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Characterization of mesenchymal stem cells isolated from the adipose
tissue of young and old dogs
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Summary: The use of mesenchymal cells in veterinary medicine is considered to be promising for the treatment of several
diseases. Due to adipose mesenchymal stem cells being readily available and the expansion of these cells not incurring any additional
cost, the culturing of adipose mesenchymal cells has become a commonly applied method. Adipose mesenchymal cells are known to
have a multilineage potential of differentiation. Previous research has demonstrated success in the transplantation of canine adipose
mesenchymal cells. This study was aimed at the comparative evaluation of mesenchymal stem cells isolated from adipose tissue
samples taken at surgery from 3 old dogs (above 5 years of age) and 3 young dogs (1 to 6-months-old or younger), and at the
determination of any differences in the adipogenic, chondrogenic, and osteogenic differentiation potential, differentiation rate,
proliferation rate, and characteristics of these cells. Furthermore, a comparison was made for the stem cell potential of the
lipoaspirates.
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Geng ve yash kopeklerin yag dokusundan elde edilen mezenkimal kok hiicrelerin karakterizasyonu

Ozet: Mezenkimal kék hiicrelerin veteriner hekimlik alaninda kullanim bir¢ok hastaligin tedavisi igin umut 15181 olarak
goriilmektedir. Yag doku kokenli mezenkimal kok hiicrelerin eldesinin kolay olmasi ve iiretiminin ek bir maliyet getirmemesi
sebebiyle yag dokudan kok hiicre iiretimi en ¢ok kullanilan yontem olarak karsimiza ¢ikmaktadir. Yag doku kokenli hiicrelerin
multilineage potansiyeline sahip oldugu bilinmektedir. Kopek yag doku kaynakli mezenkimal kok hiicrelerin basarili bir sekilde
transplante edildigi de daha 6nceki ¢alismalarda da bildirilmistir. Bu ¢alismada 3 adet yasli (5 yas tizeri) ve 3 adet geng (6 ay ve alt1)
kopekten operasyon sirasinda alinan yag doku orneklerinden elde edilen mezenkimal kok hiicrelerin karsilastirilmasi, adipojenik,
kondrojenik ve osteojenik farklilasma potansiyeli, farklilasma hizi, tireme hizi ve karakteristik 6zellikleri yoniinden aralarindaki
farklarin ortaya konulmast, lipoaspiratin igerdigi kok hiicre potansiyelinin karsilastirilmast amaglanmustir.

Anahtar sozciikler: Farklilasma, kdpek, mezenkimal kok hiicre, yag doku

Introduction

In the last decade, rapid advancements have been
achieved in research on the use of stem cell therapy for
incurable diseases and in regenerative medicine. The use
of stem cell therapy, which is intended for diseases not
able to be treated with conventional methods, and the use
of the own stem cells of organs, are both becoming
widespread (5, 16). Today, in veterinary medicine,
mesenchymal stem cell-based therapies are used in
horses and dogs for the treatment of musculoskeletal
diseases, tendon and ligament injuries, and the damage of
the cartilage tissue and joints (2, 16, 23).

Mesenchymal stem cells have been isolated from
adipose tissue, tendons, the periodontal ligament,
synovial membrane, trabecular bone and bone marrow,
embryonic tissues, nervous system, skin, periosteum
(14), cartilage tissue (3) and muscles (14). Adipose tissue

is a readily available source of stem cells (23). Stem cells
isolated from adipose tissue are referred to as adipose
stem cells (ASCs) and are fibroblast-like cells with a
multilineage differentiation capacity (2, 21, 25). In
human medicine, researches on mesenchymal stem cells
are made use of, not only in regenerative medicine, but
also in systemic transplantation, combined stem cell
therapy and gene therapy, and tissue engineering (25). In
humans, adipose mesenchymal stem cells are used as a
cell source for the treatment of cardiovascular diseases
with cell therapy (12, 18, 19). The neuronal
differentiation of human adipose mesenchymal stem cells
suggests that they could be used as an alternative cell
source for the treatment of neurological diseases (20). It
has also been reported that adipose mesenchymal cells
can be used for hepatocyte regeneration and hepatocyte
transplantation (22).
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Although positivity for CD44, CD73, CD90,
CD105, CD106, CD146, CD166 and negativity for
CD14, CD34 and CD45 is expected (1) there is no such
specific surface antigen that can identify multipotent
stem cells (24).

