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ABSTRACT

Extracellular vesicles (EVs), derived from mesenchymal stem cells (MSCs), play crucial roles in the physiological functions of MSCs and their therapeutic
effects. Compared with cellular products, the composition of EVs, their biological properties, mechanisms of action, and superior stability make them attractive
candidates for regenerative medicine, heralding a new era in cell therapy.

AIM - to identify optimal conditions for obtaining small EVs from cultured human umbilical cord-derived mesenchymal stem cells (hUC-MSCs) based on quanti-
tative indicators of EVs yield and the morpho-functional characteristics of MSC cultures depending on cultivation conditions.

MATERIALS AND METHODS. The MSCs were isolated from the human umbilical cord through enzymatic digestion. The process of optimizing the cultivation
medium was conducted as follows. The first ways — culture medium was replaced with fresh medium and maintained for the subsequent 24 hours. The second
ways — culture continued in the unaltered medium. Then they were changed to two media: Hank’s solution and MEM alpha medium, both without devoid of
xenogeneic serum and exogenous growth factors. Cultivation and extracellular vesicles production from hUC-MSCs under serum-free conditions were carried
out for 24, 48, and 72 hours. All vesicles were examined to confirm their specific size distribution, determined by nanoparticle tracking analysis (NTA), and the
presence of CD63 and CD81 markers, as assessed by ELISA.

RESULTS. Replacing the growth medium in the hUC-MSC culture 24 hours before switching to serum-free medium led to a significantly higher yield of extracel-
lular vesicles. Upon transitioning the culture to serum-free medium, we identified a dependency on both the composition of the serum-free medium and the
duration of MSC cultivation in these conditions. The highest yield of extracellular vesicles was observed after 48 and 72 hours of cultivation, with no significant
difference observed between the serum-free medium compositions. We attribute this result to the adaptation period of the culture during the first 24 hours of
serum-free cultivation. Given that no significant difference in extracellular vesicle yield was found between 48 and 72 hours, we propose 48 hours as the optimal
cultivation time.

CONCLUSION. The findings of this study indicate that the optimal conditions for the cultivation of umbilical cord mesenchymal stem cells for the production of
small extracellular vesicles in serum-free medium are as follows: culturing hUC-MSCs in complete growth medium with regular medium exchanges every 2-3
days until the culture achieves 70 % confluence; replacing the growth medium 24 hours prior to transitioning to serum-free medium; cultivating the hUC-MSC
culture for 48 hours in Hank’s solution or MEM, without the addition of xenogeneic serum.
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The therapeutic effect of cultured mesenchymal stem cells (MSCs)  differentiate into the corresponding cell types capable of restoring the
arises from their ability to differentiate into the appropriate tissue type  damage [6-10]. Although in vitro differentiation along various lineages
and directly stimulate the regeneration of damaged tissue after trans- is a fundamental feature of MSCs, such differentiation in vitro does not
plantation [1-5]. Transplanted MSCs colonize the damaged tissue and  reflect their mechanism of action in vivo [11-15]. Several studies have
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demonstrated the long-term presence of differentiated MSC-derived cell
types in situ [16-19]. Therefore, another mechanism may be involved in
tissue repair processes via MSCs. The paracrine effects of a large num-
ber of biologically active molecules and cytokines produced by MSCs
may explain the functional benefits observed in animal models and in the
treatment of patients [20]. MSCs release a variety of cytokines, growth
factors, chemokines, and microvesicles, which can influence tissue hea-
ling [21-23]. These mechanisms have attracted considerable interest in
recent years but remain not fully understood.

The extracellular vesicles (EVs) obtained from MSCs are of particu-
larinterest [23]. EVs retain all the therapeutic effects of MSCs, including
tissue regeneration, wound healing, and immunomodulation. It has been
shown that MSC-derived EVs reduce apoptosis by stimulating tissue
repair, promote the reduction of fibrotic tissue, induce cell proliferation,
new blood vessel formation, suppress inflammatory processes, and
provide long-term neuroprotection. Furthermore, by loading EVs with
target molecules, it is possible to enhance their efficacy and directed
action.

