moreno-Navarrete and Fernández-Real 2012). In con-
trast, insulin alone is required to continue the differentiation
program (Moreno-Navarrete and Fernández-Real 2012), to
increase the number of differentiated cells (Suryawan et al.
1997). Therefore, it was defined as the major regulator of
the above-mentioned process (Klemm et al. 2001).
Furthermore, during the terminal phase of differentiation, ad-
ipocytes in culture markedly increase de novo lipogenesis and
acquire sensitivity to insulin. Depending on the culture sys-
tem, the insulin/IGF-I signaling pathway may be either critical
for differentiation or necessary only to achieve the maximal
rate of triacylglycerol accumulation that accompanies adipo-
cyte differentiation (Gregoire et al. 1998). Furthermore,
adding dexamethasone at later stages of adipose maturation
has rather adipogenic effects, which is indicative of their

strictly time-dependent manner of action (Caprio et al.
2007). Our data allows us to conclude that the application of
insulin without other inducers during the second and third
induction cycle could be more effective for successful adipo-
genesis in primary isolated rabbit visceral ADSC. This idea
should be experimentally investigated in further studies.

The size of the lipid droplets depends on the expression of
two proteins, Cidea and perilipin (a lipid droplet scaffold pro-
tein), which regulate the activity of lipolytic enzymes and are
responsible for the TG removal out of the cell as well
(Brasaemle et al. 2000; Puri et al. 2008). Perilipin and Cidea
are down-regulated at the transcriptional level by PPARγ,
demonstrating the importance of this mechanism during the
formation and growth of lipid droplets into adipocytes
(Arimura et al. 2004; Viswakarma et al. 2007). Based on the
achieved results, we suspect lack of activation of PPARγ for
visceral and their relevant supernatant groups, which in turn
lower their adipogenic potential. Besides, in our parallel study,
the qPCR data showed significantly reduced PPARγ gene
expression after the third induction in visceral than in subcu-
taneous directly seeded cells (preliminary unpublished
results).

Obviously, the proposed triplicated induction protocol did
not significantly affect the adipogenic potential of the directly
seeded and supernatant visceral cells. We suspect a different
way of adipogenesis activation in those cell types. Recently,
Ong et al. (2014) reported that high expression of CD200 in
ADSC obtained from visceral fat correlates with low
adipogenic capacities in humans and mice. CD200, also called
OX2, is a member of the immunoglobulin superfamily of
proteins, and its expression is related to various immunoreg-
ulatory activities such as cancer growth, autoimmune and al-
lergic disorders, infection, etc. (Gorczynski 2012). Possibly, a
different manner of adipose differentiation between subcuta-
neous and visceral ADSC affecting their adipogenic ability in
vitro and the developing of inflammatory or autoimmune re-
sponse could explain the achieved results in the current study,
but this hypothesis should be verified in a future study. For

MULTYPOTENCY
Subcutaneous

(SubCut)

Subcutaneous 

Supernatant

(SubCut S)

Visceral

Visceral

Supernatant

(Visceral S)

Kidney 

Fibroblasts

Chondrogenic
Do not form

a micromass

Osteogenic

Figure 6 Functional multipotency of each isolated ADSC type: for osteogenesis, the samples were stained with Alcian blue, scale bars 350 μm; for
chondrogenesis, the samples stained with Alizarin Red, scale bars 200 μm.
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this reason, we consider that the proposed model is not appro-
priate for in vitro studies at a molecular level in cells achieved
from visceral fat depots. The finding that increased induction
numbers did not improve significantly the adipogenic poten-
tial of visceral fat cells supports that statement.

Actually, a real induction is observed only in the subcuta-
neous group, which confirms the data reported by Djian et al.
(1983). The authors notified that subcutaneous ADSC repli-
cate and differentiate better than visceral ADSC, and those
abilities are clearly influenced by the anatomic site of the
depot origin. Since the anatomical and histological observa-
tions showed that in blood vessels interscapular fat depots are
more numerous and better developed than those in perirenal
depots (Yonkova 2014), it seems logical that the isolated cell
fraction would be more enriched in stromal-vascular cells.
Those cells have been shown to reside in a perivascular loca-
tion, and ADSCmay in fact be vascular stem cells (VSC) (Lin
et al. 2010). This statement is very plausible and explains why
the multipotent cells isolated from subcutaneous fat depot can
give rise to several cell lineages such as adipocytes, osteo-
blasts, and chondrocytes; why they are abundant; and why
they show better multifunctional plasticity and are identified
by numerous authors as a prospective cell source for autolo-
gous transplantation in regenerative medicine (Tran and Kahn
2010; Sunay et al. 2013).

In general, the adipose differentiation abilities of the prima-
ry isolates from subcutaneous fat depots definitely have ad-
vantages over the visceral and both supernatants.

Conclusions

In general, depending on isolation method, the directly seeded
cells from both subcutaneous and visceral originated cells
have better adipose differentiation potential than their relevant
supernatants. Increasing the numbers of applied inductions
suppresses adipogenesis at the second cycle. These com-
pounds significantly potentiated it only in directly seeded cells
from subcutaneous ADSC after completing the third induction
cycle. Based on the experimentally achieved data and its sub-
sequent analysis, the cell fraction isolated from directly seeded
subcutaneous SVF showed the best adipose differentiation
potential.
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