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ABSTRACT
The objective of the study was immunophenotypic analysis of mesenchymal stem cells from dog adipose
tissue during in vitro cultivation. Materials and Methods: Mesenchymal stem cells were obtained from
dog adipose tissue by explant method. The cells were cultured in CO2 incubator by standard procedure.
Expression of cytoplasmic and membrane proteins on dog stem cells from fat tissue at the IVth and Xth
passages was examined by immunohistochemical method using monoclonal antibodies. Determination
the index of proliferation dogs adipose-derived stem cells (DADSCs) on IVth and Xth passages. Established
that DADSCs contains multipotent stem cells, that are characterized by an almost homogenous fibroblastlike cells оn the IVth and Хth passages. It was difined, that fibroblast-like cells оn the IVth and Хth passages
was expressed cytoplasmic and membrane proteins, which are specific to proliferating cells. Proliferation
index in adipose-derived stem cells culture was significantly greater at the IVth passage – 1.90±0.02,
compared to cells the Xth passage – 1,52±0,04 ** (P <0.01). DADSCs at the IVth passage are characterized
by a maximum level of expression of pan cytokeratin – 299 ± 0.6, actin – 299 ± 0,58, vimentin – 265,7 ±
20,7, E-cadherin – 298,3 ± 1 points, indicating that this cells have a high adhesive properties, proliferation
activity, cell signaling, interaction and mobility. The level of expression of these proteins remains high in
the stem cells culture also at the Xth passage, although it is significantly lower in relation to the IVth passage.
At the IVth passage adipose stem cells are characterized by average values of β-catenin expression – 97,7
± 8,5 points, and low values of CD44 expression – 26,3 ± 3,1 points, which were significant decreased at
the Xth passage of cultivation. The result of variance analysis revealed a significant effect of cell passaging
on the level of expression of cytoplasmic and membrane proteins.

INTRODUCTION

O

btaining of biological material, in particular stem
cells, for using in correcting of various pathological
processes in the organism has gained relevance in
veterinary medicine (Giordano et al., 2007; Lee et al.,
2012; Kladnytska et al., 2014). In the stroma of adipose
tissue was found a population of progenitor stem cells
with multilinear differentiation potential similar to
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mesenchymal stem cells (MSCs) derived from bone
marrow (Zuk et al., 2001). Considering that adipose tissue
often can be obtained without traumatisation to the body,
for example during operations like ovariohysteroectomy,
as opposed to obtaining of bone marrow, it can be
considered as an alternative source of MSCs, which can
be used for transplantation. The results of the study of
differentiation of stem cells allows to justify their use for
therapeutic purposes and to confirm the clinical efficacy of
new developments, based on stem cells properties, in the
direction of veterinary medicine (Sasaki et al., 2008; Lee
et al., 2012; Stefan and Wenisch, 2015). Characteristics
of cell culture enables the evaluation of its biological
properties (Andraszek et al., 2012, 2016; Chomik et al.,
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2016; Azam et al., 2019; Jamali et al., 2019). Among
modern research methods of identification of stem cell
commonly are used method of immunohistochemical
detection of marker proteins (Chamberlain et al., 2007;
Bara et al., 2014). Number of marker proteins which are
used in this, constantly growing, and is still not completely
understood their functional role in the cell. N-cadherin has
effects on adherens junction and regulates the proliferation
and differentiation of cells (Chalasani and Brewster, 2011).
The canonical Wnt/β-catenin signaling pathway plays a
crucial role in the maintenance of the balance between
proliferation and differentiation throughout embryogenesis
and tissue homeostasis. β-Catenin, encoded by the Ctnnb1
gene, mediates an intracellular signaling cascade activated
by Wnt. It also plays an important role in the maintenance
of various types of stem cells including adult stem cells
and cancer stem cells (Okumura et al., 2013; Zhang et
al., 2014). In unstimulated cells with vimentin, most of
the endogenous β-catenin is found in cell-cell contact
joints, where it interacts with E-cadherin and β-catenin,
providing interaction between neighboring cells (Yu et al.,
2016). Vimentin – protein of intermediate filaments of the
cytoskeleton, which is expressed by neural and glial cellspredecessors, as well as neurons, fibroblasts and smooth
muscle cells. This protein is involved in the processes of
cell adhesion, proliferation, migration and cell signaling
(Zhang et al., 2014). CD44 take a part in fetal and adult
hematopoetic stem cells regulation (Qian et al., 2012; Cao
et al., 2016). E-cadherin maintains the activity of neural
stem cells and inhibits the migration (Chen et al., 2015;
Konze et al., 2014). E-cadherin and other cells adgesion
molecules take a part in survival and differentiation of
human pluripotent stem cells (Li et al., 2012).
The objective of the study was to perform an
immunophenotypic analysis of mesenchymal stem cells
from dog adipose tissue on different passages during in
vitro cultivation.

