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Abstract: The present work reports the effect of the long-term exposure bone marrow mesenchymal
stem cells from chronic ischemic heart disease patients with erythropoietin on morpho-functional
properties. The mesenchymal stem cells were grown under 3rd passage in medium supplemented with
33.4 IU/mL of recormon to study expression of adhesion molecules, erythropoietin receptor, cytokine
receptor to common β-chain on surface, and proliferative potential (MTT test, CFU, cell cycle),
migratory ability, nitric oxide production under growth factor deprivation, oxidative stress and
hyperglycemia conditions, and autophagy activity, and ultrastructure changes in cells. The results
showed that the long-term exposure mesenchymal stem cells with erythropoietin significantly increased
proliferation, nitric oxide production and some adhesion molecules and receptors expression on surface
of those cells. In addition, the erythropoietin long-term exposure with mesenchymal stem cells increases
autophagy activity. The finding of this work indicates that erythropoietin could be used to augment cell
resistance to adverse microenvironment condition.
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1. Introduction
Mesenchymal stem/stromal cells (MSCs) are multipotent progenitor cells, capable to
self-renew, and to differentiate into many types of cells, and can be ease expanded in vitro, and
exert anti-inflammatory, antioxidant, anti-fibrotic, and angiogenic effects, it makes to apply
them to promote tissues repair and regeneration of ischemic or damaged tissues [1-5]. While,
the efficacy of MSCs depends largely on microenvironment conditions, such as oxidative
stress, high levels of pro-inflammatory cytokines and glucose, which have a negative impact
on cell viability and, as a result, lower cell survival, and therapeutic potential [6,7].
Erythropoietin (EPO), in addition to stimulating erythropoiesis, has also been shown to
exhibit anti-apoptotic effects on other somatic cells [8]. EPO acts through its receptor (EPOR) as well as in complex with CD131 to activate signaling pathways in nonhemopoietic cells
[9].
In a rat model of white matter damage treatment with human umbilical cord-MSCs and
rhEPO reduced injury area, increased body weight, and improved neurobehavioral scores [10].
Intervertebral disc a single injection of MSCs or MSCs with EPO significantly increased the
height of the intervertebral disc and repair in the nucleus pulposus in a rat model of
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intervertebral disc degeneration [7]. Intramuscular a single injection of MSCs or MSCs with
EPO stimulates angiogenesis in a rat model of critical limb ischemia [11].
Recently was demonstrate that EPO promotes osteogenesis and inhibits adipogenesis
of MSCs [12]. Under acute kidney injury microenvironment in C57Bl/6 mice was showed that
EPO restored MSCs proliferation and decreased apoptosis [13]. Moreover, EPO decreased the
expression of caspase-3 and increased the bcl-2 expression on MSCs, and increased of
phosphor-Janus kinase 2, phosphor-signal transducer and activator of transcription 5.
The aim of the study was to analyze the effect of EPO on morphofunctional properties
of human bone marrow MSCs obtained from patients with ischemic heart disease.
2. Materials and Methods
2.1. Mesenchymal stem cells and reagents.

