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Extensive characterization of feline intra—abdominal
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Mesenchymal stem cells (MSCs) isolated from various tissues have been well characterized for therapeutic application to clinical diseases.
However, in contrast to MSCs from other animal species, the characteristics of feline MSCs have not been fully documented. In this study,
we conducted extensive characterization of feline adipose tissue-derived MSCs (fAD-MSCs). Study fAD-MSCs were individually isolated
from the intra-abdominal adipose tissues of six felines. The expression levels of cell surface markers and pluripotent markers were evaluated.
Next, proliferation capacity was analyzed by performing cumulative population doubling level (CPDL) and doubling time (DT) calculation
assays. Differentiation potentials of AD-MSCs into mesodermal cell lineages were analyzed by examining specific staining and molecular
markers. All fAD-MSCs positively expressed cell surface markers such as CD29, CD44, CD90, CD105, CD166, and MHC-I, while CD14,
CD34, CD45, and CD73 were negatively expressed. The CPDL of the fAD-MSCs was maintained until passage 5 to 6 (P5 to P6), whereas
DT increased after P3 to P4. Also, stem cell-specific pluripotent markers (Oct3/4, Nanog, and SSEA-4) were detected. Importantly, all
fAD-MSCs demonstrated mesodermal differentiation capacity. These results suggest that fully characterized fAD-MSCs could be beneficial

when considering the use of these cells in feline disease research.
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Introduction

Mesenchymal stem cells (MSCs) are undifferentiated cells
that have the potential to regenerate and differentiate into
multilineage cells, including adipogenic, chondrogenic,
osteogenic, myogenic, and neurogenic cells [6,21,40]. MSCs
can be isolated from various tissues such as bone marrow,
adipose, and umbilical cord blood [8,10,13]. Compared to other
tissues or organs, adipose tissue is a good source for MSCs due
to its ease of isolation and plentiful availability with minimal
risk to the donor organ [5,21]. Many different animals (porcine,
canine, bovine, and equine) have been reported as donors of
MSCs [4,7,18,24]. Feline species have been studied for
potential isolation and characterization of MSCs. Feline bone
marrow-derived MSCs (fBM-MSCs) and feline adipose tissue-
derived MSCs (FAD-MSCs) were isolated and characterized by
Martin ef al. [20], Munoz et al. [23], and Quimby ef al. [28].
They reported that fBM-MSCs and fAD-MSCs possess similar
morphological features, such as cell surface antigens, and have

the ability to differentiate in a manner similar to that of MSCs of
other species, including mouse and human. Webb et al. [38]
reported a comparative study of fBM-MSCs and fAD-MSCs.
They reported that fBM-MSCs and fAD-MSCs have similar
morphologies, but that fAD-MSCs have a higher proliferation
rate than fBM-MSCs. However, they did not report on the
potential of fBM-MSCs and fAD-MSCs to differentiate into
multilineage cells. Kono et al. [16] reported a comparative
study of feline mature adipocyte-derived dedifferentiated fat
cells and fAD-MSCs. However, there is no comprehensive
report on fAD-MSC characteristics including their proliferation
ability during serial passages, pluripotent markers, molecular
surface markers, and differentiation capability.

Oct3/4, Nanog, and Sox2 are specific markers for pluripotency
and self-renewal of stem cells. In addition, SSEA-4, an early
embryonic glycolipid antigen commonly used a marker for
undifferentiated pluripotent embryonic stem cells, can identify
adult mesenchymal stem cells [9,12]. Thus the need to examine
the expression of Oct3/4, Nanog, Sox2, and SSEA-4 as
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pluripotent markers of fAD-MSCs. Clinical application of
fAD-MSCs to several diseases such as chronic kidney disease
[28,29,30], chronic allergic asthma [35], and chronic enteropathy
[39] have been attempted. In this study, we carried out extensive
characterization, including proliferation ability, pluripotent
markers, molecular surface markers, and differentiation capability
of fAD-MSCs. The results of this study may be critical in the
preparation of fAD-MSC:s for clinical applications.