Animal-derived sera are widely used in cell biology and biotechno-
logy and are typically included in culture media, as they are a source
of biologically active molecules necessary for cell metabolism and
maintaining normal viability in vitro [24-28]. However, there is a global
trend toward phasing out such additives due to the variability in com-
position and concentration of molecules across different manufacturers
and reagent lots [29-33]. Moreover, sera are a source of xenogeneic
substances of various types (especially protein molecules), which limits
their use in pharmaceutical manufacturing [34-37]. Another significant
issue is the considerable variability in experimental results when proto-
cols containing xenogeneic additives are used [38-42]. Therefore, the
development and implementation of alternative protocols for working
with MSCs in modified media compositions is relevant and requires
further study.

THE AIM of this study was to determine the optimal conditions for
obtaining exosome-containing products from cultured human umbilical
cord-derived MSCs (hUC-MSCs) based on quantitative indicators of exo-
some yield and the morpho-functional characteristics of MSC cultures
depending on cultivation conditions. To this end, it was determined
whether the yield of extracellular vesicles depends on changes in the
nutrient growth medium, the composition of serum-free medium, and
the duration of MSC cultivation in serum-free conditions.

MATERIALS AND METHODS

The experiments with the use of human cell culture in vitro were car-
ried out in accordance with the human experiment issues of the Code of
Ethics of the World Medical Association (Declaration of Helsinki). In all
cases, voluntary informed consent was signed by MSC donors in accor-
dance with the laws of Ukraine. The study protocol was approved by the
Bioethics Committee of the Institute of Genetic and Regenerative Medicine,
M. D. Strazhesko National Scientific Center of Cardiology, Clinical and
Regenerative Medicine, National Academy of Medical Sciences of Ukraine
(Kyiv, Ukraine). The cell culture was carried out at the biotechnological
laboratory Medical Company “Good Cells” (Kyiv, Ukraine) according to
License to operate the banks of human cord blood, other tissues and cells;
issued by the Ministry of Health of Ukraine AE No. 2088, dated 11.09.2020,
and No. 2214, dated 29.09.2020. hUC-MSCs samples (n = 6) were obtained
from healthy donors (3 females and 3 males) with normal somatometric
and biochemical parameters without viral or microbial infection.

Cell isolation and culture. MISCs were isolated as previously described
[43-46]. hUC-MSCs were isolated from umbilical cord tissues through
enzymatic digestion with 0.1 % collagenase and 0.1 % pronase in 2 % fetal
bovine serum (FBS) (all — Sigma-Aldrich, USA) for 1 hour at 37 °C with
constant agitation. All the debris and connective tissue were separated
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from cells by centrifugation (600 xg, 5 min) using a centrifuge (Eppendorf,
Germany). hUC-MSCs were seeded with a density of 1000 cells per 1 cm?.
After being washed, cells were cultivated up to 3 passages in the growth
medium containing basal a-MEM supplemented with 10 % FBS, 2 mM
L-glutamine, 1 % antibiotic-antimycotic solution, and 1 ng/mL bFGF (all -
Sigma-Aldrich, USA). Cells were cultured in a multi-gas incubator CB210
(Binder, Germany) at 37 °C in a humidified atmosphere with 5 % CO, and
5 % 0,. Biological properties, morphological changes, population doubling
time, viability, migratory capacity, and proliferation rate of six cell lines at
passages 1-3 were assessed.

Optimization of cultivation medium selection. The process of optimiz-
ing the cultivation medium was conducted as follows:

Upon reaching 70-80 % confluence of the MSC culture at passage 2:

A) The culture medium was replaced with fresh medium and main-
tained for the subsequent 24 hours.

B) The culture continued in the unaltered medium.

Once the MSC culture achieved 90 % confluence, the growth medium
was aspirated, and the cells were washed twice with a buffered solution to
remove serum residues and cellular debris.

Then, 25 mL of the following media was added:

A) Hank’s solution (BioWest, France), devoid of xenogeneic serum and
exogenous growth factors, in culture flasks.

B) MEM alpha medium (Thermo Fisher Scientific, USA), without phe-
nol red, xenogeneic serum, or exogenous growth factors, in culture flasks.

Cultivation and extracellular vesicles production from hUC-MSCs
under serum-free conditions were carried out for 24, 48, and 72 hours.

Colony-forming unit assay. A detailed description of the method was
presented in previous studies [43, 44]. To assess clonogenic potential,
cells were seeded at a cell seeding density of 100 cells per 100 mm
gelatin-coated Petri dishes (SPL, Korea) in growth medium (as described
above) supplemented with 20 % FBS and cultured for 14 days. The cell
colonies were fixed for 20 min with 96 % ethanol, washed with PBS,
and stained with azure-eosin by Romanowsky-Giemsa (all: Makrokhem,
Ukraine) for 20 min.