Research involving humans was performed with the prior approval of the Ethics
Committee of Research Institute of Clinical and Experimental Lymphology – Branch of
National Reswarch Centre Institute of Cytology and Genetics Siberian Branch of Russian
Academy of Sciencies and Meshalkin National Medical Research Center, and all procedure
was conducted in accordance with the principles and guidelines of the Declaration of Helsinki.
All participants signed written informed consent prior to the study. Fifth ischemic heart disease
patients with diffuse and distal coronary arteria disease were enrolled in 2018. Patients had to
be at least 50 years old, suffering from chronic ischemic heart disease, and receiving constant
state-of-the-art pharmacotherapy for at least 3 months prior to enrolment. 95% were men. All
were in angina NYHA functional class II-III. Mononuclear cells were received from bone
marrow aspirate by centrifugation at 3000 rpm during 20 minutes on ficoll/verografin density
gradient (ρ=1.077 g/L), washed with phosphate buffer solution (PBS; Biolot, Russia) three
times and transplanted in T-75 flask (TPP, Switzerland) in DMEM (Biolot, Russia) medium
with the addition of 80 µg/mL of gentamicin, 2 mM L-glutamine (Merck, USA), 5 mM
HEPES-buffer (Merck, USA), and 10% of fetal calf serum (FCS; HyClone, USA) in
concentration of 106 cells/cm2 and raised at 37 0C/5% CO2 within 72 hours. Further not
adherent cells were deleted, fresh medium was added and adherent cells were cultivated to
reach 80-90% confluent monolayer. Change of medium was carried out in 3-4 days. Passage
of cells was done with use 0.25% solution of trypsin and 0.02% EDTA solution (Biolot,
Russia). In experiments was used cells 4th passage. Verification of accessory of the received
cells to true MSCs was carried out by phenotyping with mAb to CD34, CD45, CD73, CD90,
CD105 on FASC Canto IITM (BD, USA), and on the ability to be differentiated in the
osteogenic, adipogenic, and chondrogenic direction. For adipogenic differentiation, MSCs was
incubated in a DMEM medium with the addition of 80 µg/mL of gentamicin, 2 mM Lglutamine, 5 mM HEPES-buffer, 10% FCS, 10-7 M dexamethasone (Merck, USA) and 0.5 mM
isobutyl methylxanthine (Merck, USA) at 37 0C/5% CO2. For osteogenic differentiation, MSCs
was incubated in DMEM medium with 80 µg/mL of gentamicin, 2 mM L-glutamine, 5 mM
HEPES-buffer, 10% FCS, 10-9 M dexamethasone, 10 mM β-glycerophosphate (Merck, USA),
and 50 mcg/ml of ascorbate-2-phosphotase (Merck, USA) at 37 0C/5% CO2. For chondrogenic
differentiation, MSCs was incubated with DMEM added to the culture medium with 80 µg/mL
of gentamicin, 2 mM L-glutamine, 5 mM HEPES-buffer, 10% FCS, 10-7 M dexamethasone,
and 10 ng/mL of transforming growth factor-beta (TGF-β; Merck, USA) at 37 0C/5% CO2.
MSCs were cultured for 14 days, and the medium was replaced every 3-4 days. MSCs
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morphology was evaluated under an inverted Axio Observer Z1 (Zeiss, Germany) microscope
after staining with oil red-O, Van Cossa and toluidine blue, respectively, for adipocytes,
osteocytes and chondrocytes.
2.2. MSCs cultivation with EPO (MSCs-EPO).

MSCs from 4th passage was cultured in T-75 flask in DMEM medium with the addition
of 80 µg/mL of gentamicin, 2 mM L-glutamine, 5 mM HEPES-buffer, 10% FCS, and EPO
(33.4 IU/mL; Recormon, Switzerland) in concentration of 106 cells/cm2 and raised at 37 0C/5%
CO2. Change of medium was carried out in 3-4 days. Passage of cells was done with use 0.25%
solution of trypsin and 0.02% EDTA solution. In experiments was used cells 3rd passage.
2.3. Surface expression of adhesion molecules, EPO-R, CD131, and apoptosis rate detection
by flow cytometry.

The expression of cell adhesion molecules: CD18 (integrin beta-2 - receptor for cell
adhesion molecules ICAM, VCAM), CD29 (beta-1-integrin - subunit of the integrin receptor),
CD44 (integral cell glycoprotein - receptor for hyaluronic acid), CD49a (integrin alpha-1 main collagen-binding surface receptor), CD54 (cell adhesion molecule - LFA-1 integrin
receptor ligand), CD62E (glycoprotein - adhesion molecule that promotes recruitment of white
blood cells to the lesion site) and CD146 (cell adhesion molecule - receptor for alpha-laminin;
MSCs marker), as well as co-expression of the EPO receptor (EPO-R) and cytokine receptor
common β-chain (CD131) were determined on MSCs from 8th passage and on MSCs-EPO
from 3rd passage.
2.4. Cell cycle.

Cell cycle distribution and measurement were performed by flow cytometry. To this
order, 1 x 106/mL of MSCs or MSCs-EPO was washed with cold PBS and fixed in 70% ethanol
(-20 0C) at 4 0C. Then, fixed cells were pelleted and stained with propidium iodide (BD, USA)
and RNase (Merck, USA) for 30 minutes at 37 0C, and 30,000 cells were analyzed by flow
cytometry and the proportion of cells in subG0G1, G0G1, G2/M and S phases was measured.
2.5. Immunocytochemical analysis.