Materials and Methods

Isolation of fAD-MSCs

Adipose tissue was individually collected from six adult
female felines (age 0-1 years) during sterilization. Approximately
25 g of intra-abdominal adipose tissue was sampled from each
feline. The tissue (n = 6) was washed with phosphate-buffered
saline (PBS; Gibco, USA) to remove blood, and blood vessels
were dissected out of the adipose tissue with sterile scissors and
forceps. The fAD-MSCs were isolated according to a method
described previously [17], with minor modifications. Briefly,
the tissue was cut into pieces with scissors and incubated in PBS
with 0.1% collagenase type I (Gibco) and 1% bovine serum
albumin (BSA; Bioworld, USA) at 37°C for 40 min with
continuous shaking. The digested tissues were passed through a
cell strainer to remove undigested tissue and then centrifuged at
300 x g for 5 min. The cell pellet obtained was resuspended in
low glucose Dulbecco’s Modified Eagle’s Medium (Gibco),
containing 10% heat-inactivated fetal bovine serum (FBS;
Gibco), penicillin (100 unit/mL; Gibco), and streptomycin (100
pg/mL; Gibco). Subsequently, the cells were incubated in a
tissue culture flask at 37°C in a 5% CO» incubator. Next day, the
medium was discarded and fresh culture medium added to the
cells. On reaching 80% to 90% confluency, the cells were
passaged by trypsinization (every 4-5 days). The numbers of
cells grown were counted at each passage.

Flow cytometry (FACS) analysis

The fAD-MSCs at passage 2 (P2) were used for identification
of cell surface markers. The cells (2.5 x 10’ cells) were stained
with the following antibodies: conjugated FITC and PE against
CD14 (antibody clone TUK4, MCA1568F; AbD Serotec, UK),
CD34 (antibody clone 581, 555821; BD Bioscience, USA),
CD44 (antibody clone IM7, ab19622; Abcam, UK), CD45
(antibody clone HI30, 555482; BD Bioscience), CD90 (antibody
clone 5E10, 555596; BD Bioscience), and CD105 (antibody
clone SN6, MCA1557F; AbD Serotec). The fAD-MSCs for
non-specific binding control were stained with the following
antibodies: FITC-conjugated mouse IgG1 « (antibody clone
MOPC-21, 555748; BD Bioscience), PE-conjugated mouse
IgG1 (antibody clone A85-1, 550083; BD Bioscience), FITC-
conjugated mouse IgG2a « (antibody clone eBM2a, 11-4724-42;
eBioscience, USA), and FITC-conjugated rat [gG2b « (antibody
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clone A95-1, 553988; BD Bioscience). Cells were analyzed by
using a BD FACSCalibur flow cytometer (BD Bioscience).
CellQuest Pro software (BD Bioscience) was used for FACS
data analysis.

Gene expression analysis with reverse transcriptase polymerase
chain reaction (RT-PCR) and quantitative real-time RT-PCR
(qRT-PCR)

Total RNA was extracted from fAD-MSCs at P2 by using the
RNeasy Mini Kit (Qiagen, Germany). RNA concentration and
quality was measured by using a Nano-drop 1000
spectrophotometer (Thermo Fisher, USA). The cDNA was
generated by combining total RNA (1 pug), reverse primers (10
pmol), and superscript II reverse transcriptase (Invitrogen,
USA). GoTaq DNA polymerase (Promega, USA) was used for
RT-PCR. For RT-PCR analysis, target genes underwent
predenaturation at 95°C (5 min) and amplification in 35 cycles
of 95°C (45 sec), 58°C (45 sec) or 60°C (45 sec), and 72°C (45
sec), followed by a final extension at 72°C (5 min). For
gRT-PCR analysis, a LightCycler 480 SYBR Green I Master kit
(Roche Diagnostics, Switzerland) was used. The following
qRT-PCR program was used: predenaturation at 95°C for 10
min, amplification in 45 cycles of annealing at 58°C or 60°C for
10 sec, and elongation at 72°C for 10 sec. Melting curve analysis
was performed between 65°C and 97°C. Each sample was
analyzed in triplicate, and the qRT-PCR result was calculated by
determining the threshold cycle (Ct) value. PCR products were
separated on 2% agarose gel by electrophoresis, stained with
Red Safe (iNtRon Biotechnology, Korea), and visualized under
UV light. Each image was digitally captured using a CCD
camera (Gel Doc, Bio-Rad Laboratories, USA). GAPDH was
used in every PCR analysis for internal control and reference.
We referred to a previous study [33] to determine the RT-PCR
and qRT-PCR primers, except for the primer for Sox2 (NM
001173447.1).