Colony formation efficiency (or plating efficiency, PE) was calculated
according to the standard formula [47]:

PE, % = (no. of colonies counted/no. of cells inoculated) x 100

The cell population doubling time (PDT) were calculated according to
the following standard formula [47]:

PDT=T/3.31xIg (X, /X);

where X, is the number of obtained cells; X is the number of plated
cells; T is the cell culture time.

Flow cytometry analysis of cell surface marker expression. A
detailed description of the method was presented in previous studies
[43-46]. The cell phenotype was assessed by fluorescence-activated
cell sorting on BD FACSAria flow cytometer (Becton Dickinson, USA).
Staining with monoclonal antibodies (PerCP-Cy5.5 mouse anti-human
CD105, APC mouse anti-human CD73, FITC mouse anti-human CD90,
PE-Cy5 mouse anti-human HLA-DR, APC mouse anti-human CD34,
FITC mouse anti-human CD45) in accordance to manufacturer’s instruc-
tions (BD Pharmingen, USA). The obtained data were analyzed using BD
CellQuest software (BD, USA).

Directed multilineage differentiation assay. The protocol of directed
multilineage differentiation assay was described earlier in details [43-46].
Briefly, cells were seeded on the 6-well plate (SPL, Republic of Korea) at
the seeding density of 50x10° cells per well. After 24 hours of cultivation,
the quality of the culture was assessed based on adhesion to plastic and
fibroblast-like morphology. The growth medium was changed every 2-3
days until the culture reached 90 % confluency. After this the medium was
replaced either with growth medium or with induction medium for directed
differentiation.
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Osteogenic differentiation was induced by culturing in basal a-MEM
medium supplemented with 10 % FBS, 100 nM dexamethasone, 10 mM
B-glycerophosphate, 50 pg/mL ascorbate-2-phosphate (all Sigma, USA)
and 1 % antibiotic/antimycotic. Adipogenic differentiation was induced by
culturing in high-glucose DMEM medium (4.5 g/L) (BioWest, France) sup-
plemented with 10 % FBS, 1 pM dexamethasone, 200 uM indomethacin,
500 pM isobutylmethylxanthine, 5 pg/mL insulin (all from Sigma-Aldrich,
USA), 5 % horse serum (BioWest, USA) and 1 % antibiotic/antimycotic so-
lution. The medium was changed every 2 days for 21 days. Adipogenic and
osteogenic differentiation assays were carried out on collagen substrate.

To confirm the osteogenic and adipogenic differentiation, the cells were
fixed for 20 min in 4 % formalin (Makrokhem, Ukraine), washed with PBS
(Sigma-Aldrich, USA), and stained for 20 min with 2 % solution of Alizarin
Red S (pH 4.1; for detecting calcified extracellular matrix deposits) or 0.5 %
solution of Oil Red O (for staining of neutral lipids). Cell cultures were
photographed with phase contrast during the cultivation of cells at points
of change in the culture medium. Assessment of the level of cytochemical
detection of the efficiency of adipo- and osteogenic differentiation was car-
ried out by visual control in transmitted light. Cultures were visualized and
photographed using an Axio ObserverA1 microscope, an Axio Cam ERc 5s
camera, and ZEN 2012 software (all — Carl Zeiss, Germany).

Isolation of EVs. When the cell cultures reached 70 % confluency,
they were washed with phosphate-buffered saline (PBS) to eliminate
residual serum and cellular debris. Subsequently, 25 mL of induction
medium without phenol red (Gibco, UK) and devoid of xenogenic serum
and exogenous growth factors were added. The MSCs were cultured for
an additional 24, 48 and 72 hours. The conditioned medium, containing
secreted growth factors and EVs, was carefully collected and subjected
to centrifugation at 3000 xg for 15 minutes to remove residual cell de-
bris and apoptotic bodies. An 5810R centrifuge was used (Eppendorf,
Germany). Following centrifugation, the supernatant was filtered through
a0.22 pm filter (Sarstedt, Germany) to ensure the removal of any remain-
ing larger particles. To further purify the EVs, the filtered medium was
ultracentrifuged at 100,000 xg for 90 minutes using ultracentrifuge Avanti
JXN-30 (Beckman Coulter, USA). The pellet, containing the EVs, is then
resuspended in Hank’s solution (Biowest, France) for downstream ap-
plications. The isolated EVs were characterized via nanoparticle tracking
analysis (NTA) and the Pierce BCA protein assay as described below to
confirm their identity and purity.

