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ABSTRACT

Stem cell therapy has shown promising results in tendinitis and osteoarthritis in equine medicine. The
purpose of this work was to characterize the adipose-derived mesenchymal stem cells (AdMSCs) in
horses through (1) the assessment of the capacity of progenitor cells to perform adipogenic, osteogenic
and chondrogenic differentiation; and (2) flow cytometry analysis using the stemness related markers:
CD44, CD90, CD105 and MHC Class Il. Five mixed-breed horses, aged 2-4 years-old were used to
collect adipose tissue from the base of the tail. After isolation and culture of AdMSCs,
immunophenotypic characterization was performed through flow cytometry. There was a high expression
of CD44, CD90 and CD105, and no expression of MHC Class Il markers. The tri-lineage differentiation
was confirmed by specific staining: adipogenic (Oil Red O), osteogenic (Alizarin Red), and chondrogenic
(Alcian Blue). The equine ADMSCs are a promising type of adult progenitor cell for tissue engineering in
veterinary medicine.
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RESUMO

O uso de células tronco tem demonstrado resultados promissores na terapia da tendinite e osteoartrite na
medicina equina. O objetivo deste trabalho foi caracterizar as células tronco mesenquimais derivadas do
tecido adiposo (AdCTMs) em cavalos através da (1) avaliagdo da capacidade das células progenitoras
para realizar a diferenciacdo adipogénica, osteogénica e condrogénica; e (2) através da analise por
citometria de fluxo, utilizando os marcadores stemness relacionados: CD44, CD90, CD105 e MHC de
Classe Il. Cinco cavalos sem racga definida, de 2 a 4 anos de idade foram utilizados para a coleta do
tecido adiposo da base da cauda. Apds o isolamento e cultivo das AdCTMs, a caracterizacdo
imunofenotipica foi realizada pela citometria de fluxo. Houve alta expressdo dos marcadores CD44,
CD90 e CD105, e ndo houve expressdo do MHC Classe Il. A diferenciagdo foi confirmada pela
coloracdo especifica: adipogénica (Oil Red O), osteogénico (Alizarin Red), e condrogénico (Alcian
Blue). As AdCTMs s&o um tipo promissor de células progenitoras adulta para a engenharia tecidual na
medicina veterinaria.

Palavras-chave: caracterizagdo imunofenotipica, diferenciacdo, equino, tecido adiposo, célula tronco
mesenquimal

INTRODUCTION rapidly. The relative abundance and easy access

to adipose tissue has raised great interest among

The clinical use of cellular therapy and tissue researchers using these cells as a source of
engineering in veterinary medicine is developing mesenchymal stem cells (MSCs) in equine

medicine. There are positive results related to the
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use of adipose-derived mesenchymal stem cells
(AdDMSCs) in disorders such as tendinitis (Del
Bue et al., 2008; De Mattos Carvalho et al.,
2011).

Traditionally, the process of isolating the
nucleated cell fraction from the adipose tissue is
based on collagenase digestion, followed by a
series of centrifugation steps to isolate the
specific cells. This cell fraction is referred to as
stromal vascular fraction (SVF). The SVF
is a heterogeneous cell population including
endothelial and epithelial cells, fibroblasts,
mastocytes, preadipocytes, and MSCs. (Zuk et
al., 2001). The amount of MSCs within the SVF
seems to be directly related to the amount of
adipose tissue collected. Nevertheless, there is a
considerable variation from one animal to
another (Vidal and Lopez, 2011). The separation
of equine ADMSCs from the SVF is based on the

principle of adhesion, which allows isolation and
characterization of a homogeneous cell
population for further use in cell therapy
(Pascucci et al., 2011).

Several studies reported the characterization of
AdMSCs in horses, where the most common
processes are osteogenic, adipogenic and
chondrogenic (tri-lineage) differentiation of
progenitor cells (Vidal et al., 2007, 2008;
Kisiday et al., 2008; Mambelli et al., 2009;
Colleoni et al., 2009; Toupadakis et al., 2010;
Ahern et al.,, 2011; Schwarz et al., 2011a,b).
Only five recent studies have reported the
analyses of surface antigens of AAMSCs by flow
cytometry (de Mattos Carvalho et al., 2009;
Braun et al., 2010; Pascucci et al., 2011; Raabe
et al., 2011; Ranera et al., 2011). The results
from these studies are demonstrated in table 1.