For immunocytochemistry MSCs and MSCs-EPO, cells were attached to glasses coated
with L-polylysin, fixed in 4% paraformaldehyde, permeabilized with methanol for 10 minutes,
and then blocked with 3% BSA (Merck, USA) in PBS at 37 0C for 1 hour and incubated with
anti-LC3B monoclonal antibody conjugated with AlexoFlour@488 (Abcam, USA) at 4 0C
overnight. Cells were then washed 3 times with PBS and stained with DAPI, air-dried at 4 0C
in the dark, then washed 3 times with PBS, the cells were analyzed under invert Axio Observer
Z1 microscope. Positively LC3B-stained cells are presented as a percentage of a total number
of cells counted.
2.6. Colony Forming Unit (CFU) assay.

MSCs and MSCs-EPO in concentration 400.0 cells were plated in 24-well plates (TPP,
Switzerland) and were incubated for 7 days without medium change at 37 0C/5% CO2. The
plates were collected, fixed and stained with 1% methylene blue, and analyzed under inverted
Axio Observer Z1 microscope.
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2.7. Cell proliferation assay.

Cell proliferation of MSCs and MSCs-EPO was detected by 3-(4,5-dimethylyhiazol-2yl)-2,5-diphenyltetrazolium bromide (MTT; Merck, USA) assay. MSCs or MSCs-EPO, which
were incubated with basal medium containing with or without 100 µM hydrogen peroxide
(Merck, USA), 25 mM and 64 mM D-glucose (Merck, USA), 0% and 10% FCS, 33.4 IU/mL
EPO for 3 days respectively, were plated at a density of 10,000 cells/well in 96-well plate at
37 0C/5% CO2, and incubated with 10 µL of 5 mg/mL MTT solution was for 4 hours. Then,
the medium was replaced by 100 µL of dimethyl sulfoxide (Merck, USA), and the absorbance
was measured at 492 nm.
2.8. Scratch-wound assay (horizontal migration).

MSCs and MSCs-EPO were seeded into 96-well plate and cultured for 24 hours.
Scratches were made on the bottom of each well with a 200 µL pipette tips, then wells were
washed 3 times with PBS to remove cells debris, and the MSCs and MSCS-EPO were then
cultured in basal medium containing with or without 100 µM hydrogen peroxide (Merck,
USA), 25 mM and 64 mM D-glucose (Merck, USA), 0% and 10% FCS, 33.4 IU/mL EPO for
2 days respectively at 37 0C/5% CO2. On 0 hour and 48 hours wound area was photographed
using inverted Axio Observer Z1 microscope and analyzed. This allowed as to evaluate the
area percentage for scratches closure.
Wound closure=1-(“wound” area at 48 hours/ “wound” area at 0 hour) x 100%.
2.9. Nitrite production.

Nitric oxide (NO) production by MSCs or MSCs-EPO, which were incubated with
basal medium containing with or without 100 µM hydrogen peroxide (Merck, USA), 25 mM
and 64 mM D-glucose (Merck, USA), 0% and 10% FCS, 33.4 IU/mL EPO for 3 days
respectively, were plated at a density of 10,000 cells/well in 96-well plate at 37 0C/5% CO2
was measured in 100 µL of supernatants using Griess reagent for nitrite determination (Merck,
USA). The levels of NO were calculated using a sodium nitrite standard curve.
2.10. Ultrastructure characteristic of MSCs and MSCs-EPO.

The effect of EPO treatment on ultrastructure of MSCs was studied under a JEM 1400
electron microscope (Jeol, Japan). Brief, 106 MSCs/mL of DMEM medium, supplemented with
10% FCS, 2 mM L-glutamine, 10 mM HEPES and 80 µg/mL gentamycin, in the presence of
EPO (0 and 33.4 IU/mL) were grown in the 6-well plates (TPP) during 24 hours. After 24 hours
MSCs were washed with PBS, detached with trypsin-EDTA, washed with PBS. MSCs were
fixed with a 4% paraformaldehyde and then incubated with 1 % osmium tetroxide (OsO4;
Merck, USA) at 4 °C for 1 hour, dehydrated with increasing concentrations of ethanol and
imbedded into Epon (Serva, Germany). Semithin sections (1 μm) were cut with an EM UC7
Leica ultratome (Germany/Switzerland), stained with toluidine blue, and visualized under a
LEICA DME light microscope (Germany). For electron microscopy, ultrathin section of MSCs
and MSCs-EPO (70-100 nm), stained with a saturated aqueous solution of uranyl acetate and
lead citrate (Merck, USA), then morphometric analysis was performed with the Image J
software (Wayne Rasband, USA).
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2.11. Statistical analysis.

