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Abstract
The aim of this study was to isolate and characterize rat Adipose Derived Mesenchymal Stem Cells (AD-MSCs) in order to
evaluate the stemness markers gene expression levels, together with the assessment of phenotypic expression of the CD90
and CD45 markers. MSCs were obtained from subcutaneous adipose tissue of 16 Wistar rats. Microbiological controls were
performed to exclude the presence of bacteria, fungi and viruses in tissue. Adipose tissue was mechanically and enzimatically fragmented and stromal cell fraction was seeded in adherent culture flasks in DMEM 20% FBS. After 48h, the medium
was replaced. Cells were characterized by evaluating their ability to adhere to the plastic; the clonogenic potential by Colony
Forming Unit (CFU) assay and their ability to differentiate adipocytes and osteocytes. AD-MSCs were analysed for the
expression of three stem cell master genes (OCT-4, SOX-2 and NANOG) at different cell subcultures by Sybr Green RealTime PCR. Statistical analysis, performed with REST software, showed that the expression of the genes is maintained from
subculture 0 to 5. Moreover, flow cytometry analysis confirmed the mesenchymal nature of cells isolated from adipose tissue as they were positive for CD90, which is a MSCs surface marker, and negative for CD45 (typical hematopoietic marker).
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Introduction
Over the past few years in veterinary medicine there has been an
increased interest in understanding the biology of stem cells. They
are undifferentiated cells from the embryo, fetus or adult that
have the unique potential to generate various differentiated tissue
cells under appropriate biochemical, hormonal and mechanical
stimuli in vitro and in vivo [1]. Particularly, adult stem cells represent a promising therapeutic tool especially in wound repair, tissue engineering and application in therapeutic fields [2, 3]. These
cells can be isolated from a variety of tissues and organs including
peripheral blood, central nervous system, muscle, umbilical cord,

bone marrow and adipose tissue [4-8]. Mesenchymal stem cells
(MSCs) derived from bone marrow (BM-MSCs) and adipose tissue (AD-MSCs) are the most highly characterized and are quite
comparable [9]. Both have broad multipotency with differentiation into different cell lineages, including adipo-, osteo- and chondrocytic lineages [9, 10]. Their stromal vascular fraction contains
stem cells, T-lymphocytes, anti-inflammatory macrophages, endothelial precursor cells, and preadipocytes; they can differentiate into bone, cartilage, muscle and neuronal cells [11]. Previous
studies conducted on adult stem cell therapy have focused on
BM-MSCs, however the easy and repeatable access to adipose tissue, the simpler isolation procedure and the greater numbers of
fresh MSCs derived from equivalent amounts of fat versus bone
marrow provide a clear advantage in using AD-MSCs compared
to BM-MSCs [11-13]. AD-MSCs, in fact, can be easily cultured
and propagated more rapidly, retaining their mesenchymal multipotency after some passages [14]. For these reasons, AD-MSCs
have been isolated and characterized by several researchers in human medicine [15] and in a variety of animals [16]. Some authors
have referred the isolation and characterization of equine amnion
mesenchymal stem cells [17] whereas in dog and in mouse the
isolation and characterization of MSCs have been reported from
subcutaneous adipose tissue [2, 18-20]. Characterization of MSCs
is based mainly on the expression of some markers as CD105,
CD73 and CD90 and on the absence of expression of some
hematopoietic markers CD34, CD45, CD14 o CD11b, CD19 e
CD79a. Moreover, it is known that the pluripotency of a stem
cell depends on the expression of genes that code for transcription factors such as OCT4, NANOG and SOX-2. In rat, some
researchers have isolated and characterized bone marrow stromal
cells [21]; however, there are a few reports on rat AD-MSCs [22].
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Considering that the rat could be a good model for the research
purpose and that some variations occur among species (although
MSCs from different species have similar characteristics) and that
the gene expression and the phenotypic characterization of ADMSC is still controversial, the aim of this study was to describe
the isolation and characterization of rat AD-MSCs evaluating the
stemness marker gene expression levels together with the assessment of phenotypic expression of the CD90 and CD45 markers.