Table 1. Average equine AdMSCs surface marker expression in previous studies, assessed by protein

expression with flow cytometry analysis

Author

Marker

CD13 CD14 CD29 CD34

CD44 CD45 CD73 CD90 CD105 CD164 STRO-1

% % % % % % % % % %
De Mattos Carvalho
70.33 95.15
et al., 2009
Brahun et al., 2010* + - + - + + -
Pascucci et al., 2011 79.0 935 24.75
Raabe et al., 2011 99.0
Ranera et al., 2011 97.22 0.07 95.12

*Data showing only evident expression (+), weak expression () and no expression (-)

Assessments of the results from previous studies
have shown CD90 as the only marker used in
every experiment, disregarding the use of other
markers. It was also demonstrated that CD90 is
expressed in over 90% of equine AdMSCs.
However, despite these advantages, there is no
species-specific CD90 antibody for use in horses.
Moreover, CD90 is also expressed in fibroblasts
(Sorrel and Caplan, 2009), which are
morphologically similar to stem cells maintained
in culture. Unlike antigen CD34, which is used
as a positive marker for the immunoselection of
hematopoietic stem cells (Krause et al., 1996), a
unique antibody for MSCs characterization has
not yet been identified. Thus, multiple markers
have to be used together for flow cytometry and
tri-lineage differentiation in order to characterize
equine AdMSCs. However, identifying one or
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more surface markers that positively identify
MSCs has proven to be more challenging for two
main reasons: (1) there are clear interspecies
differences in cell surface marker expression;
and (2) the immunophenotype of putative MSCs
changes with time in culture (Stewart and
Stewart, 2011).

De Schauwer and collaborators (2011) proposed
a standard protocol to ensure the correct
characterization of equine MSCs. The isolated
cells must be plastic-adherent under standard
culture conditions. The tri-lineage differentiation
should be confirmed using standard in
vitro tissue culture-differentiating conditions.
Furthermore, equine MSCs should express
CD29, CD44 and CD90 and not express CD14,
CD79 and MHC-II.
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Based on this new panel, the aim of the present
work was to characterize the AdMSCs in
horses through (1) the assessment of the capacity
of progenitor cells to perform adipogenic,
osteogenic and chondrogenic differentiation; and
(2) through flow cytometry analysis using the
stemness related markers: CD44, CD90, CD105
and MHC Class II.

MATERIALS AND METHODS

The experimental protocol was approved by the
Committee of Ethics and Animal Welfare of the
School of Veterinary Medicine and Animal
Science, S&o Paulo State University, Brazil, and
was performed under international guidelines for
the care and use of experimental animals. Five
horses (1 male and 4 female) of undefined breed,
aging between 2 and 4 years were used.

For adipose tissue collection the horses were
sedated with xylazine (0.7mg/kg, i.v.) followed
by s.c. injection of 2% lidocaine chloride with
epinephrine using an inverted L-block. An
incision of approximately 8cm in length was
performed parallel to and approximately 15cm
below the spinal column. Approximately 2mL of
adipose tissue was collected and stored in a
sterile 50mL conic tube containing RPMI-1640
medium (Sigma Chemical Co., St. Louis, MO,
USA), the skin was sutured with nylon using a
simple separated pattern.

To perform the isolation of stromal vascular
fraction cells, the adipose tissue was submitted to
successive washes with PBS followed by
mechanical separation using a no. 15 scalpel
blade and the digestive action of 0.02% of type |
collagenase (Gibco, Grand Island, NY, USA) in
RPMI-1640 medium, in a humidified heater at

37°C, under 5% CO, for 12 h. The resulting
solution was neutralized with Knockout DMEM
(Dulbecco’s modified Eagle’s medium, Gibco,
Grand Island, NY, USA) containing 10% FBS,
followed by centrifugation with a relative
centrifugal force (RCF) of 260 x g for 10min and
the supernatant was aspirated and added to PBS
and homogenized for future centrifugation.