MATERIAL AND METHODS
All researches on animals were carried out according
to Guide for the Care and Use of Laboratory Animals
(National Research Council, 1996). The experiment was
approved by the Commission on Bioethics Institute of
Veterinary Medicine NAAS of Ukraine, Resolution No.
1/2014 for conduction of experiments on animals.
Isolation of mesenchymal stem cells from dog adipose
tissue
Adipose tissue was obtained in sterile conditions
from dogs under 1 year age during planned operations
(ovariohysterectomy, suturing of hernia) under general
anaesthesia. The dogs were sedated by intravenous injection

with Sedazin (0.3 mg of xylazine per 1 kg of b.w.). As a
general anaesthetic Zoletil was administered intravenously
at a dose of 10 mg/kg of b.w. Thus, every time were taken
approximately 5 g of subcutaneous fat. Then adipose
tissue was placed in a container filled with normal saline
solution containing antibiotic and antimycotic agents,
transferred to a transport container (4ºC), and transported
to the laboratory. Further procedures were carried out in
a sterile laminar cabinet. The adipose tissue were washed
several times with PBS, released from the vessels, and cut
into pieces of 2–3 mm, which were plated in Petri dishes,
covered with a blanket lenses for better contact with plastic
and were cultivated (Bunnell et al., 2008; Neupane et al.,
2008; Kladnytska et al., 2016).
Cells cultivation
The Petri dishes (d = 35, 60 mm) with adipose
tissue were cultured in CO2 incubator (5% CO2 and 37.0ºC)
by standard procedure. The culture media contained 80%
of Dulbecco’s modified Eagle’smedium and 20% of foetal
bovine serum with 10 μl/mL of antibiotic-antimycotic
solution. The culture medium was replaced every 72 h.
When monolayer confluency reached about 80%–90%,
the cells were transferred to a suspension using 0.05%
trypsin-EDTA solution and reseeded in a ratio of 1 to 3.
The cell suspension obtained was filtered through four
layers of sterile gauze cloth, centrifuged, resuspended in
culture media, and reseeded in Petri dishes in a ratio of 1
to 3. The microscopic examination of cell culture quality
and prolipheration was conducted every day with inverted
microscope Axiovert 40 (Carl Zeiss, Germany) (Neupane
et al., 2008; Kladnytska et al., 2016).
Immunophenotypic analysis
The cells of IVth and Хth passages were seeded on
cover glasses and grew for 48–72 h. After the monolayer
reached about 50%–70% confluency, the cells were
fixed in fixing solution (methanol + acetone, 1:1) for 2
h at -20ºC, washed several times with PBS, incubated
with a 1% solution of bovine serum albumin (BSA) for
20 min, and treated with monoclonal antibodies against:
E-cadherin – EP700Y (REF-R4-2100-SO), Vimentin SP
20 (REF-RM-9120-SO), Beta-Catenin (REF-RB-9035PO), Keratin, Pan Ab-1 (Clone AE1/AE3, REF-MS343-PO), Thermo-Scintific, USA, Mouse anti Actin Pan
Anibody (REF-235-05), Diagnostic Biosystems, Purified
anti-human CD 325 N-cadherin (clone 8C11) Biolegend,
USA, Mouse anti CD 44 (clone REF-Mob-256-05),
Diagnostic Biosystems) for 30–60 min in accordance
with theinstructions for monoclonal antibody application.
For visualisation of reactions the Ultra Vision LPValue
Detection system (Thermo Scientific), which contain

