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ABSTRACT

Mesenchymal stem cells (MSCs) have become a potent source for cell therapy due their inherent properties of
self-renewal and ability to undergo unlimited divisions in the field of regenerative medicine. In this study, equine
adipose tissue stem cells (EASCs) have been evaluated on the basis of their morphology, proliferation potential
and multilineage differentiation capabilities for their future usage in cell therapy. The cells were further
differentiated into osteogenic and adipogenic cell lineages as well as into adipose derived neurospheres to ensure
the stemness of propagated cells. In our study, we further successfully cultured the neurosphere derived cells
which were cultured from neurospheres after enzymatic dissociation. The study exhibits that EASCs offer a
suitable choice for cellular regenerative therapy in equines. Nonetheless, there is a still need to molecular
characterization of EASCs in order to establish a standard practice in equine medicine.
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kksk

At Yag Dokusu Kaynakli Mezenkimal Kok Hiicrelerin Izolasyonu ve Coklu Farklilagtirmasi

oz

Mezenkimal kok hiicreler kendilerini yenileyebilme ve sinirsiz bolinebilme kabiliyetlerinin vasitastyla rejeneratif
tip alaninda etkili bir kaynak haline gelmistir. Bu ¢alismada at yag dokusu kaynaklt mezenkimal kok hicreler
(EASCs) gelecekte hiicresel tedavilerde kullanilabilirligi adina, morfolojileri ve g¢oklu farklilasma kabiliyetleri
bakimindan degerlendirmeye alinmistir. Elde edilen hiicrelerin kék hiicre 6zelligini kesinlestirmek icin hiicreler
osteojenik ve adipojenik farklilastirmaya tabii tutulmus ve nérosfer farkhilastirmast yapilmistir. Bunun yam sira,
calismada elde edilen ndrosferlerin enzimatik olarak ¢6ziliminden sonra elde edilen nérosfer kaynaklt hiicreler
kiltire edilmistir. Calisma at yag dokusu kaynakli kék hucrelerin atlarda rejeneratif tip igin uygun bir secim
olabilecegini 6ne sirmektedir. Fakat at hekimliginde pratik uygulama icin bir standardin olusturulmasindan 6nce
daha detayli molekiiler karakterizasyon galismalarina ihtiya¢ duyulmaktadir.
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INTRODUCTION

Stem cell research has become an important tool for
modern science in the field of gene targeting, cloning,
drug research as well as regenerative medicine. Stem
cells are known for their unique and promising
adequacies such as capability of self-renewal and
ability to differentiate into various types of somatic
cells (Biehl and Russell 2009). Besides, stem cells have
the ability to migrate into the inflaimmation sites
(Laflamme et al. 2007) and facilitate cellular
regeneration (Rompolas et al. 2012) and could be
source of treatment and cure to various debilitating
and notorious diseases (Laflamme et al. 2007, Chen et
al. 2018, di Domenico et al.,, 2019). Broadly, stem
cells are classified as totipotent, pluripotent,
multipotent, oligopotent and unipotent stem cells
with the addition of re-programmed induced
pluripotent stem cells (Zakrzewski et al. 2019).
Although embryonic stem cells (ESCs) have higher
cellular potency (Zakrzewski et al. 2019), MSCs have
several benefits over embryonic cells (ESCs), as
serious ethical concerns exist while using ESCs and
MSCs have lesser immunogenecity (Macrin et al.
2017). Multipotent stem cells are being frequently
used in stem cell research as they are easy to obtain
and have enough potency to differentiate into many
cell types (Mirzaei et al. 2018). The adult stem cells
are considered as multipotent stem cells and they
could be procured from many tissues of an individual
such as bone marrow, muscles, adipose tissue, etc.
(Quimby and Dow 2015). The International Society
of Cellular Therapy has set certain criteria to declare
stem cells as mesenchymal stem cells which include
(a) adherence capability to plastic, (b) expression of
CD105, CD73, and CD90, (c) absence of expression
of CD45, CD 34, CD14 or CD11b, CD79 o or
CD19, and HLA class II, and (c) ability to
differentiate into different cell lineages like
osteocytes, adipocytes, and chondrocytes (Dominici
et al. 2000). EASCs are reported to have exhibited
expression of mesenchymal markers (CD29, CD44
and CD90) and not the major histocompatibility
complex II (MHC-II) and CD34 (hematopoietic
marker), hence fulfilling the criteria of MSCs (Alipour
et al. 2015).