Data were analyzed by the Statistica 10.0 for Windows. In this study, the normality of
the distribution was determined by the w-Shapiro-Wilkes criterion, in tables the obtained data
were presented as mean ± standard deviation (SD), the data were analyzed ANOVA with a
Bonferroni correction (Bonferroni post hoc test) to analyze differences between groups. If pvalues were less than 0.05, it was considered statistically significant.
3. Results and Discussion
3.1. Bone marrow MSCs on 4th passage characteristics.

The nucleated cells isolated from the bone marrow of chronic ischemic heart disease
patients were adhered to the plastic, had a heterogeneous structure at the early stages of
cultivation and acquired homogeneity by 14 days of growth, had a typical fibroblasts-like
morphology (spindle-shaped morphology), and differentiated in adipogenic, osteogenic and
chondrogenic directions (Figure 1). The time of doubling the number of cells in vitro was 7-8
days, and the cell membrane showed characteristic markers of MSCs, CD73 (80.58 ± 3.94%),
CD90 (75.25 ± 7.67%), CD105 (76.4 ± 5.7%), and there were no markers of hematopoietic
stem cells CD45 (0.35 ± 0.04%) and CD34 (0.23 ± 0.03%). According to the requirements of
the international society for cell therapy (ISCT), true MSCs include cells that adhere to plastic,
positive for CD73, CD90 and CD105, and negative for CD45, CD34, CD14 or CD11b, CD79a
or CD19 and HLA-DR, differentiate in adipogenic, osteogenic and chondrogenic directions
[14]. Taking into account the adhesion to plastic, high proliferative activity, the presence of
CD73, CD90 and CD105 expression, and differentiation in the adipogenic, osteogenic and
chondrogenic directions, we believe that these cells are true MSCs.

Figure 1. Bone marrow mesenchymal stem cells differentiation into osteogenic, adipogenic, and chondrogenic
directions (x20). (A - monolayer of MSCs), (B – adipogenic differentiation), (C – osteogenic differentiation), (D
– chondrogenic differentiation).
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3.2. Comparison of surface expression of adhesion molecules, receptor to erythropoietin and
cytokine receptor common β-chain on MSCs and MSC-EPO.

Long-term cultivation bone marrow MSCs from chronic ischemic heart disease patients
with 33.4 IU/mL of EPO possess to a significant increase of CD54, CD29, CD44, CD49a
expression on the surface (p<0.05, Table 1). While, co-expression of CD18/CD54, EPOR/CD131 and CD131 significantly decreased on MSCs-EPO surface compare with MSCs. The
increased number of bone marrow mononuclear cells from chronic ischemic heart disease
expressed CD45/EPO-R and CD31/CD184 was observed after short-term exposure with 33.4
IU/mL of EPO. Whereas, have no have effect on CD18, CD29, CD44, CD49a, CD54, CD62E,
and CD146 expression [15,16]. It was shown that HUVEC treated with EPO increased CD54
expression on surface [17], darbepoetin alpha increased CD146 expression on endothelial
progenitor cells [18]. It was shown that EPO binds to EPO-R in time-dependent manner, while
formed EPO/EPO-R complex can be internalized and occur EPO-R expression decrease on cell
surface [19]. Whereas, complex of EPO with CD131 have a cytoprotective effect [20].
3.3. Effect of long-term cultivation MSCs with Epo on cell cycles distribution and autophagy
activity.