1549

The Expression of Cytoplasmic and Membrane Proteins in Adipose-Derived Stem Cells

detecting antibody, conjugated with peroxidase, was used.
Enzyme activity was detected by using of diaminobenzidine
(Thermo Scientific) as a substrate (Detre et al., 1995).
After conducting an immunocytochemical reaction, the
preparations werewashed with water and stained with
Mayer haematoxylin (Sigma) for 1–2 min, and placed in
Faramount Aqueous Mounting Medium (Gluzman et al.,
2000). The results were analysed by counting the number
of positively stained cells (brown staining) and evaluated
by theclassical H-Score method: S = 1xA+ 2xB + 3xC,
where S – H-Score index. The values range from 0 (antigen
not detected) to 300 (strong expression in 100% of cells);
A – percentage of weakly stained cells; B – percentage
of moderately stained cells; C – percentage of strongly
stained cells
Determination of index of proliferation (IP)
Dogs adipose-derived stem cells (DADSC) IVth and
th
X passages were plated at a density of 5х103 cells per
square cm in Petri dish (diameter = 35 mm). After
48 hours of incubation, the DADSCs were transferred to
a suspension using 0.05% trypsin-EDTA solution, were
washed with PBS and calculated in Goriaev’s chamber.
To calculate the proliferation index (IP) the number of
calculated cells was divided on the number of cells, that
were plated.
Statistical analysis
The results were statistically analysed by using
Student’s t-test for significance of differences between
means. Differences at P ≤ 0.05, P ≤ 0.01, and P ≤ 0.001
were considered significant or highly significant. The
tables show the mean and standard deviation. To determine
the relationship of passaging to expression of protein
markers correlation analysis was carried out (establish
the likelihood of correlation coefficients). In all cases, the
difference was considered reliable at r≤0,05. To establish
the impact (η2х) of passage on the expression of marker
proteins and likelihood of such effects a single-factor
analysis of variance was carried out.

RESULTS
Morphological features of DADSCs
On day 6–7 after seeding, adherent cells left the
explants, proliferated and created a round colonies with
fibroblast-like cells, visible on several areas of culture
surface. During 10–15 days after initial cell seeding
(explant planting), cells reached about 80 percent of
confluency and the culture consisted of an almost
homogenous fibroblast-like cells. On the IVth and Хth
passages obtained homogenous cell population was used
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to conduction of immunophenotypic analysis (Fig. 1).
Throughout the cultivation period, the cells maintained
their fibroblastic morphology.

Fig. 1. Native unstained culture DADSCs: a) IVth passage,
100×; b) Хth passage, × 200.

Immunophenotypic characterisation of DADSCs
Immunocytochemical analysis of the CD-receptor
system of DADSCs at the IVth and Хth passages indicates
that the expression level of specific proteins significantly
changes during cultivation (Table I). Vimentin is a
typical marker of mesenchymal cells – it is a protein of
intermediate filaments of the cytoskeleton of the cell. It
was found a significant number of vimentin-positive cells
with high expression of protein activity at the IVth passage
and significant reduction of its amount by 29% the Хth
passage. This change of the expression of vimentin shows,
that with increasing number of passages gradually reduces
the level of cell adhesion, proliferation, cell signaling and
migration processes.
Table I. Immunophenotypic profile of dog adipose
derived mesenchymal stem cells at the IVth and Хth
passages (mean ±standard deviation, n=3).
Antigen

Expression level of specific proteins,
assessment in points by the H-Score method
(from 0 to 300)
ІVth passage

Хth passage

Vimentin

265,7±20,7

189±13,4*

Actin

299±0,58

261,3±10,8*

E-cadherin

298,3±0,97

223±15,68**

N-cadherin

0

0

CD44

26,3±3,1

15,3±1,9*

Pan cytokeratin 299±0,6

109±9,3***

β-catenin

63,7+3,7*

97,7±8,5

* P < 0.05, ** P < 0.01, *** P < 0.001.