Nanoparticle tracking analysis. Nanoparticle tracking analysis (NTA)
was applied to determine particle size and concentration of all samples
using the NanoSight LM10 instrument (Malvern Instruments Ltd, UK)
equipped with NTA 3.0 analytical software and an additional 488 nm laser.
The samples were diluted in Hank’s solution (Biowest, France) to an ap-
propriate concentration before being analysed. At least five 60 s videos
were recorded per sample in light scatter mode with a camera level of
13-16. Software settings were kept constant for all EV measurements
(screen gain 3-10, detection threshold 2-5).

Protein quantification. Protein concentration in EV samples was meas-
ured using Pierce BCA Protein Assay Kit (Thermo Fisher Scientific, USA).
The assay was performed according to the manufacturer’s instructions in
the working range 5-250 pg/mL using standard protocol.

ELISA immunoassay. A detailed description of the method was
presented in previous studies [43]. The presence of CD63 and CD81 in
EV samples was measured using Human CD63 ELISA colorimetric kit
and Human CD81 ELISA colorimetric kit (Novus Biologicals, USA). Both
assays were performed according to the manufacturer’s instructions.
Plates were read on a microplate reader Multiskan SkyHigh (Thermo
Fisher Scientific, USA).

Statistics. Statistical processing of the obtained data was carried out
using MS Excel (Microsoft, USA) and Origin Pro (OriginLab Corp., USA)
software. Statistical analyses were performed using one-way analysis of
variance (ANOVA) in Origin Pro software. Differences were considered to
be statistically significant when p < 0.05. Data are presented as mean and
standard deviation (M + SD).
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RESULTS AND DISCUSSION

Confirmation of minimal criteria for human UC-MSCs. To confirm that
the cells under investigation met the minimal criteria for mesenchymal
stromal cells [48], we analyzed if cells corresponded to classical fibro-
blast-like morphology, the ability to form colony-forming units (CFUs)
at clonogenic density, had a distinct MSC immunophenotype, and the
ability to undergo directed differentiation into adipogenic and osteogenic
lineages after passages 1-3.

Cell morphology. The enzymatic isolation method yielded a sufficient
number of cells, which adhered evenly to the plastic surface, had a stellate
shape, and demonstrated significant proliferative potential, with a large
number of cells in mitosis. Overall, the condition of the umbilical cord
MSC culture before cultivation in serum-free conditions met the basic
criteria for passage 2: the morphology was classically fibroblast-like,
and the number of actively proliferating cells, corresponding to 85-90 %
confluence (Fig. 1).

Fig. 1. The hUC-MSCs morphology at passage 2 before cultivation in
serum-free conditions. Phase-contrast microscopy, scale bar — 100 pm.

MSCs proliferative activity and of colony-forming ability. Proliferative
activity and the ability to form colonies at clonogenic density are key
indicators for assessing the stem cell nature of cells derived from bio-
logical materials. The proliferative activity (PDT) and colony-forming unit
(CFU) assessment for hUC-MSCs were conducted at passages 1-3 for
each donor with three repetitions. The summarized CFU and PDT data are
presented in Table 1.

Table 1. CFU and PDT results for hUC-MSCs at passages 1-3
(n =6, Mean £ SD).

Passage P1 P2 P3
CFU, % 20.6+2.2 32.8+05 39.1+14
PDT, hours 324+22 448 +0.5 59.1+1.4

There was a noticeable dynamic increase in CFUs, with a charac-
teristic peak at passage 3. Accordingly, hUC-MSCs demonstrated the
ability to form colonies at clonogenic density, which is indicative of active
proliferation and division. However, an increase in PDT values was ob-
served compared to previous passages, which may indicate the onset of
population aging and a decline in proliferative activity. Therefore, for the
experiment on selecting the optimal conditions for obtaining extracellular
vesicles, MSCs were used no later than passage 3.