The SVF was suspended on two 70cm’ cell
culture plates and maintained in a heater at 37°C
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and 5.0% CO,, using the Knockout DMEM
medium with 10% FBS. The medium was
changed every 2 days until a minimum
confluence of 70% of the plate occurred. Then,
trypsinization was conducted. Fifty microliters
were collected and transferred to a hemolysis
tube for cell count. The cells were quantified
using hemocytometer to evaluate cellular
viability by the Trypan Blue (Gibco, Grand
Island, NY, USA) exclusion test. The remainder
was transferred in equal volumes to two 75cm?
culture plates that were further incubated at 37°C
and 5.0% CO,. Cell culture was maintained up to
the third passage using samples from two horses
and up to the second passage for the remaining
horses, after which the cell count and MSCs
characterization were conducted.

The progenitor cells were differentiated
toward adipogenic, osteogenic, and chondrogenic
lineages to demonstrate their multipotentiality, in
agreement with the stated requirements to ensure
characterization of equine MSCs (De Schauwer
et al., 2011). All of the differentiations were
performed in triplicate, and a sample was kept in
basal medium during 14 days (adipogenic and
osteogenic), and 21 days (chondrogenic) to
ensure the non-differentiation of control cells.

For adipogenic differentiation, cells in passage
two were plated at 20,000 cells/em? in 24-well
plates and cultured under adipogenic conditions

for 14 days. The medium (STEMPRO®, Gibco,
Grand Island, NY, USA) was changed every 3
days, the cells were fixed in 10% formaldehyde
solution for 10 minutes, rinsed with PBS and
stained with Oil Red O (Gibco, Grand Island,
NY, USA).

To perform the osteogenic characterization of
AdMSCs, the progenitor cells at passage 3 were
plated at 20,000 cells/cm? in 24-well plates and
cultured ender osteogenic conditions for 14 days,

the medium (STEMPRO®, Gibco, Grand Island,
NY, USA) was changed every 3 days, the cells
were fixed in 10% formaldehyde solution for 10
minutes, rinsed with sterile water and stained
with Alizarin Red (Gibco, Grand Island, NY,
USA).
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Chondrogenesis was induced in micromass pellet
cultures prepared with 1x10° cells placed in a
15mL polypropylene conical tube. The pellet

was cultured at 37°C with 5% CO, in 2mL of

chondrogenic medium (STEMPRO®, Gibco,
Grand lIsland, NY, USA), the medium was
changed every 3 days. Following a 3-week
incubation period, the pellet was fixed in 10%
formaldehyde solution for 24 hours at room
temperature, embedded in paraffin and cut into
5um sections, and was stained with haematoxylin
for general histology and Alcian blue dye to
detect sulfated proteoglycans.

The selection of the antibodies was partly based
on the state of the art knowledge in equine MSCs
research. Thus, equine progenitor cells should
express CD29, CD44, and CD90 and not express
CD14, CD79, and MHC-II (De Schauwer et al.,
2011). Flow cytometry was performed with a
FACSCalibur (BD, San Jose, CA, USA), from
the first to the third passage using the mouse
anti-rat CD90-FITC monoclonal antibody (mADb)
(Caltag Laboratories, Burlingame, CA, USA)
and mouse anti-human CD105-FITC mAb (AbD
Serotec, Kidlington, Oxford, UK) to evaluate
interspecies expression; and the specific mAb
mouse anti-horse CD44 (AbD  Serotec,
Kidlington, Oxford, UK) and mouse anti-horse
MHC Class Il (AbD Serotec, Kidlington,
Oxford, UK), which were marked with
secondary mAb goat anti-mouse IgG-FITC
(Molecular  Probes, Eugene, OR, USA)
(Figure 1).
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RESULTS

Adipose tissue was successfully collected and a
mean of 2g of material was obtained followed by
isolation of AdMSCs. Regarding the animals,
skin incisions healed without complications.
Colonies of fibroblast-like cells were observed in
all of the cultures the day following isolation and
plating. Cell culture was maintained up to the
third passage using samples from two horses and
up to the second passage for the remaining
horses.