In animals, application of stem cells is getting more
important and gaining momentum day by day. In
horse, stem cell therapy for cases like tendinitis
(Rivera et al. 2020), laminitis (Angelone et al. 2017)
has brought about a new dimension in veterinary
medicine. Autologous and allogenic applications of
equine adipose tissue derived stem cells (EASCs)
have become a focus for therapeutic purposes. There
are several promising uses of EASCs for tendinitis
which resulted in improvement and nearly full
recovery; inspiring many researchers for the use of
stem cells (Pacini et al. 2007, Crovace et al. 2010,
Rivera et al. 2020). The safety of using stem cells for

therapeutic approaches is a concern as they might
induce cancer or inflamation. For this reason use of
stem cells in equine had been investigated by
researchers and their results propose that it is safe
and easy to use stem cells in equines (Barberini et al.
2018).

In adipose tissues, presence of stem cell number is
almost 35 times higher than the stem cells available in
bone marrow. It has been noted that one gram of
adipose tissue contains 5000 adipose tissue stem cells
approximately (Huang et al. 2013). Considering this
fact, in the present study EASCs have been isolated,
identified, propagated and differentiated. We also
aimed to devise a method to isolate viable, feasible
and efficient stem cells which could be used further
for in-vitro and in-vivo researches as well as for clinical
trials.

MATERIALS and METHODS

Collection of Adipose Tissue and Isolation of
EASCs

The adipose tissues were collected at postmortem
from a 3-4 years old horse brought to Research and
clinical center of Afyon Kocatepe University (AKU),
Turkey (Record#107, 16/06/15). Approximately, 8
grams of subcutaneous fat tissue was collected from
the gluteal region of horse under optimum sterile
conditions in 50 ml centrifuge tube (VWR, USA)
containing sterile HBSS (Sigma, USA) with 1%
penicillin-streptomycin ~ (Gibco, UK) and 0.1%
amphotericin-B (Biowest, France). Soon after, the
tissue was transported to Histology and Embryology
laboratory, Faculty of Veterinary Medicine, AKU,
Turkey for stem cell isolation and further studies.
Harvested adipose tissues were placed in a 10 mm
petri dish, washed four times with sterile HBSS
containing 1% penicillin-streptomycin and  0.1%
amphotericin-B and cut into small pieces (about 1
cm? size).  The tissues were minced into very small
pieces with the help of scissors before enzymatic
digestion. Later, samples were transferred into a 50
ml centrifuge tube and about 5 ml collagenase-1A
(0.01%) (Gibco, USA) was added and incubated into
a shaking water bath at 37 °C for 2 hours. During
enzymatic digestion, the tube was stirred by turning
upside down at 15 minutes interval. After the
enzymatic dissociation, the digestion mixture was
strained with the help of 70 um cell strainers (Grenier
Bio-One GmBH, Germany) and collected sample was
centrifuged at 300 g for 10 minutes. Following the
centrifuge, the supernatant was discarded and the
pellet was suspended in low glucose Dulbecco’s
Minimum Essentials Medium (LG-DMEM) (Sigma,
USA) containing of 10% Fetal Bovine Serum (FBS)
(Biowest, South American Origin), 1% penicillin-
streptomycin (Gibco, UK), 200 mM L-Glutamine
(Gibco, UK) and 0.1% amphotericin-B (Biochrom
GmbH, Germany). Afterwards, cells were seeded into
25cm? cell culture flasks and incubated in a
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humidified atmosphere with 5% CO, at 37 °C.
Medium was changed every 3rd day and cells were
passaged until they reached the required confluence.
Cells from 3t passages were used for differentiation
studies.