Cell immunophenotype. The set of surface markers was assessed
by flow cytometry (Fig. 2). hUC-MSCs were negative for hematopoietic
markers CD34, CD45, and HLA-DR and positive for MSCs markers CD73,
CD90, and CD105. The expression data for surface proteins confirm that
the obtained population is a homogeneous MSC population and does not
contain hematopoietic or endothelial-derived cells.

Table 2. Immunophenotype for hUC-MSCs at passage 2
(n =6, Mean = SD).

cD
marker  ©B90 CD105 CD73 CD34 CD45  HLA-DR
Mean+SD 100£26% 996+31% 999:36% 21:09% 03:01% 009£0.01%
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Fig. 2. Representative FACS histograms of the hUC-MSCs population
at passage 2.

Adipogenic and osteogenic cell differentiation potential in vitro. Ac-
cording to the minimal criteria of the International Society for Cellular
Therapy, multipotency is an important property of any MSCs [48] and
is defined by their ability to undergo directed differentiation in vitro into
derivatives of mesenchymal cells under specific conditions.

Fig. 3 shows the results of directed adipogenic and osteogenic dif-
ferentiation of human hUC-MSCs at passage 2. Cytochemical detection
of lipid inclusions in cells with Oil Red staining showed significant ac-
cumulation of cells localized in small groups. Cytochemical detection of
calcium deposits in cells with Alizarin Red S staining revealed substantial
accumulation of extracellular structures also localized in small groups.
The cells in culture acquired characteristics typical for adipocytes and
osteocytes. Therefore, cells derived from human hUC-MSCs are capable
of directed differentiation into adipogenic and osteogenic lineages under
the influence of inducers in vitro, as evidenced by the qualitative detection
of lipid inclusions and calcium deposits, respectively.
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Fig. 3. The representative images of adipogenic (A) and osteogenic (B)
differentiation of hUC-MSCs in vitro. Lipid droplets indicated by Qil Red
staining and calcium deposits highlighted by Alizarin Red S staining,
respectively. Scale bar = 100 pm.

Characterization of EVs from conditioned medium. For the successful
isolation and characterization of EVs from conditioned medium (CM),
thorough characterization of the source cell culture is essential [49].
Quantitative analysis of extracellular vesicles obtained from the condi-
tioned medium of hUC-MSCs was conducted using NTA analysis (Fig. 4).
The peak concentration of EVs was found in the size range of 150-170 nm,
which corresponds to the definition of “small vesicles”. Culture conditions
and time are indicated in the caption of the Fig. 4. Additionally, protein
concentration was determined for each sample using the Pierce method,
which provided insights into the purity and yield of the EV preparations
(Table 3). Furthermore, we performed ELISA analysis to detect the pres-
ence of CD63 and CD81 markers, which are characteristic of EVs (Table 3).
Our results show high expression of CD63 and moderate levels of CD81
in the EVs culture conditions and time, which are indicated in the caption
of the Table 3. Based on the cellular localization of tetraspanins, it has
been speculated that tetraspanins such as CD63 are exclusively present
on EVs of multivesicular bodies origin, whereas CD81, which is primarily
localized on the cell surface, is preferentially sorted into microvesicles.
This is reflected by the fact that CD63-positive vesicles are CD81 low or
negative and vice versa [50].

o
-
L
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Fig. 4. Representative histograms of the quantitative Nanoparticle
Tracking Analysis (NTA) of extracellular vesicles obtained from
hUC-MSCs (culture media — Hanks without FBS, time — 48 hours):
A —size and concentration distribution; B — size distribution.

Table 3. Total amount of protein (Pierce method) and expression
of CD81, CD63 markers (ELISA) present in the EVs samples from
hUC-MSCs (culture media — Hanks without FBS, time — 48 hours),

n =6, Mean + SD.
Protein CD63 CD81
192.0 + 5.0 pg/mL 0.089 + 0.006 ng/mL 0.034 + 0.004 ng/mL

Extracellular vesicle concentration under changing cultivation con-
ditions. A detailed description of the changes in the medium is provided
in the Methods section. It is important to note that the cells were cul-
tured in a multi-gas incubator at 37°C in a humidified atmosphere with
5% C0,and 5 % 0,. Previous experiments with reduced concentrations
of 0, have confirmed higher MSC proliferation efficiency under these
conditions [20, 35-39, 43-46].