The ability for tri-lineage differentiation of
AdMSCs was confirmed using the human
commercial differentiation media (Gibco, Grand
Island, NY, USA) (Figure 2). Oil red O-stained
lipid droplets were observed inside the cells
under adipogenic induction. The osteogenic
differentiation was confirmed with Alizarin Red
staining on differentiated cells, and where the
calcium deposits formed during osteogenic
differentiation the stains were done in red.
Control cultures did not exhibit differentiation.
Chondrogenic potential was evaluated using the
pellet culture system. Cells undergoing
chondrogenic differentiation appeared blue when
stained with Alcian blue, due to the sulfated
proteoglycans produced in the extracellular
matrix during cartilage differentiation.

Flow cytometry analysis revealed the expression
of CD90 and CD105 in all the passages tested
(1" to 3™, determining interspecies cross-
reaction between rat and horse, and between
human and horse, respectively. CD44 also
reacted with MSCs in all the passages. As
expected, there was no reaction of the MHC
Class Il marker on MSCs (Table 2).
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Figure 1. Immunophenotypic analysis of MSCs derived from equine adipose tissue. Histogram
representing the flow cytometry performed on the MSC in the 1% passage using the following markers:
CD44, CD90, CD105 and MHC Class II.

a) b) C) 5 Ll
Figure 2. (a) Image of ADMSCs (100X), at day 14 after differentiation into adipocytes. Lipid droplets
were detected (Oil red-O staining). (b) Image of AdAMSCs (20X), at day 14 after osteogenic
differentiation. Calcium deposits stained in red in differentiated cells (Alizarin Red staining). (c) Image of
AdMSCs (10X), at day 21 after differentiation into chondrocytes. The extracellular deposition of

glycosaminoglycans is stained in blue (Alcian Blue staining).

Table 2. Average equine AdMSCs surface marker expression on flow cytometry analysis in 1% passage

(P1), 2" passage (P2) and 3" passage (P3)

P1 P2 P3
CD44 64.3%+17.56 62.29%+12.48 41.43%27.17
CD90 90.49%35.01 90.49%2+5.02 89.29%26.10
CD105 45.85%:+19.99 46.56%2+35.30 47.59%+18.01
MHC Class |1 1.00%+3.43 2.40%+1.88 2.87%+0.43

DISCUSSION

The techniques to retrieve SVF from adipose
tissue followed by culture for expansion and
isolation of MSCs in our study are similar to the
techniques described before (Vidal et al., 2007).
Our results confirmed the adherence of MSCs in
culture in <48 hours (Schéffler and Bichler,
2007).

The potential for differentiation within several
mesenchymal cell lineages is an integral
component of the MSCs phenotype. Tri-lineage
differentiation capacity is possible because of the
requirements for osteogenic, chondrogenic, and
adipogenic differentiation as well as the
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appropriate phenotype-specific assays for these
lineages which are well characterized in vitro
(Stewart and Stewart, 2011).

The unequivocal immunophenotyping of
equine MSCs is hampered by the lack of a
specific marker and the limited availability
of monoclonal anti-horse antibodies. To
date, commercial antibodies recognizing equine
epitopes are only available for CD13, CD44 and
MHC-II (De Schauwer et al., 2011). Thus, we
made the immunophenotypic characterization of
isolated cells using the species-specific markers
CD44 and MHC Class Il as well as markers from
other species, such as CD90, CD105. We did not
use the marker horse anti-mouse CD13, because
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of its lack of expression in equine MSCs in
previous studies (de Mattos Carvalho et al.,
2009; Radcliffe et al., 2010).

The data from our experiment demonstrates
compatibility with the results from other studies
(Table 1), confirming the requirements proposed
by De Schauwer and colleagues (2011) for the
appropriate characterization of MSCs from
horses. However, despite our results and the
results from others (Braun et al., 2010; Pascucci
et al.,, 2011; Raabe et al., 2011; Ranera et al.,
2011), comprehensive research has to be
conducted, regarding new markers to improve
this protocol for characterization of equine
MSCs. It is also important to determine whether
any given immunophenotype is clinically
superior to unsorted or alternatively sorted cell
populations (Stewart and Stewart, 2011).

CONCLUSIONS

The present study showed the tri-lineage
differentiation and the immunophenotypic
characterization of the surface of equine
AdMSCs using the CD44, CD90, CD105 and
MHC Class Il markers classifying these cells as a
promising type of progenitor cell that can be
used in equine cellular therapy. These findings
will also optimize AAMSCs phenotype definition
in further studies related to the characterization
of these cells.
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