Colony Forming Units Assay

To evaluate the colony forming properties of the
isolated stem cells; harvested cells from passage three
and five (P3 and P5) were seeded at different
densities of 250 cells/cm?2, 500 cells/cm?2, 1000 cells/
cm?, in 6-well plates and continued to culture for 15
days (3 replicates each). The culture medium was
replenished every 3 days with aforementioned
medium. At the end of the 15% day; cells of the
colonies were fixed with 4% paraformaldehyde
(Merck, Germany) and stained with crystal violet
(Pre-Med, Turkey). Colonies having at least 16-20
cells were took into consideration for counting
(Lange-Consiglio et al. 2013). The microscopic
images were obtained using low objectives under
stereo microscope and the captured images were
analyzed by CS-photoshop.

Doubling Time Calculation of EASCs

Cells were harvested from primary culture were
seeded at 25 cm? flask at a density of 20,000 cells /
cm? and cultured under 5% CO; in humidified
incubator at 37 °C. Complete renewal of medium was
performed with every three days interval till cells
reach 80-90% confluence.  After treatment with
0.05% trypsin-EDTA (Sigma, USA) passaging was
performed and harvested cells were counted by
Neubauer chamber by Trypan blue (Sigma-Aldrich,
USA) dye exclusion method. This process was
continued from P1 till P7. There were three sets of
cultures in each passage. Cell culture time was
calculated for each passage and doubling time was
calculated by using following formula (Roth and
Tuggle 2015).

duration *log (2)

Doubling time = — .
: log(Final concentration) — log(Initial concentration)

Growth Curve Determination of EASCs

To generate the growth curve and to observe the
behavioral pattern of cell proliferation, EASCs were
seeded at the density of 8000 cells per cm? into four-
well cell culture plates (Thermo Scientific, Denmark),
at passage 3, 5 and 7 (P3, P5 and P7). Cells were
cultured for 14 days and in every 2 days interval cells
were trypsinized and counted by using Neubauer
chamber and Trypan blue dye. The cell culture
medium was changed every third day of culture. This
process was repeated for three sets for each of the
mentioned passages.

Neurospheres generation
Stem cells from P3 and P5 were considered for
neurospheres  generation. To  perform  the

neurospheres generation, four-well cell culture plates
were coated with 0.01% Poly-L-Lysine (Sigma, USA).
The cells were seeded in the plates at a density of
50,000 cells/cm?. Medium containing DMEM/F-12
(Gibco, UK), 1% Penicillin-Streptomycin (Gibco,
UK), 0.1% Amphotericin-B  (Biochrom GmbH,
Germany), 1% Insulin- Transferrin- Selenium (Gibco,
USA), 20 ng/ml EGF (Sigma, USA) and 20 ng/ml
FGF (R&D Systems, USA) was used to generate
neurospheres. Plates were cultured in 95% humidity
and 5% CO; supply conditions at 38.5 °C. Half of the
differentiation medium was changed with great care
to avoid aspirating neurospheres, in every two days.
The neurospheres were photographed at 24t 48t
96™ and 120%™ hours post induction under inverted
microscope using DP-25 software. There were 3
replicates for each.

Culture of Neurospheres into Neurospheres
Derived Cells

Neurospheres were collected into a 15 ml centrifuge
tube carefully along with culture medium from the
dishes. By flushing 2 ml of serum free medium into
the wells; remaining neurospheres were harvested
completely. Neurospheres that were collected into
the centrifuge tube were centrifuged at 1000 rpm for
3 minutes and supernatant was discarded. After that
the cell pellet was resuspended with 1 ml of trypsin-
EDTA and incubated at 37 °C for 1 minute.
Afterwards, 1 ml of FBS containing culture medium
was added into the tube to stop the enzymatic activity
of trypsin-EDTA. The final mixture was centrifuged
at 1000 rpm for 3 mins. Cell pellet was resuspended
in 2 ml of serum containing culture medium after
discarding supernatant. Then, cell suspensions were
re-plated on poly-D-lysine (Company, Country)
coated O-well culture plates with 2ml serum
containing medium in each well used for EASCs
culture. Adipose neurospheres derived cells were
grown under normal culture condition at 37 °C and
5% COz (De Oliveira Carvalho 2012) where medium
was changed every 2 days. After reaching confluence,
cells were harvested using trypsin-EDTA.