In the first stage of the experiments, the conditions were sequen-
tially changed, excluding certain variants (not representative or not reli-
able) at each stage of the analysis. The main parameter that we chose
for the study was the quantitative assessment of the concentration of
EVs (express NTA method). Total protein levels and specific markers for
small EVs were determined only at the stage when the highest level of
EVs concentration was obtained (48 hours).

Before we started the current study, the large work was done
concerning optimization culture condition of no serum or growth
factors. In previous experiments, we have shown that MSCs can be
transferred from serum to serum-free medium while maintaining all the
main morphofunctional indicators of culture at a high level. Therefore,
in our experiments, we use serum-free medium, which removes many
restrictions for the use of MSCs products for medical purposes. Hanks
and MEM medium for MSCs cultivation are frequently used in culture
experiments. In addition, if MSCs cultivation is carried out in serum-free
conditions, it is necessary to have clear protocols taking into account all
cultivation conditions. Our laboratory has a large pool of data on MSC
cultivation in serum-free conditions based on MEM and Hanks medium.
Therefore, we chose these two media for comparison.

Initially, we evaluated the effectiveness of replacing the culture
medium one day before switching to serum-free medium. The results of
this experiment showed that the concentration of extracellular vesicles
was significantly higher when the growth medium in the umbilical cord
MSC culture was replaced one day prior to switching to serum-free
medium (Fig. 5).
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Fig. 5. Concentration of small extracellular vesicles in the conditioned
medium after culturing (48 hours) hUC-MSCs with growth medium
replacement 24 hours prior to switching to serum-free medium (1) and
without additional replacement (2). A — cultivation in Hank’s solution
without FBS; B — cultivation in MEM without FBS (n = 6, Mean + SD)
Note: * — p < 0.05 compared to medium replacement 24 hours prior).

The next phase of the experiment focused on determining the
optimal cultivation time for MSCs in serum-free medium to achieve
the highest yield of small extracellular vesicles (with growth medium
replacement 24 hours prior to switching to serum-free medium). The
yield of extracellular vesicles was the highest after 48 and 72 hours of
cultivation in both Hank’s solution and MEM medium without FBS, but
there was no significant difference depending on the composition of the
serum-free medium (Fig. 6).
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Fig. 6. Concentration of small EVs measured by NTA in the conditioned
medium after culturing hUG-MSCs for various time periods in Hank’s
solution or a-MEM without FBS (n = 6, Mean + SD).

Note: * —p < 0.05 compared to 24 hours of cultivation.
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Cultivation of human mesenchymal stem cells (MSCs) from various
sources in serum-free medium has been extensively described and ana-
lyzed in the literature [30-42]. In most cases, serum-free medium has been
found to be equally effective as traditional serum-containing protocols. For
this study, we selected serum-free medium as the primary component to
optimize conditions for the production of small extracellular vesicles from
human umbilical cord MSCs.

The results of this experiment demonstrated a clear dependence
of extracellular vesicle yield on the nature of the changes in the nutri-
ent growth medium. Specifically, replacing the growth medium in the
UC-MSC culture 24 hours before switching to serum-free medium led to a
significantly higher yield of extracellular vesicles (Fig. 5). We hypothesize
that this observation is related to the mitigation of stress within the culture
when medium changes are made at regular intervals (in this case, every
72 hours).

Upon transitioning the culture to serum-free medium, we identified
a dependency on both the composition of the serum-free medium and
the duration of MSC cultivation in these conditions. The highest yield of
extracellular vesicles was observed after 48 and 72 hours of cultivation,
with no significant difference observed between the serum-free medium
compositions (Fig. 6). We attribute this result to the adaptation period of
the culture during the first 24 hours of serum-free cultivation. Given that no
significant difference in extracellular vesicle yield was found between 48
and 72 hours, we propose 48 hours as the optimal cultivation time. This is
because, beyond 72 hours, MSC populations in later passages may begin
to lose their proliferative potential, which could negatively impact the yield
of extracellular vesicles.