Cumulative population doubling level (CPDL) and cell
doubling time (DT) calculation

The fAD-MSCs were seeded at a density of 5 x 10* cells per
well in a 6-well cell culture plate and maintained for 5 days until
80% to 90% confluence was reached. Cells were passaged
every 5 days with trypsinization to the single cell for the CPDL.
During continuous passages, the number of fAD-MSCs at both
the seeding and harvesting times were determined to calculate
the CPDL and DT. We calculated CPDL and DT using the
formula:

CPDL = In(N¢N;j)In2 and DT = CT/CPDL,
where, N; is the initial cell number, N¢is the harvest cell number,

In is the natural log, and CT is cell culture time for each passage
[36].



Immuno-fluorescence staining (IFS)

The fAD-MSCs at P2 were fixed in 4% formaldehyde
(Sigma-Aldrich, USA) in PBS for 15 min at room temperature
(RT), washed twice with PBS, and permeabilized in 0.1% Triton
X-100 (Sigma-Aldrich) in PBS for 3 min at RT. Blocking was
done by using 1% BSA in PBS for 60 min at RT. For
multipluripotent marker analysis, the fixed fAD-MSCs were
incubated for overnight at 4°C with primary antibodies
(1:100): Oct3/4 (antibody clone H-134; sc-9081, Santa Cruz
Biotechnology, USA), Nanog (antibody clone RCK107, ab9220;
Millipore, USA), Sox2 (antibody clone 245610, MAB2018;
R&D Systems, USA), and SSEA-4 (antibody clone MC-813-70,
MAB4304; R&D Systems). After washing with PBS, the
fAD-MSCs were incubated with secondary antibodies (1:500):
FITC-conjugated goat anti-mouse (A90-244F; Bethyl
Laboratories, USA) and FITC-conjugated goat anti-rabbit
(sc-2012; Santa Cruz Biotechnology), for 90 min at RT. After
washing three times each, with 0.01% Triton X-100 in PBS and
PBS, the fAD-MSCs were counterstained with DAPI (Santa
Cruz Biotechnology). The stained fAD-MSCs were examined
by using an Olympus FluoView confocal microscope (Olympus,
Japan).

In vitro differentiation

Adipogenesis: For adipogenic differentiation, the fAD-MSCs
at P2 were seeded at a density of 7.5 x 10" cells/well in 12-well
tissue culture plates. The adipogenic medium was supplemented
with 1 uM dexamethasone (Sigma-Aldrich), 200 M indomethacin
(Sigma-Aldrich), 500 uM isobutyl methyl xanthine (Sigma-
Aldrich), and 20 pg/mL insulin (Sigma-Aldrich). Medium was
changed every 34 days, and adipogenesis was induced for 21
days. The cells were stained with an Oil Red O stain kit
(NovaUltra; IHC World, USA) for observation of red-colored
lipid vacuoles in differentiated cells.

Chondrogenesis: For chondrogenic differentiation, 1 x 10°
fAD-MSCs at P2 in 5 pL droplets of the growth medium were
seeded in 4-well tissue culture plates; after 6 h, chondrogenic
medium containing 100 nM dexamethasone, 25 uM ascorbic
acid 2-phosphate (Sigma-Aldrich), and 1 ng/mL TGF-3 (Lonza,
USA) was added. Chondrogenesis was induced for 21 days,
with changes to fresh medium every 3-4 days. To confirm
chondrogenic differentiation, we used an Alcian Blue stain kit
(NovaUltra; IHC World) and checked for blue color staining of
proteoglycans.

Osteogenesis: For osteogenic differentiation, 7.5 X 10*
cells/well at P2 were seeded on 12-well tissue culture plates,
and grown in osteogenic differentiation medium (PT-4120;
Lonza) for 21 days with a medium change every 3—4 days. We
observed the orange-red colored calcium deposits by staining
with an Alizarin Red stain kit (NovaUltra; IHC World).
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Statistical analysis

Data from three independent experiments were analyzed by
performing one-way ANOVA (analysis of variance) and data
are presented as mean = SD values. Differences among two
groups were compared by using Student’s #-test (JMP 6.0; SAS
Institute, USA). Values of p < 0.05 were considered statistically
significant.