Experimental Procedures
AD-MSC isolation, characterization and quality controls
Adipose tissue samples, obtained from 16 Wistar rats, ranging in
age from 1 to 3 years and a mean body weight of 350 ± 30g
were used for the study. All protocols used in the present study
were reviewed and approved in accordance with the standards
recommended by the Guide for the Care and Use of Laboratory
Animals and by Directive 2010/63/UE. AD-MSCs were obtained
collecting subcutaneous fat depots from each rat, using standard
surgical procedures and a mild sedation by injection of Medetomidine (0.5 ml/kg body weight) in according to DL 116/92 and
Directive 2010/63/UE. AD-MSCs isolated, were amplified in vitro
and successively characterized.
Isolation was performed by digestion of adipose tissue for 3-4
hours at 37°C with collagenase type IA 0.2% (Sigma, St. Louis),
prepared in sterile phosphate-buffered saline (PBS) solution, containing 1% antibiotics (penicillin, streptomycin and amphotericin)
as described previously by Guercio et al. 2012. After 48 h, unattached cells were removed by washing with Hank’s Balanced Salt
Solution (HBSS, Gibco®), supplemented with 10% antibiotics
(penicillin, streptomycin and amphotericin) and the culture medium was renewed. Adherent cells, grown to semiconfluence, were
harvested, quantified and subcultured. To perform subsequent
AD-MSCs subcultures, a solution made with 0.05% of Trypsin
and 0.02% of EDTA was used. Cells were also cryopreserved,
for further studies, in D-MEM Low Glucose medium with 20%
FBS and 10% dimethyl sulfoxide (DMSO, Sigma-Aldrich®). The
identity of AD-MSCs was verified by assessing either their ability
to attach to the plastic surface of culture flasks, to form colonyforming units (CFU assay) and to differentiate in cells derived
from mesodermal lineages, adipocytes and osteocytes, in presence
of appropriated culture media. In order to induce adipogenic differentiation, cells were plated in six-well plates, and treated with
the Complete MesenCult® Adipogenic Medium (Stemcell Technologies) for 21 days, with medium change once in every 3 days.
Oil Red O staining was done to examine the lipid droplet for-

mation. Osteogenesis was instead inducted by plating the cells in
six-well plates with the NH OsteoDiff Medium (Mylteny Biotec)
for 3 weeks, with medium change once in every 3 days. Von Kossa staining was carried out to detect calcified extracellular matrix
deposits. Tumorigenic control of AD-MSCs was assessed in vitro
[2]. The AD-MSCs, the cell line VERO (negative control) and the
cell line Hep-2 (positive control) were cultured in vitro into three
different flasks. Later, each cell culture was inoculated in 6-well
plates, which contained the solid medium, and incubated at 37°C.
They were observed by microscopy for 3 weeks. After 7-10 days,
the tumorigenic cells started to replicate, producing multicellular agglomerates. The negative cells showed atrophy. Moreover,
adipose tissue collected and AD-MSCs were tested for a putative
microbiological contamination during the steps of production.
For this purpose, an aliquot of fat and of supernatant of cell
culture was inoculated into specifics bacteriological culture media.
Mycoplasma detection was performed through a specific Real Time
PCR, while the potential Pestiviruses contamination was detected
through a specific Real Time RT-PCR [2]. The presence of transcription factors indicative of self-renewal and undifferentiation
was also investigated, together with the phenotypic assessment of
membrane CD markers.
Characterization of AD-MSCs: gene expression analysis
Total RNAs were extracted from cells cultivated from subculture
0 to 5, using High Pure RNA isolation kit (Roche), according to
the manufacturer’s instructions. cDNAs were synthesized from
total RNA using random hexamers and Superscript Vilo cDNA
Synthesis kit (Invitrogen).
Specific primers were designed using Primer Express software,
to amplify fragments of Rattus_norvegicus stemness genes
(OCT4: NM_001009178.2; NANOG: NM_001100781.1; SOX2: NM_001109181.1). Gene expression levels of selected genes
were tested together with GADPH gene (XR598347.1), used as
reference (Table 1).
All reactions (in triplicate) were performed in a final volume of
20 µL, containing 2 µL of cDNA, 1X Sybr Green Buffer (Fast
Sybr Green master mix – Applied Biosystems) and 1 µM of each
primer. Cycling conditions were as follows: 95°C for 10 min; 40
cycles at 95°C for 30 sec, 60°C for 1 min. Melting curve cycles
were set as follows: 95°C for 15 sec, 60°C for 1 min and 95°C for
15 sec. The dissociation curve was used to confirm the specificity
of the amplicon. The relative levels of each RNA were calculated
by the 2-ΔΔCT method (CT represents the cycle number at which
the signal reaches the threshold of detection) [23]. Each CT value,