EPO exposure of MSCs during long-term lead to a significant increase of apoptotic
(n<2) and dividing (n>2) MSCs-EPO, whereas rate of resting (n=2) cells significantly
decreased compare with MSCs, and have no have affect on cells in synthetic phase (n>4) of
cell cycle (p<0.05, Table 1). Also, EPO significantly increased autophagy activity on MSCs
(p<0.05, Table 1 and Figure 2). Autophagy (type II of programmed cell death) is necessary for
cell survival under adverse microenvironment factors, and its decline is a precursor of cell
aging [21,22]. EPO increases autophagy in neurons in experimental spinal cord injury,
mediated through AMPK activation and mTOR suppression, as well as in PC12 neuronal cell
culture [23].
Table 1. Phenotype, cell cycle and autophagy activity on MSCs and MSCs-EPO (M ± SD).
Parameters

MSCs (%)
MSCs-EPO (%)
Surface molecules
CD18
1.83 ± 0.36
1.56 ± 0.36
CD18/CD54
0.92 ± 0.05
0.82 ± 0.05*
CD54
2.08 ± 0.34
7.48 ± 1.51*
CD29
91.87 ± 0.85
97.45 ± 0.44*
CD44
91.96 ± 0.93
94.37 ± 1.25*
CD49a
4.18 ± 0.7
15.08 ± 1.67*
CD62E
12.85 ± 3.02
11.73 ± 0.79
CD146
14.5 ± 1.29
16.12 ± 5.36
EpoR
7.16 ± 2.16
8.04 ± 1.53
EpoR/CD131
1.52 ± 0.05
0.92 ± 0.05*
CD131
23.0 ± 7.61
8.88 ± 1.51*
Cell cycle distribution
subG0G1 (apoptotic cells)
1.82 ± 0.17
3.17 ± 0.17*
G0G1 (resting cells)
91.45 ± 0.57
86.03 ± 0.85*
G2/M (dividing cells)
4.98 ± 0.08
9.26 ± 0.55*
S (syntheses cells)
1.68 ± 0.29
1.3 ± 0.52
Autophagy activity
LC3B
24.9 ± 2,12
68.37 ± 11.18*
Note: MSCs - bone marrow mesenchymal stem cells (8th passage), MSCs-EPO – bone marrow mesenchymal stem cells
obtained by culturing MSCs with erythropoietin (3rd passage), EPO – erythropoietin, * - reliability of difference of indicators
in comparison with MSCs.
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Figure 2. Autophagy was evaluated in MSCs-EPO (x20). (A – autophagy activity on MSCs), (B – autophagy
activity on MSCs-EPO).

3.4. EPO augment colony forming ability of MSCs and MSCs-EPO under oxidative stress and
hyperglycemia conditions.

Under oxidative stress and hyperglycemia condition we observed significantly
decreased CFU ability of MSCs and MSCs-EPO, which efficiently increased by adding to
culture medium EPO (p<0.05, Table 2). Also, was estimated that MSCs-EPO has significantly
increased ability to form a colony in standard cultivation condition (10% FCS) (p<0.05, Table
2).
Table 2. MSCs and MSCs-EPO colony-formation (M ± SD).
Parameters of cultivation
MSCs (number of CFU)
MSCs-EPO (number of CFU)
10% FCS
27.2 ± 3.03
61.67 ± 20.66$
10% FCS+EPO
29.8 ± 2.68
65.0 ± 19.27$
0% FCS
3.8 ± 0.45*#
3.83 ± 0.41*#
0% FCS+EPO
9.0 ± 1.0*
10.67 ± 1.03*$
100 µM H2O2
0.6 ± 0.55*#
0.5 ± 0.55*#
100 µM H2O2+EPO
2.0 ± 1.22*
4.0 ± 1.55*$
64 mM D-glucose
10.0 ± 1.0*#
10.17 ± 1.72*#
64 mM D-glucose+EPO
18.0 ± 0.71*
30.33 ± 1.51*$
Note: MSCs - bone marrow mesenchymal stem cells (8th passage), MSCs-EPO – bone marrow mesenchymal stem cells
obtained by culturing MSCs with erythropoietin (3rd passage), EPO – erythropoietin. * - reliability of difference of indicators
in comparison with MSCs or MSCs-EPO under standard cultivation condition (10% FCS), # - reliability of difference of
indicators in comparison with EPO cultivation conditions, $ - reliability of difference of indicators in comparison with MSCs.