Results

Isolation and proliferation ability of fAD-MSCs and expression
of MSC surface markers

The fAD-MSCs were isolated from feline intra-abdominal
adipose tissues (n = 6) and grown in plastic tissue culture flasks.
The cells had a fibroblast-like spindle shape and formed a highly
homogenous monolayer (panel A in Fig. 1). The fAD-MSCs were
evaluated for the expression of cell surface markers such as
CD29, CD34, CD44, CD73, CD90, CD166, MHC-I, and
MHC-II by performing FACS and RT-PCR at P2. The FACS
analysis revealed that the fAD-MSCs were strongly positive for
CD44, CD90, and CD105, but negative for CD14, CD34, and
CDA45 at P2 (panel B in Fig. 1). The RT-PCR results showed that
fAD-MSCs positively expressed CD29, CD44, CD90, CD166,
and MHC-I, but negatively expressed CD34, CD73, and
MHC-II at P2 (panel C in Fig. 1). During six consecutive
passages, the CPDL of the fAD-MSCs steadily increased until
P4 or P5. Individual passage CPDL results were: P1 (2.08 +
0.02), P2 (3.95 £ 0.07), P3 (5.88 £ 0.15), P4 (7.14 £ 0.15), P5
(8.00 £ 0.16), and P6 (8.78 £ 0.19). There was little CPDL
increase after P6 (panel D in Fig. 1). In accordance with the
CPDL results, the DT values significantly increased to 95.7 +
7.80 h (P4) and 141.3 +20.59 h (P5) from 62.1 + 2.86 h (P3)
(panel E in Fig. 1).

Expression of pluripotent stem cell markers

Expression of pluripotent stem cell markers in fAD-MSCs at
P2 was observed by using RT-PCR (Oct3/4, Nanog, and Sox2;
panel A in Fig. 2) and IFS (Oct3/4, Nanog, Sox2, and SSEA-4;
panel B in Fig. 2). The fAD-MSCs positively expressed Oct3/4,
Nanog, and SSEA-4, but negatively expressed Sox2. Similar
results were obtained from both RT-PCR and IFS.

Multi-lineage differentiation ability

To determine their ability to differentiate, fAD-MSCs at P2
were induced to differentiate into adipocytes, chondrocytes,
and osteocytes by using modified differentiation medium for
adipocytes and chondrocytes and osteogenic medium for
osteocytes.

Adipogenesis: After 21 days of culture, the cells were stained
with Oil Red O and examined for the presence of intracellular
lipid accumulation. The differentiated cells showed many
stained lipid droplets, but the non-induced control cells did not
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Fig. 1. Expression of MSC surface markers and proliferation ability of fAD-MSCs. (A) Typically, cell morphology was fibroblast-like. (B
and C) FACS and RT-PCR analysis: fAD-MSCs positively expressed CD29, CD44, CD90, CD105, CD166, and MHC-I, but CD14,
CD34, CD45, CD73, and MHC-II were negatively expressed at P2. (C) GAPDH is shown as a control for RNA sample quality. (D)
Cumulative population doubling level (CPDL) linearly increased until P4 or P5, and (E) doubling time (DT) did not increase until P3.
CPDL and DT data from three independent experiments are expressed as mean + SD values. 40 x (upper panels in A), 100 x (lower
panels in A). *p < 0.05, **p < 0.001.
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Fig. 2. Expression of pluripotent markers in fAD-MSCs at passage
2. (A and B) Images from RT-PCR and IFS analyses: fAD-MSCs
positively expressed Oct3/4, Nanog, and SSEA-4, but Sox2 was
negatively expressed. (A) GAPDH is shown as a control for RNA
sample quality. 140x.

stain positively (panel A in Fig. 3). Based on the qRT-PCR
analysis, mRNA expression levels of adipogenic markers such
as adiponectin (ADPQ) and peroxisome proliferator-activated
receptor y (PPAR-y) were significantly high in the differentiated
cells (Table 1).

Chondrogenesis: After 21 days of culture, the cells were
stained with Alcian Blue and examined for the presence of
proteoglycans. The proteoglycans were stained blue in the
differentiated cells, but positive staining was not detected in the
non-induced control cells (panel B in Fig. 3). The qRT-PCR
results showed that the mRNA expression level of the
chondrogenic marker aggrecan (ACAN) was highly elevated in
the differentiated cells (Table 1).