The ultrastructure and differentiation potential of
mesenchymal stem cells isolated from bone marrow have
been investigated by transmission electron microscopy
(9), and it has been reported that, while these cells are in
continuous communication with each other and display a
higher number of vacuoles in the contact sites, the
substances contained by these vacuoles play a major role
in signalization (15). In a study conducted by scanning
electron microscopy, it was observed that the cells
showed a tendency of contact and extended to each other
by means of pseudopodia (17).

In this study, adipose mesenchymal cells isolated
from old and young dogs were compared for both
differentiation and proliferation rates, so as to determine
the impact of age on the differentiation of mesenchymal
stem cells.

Materials and Methods

Adipose tissue, extracted from the inguinal region
of healthy dogs under general anaesthesia, constituted the
material of the study (Ethics Board Decision HADYEK-
2014-19-143). The animals were anesthetized with
propofol induction (6.6 mg\kg BW) and isoflurane (1%)
maintenance. The inguinal region was prepared for the
operation by observing asepsis and antisepsis rules, and
adipose tissue samples of 0.5 cm® were extracted from
the subcutaneous region. The samples were transported
to the laboratory in sterile tubes. At the laboratory, the
samples were transferred into Dulbecco's modified
Eagle’s medium (DMEM) (Lonza, Belgium) under
laminar flow, and were cut into small pieces in sterile
petri dishes. Cell expansion was performed in T25 flasks
using the explant culture method. Following incubation
in a 5% CO, incubator for 15 minutes, a medium
containing 20% foetal bovine serum (Lonza, Belgium),
2% L-Glutamine (Lonza, Belgium), 10.000 I1U 1%
penicillin, streptomycin and amphotericin (Biological
Industries, Israel), and 77% Dulbecco's modified Eagle’s
medium (DMEM) (Lonza, Belgium), was added. The
culture medium was renewed every three days and cell
proliferation was observed under an inverted microscope
(Olympus Cx45). The flasks, which reached a confluence
of 70%, were passaged at a ratio of 1:2, and before
seeding, the number and viability of the cells were
checked and 5x10° cells were seeded in each flask. At the
end of the third passage, the cells were induced for
differentiation into cells of adipogenic, osteogenic and
chondrogenic lineage.

Adipocyte differentiation basal medium containing
an adipogenic supplement (Gibco, USA) was used to
induce adipogenic differentiation. Following the third
passage, the culture medium was renewed every three
days, and at the end of the 3™ week, the cells were
stained with Oil Red-O (Sigma Aldrich - USA - Lot
SLBC9102V). Thereby, differentiation into adipocytes
was recorded on the basis of the observation of the
presence of lipid droplets within the cells under an
inverted microscope.

Osteocyte differentiation basal medium (Gibco,
USA) was used to induce osteogenic differentiation.
Following the third passage, the culture medium was
renewed every three days, and at the end of the 3" week,
the cells were stained with Von Kossa solution (Merck,
Lot HC392067). Osteogenic cells were observed under
an inverted microscope.

Chondrocyte  differentiation  basal  medium
(Darmstadt, Germany) was used to induce chondrogenic
differentiation. Following the third passage, the culture
medium was renewed every three days, and at the end of
the 3" week, the cells were stained with Alcian blue
(Millipore-California-USA Lot 2496226) for the
observation of chondrocytes by inverted microscopy and
the recording of differentiation (23).

Results

Cell proliferation potential: The comparison of the
proliferation potential of the cells isolated from the
adipose tissue (Figure 1) of young and old dogs
demonstrated that the adipose-derived cells of the young
and old dogs had reached 70% confluence at the 1%
passage on day 12 and day 14-15, respectively (Figure
2).

It was observed that, while the cells resembled
fibroblasts on day 1 (Figure 3A), their morphology
transformed into an oval shape with passaging (Figure
3B). It was determined that the cells isolated from the
young and old dogs acquired an oval shape after 19-20
and 22-23 days, respectively.

Differentiation potential: It was ascertained that, the
lipid droplets emerged at an earlier stage of adipogenic
differentiation and existed at a higher concentration in
the cells isolated from the young animals (Figure 3C), in
comparison to the cells isolated from the old animals
(Figure 3D). Furthermore, it was determined that the
formation of lipid droplets started at the edges of the
flasks and advanced towards the centre with the increase
of signalization.

Following chondrogenic differentiation, the cells
isolated from the young animals were observed to have
stained more strongly with Alcian blue (Figure 3E),
when compared to the cells isolated from the old animals
(Figure 3F).
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Figure 1: Extraction of adipose tissue from dog.
Sekil 1: Yag dokusunun kdpekten ekstraksiyonu.