Osteogenic Differentiation of MSCs

After third passage, MSCs were collected and seeded
into a 24-well cell culture plate at 29000 cells/well
with the help of differentiation medium containing
10% FBS (Biowest, South America), 1% penicillin-
streptomycin  (Gibco, UK), 0.1% amphotericin-B
(Biochrom GmbH, Germany), 200 mM L-Glutamine
(Gibco, UK), 0.1uM dexamethasone (Sigma,
Belgium), 0.05 mM ascorbic acid (Dr. Ehrenstorfer
GMbH, Germany) and 10 mM B-glycerophosphate
(Gibco, UK) in a-MEM (Lonza, Belgium). Medium
was changed with every three days interval and
condition was regularly checked under inverted
microscope. To ensure the differentiation, cells were
stained with Alizarin Red S at 14t and 21% day of
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differentiation. Photographs were taken using DP-25
software under inverted microscope.

Adipogenic Differentiation of EASCs

After third passage, EASCs were collected and seeded
into 24 well cell culture plate at 29000 cells/well using
adipogenic induction medium containing LG-
DMEM, 10% FBS, 1% Penicillin-Streptomycin
(Gibco, UK), 0.1% amphotericin-B  (Biochrom
GmbH, Germany), 05 mM  3-isobutyl-1-
methylxanthine (IBMX) (Sigma, Germany), 1uM
dexamethasone, 10 pg/ml insulin (Gibco, USA) and
100 pM indomethacin (Cayman Chemical Company,
USA). Additionally, at Day 7 and 15 of
differentiation, EASCs were cultured in adipogenic
maintenance medium composed of LG-DMEM, 10%
FBS, 0.05% Pen/Strep and 10 pg/ml insulin. Medium
was changed by three days interval and status of cells
was checked under inverted microscope according to
the cell culture manual (Cat# SCR020, Chemicon®

International). To evaluate the differentiation, cells
were stained with Oil red O at 14% and 19% day for
identification of adipogenic character. Photographs
were taken using DP-25 software under inverted
microscope.

RESULTS

Morphology of Equine Adipose Tissue Derived
MSCs

In the culture flask, after the isolation, cells exhibited
adherence to plastic surface. In subsequent passages,
cells were observed for good proliferation potential
and were observed to reach 90-95 % confluence in
the P2, P3 and P4 within 3-4 days. EASCs were
observed to have spindle shaped of fibroblast like
morphology  under inverted microscope, a
characteristic feature of stem cells. After, initial
culture, EASCs from P2 onward exhibited
homogenous fibroblast-like morphology (Fig. 1).

bl 4 % A il A -
Figure 1. . EASCs dominantly exhibited fibroblast-like morphology starting from P2 and onwards. A: EASCs at P2; B: EASCs

at P6.

Colony Forming Unit Assay

EASCs were evaluated for numbers of colony
formation in relation with different seeding densities
at the beginning of culture and at different passages
(P3 and P5). At both passages, it was observed that

numbers of colonies were observed to have
significant increase which was proportional to
increase in seeding density of EASCs (Fig. 2A-F).
However, it was found that EASCs from P3 exhibited
more colonies compared to P5 which was observed
after  staining  with  crystal  violet  stain.

Figure 2. Colony forming unit assay showed that in both P3 (A,B,C) and P5 (D,E,F); colony numbers increased depending
upon seeding densities. For both passages concentration of 250 cells/cm? (A,D) resulted with least colonies while 500
cells/cm? density (B,E) demonstrated better results but 1000 cells/ cm? (C,F) had highest numbet of colonies. It was visible
that P3 cells gave rise much more colonies compared to P5 cellsfor all concentrations.
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Doubling Time Analysis

During doubling time calculation, it was observed
that EASCs  exhibited significantly  highest
proliferation rates with minimal doubling time at P5

followed by P6 and P4 when compared to other
passages (p<<0.05). However, no significant difference
was observed among P4, P5 and P6 (Fig. 3).