Osteogenesis: After 21 days of culture, the cells were stained
with Alizarin Red and analyzed for the presence of calcium
mineralization. Calcium staining was evident within the
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Fig. 3. Multilineage differentiation potential of fAD-MSCs at P2.
(A) fAD-MSCs, after being induced in adipogenic differentiation
medium, formed lipid droplets. (B) MSCs formed proteoglycans
when incubated in chondrogenic differentiation medium. (C)
Calcium mineralization was formed after incubation in
osteogenic differentiation medium. Oil Red O (A; red), Alcian
Blue (B; blue), and Alizarin Red (C; orange red). 200 x (A and B),
100x (C).

differentiated cells, but the control cells did not show any
calcium mineralization (panel C in Fig. 3). Analysis of the
qRT-PCR results revealed that the mRNA expression level of
the osteogenic marker osteopontin (OPN) was significantly
higher in the differentiated cells than in non-induced control
cells (Table 1).

Discussion

The therapeutic potentials of adipose tissue-derived MSCs
(AD-MSCs) have been investigated in many animal studies.
For example, canine AD-MSCs were shown to be clinically
effective for orthopedic condition and hip dysplasia treatments
[3,11,21,22,37]. In addition, equine AD-MSCs have shown
beneficial effects on the clinical signs of tendonitis, endometriosis,
and bone spavin [19,21,25,31]. Clinical trials using fAD-MSCs
have also been reported. A case of chronic enteropathy was
significantly improved after fAD-MSCs treatment with no side
effects observed [39]. Other studies have reported no significant
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Table 1. Relative expression levels of each differentiation marker

Adipogenic Chondrogenic Osteogenic
Feline Group ADPQ PPAR-y ACAN OPN
Mean + SD Mean + SD Mean + SD Mean + SD
1 UDF 1.00 + 0.06 1.00 + 0.08 1.00 + 0.07 1.00 + 0.02
DF 1,067.01 + 56.76** 6.52 + 0.46** 3,228.85 + 119.48** 1.88 + 0.05**
2 UDF 1.00 + 0.01 1.00 + 0.03 1.00 + 0.40 1.00 + 0.06
DF 72,897.45 + 1,830.41** 18.21 + 0.36** 13.49 + 0.90** 1.26 + 0.03*
3 UDF 1.00 + 0.04 1.00 + 0.05 1.00 + 0.32 1.00 + 0.01
DF 16,693.66 + 799.38** 7.13 + 0.33** 2.75 + 0.54* 1.25 + 0.10%*
4 UDF 1.00 + 0.04 1.00 + 0.10 1.00 + 0.07 1.00 + 0.03
DF 222,875.79 + 4,068.89** 18.20 + 0.59** 117 + 017" 2.09 + 0.07**
5 UDF 1.00 + 0.01 1.00 + 0.07 1.00 + 0.21 1.00 + 0.08
DF 31,294.97 + 908.62** 12.00 + 0.52%** 53.66 + 5.51** 5.31 + 0.21**
6 UDF 1.00 + 0.01 1.00 + 0.02 1.00 + 0.15 1.00 + 0.04
DF 11,859.63 + 370.00** 19.11 + 0.27** 21.32 + 0.91** 60.24 + 1.05%**

Expression levels were normalized to the level of GAPDH mRNA. The levels of expression from three independent experiments were evaluated and are
expressed as mean + SD values. ADPQ, adiponectin; PPAR-y, peroxisome pioliferator—activated receptor y; ACAN, aggrecan; OPN, osteopontin; UDF,
undifferentiation; DF, differentiation. UDF vs. DF (*p < 0.05, **p < 0.001, 'p > 0.05).

effects in chronic kidney disease and chronic allergic asthma
after stem cell therapy [21,28,29,30,35]. However, regardless
of the active clinical trials, fAD-MSCs have not been fully
characterized in terms of their proliferation activity, surface
markers, pluripotent markers, and quantitative differentiation
capacity; characteristics that are highly important in clinical
applications of multipotent MSCs [6,21,24,36]. Therefore, in
this study, we undertook extensive characterization of MSCs
isolated from feline intra-abdominal adipose tissue.

In this study, we successfully isolated MSCs from intra-
abdominal adipose tissues of six felines. The fAD-MSCs
appeared to have the typical fibroblast-like shape associated
with MSCs. During serial passages, the fAD-MSCs lost their
proliferation potency after P4 or P5. In comparison with
AD-MSCs of other species, fAD-MSCs demonstrate relatively
low proliferation activity. In canine and miniature pig,
AD-MSCs maintain their proliferative activity until P10 [14]
and P14 [17], respectively. Therefore, for therapeutic
application, fAD-MSCs may have to be prepared at early
passage.