7 / $. 1SS g =

Figure 2: Appearance of a confluent flask. Young dog (A), old dog (B).
Sekil 2: Konfluent flask goriiniimii. Geng kdpek (A), yaslt kopek (B).
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Figure 3: Fibroblast-like cells at early passage (A), oval cell morphology in relation to the number of passages (B); formation of lipid
droplets (arrows) during adipogenic differentiation in cells isolated from young dogs (C) and old dogs (D); glycosaminoglycan
synthesis during chondrogenic differentiation in cells isolated from young dogs (E) and old dogs (F); demonstration of ossification
during osteogenic differentiation by Von Kossa staining in cells isolated from young dogs (G) and old dogs (H).

Sekil 3. ilk pasajdaki fibroblast benzeri hiicreler (A), artan pasaj sayistyla iliskili hiicre morfolojisinde ovallesme (B), geng (C) ve
yash (D) kopeklerde adipojenik farklilagmadaki hiicrelerdeki yag damlaciklarin (oklar) formasyonu; geng (E) ve yash (F)
kopeklerden izole edilen hiicrelerde kondrojenik farklilagsmadaki glikozaminoglikan sentezi; geng (G) ve yash (H) kopeklerden izole
edilen hiicrelerde osteojenik farklilagmanin Von Kossa boyamasi ile gdsterimi.
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Similarly, after osteogenic differentiation, the cells
isolated from the adipose tissue of the young animals
were observed to have stained more strongly with Von
Kossa solution (Figure 3G), in comparison to the
adipose-derived cells of the old animals (Figure 3H).

Discussion and Conclusion

The extraction and culturing of adipose tissue cells
are relatively easy processes. It has been reported that, in
humans, 1x10° stem cells can be isolated from 100 ml of
adipose tissue (11). In a previous study carried out in
dogs, it was reported that an adequate number of stem
cells were able to be isolated from 100 pl of adipose
tissue (23). In the present study, 0.5 cm®-samples of
inguinal adipose tissue were extracted by surgery, and on
the basis of cell expansion in flasks, it was found that
0.01 m*® of adipose tissue was adequate for the culturing
of stem cells.

The myogenic differentiation of human lipoaspirate-
derived cells has been investigated, and it has been
reported that these cells could be wused in the
bioengineering of skeletal muscle as well as in
regenerative medicine (13). Furthermore, the biochemical,
cellular and molecular characterization of human
adipose-derived stromal cells has been investigated, and
the responses of these cells to differentiation with
glucocorticoids and  thiazolidinediones have been
evaluated. It is considered that adipose-derived stromal
cells constitute a reliable model for the assessment of
adipocyte metabolism in humans (6). It has been reported
that, cultured mesenchymal stem cells isolated from the
bone marrow, aided in tissue healing at the operation site
of the patellar tendon in surgically treated New Zealand
rabbits, and provided evident benefits (7). The
comparison of the features of adipocytes derived from
the subcutaneous tissue with those of adipocytes
originating from the bone marrow demonstrated that cells
of subcutaneous origin were part of the stem cell system
localized to the bone marrow and various other organs
(8). Vieira reported that, during chondrogenic
differentiation, the mucopolysaccharide-rich extracellular
matrix stained positively as from the third week (23). In
the present study, success was achieved in the
differentiation of canine adipose mesenchymal stem cells
into all three lineages (adipogenic, osteogenic,
chondrogenic). The comparison of the differentiation of
the adipose-derived cells of the young dogs with the cells
isolated from the old dogs showed that differentiation
occurred more slowly and at a limited level in the cells of
old animals. This was attributed to the decrease in the
extracellular matrix of cells with ageing (4).

After being isolated, the cells that were seeded into
the flasks were observed to display a fibroblast-like
morphology on the 1% day of the culturing process. After

the third passage, these cells were determined to have
differentiated into adipocytes, osteocytes and chondrocytes,
and thus, to display a stem cell phenotype. Vieira et al.
reported that, while mesenchymal stem cells were
positive for the surface markers CD29, CD44 and CD90,
they were negative for CD45, and indicated that the
single criterion for these cells to be classified as
mesenchymal stem cells is trilinear differentiation (23).

Based on the comparison of human and canine cells
undergoing adipogenic differentiation, it has been
indicated that lipid vacuoles are observed at a lower level
in differentiated canine adipose cells (23). In the present
study, the cells isolated from the young and old dogs
differed for the number of lipid vacuoles, which was
found to be greater in the cells isolated from the young
animals.

Adipose mesenchymal stem cells, which were
investigated for their proliferation potential in the present
study, require further investigation like surface marker
expression, as they constitute a significant cell source for
use in the clinical treatment of several diseases.
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