120 o
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Figure 3. Doubling time analysis of EASCs at different passages (P1-P7). Results are presented as mean T standard deviation.
Significance is shown by differences in * (p<<0.05).

Growth Curve Analysis

The growth curve study for EASCs showed that the
initial phase is was stand for 2-4 days for all recorded
passages (P3, P5 and P7). The subsequent log phase
was noticed for 4-10 days in and then declined. From

the growth pattern it was revealed that the cells of P5
have got the longer stationary phase revealing higher
potentiality for proliferation. With the subsequent
advancement of passaging, cells had slower and lesser
prolificacy (Fig. 4).
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Figure 4. Growth curve analysis of EASCs at P3, P5 and P7. The study showed that P5 have got the longer stationary phase
and the cells demonstrated slower growth by the advancing passages

Neurospheres Generation

As a part of multilineage differentiation studies,
neurospheres were generated on lysine coated plates
with define medium (Fig. 5). For EASCs at P5,
neurospheres were observed as spheroid, three-
dimensional (3-D) structures that usually formed by
the 48th h of culture but took about 4 days to

become fully matured and free floating spheroids.
After the 5th day, the spheres were observed to
disintegrate. Neurospheres formation was found to
be comparatively slower at P3 when compared to P5
and P7. It was noticed that with the advancement of
time, the 3-D structure of neurospheres become
degraded  gradually and  disappeared finally.
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Figure 5. Neurospheres were succéssfully generated under the influence of EGF and FGF. Bar: 50 um (A, B); 20 um (C).

Culture of Neurospheres into Neurospheres
Derived Cells

The generated neurospheres were collected and
treated with trypsin-EDTA. After the trypsinization,
cells were re-plated on poly-D-lysine coated plates
with culture medium containing serum. The
disintegrated cells were found to be reattached with
culture surface and began to grow within 22 h (Fig.
6). After 72 hours of culture, it was observed that

T 00um D —

neurospheres derived cells started to grow from
periphery of neurospheres and became confluent
within couple of days during monolayer cell
expansion. The cells observed to have fibroblast like
morphology meanwhile, center of neurospheres was
observed to have dark appearance. The cells were
cultured till P5 and were observed to have good
proliferation potential throughout the cultured time.

[ 10oum | 7 Za Al

Figure 6. The EASCs neuropsheres were able to regenerate neurosphere derived cells. After the seeding, cells started to grow
from periphery of neurospheres (A, B). These cells exhibited fibroblast-like morphology (C).

Osteogenic Differentiation Potential

EASCs were observed to have good osteognic
potential after 21 days of culture in induction medium
in-vitro. The characteristic osteogenic differentiation

was observed by extracellular calcium deposition

stained orange red with Alizarin Red-S staining while

the control sample remained unaffacted (Fig. 7).

Figure 7. During the multi-lineage differentiation studies, EASCs were subjected with osteogenic differentiation. After 21 days
of differentiation, calcium deposits were demonstrated with alizarin red-s staining (B). The control sample was unaffacted by

the stain (A).

Adipogenic differentiation Potential
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The adipogenic differentiation of EASCs was
confirmed by Oil red-O staining. Nuclei stained in
black after hematoxylin staining and the accumulation
of lipid droplets in the cytoplasm of the cells stained

& AN SN S
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in bright red colour at 14th and 19th days of the
differentiation study. Meanwhile the control sample
remained unaffacted after staining (Fig. 8).

Figure 8. EASCs were also subjected to adipogenic differentiation for 14 and 19 days. To demonstrate the adipogenic

differentiation, Oil Red-O stainings were performed at both time intervals. The oil droplets were in red for both day 14 samples

(B) and day 21 samples (C). There was no staining in the control group (A). Arrow: Oil droplets.