Actin is the basis of microfilaments, which penetrating
the cytoplasm of cells and serve as a reference skeleton.
It was established the high level of actin expression
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in adipose derived mesenchymal stem cells at the IVth
passage and presence a large number of actin-positive
cells at the Хth passage. Although actin expression at the
Хth passage is significantly reduced by 13% compared with
its expression at the IVth passage, with each subsequent
number of passages the number of actin-positive cells
remains high, that confirms the preservation of motor and
contractile function of cells at a high level (Fig. 2).

confirms the nature of their origion, as this protein is a
marker of neural stem cells. To determine the cause-effect
relationships between expression level of nuclear and
cytoplasmic proteins and number of passages analysis
of variance was conducted (Table II). As can be seen
from Table II, indicators of analysis of variance confirm
a strong significant effect the number of passages on
immunophenotype of stem cells from fat tissue of the dog
(r = - 0,95 - 0,27; р<0,05-0,001).
Apparently these changes in cells immunophenotype
associated with repeated exposure to chemical and physical
factors and biological age-related changes in cells.
Table II. The impact the number of passages (ІVth and
Xth) on immunophenotype of dogs adipose-derivated
stem cells (ղ²; n = 3).

Fig. 2. Immunophenotypic characterisation of dog adipose
derived mesenchymal stem cells: a) control; b) E-cadherinpositive cells; c) actin-positive cells; d) N-cadherinnegative cells; e) CD44; f) Pan cytokeratin; g) Vimentinpositive cells x 400.

E-cadherin belongs to the family of transmembrane
glycoprotein that provide calcium-dependent cell
connections in the tissues. It was found that the expression
of E-cadherin at the IVth passage was 298,3±0,97points
and at the Хth passage was remains at a high level–
223±15,68** (P < 0.01), confirming the sustainability of
transmembrane links between cells in culture (Fig. 2).
Attaching of the cytoplasmic domain of E-cadherin to
the actin cytoskeleton of the cell performed by protein
β-catenin through protein A-catenin. β-catenin in addition
to cell adhesive function performs a signaling function in
cells and involved in the processes of cell proliferation,
differentiation, cell migration, and is a key protein of
Wnt-signaling pathway–a chain of signaling mechanisms,
consisting of Wnt ligand interactions. As for the index of
β-catenin expression, its value was significantly reduced
by 35% at the Хth passage in relation to the IVth passage.
We found a considerable number of positive cells
with high activity of Pan cytokeratin expression at the IVth
passage – 299±0,6 points and increase in its activity at the
Хth passage–109±9,3*** passage, indicating that the cells
had epitelial origin.
CD44 is involved in the processes of cell migration
and intercellular interactions. Expression of CD44 in
cells characterized by low index and, as we can see in
Table I, a number of CD44-positive cells is significantly
reduced at the Хth passage by 42% compared to the IVth
passage. Lack of expression of N-cadherin on DADSCs

Antigen

The impact, ղ²

Vimentin

0,73*

Actin

0,79*

E-cadherin

0,87**

N-cadherin

0

CD44

0,74*

Pan cytokeratin

0,99***

β-catenin

0,70*

*P < 0.05, **P < 0.01, *** P < 0.001.