CONCLUSION
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In our study, several factors present limitations, particularly regarding
the question of why MSCs are not cultured in serum-free medium from
the outset of donor material collection. In the current experimental design,
the transition from conventional serum-supplemented medium occurs
no later than passage 3. The primary constraints on the immediate use
of serum-free medium are the significant costs associated with selecting
appropriate components and optimizing culture conditions for MSCs.
When considering the application of MSC-derived products in therapeutic
and medical contexts, initiating culture in serum-free medium is not cost-
effective, taking into account the factors of cost, quality, and production
scalability. As such, the widely adopted practice in cellular cultivation
involves a gradual transition to serum-free conditions. This approach not
only mitigates potential complications arising from erroneous interpreta-
tions of experimental results but also eliminates the confounding influence
of endogenous microvesicles present in animal sera, which can limit the
applicability of these products in pharmaceutical and medical fields [37-
42].

Our findings demonstrate that small extracellular vesicles can be
successfully isolated from serum-free medium cultured MSCs, with no
significant differences between the two types of media employed (Hank’s
and MEM). This approach addresses many of the challenges associated
with the use of animal-derived sera, which are sources of xenogenic sub-
stances. These xenogenic components can impose limitations in pharma-
ceutical manufacturing and introduce variability into experimental results,
particularly when protocols containing xenogenic additives are used. To
further expand the therapeutic applications of extracellular vesicles, future
research should focus on comparing the effectiveness of isolating extracel-
lular vesicles from different MSGC types cultured in serum-free conditions.

small extracellular vesicles in serum-free medium are as follows:

no later than passage 3;

The findings of this study indicate that the optimal conditions for the cultivation of umbilical cord mesenchymal stem cells for the production of
e culturing hUC-MSCs in complete growth medium with regular medium exchanges every 2-3 days until the culture achieves 70 % confluence

e replacing the growth medium 24 hours prior to transitioning to serum-free medium;
e cultivating the UC-MSC culture for 48 hours in Hank’s solution or MEM, without the addition of xenogeneic serum.

J
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OPUTIHANbHI AOCNIAHEHHA

YK 575:578.834:616.988.7:616.24-002-053.6/.8-037-08

OnTumisania yMOB OTPMMaHHA MAa/INX
MO3AK/TITMHHIX Be3UKYI 3 Me3eHXiMaTbHUX
CTOBﬁypOBI/IX K/IiTUH IIYIIOBMHMY TIOAVIHA

Topaienko 1.2, Mammryp M."?, Hosixosa C.%, 3naupbknii 1., 3marpka A.?

!'Biomexnonoeiuna nabopamopis meouunoi komnanii «Good Cells», Kuis, Yxpaina

2[Hcmumym excnepumenmanvHoi namonoeii, oHkonoeii ma padiobionoeii imeni P. €. Kaseyvkoeo HauionanvHoi axademii Hayk
Yxpainu, Kuis, Yxpaina

*IHcmumym eenemuunoi ma pecenepamueHoi meduyunu, 1Y «Havionanvruii naykosuii uenmp «Incmumym kapdionoeii, KniHiuHot
ma pezenepamueHoi meouyunu imeni akademixa M. II. Cmpancecka HayionanvHoi akademii meouunux Hayk Yipainu», Kuis, Ykpaina

MosaknitunHi Beankynu ([1B), oTpuMaHi 3 Me3eHximanbHux cToBOYpoBux knitnd (MCK), Bigirparote BupiLLanbHy posib y QisionoridHnx yHK-
yisix MCK ta ix TepaneBTn4Hux eghektax. [1opiBHAHO 3 KNITUHHUMY NpoAyKTamu, cknaz 1B, 6ionoriyHi BAACTUBOCTI, MexaHi3mu Aii 1a 1yfoBa
CTabINIbHICTb POGJIATH iX MPUBAOSINBUMY KaHAWAATAMN L3115 PEreHepaTUBHOI MEAULMHM, LLO CrIOBILYAE PO HOBY €PY B KIITUHHIA Teparii.

META — BU3Ha4nTV ONTUMAsbHI YMOBY [/ OTPUMAHHS Mannx [1B 3 KynbTUBOBAHUX ME3EHXIMarbHUX CTOBOYPOBUX KITITUH, OTPUMAHUX 3
MynoBUHU JIKOANHU, HA OCHOBI KiflbKICHUX NOKa3HuKiB Buxogdy 1B Ta MopgboghyHKLiOHanbHNX xapakTepucTuk KyabTyp MCK 3anexHo Big ymos
KYJIbTUBYBAHHS.