DISCUSSION

Adipose tissues are gaining more popularity among
researches for stem cell therapies and applications
due to ease of isolation and high proliferation
potential. In consistent with previous findings from
human adipose stem cells (De Coppi et al. 2007) and
from equine (Lange-Consiglio et al. 2012), EASCs
exhibited fibroblast morphology and strong adherent
properties. During primary culture at initial seeding,
EASCs were observed to less homogenous in
morphology and showed a combination of branched
spindle shaped fibroblast like cells and ovoid or
circular cells similar to previous reports (Dominici et
al. 2000, lacono et al. 2012, Zuk et al. 2001). At PO,
the aggregated cells with nodular or globular
structures were recognized as budding nest. This
particular phenotype criterion has already been
reported by Alipour et al. (2015) and Tepliashin et al.
(2005) who suggested that this accumulation give rise
to populate special type of cells with uniform
morphology.

The growth curve and doubling time analysis showed
that EASCs possess high proliferation potential.
Although, we couldn’t perform comparative study for
specific proliferation potential of EASCs with any
other stem cell, in a comparative study, Burk et al.
(2013) reported that adipose derived stem cells
express higher proliferation potential when compared
to bone marrow derived stem cells. The EASCs are
reported as multipotent stem cells by several
researches (Dixon-Shanies et al. 1975, Gimble and
Guilak 2003) and EASCs getting more importance
day by day for application in regenerative cell therapy
(De Mattos Carvalho et al. 2011, Vidal et al. 2007).

It is reported that to be established as a stem cell,
cultured cells should be able to differentiate into
multiple lineages such as adipogenic, osteogenic or
neurogenic lineages (De Schauwer et al. 2011,
Dominici et al. 2006). Cells are reported to exhibit

some phenotypic, metabolic and genetic changes
during differentiation process which could be
assessed by expression of specific markers (De
Schauwer et al. 2011). However, such changes can
also be detected by staining of the differentiated cells
with tissue specific staining agents. EASCs were
successfully differentiated into osteogenic lineage
which was analyzed by Alizarin Red-S staining.
Adipogenic differentiation was proved by Oil red-O
to detect intracellular lipid droplets ensuring that the
cells differentiated into adipogenic lineage. These
findings and procedures were similar to previous
studies in this regard (Kog et al. 2008, Moonesi Rad
et al. 2019, Fink and Zachar 2011, Nawaz et al. 2020,
Ozden-Akkaya et al. 2019).

Furthermore, neurospheres generation from adipose
tissue make provision for the treatment of alleviation
of neurogenic disorder or diseases that may need
proper administration media and process. Researchers
had reported similar results from different sources of
various species such as human (Lee et al. 2011),
bovine (Ozden-Akkaya et al. 2019), canine (Altunbas
et al. 20106) in the context of neurosphere generation
under the influence of EGF and FGF, supporting our
findings. Although equine stem cells of different
sources like equine umbilical cord (Martino et al.
2014), equine amniotic membrane (Lange-Consiglio
et al. 2012) known to be able to differentiate into
neurogenic cells; there were no reports found on
neurospheres generation for equine. This study shows
that EASCs are able to form neurospheres.
Moreover, it was teported (De Oliveira Carvalho.
2012) that neurospheres derived cells have that
potential capability to propagate and regenerate into
neuron like cells having neuronal marker B-tubulin-111
and amyloid precursor protein. The yielding of
monolayer plastic adherent fibroblast like cells from
neurospheres (Girard et al. 2011) is one of the criteria
for evaluation of neurospheres that was also
confirmed in this study. Although we were unable to
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prove molecular characteristics of the cultured cells;
neurospheres gave rise to fibroblast-like cells which
were adherent to the plastic surface and demonstrate
a good proliferation rate while the cells were able to
undergo sub-culture for many passages.

CONCLUSIONS

The morphologic criteria of the isolated and
proliferated mesenchymal stem cells and its
differentiation into multiple cell lineages confirmed
their identity as multipotent stem cells. These findings
also favors the regenerative therapy with MSCs that
are able to migrate and take residence to the injured
or application sites with propagation of desired cells
of the target tissues. Also, a small amount of adipose
tissue is able to give large amount of cells for the
therapy. However, more detailed and in-depth
investigations are important to establish stem cells
proliferation and differentiation within the spatial
distribution of adipose tissue in animal body to
understand detailed molecular and biological system
in extensive clinical uses.

Conflict of Interest: The authors declare that they
have no conflict of interest
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