3.5. MSCs long-term exposure with EPO decreased sensitivity to unfortunately
microenvironment condition.

EPO significantly increased MSCs proliferation activity compared with MSCs cultured
without EPO (p<0.05, Table 3). Moreover, MSCs-EPO has a lager proliferation potential under
oxidative stress condition compared with MSCs (p<0.05, Table 3). The addition EPO into
culture medium possesses to increased proliferation of MSCs and MSCs-EPO under oxidative
stress and hyperglycemia conditions (p<0.05, Table 3). The anti-apoptotic effect of EPO is due
to activation of bcl-2, bcl-XL genes, blockade of caspases 3, 7, 8, 9, and regulation of the
activity of pro-apoptotic genes bax, DP5 [19]. It was shown that EPO promoted proliferation,
inhibited senescence and release of pro-inflammatory cytokines, and increased secretion of
pro-angiogenic cytokines by MSCs under hyperglycemic condition [24]. On rat bone marrow
MSCs in vitro was shown that EPO abolished suppressed proliferation [25].
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Table 3. MSCs and MSCs-EPO proliferation ability (M ± SD).
Parameters of cultivation
MSCs (OD)
MSCs-Epo (OD)
10% FCS
0.272 ± 0.04
0.581 ± 0.127$
10% FCS+EPO
0.24 ± 0.016*
0.551 ± 0.042*$
0% FCS
0.009 ± 0.008* #
0.033 ± 0.019*#$
0% FCS+EPO
0.029 ± 0.005*
0.154 ± 0.033*$
100 µM H2O2
0.016 ± 0.005*#
0.021 ± 0.01*$
100 µM H2O2+EPO
0.028 ± 0.007*
0.033 ± 0.018*
64 mM D-glucose
0.108 ± 0.043*
0.046 ± 0.041*#$
64 mM D-glucose+EPO
0.145 ± 0.022*
0.123 ± 0.052*
Note: MSCs - bone marrow mesenchymal stem cells (8th passage), MSCs-EPO – bone marrow mesenchymal stem cells
obtained by culturing MSCs with erythropoietin (3rd passage), EPO – erythropoietin, OD – optical density, * - reliability of
difference of indicators in comparison with MSCs or MSCs-EPO under standard cultivation condition (10% FCS), # reliability of difference of indicators in comparison with EPO cultivation conditions, $ - reliability of difference of indicators
in comparison with MSCs.

3.6. Effect of long-term exposure of MSCs with EPO on migratory ability.

So, we observed that MSCs-EPO only under oxidative stress condition more efficiently
migrates into “wound” area compared with MSCs (p<0.05, Table 4). Deprivation of growth
factors (0% FCS), oxidative stress and hyperglycemia significantly reduced migration ability
of MSCs and MSCs-EPO compared with that potential in standard culture conditions (10%
FCS) (p<0.05, Table 4). Whereas, adding of EPO in culture medium possess to the increased
migratory potential of MSCs and MSCs-EPO under growth factor deprivation, oxidative stress
and hyperglycemia conditions (p<0.05, Table 4). It was shown that MSCs exposed to EPO
promotes migratory ability under oxidative stress condition [25]. Combination of EPO with GCSF promoted MSCs motility in trans-well (Boyden chamber) and “wound” healing assays
[26]. The stimulation of the proliferation and migration of MSCs by EPO resembles the effect
of the platelet-rich plasma on the functional potential of stem cell [27].
Table 4. MSCs and MSCs-EPO migration ability (M ± SD).
Parameters of cultivation
MSCs (% of “wound” closure)
MSCs-EPO (% of “wound” closure)
10% FCS
87.98 ± 4.43
85.91 ± 2.4
10% FCS+EPO
93.51 ± 0.97
88.72 ± 3.66*$
0% FCS
52.84 ± 2.96*#
65.18 ± 7.15*#$
0% FCS+EPO
63.16 ± 3.05*
82.11 ± 5.87*$
100 µM H2O2
11.72 ± 13.94*#
15.49 ± 9.07*#
100 µM H2O2+EPO
39.05 ± 8.7*
32.51 ± 2.44*
64 mM D-glucose
63.14 ± 12.43*#
59.45 ± 4.24*#
64 mM D-glucose+EPO
76.58 ± 4.68*
71.84 ± 3.32*
Note: MSCs - bone marrow mesenchymal stem cells (8th passage), MSCs-EPO – bone marrow mesenchymal stem cells
obtained by culturing MSCs with erythropoietin (3rd passage), EPO – erythropoietin, * - reliability of difference of indicators
in comparison with MSCs or MSCs-EPO under standard cultivation condition (10% FCS), # - reliability of difference of
indicators in comparison with EPO cultivation conditions, $ - reliability of difference of indicators in comparison with MSCs.