Table 1. Primers used for gene expression.
PRIMERS
GADPH-F
GADPH-R
OCT4-F
OCT4-R
SOX-2-F
SOX-2-R
NANOG-F
NANOG-R

GENE SEQUENCE
5’-AAC TTT GGC ATC GTG GAA GGG-3’
5’-AGG GAT GAT GTT CTG GGC TGC-3’
5’-GAG GCC TTT CCC TCT GTT CCT-3’
5’-GGC TGG TGC CTC AGT TTG AA-3’
5’-ACT GTT TTT TCA TCC CAA TTG CA-3’
5’-CGG AGA TCT GGC GGA GAA TA-3’
5’-TCA GCG CCG GTG GAG TA-3’
5’-TCC AGA CGC GTT CAT CAG ATA G-3’
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used for these calculations, is the mean of three replicates of the
same reaction. To assess variations in gene expression during different subcultures, REST (Relative Expression Software Tool)
2009 software, V.2.0.13. was used. Only P-values ≤ 0.05 were considered statistically significant. The statistical analysis performed
through the use of REST 2009 was conducted by comparing the
expression levels of stemness genes OCT-4, SOX-2 and NANOG
in AD-MSC from subculture 1 to 5 (sample group) to the expression levels of the same genes at subculture 0 (control group).
Characterization of AD-MSCs: cell immunophenotypical
analysis
Immunophenotypical analysis was performed on AD-MSCs
cultivated in D-MEM from subculture 0 to 10. Flow cytometric
analysis was carried out through the use of a FACS CANTO II
platform, with six channels (Becton Dickinson). For this purpose,
two tubes, each containing 200 µL of cell suspension, were set up:
one without antibodies and the other with cells stained with antibodies against CD90 and CD45. Particularly, the cells harvested
were centrifuged for 10 min at 400 g and stained at room temperature for 30 min with allophycocyanin (APC) conjugated mouse
anti rat CD90 and fluorescein isothiocyanate (FITC) conjugated
mouse anti rat CD45, at the concentration of 0.2mg/ml. First of
all, the tube with cell sample without antibodies was acquired as
negative control and used to set up the gating on the cell population of interest. For each tube 10.000 events were acquired.

Results
AD-MSCs were successfully isolated from rat adipose tissue. They
became semi-confluent (80%) in 25 cm2 flasks in 5-6 days, showing a fibroblast-like cells phenotype until 10 subculture (Figure 1).
The CFU assay performed on AD-MSCs at the cell passages 1,
3 and 5, showed the clonogenic efficiency of cells in culture that
formed colonies on a plastic surface in D-MEM Low Glucose
with 5% FBS.
AD-MSCs showed the ability to differentiate into two different
mesodermal lineages tested, when cultivated with appropriated
culture medium. After 4-5 days, AD-MSCs cultured in MesenCult® Adipogenic Medium, formed lipid globules into the cytoplasm, stained positive with Oil Red O, which continued to increase in size. No differentiation was observed in the untreated
cells.
AD-MSCs cultured in NH OsteoDiff Medium showed a cuboidlike phenotype and formed cell aggregates. Deposition of calcified extracellular matrix was highlighted after von Kosssa staining
in treated cells, whereas the untreated cells showed unchanged
phenotype.