The evaluation the index of proliferation of DADSCs
The evaluation of cell proliferation is an essential
tool for exploration of cellular growth. Was established the
effect of number of passages of stem cells from adipose
tissue of dogs on the proliferation index (PI). The results
showed, that IP was significantly greater in cells at the
IVth passage compared to cells at the Xth passage. Thus,
proliferation index in cell culture at the IVth passage was
1.90±0.02, while at the Xth passage – 1,52±0,04 ** (P
<0.01). Proliferation index decreases with the number of
passages due to the biological senescence of the cells, and
due to the influence on cells of chemicals and cultivation
conditions. Furthermore, the decreasing of proliferation
index at the Xth passage acompained with decreasing of
expression of cytoplasmic and membrane proteins, which
are associated with proliferation of cells. Performed
variance analysis showed that passaging of cells affects on
proliferation index with a force of ղ² = 0.94 **.

DISCUSSION
There are still questions about origin and
multipotentiality of MSCs. MSCs can be considered
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nonhemopoietic multipotent stem-like cells that are
capable of differentiating into both mesenchymal and
nonmesenchymal lineages (Giordano et al., 2007).
However, there is no specific single marker to clearly define
MSCs. In fact, at present, MSCs are identified through
a combination of physical, phenotypic, and functional
properties. The classical assay used to identify MSCs is the
colony forming unit assay that identifies adherent spindle
shaped cells that proliferate to form colonies and can be
induced to differentiate into adipocytes, osteocytes, and
chondrocytes. Furthermore, it is still questionable whether
MSCs from bone marrow differentiate into keratinocytes
in normal wound repair, in contrast to MSCs from adipose
tissue (Sasaki et al., 2008; Giordano et al., 2007).
Adipose tissue for obtain stem cells were taken from
the dogs under 1 year old. This is due to the fact that
age-related changes in the body exert effects on tissues,
including fat, which in turn causes the less active output
stem cells from tissue in processes cultivation. This is
consistent with current data research (Astor et al., 2013).
We received during culturing dogs adipose-derivated stem
cells were fibroblast morphology as the IVth and the Xth
passage. Proliferation index was on a high level as the
IVth and the Xth passage, but at the same time it decreases
with the number of passages due to the biological
senescence of the cells, and due to the influence on cells of
chemicals and cultivation conditions. Our findings are in
agreement with the results obtained by other researchers
(Neupane et al., 2008). During the immunophenotypic
characterisation of equine bone marrow multipotent
stem cells was recorded significantly lower expression
of Vimentin, Actin, E-cadherin, CD44 on II nd passage,
wich certifying the low activity of cells. Moreover it was
recorded the expression of N-cadherin, which is a marker
of neural cells (Mazurkevych et al., 2016). This confirms
that bone marrow-derived mesenchymal stem cells change
phenotype following in vitro culture (Chamberlain et al.,
2007; Bara et al., 2014). This coincides with the results of
our research.
As a result, stem cells from dogs adipose tissue for IVth
and the Xth passages culture characterized by the expression
of cytoplasmic and membrane markers characterizing
active proliferation, adhesion and movement properties.
As the number of passages the expression of markers
was significantly reduced. Index proliferation of adiposederivated stem cells significantly reduced the number of
passages that certifies the change immunophenotype of
these cells.

CONCLUSIONS
Adipose tissue of dogs contains multipotent stem cells

1551

that are characterized by the expression of cytoplasmic
and membrane proteins, which are specific to proliferating
cells.
Adipose derived mesenchymal stem cells of dogs at
the IVth passage are characterized by a maximum level of
expression of pan cytokeratin – 299 + 0,6, actin – 299 ±
0,58, vimentin – 265,7 ± 20,7, E-cadherin – 298,3 ± 1 and
no low level of β-catenin – 97,7 ± 8,5, CD44 – 26,3 ±
3,1 points, It indicated that this cells have a high adhesive
properties, proliferation activity, cell signaling, interaction
and mobility. The level of expression of these proteins
remains high in the culture of stem cells also at the Xth
passage, although it is significantly lower in relation
to the IV passage. Adipose derived mesenchymal stem
cells of dogs does not express of N-cadherin. The result
of variance analysis revealed a significant effect of cell
passaging on the level of expression of cytoplasmic and
membrane proteins. Proliferation index of stem cells from
adipose tissue of dogs is significantly greater in cells at the
IVth passage compared to cells at the Xth.
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