MATEPIAJIN TA METOAN. MCK 6ynu BuZINEHI 3 MynoBUHN JIOANHN LLSXOM (DePMEHTATUBHOI0 Po3LuenneHHs. [pouec ontumisadii cepego-
BULYA KYJIbTUBYBAHHSA NPOBOANBCSA HACTYMHUM YUHOM. [lepLumii crocié — cepefoBuLLe KYIbTUBYBAHHSA 3aMIHIOBAIN CBIKUM CEPELOBULLEM Ta
BUTPUMYBAJIU MPOTATOM HACTYMHUX 24 roguH. [Jpyruii ¢nocié — Ky/bTUBYBAHHSA MPOJOBXYBAN B HE3MIHEHOMY cepenoBuLLi. [T0Tim ix 3miHk0-
Basn Ha iBa cepefjoBuiLa; po34nH Xexkca 1a cepegosuirie MEM anbgha, 06vzaBa 663 KCEHOreHHOI CUPOBATKM T €K30reHHUX (hakTopiB pocTy.
KynbTnByBaHHS Ta YTBOPEHHS N03aKNiTHHUX Be3ukyn 3 MCK-ITK B 6e3cnpoBaTkoBux ymoBax npoBoguan npotarom 24, 48 ta 72 roguH. Yei
BE3UKYIIN JOCTIIKYBau 471 MiATBEPAXKEHHS iXHbOr0o MATOMOro PO3Noginy 3a po3mipamu, BUSHAYEHOro 3a JOMOMOroH aHani3y BiJCTEXEHHS
HaHo4vacTuHok (NTA), Ta HasiBHocTi mapkepis CD63 Ta CD81, ouiHeHnx 3a gonomororw ELISA.

PE3YJIbTATU. 3amina cepegosuiya pocTy B KynbTypi MCK 3a 24 rognxn [o nepexofy Ha cepefosuiLe 663 cupoBaTtki npu3sena o 3Ha4Ho
Buiyoro Buxogy [1B. [licns nepexony KynbTypu Ha cepefoBuLLe 663 cUpoBaTKu MU BUSBUITU 3aTIEXHICTb 5K Bifj CkIady cepesosuLya 663 cnpo-
BaTKu, TaK i Big TpuBanocti kynbtuByBaHHs MCK B yux ymosax. Havisniymii Buxig 1B croctepirascs nicns 48 1a 72 rofuH KynbTUBYBAaHHS, pu
LbOMY CYTTEBOI PI3HULI MK CK/1agamu cepegoBuiya 6e3 cnpoBatku He crioctepiranocsa. Mv nos’s3yemo e pe3ynbtar 3 nepiogom agantayii
KYNIbTYPU NPOTArOM NepLumnx 24 rofgnH KynbTuBYBaHHS 663 CUPOBATKN. BpaxoByro4u, Lo CyTTEBOI PI3HNLI Y BUXOAI NO3AKITITUHHNX BE3UKYIT HE
0y/10 BUSABIIEHO MiX 48 Ta 72 roguHamu, My rporoHyeMo 48 rofnH K onTuManbHUM 4ac KyJbTUBYBAHHS.

BUCHOBKW. Pe3ynbtatu JOCTIAXKEHHS TOKA3YIOTb, L0 OMTUMASTbHI YMOBU 4715 KY/IbTUBYBAHHS ME3EHXIMabHUX CTOBOYPOBUX KAITUH My n0Bu-
HU A5 OTPUMAHHS Manux no3aKiiTMHHNX BE3NKY y 663CUPOBATKOBOMY CEPEeLoBuLLi € Takumu: KynbTuyBaHHS MCK y nosHomy cepenosuLyi
JJ151 POCTY 3 PErynspHOK 3aMiHOK CepenoBuLLa KOXHI 2-3 AHi, JOKN KynbTypa He AocsarHe 70 % KOHGDKEHTHOCTI; 3aMiHa cepeaosmnLya s
pPOCTY 3a 24 rognHn 40 nepexoay Ha 6e3cnpoBaTKOBE CePeaoBULLE; KybTUBYBaHHS KynbTypu MCK npotarom 48 rognH y po3ynHi XeHkca abo
MEM 663 fosaBaHHs KCEHOTEHHOI CUPOBATKM.

\ KJTHOY0BI CJ10BA: me3eHximanbHi cTOBOYPOBI KIITUHN, M03aKIITUHHI BE3NKYIN; EK30COMU,; 6e3CPOBATKOBE CEPEAOBULLE. J
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