3.7. Influence of EPO exposure on nitric oxide production by MSCs.

Long-term growth of MSCs in the presence of EPO in culture medium significantly
increased NO production compared with MSCs (p<0.05, Table 5). Under oxidative stress
condition MSCs and MSCs-EPO increased NO production, while hyperglycemia condition
increased NO production only by MSCs (p<0.05, Table 5). It was shown, that EPO increased
NO production under oxidative stress and elevated dosage of D-glucose in culture media (25
mM) compared with a lower dosage of D-glucose (10 mM) [25].
3.8. Ultrastructure change on MSCs induced by EPO.

As shown in Figure 3A, MSCs grown under standard culture conditions (10% FCS) has
a loose cell arrangement. While observed MSCs on proliferation and apoptosis. Whereas,
https://biointerfaceresearch.com/

6204

https://doi.org/10.33263/BRIAC105.61976207

MSCs grown in the presence of 33.4 IU/mL EPO, cell arrangement was more closure and none
have observed apoptotic cells (Figure 3C). EPO-treated MSCs showed an increase in the
volume density of endoplasmic reticulum membranes on 47% compared with non-treated
MSCs (Figure 3B and Figure 3D). Obtained morphometric data of MSCs indicates, that EPO
increased cell survival (reduction of the number of apoptotic cells) and increased functional
activity (gain of the density of endoplasmic reticulum membranes).
Table 5. MSCs and MSCs-EPO nitric oxide production (M ± SD).
Parameters of cultivation
MSCs (µM/mL)
MSCs-EPO (µM/mL)
10% FCS
20.57 ± 0.48
32.35 ± 11.34$
10% FCS+EPO
22.69 ± 1.11*
21.05 ± 1.06*$
0% FCS
20.81 ± 0.7#
20.48 ± 0.22*
0% FCS+EPO
22.06 ± 0.36*
20.71 ± 1.43*$
100 µM H2O2
68.88 ± 3.38*
66.42 ± 5.96*
100 µM H2O2+EPO
61.69 ± 14.98*
70.16 ± 2.92*
64 mM D-glucose
21.80 ± 0.97*#
24.08 ± 2.04*$
64 mM D-glucose+EPO
29.06 ± 4.8*
26.57 ± 5.25
Note: MSCs - bone marrow mesenchymal stem cells (8th passage), MSCs-EPO – bone marrow mesenchymal stem cells
obtained by culturing MSCs with erythropoietin (3rd passage), EPO – erythropoietin, * - reliability of difference of indicators
in comparison with MSCs or MSCs-EPO under standard cultivation condition (10% FCS), # - reliability of difference of
indicators in comparison with MSCs with EPO cultivation conditions, $ - reliability of difference of indicators in comparison
with MSCs.

Figure 3. MSCs and MSCs-EPO ultrastructure. (A – MSCs stained with toluidine blue, x1,000), (B – MSCs
stained with saturated aqueous solution of uranyl acetate and lead citrate, x16,000), (C – MSCs-EPO stained
with toluidine blue, x1,000), (D – MSCs-EPO stained with saturated aqueous solution of uranyl acetate and lead
citrate, x16,000).
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4. Conclusions
This study demonstrated that MSCs growth with EPO in culture medium showed
higher proliferative potential (colony-forming units, MTT assay, and increased rate of the
cells in G2/M cell cycle phases), and higher levels of nitric oxide production. Moreover, the
long-term cultivation of the bone marrow MSCs with EPO leads to changes of the adhesion
molecules, such as beta-1-integrin (CD29), receptors for hyaluronic acid (CD44), integrin
alpha-1 (CD49a), and cell adhesion molecule (CD54), and cytokine receptor common β-chain
(CD131), and a complex of erythropoietin receptor with cytokine receptor common β-chain.
Mesenchymal stem cells grown under erythropoietin condition more resistant to oxidative and
hyperglycemic microenvironment. Also, the long-term exposure of mesenchymal stem cells
with erythropoietin increased autophagy activity in cells. Finally, the results suggested that
erythropoietin is promising in augments mesenchymal stem cells to adverse oxidative stress
and hyperglycemia microenvironment.
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