The results of our RT-PCR and FACS analyses confirmed the
presence of MSC surface markers (CD29+/CD44+/CD90+/
CD105+/CD34—) and major histocompatibility complex
(MHC) molecules (MHC-I+/MHC-II—), which were also
observed in previous studies [16,20,23,28,38]. The lack of
MHC-II expression may confer upon fAD-MSCs a beneficial
effect in allogeneic cell therapies due to their low immunogenicity
[33]. A notable new result in our study was our observation of
no expression of CD73 on fAD-MSCs; CD73 has been
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previously reported to be a MSC marker [6,27]. In addition, we
detected expression of CD166 on fAD-MSCs. CD166, referred
to as an activated leukocyte-cell adhesion molecule, is considered
to be a marker of MSCs, to define MSCs when coexpressed with
CD105, and to have a role in osteogenic differentiation potential
[1,2].

The expressions of pluripotent genes Oct3/4, Nanog, Sox2,
and SSEA-4 were examined in fAD-MSCs in our study. Oct3/4
and Nanog were expressed in fAD-MSCs, but Sox2 expression
was not detected. Munoz et al. [23] showed that Oct3/4 and
Sox2 are expressed in undifferentiated fBM-MSCs. In addition,
Han et al. [12] and Park et al. [26] showed that Sox2 has an
important role in the enhanced proliferation of MSCs.
Therefore, the lack of expression of Sox2 in fAD-MSCs could
be one reason for the low proliferation activity of fAD-MSCs.
In addition, MSCs have tissue-specific characteristics. Riekstina
et al. [32] reported that human BM-MSCs did not express Sox2,
but other tissues, AD, dermis, and heart-derived MSCs express
Sox2. In canine, Takemitsu et al. [34] reported qRT-PCR results
showing that AD-MSCs and BM-MSCs had different gene
expression levels of Nanog. As MSCs have tissue-specific
characteristics [32], the lack of expression of Sox2 in our
fAD-MSCs suggests the presence of tissue-specific expression
in feline intra-abdominal adipose tissue MSCs.

SSEA-4 is a marker of human embryonic stem cells (ESCs)
and is expressed in very early cleavage to blastocyst stage
embryos. SSEA-4 is a surface marker associated with ESC
pluripotency and differentiation. Gang et al. [9] reported that
mouse bone marrow-derived MSCs expressed SSEA-4. MSCs



in canine adipose and bone marrow did not express SSEA-4
[34]. However, equine bone marrow, amniotic fluid, and
umbilical cord matrix-derived and porcine amniotic fluid-derived
MSCs have been shown to express SSEA-4 [7,18]. Kokkinaki
et al. [15] used SSEA-4 as an indicator marker for the isolation
of stem cells from human testes. In addition, they showed that a
SSEA-4-positive subpopulation highly expressed spermatogonial
stem cell markers, and that the subpopulation was maintained
over the long term. In our study, we observed the expression of
SSEA-4 in fAD-MSCs.

Importantly, we also assessed fAD-MSC differentiation
capability. The fAD-MSCs were shown to successfully
differentiate into multilineage cells (adipogenic, chondrogenic,
and osteogenic cell line differentiation). Rutigliano ef al. [33]
reported that differentiated feline progenitor-like amniotic
epithelial cells did not express ADPQ after induction into
adipocytes. We examined the expression levels of the mesodermal
lineage markers ADPQ, PPAR-y, ACAN, and OPN by
performing qRT-PCR. Although there were differences in the
expression levels of these markers among the fAD-MSCs
obtained from six felines, their expression levels in differentiated
cells were significantly higher than those in undifferentiated
cells.

MSCs are attractive vehicles for developing cell-based
therapies and for the study of diseases. In the present study, we
successfully isolated and extensively characterized MSCs
obtained from the intra-abdominal adipose tissues of six felines.
We confirmed that the features and potentials of fAD-MSCs are
similar to those in various other animal MSCs. We suggest that
the results of this study can be used as a reference for further
improvement of isolation and characterization of fAD-MSCs,
which can be useful in subsequent implementation of various
therapeutic applications.
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