Microbiological quality controls performed on adipose tissue
and on stem cells in culture resulted negative for bacteria, fungi,
Mycoplasma and Pestiviruses. This showed that manipulation in vitro
was conducted under appropriate conditions of sterility. Tumorigenicity assay was negative.
Gene expression analysis
The expression levels of stemness genes in AD-MSCs quantified
from subculture 0 to 5 are expressed as the average Delta Ct (ΔCt)
± standard deviation (SD). ΔCt derived from the difference between the CT of each gene and the CT of the housekeeping gene
GAPDH. For the calculation of the averages only samples with
CT value lower than 40 were considered (Figure 2).
The statistical analysis showed no statistically significant differences on the expression of the three stemness genes since their
expression levels were almost kept constant up to the fifth passage.
Characterization of AD-MSCs: cell immunophenotypical
analysis.
Flow cytometric analysis, performed on AD-MSCs cultivated in
D-MEM medium from subculture 0 to 10, showed the presence
of surface antigen CD90 and the simultaneous absence of CD45.
Particularly, Figure 3 shows that 93.7% of selected cell population expressed CD90 at subculture 0 while 98.1% of the selected
cell population expressed CD90 at subculture 10. This result confirmed the mesenchymal nature of AD-MSCs isolated.

Discussion
In the present study, we report the isolation and characterization
in vitro of MSCs from the subcutaneous fat of rat. By the use
of different techniques, we characterized the AD-MSCs isolated,
providing experimental evidences of their mesenchimal nature.
The obtained results agree with the findings obtained in an our
previous study utilizing the same techniques [22].
A limited number of studies have been performed to assess the
expression of stemness markers, showing controversial findings respect to our results. Disagree with some authors [24] that
demonstrated that mouse adipose tissue-derived stem cells do
not express the OCT-4 markers and agree with Izadpanah et al.
[25] that showed that OCT4 and SOX2 are abundantly expressed
in cultured rhesus and human AD-MSC, our results showed the
presence of a significative expression of stemness marker genes,
OCT4, SOX2 and NANOG. The study of gene expression levels,
was performed on the basis of related mRNA levels, evaluated
during five subsequent subcultures. The analysis used, highlighted
almost constant levels of gene expression for the three stemness

Figure 1. Adipose tissue-derived stem cells of rat at different subcultures (0, 6 and 10).
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Figure 2. Levels of stemness genes expressed in AD-MSCs (OCT4, SOX-2 and NANOG) quantified from subculture 0 to 5.
The values are expressed as average Delta Ct (ΔCt) ± standard deviation (SD).
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Figure 3. Immunophenotypic analysis of AD-MSCs for CD90 and CD45 expression, from subculture 0 (on the top) to
subculture 10 (on the bottom).

markers, during the different subcultures. This showed that isolated cells maintain their mesenchymal nature. These data were also
confirmed by flow cytometry analysis that showed the presence
of CD90 surface marker and the absence of CD45 up to 10 subcultures, during which AD-MSCs maintain the typical fibroblastoid morphology. In addition, isolated AD-MSCs also proved to
have high plasticity, together with a constant proliferative rate and
a remarkable ability to differentiate towards different cell lines.

Conclusion
This study contributes to the characterization of AD-MSCs derived from rat and to the understanding of their nature. Since
the rat represents an ideal model to understand tissue reparative mechanisms and it is also useful for translational medicine
studies, results obtained in this study emphasize once again how

AD-MSCs derived from rat represent an ideal tool to better understand the mechanisms at the basis of cell therapy and for the
development of regenerative medicine approaches.
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