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Abstract: Liver diseases cause many deaths worldwide and wreak havoc on the economy. The main hepatoprotectors are
plant substances and peptides. Regenerative medicine based on mesenchymal stem cells (MSCs) can offer a new set of
biologically active substances for liver regeneration, which are part of their secretome. The work applied the methods of
cell isolation and cultivation, ultrafiltration for fractionation of secretome components, and organotypic culture model. The
study’s results indicate an increase in the regenerative capacity of the liver under the impact of the components of the MSC

secretome; the fraction below 10 kDa shows the most significant activity.
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|
Introduction

Annually, liver diseases claim the lives of 2 million peo-
ple worldwide, making this group of diseases the 11th most
common cause of death. About 2 billion people worldwide
consume alcohol, resulting in 75 million cases of liver disea-
se. The exact number of adults are obese or overweight,
and more than 400 million have diabetes, which carries the
risk of non-alcoholic fatty liver disease and hepatocellular
carcinoma’. The high prevalence and danger of liver pa-
thology occasion a wide range of hepatoprotectors. The
most common hepatoprotection are compositions based on
herbal raw material, for example, rooibos tea (Aspalathus
linearis), Elephantopus scaber Linn. and silymarin isolated
from Saint-Mary-thistle (Silybum marianum)*4, as well as
an amino acid mixture, peptides, e.g., natural, isolated from
oyster, mealworm, or synthetic S-adenosyl-L-methionine®”.
At the same time, the available means for preventing and
treating liver diseases are not always effective enough, es-
pecially in the case of severe fibrotic changes, which stimu-
lates the search for new, more active hepatoprotectors.

Renovative medical technologies using mesenchymal
stem cells (MSCs) show good progress in the recovery of
damaged liver tissues. MSCs are pluripotent cells derived
from various sources, including bone marrow, adipose tis-
sue, and cord blood. They can proliferate, differentiate and
home. However, using living cells has several limitations,
including, in particular, the risks of incomplete or incorrect
cell differentiation, malignancy, pathological angiogenesis,
and improper targeted delivery, which leads to small vessel
thrombosis®®.

The described limitations stimulate interest in technolo-
gies based on stem cell exometabolites (secretome) rather
than living cells. The secretome of MSCs is predominantly
soluble proteins, including cytokines, chemokines, growth
factors, and proteolytic enzymes, as well as extracellular
vesicles that can express surface markers characteristic of
MSCs and contain antifibrotic and antiapoptotic proteins or
specific regulatory RNAs'®.

The biological effects of cells administrated into the
body are typical for different organs and come down to
reducing inflammation, modulating the immune system,
reducing oxidative stress, affecting the synthesis and / or
destruction of extracellular matrix proteins, as well as acti-
vating the division and differentiation of resident stem cells
of damaged organs®''. They are caused by the paracrine
action of MSCs and their exometabolites'.

Most of the molecules that ensure liver regeneration
belong to the high molecular weight fraction of the secre-
tome (over 30 kDa). There needs to be more information
about the low molecular weight components of the conditio-
ned medium of MSCs. There is data on the effects of indivi-
dual miRNAs®; however, a comprehensive study of the com-
bined action of low molecular weight regulatory RNAs and
peptides has yet to be carried out. In the present study, the
research on the biological activity of individual fractions of
the MSC secretome, separated by their weight, was carried
out. This approach is novel; it will allow us to determine the
most active fraction for subsequent detailed investigation of
the mechanisms of its action, and the study results can be
applied in biotechnology to develop hepatoprotectors.

This study aimed to research the rat liver’s regenerative
capacity in vitro using an organotypic culture model under
the influence of the whole secretome of xenogenic mesen-
chymal stem cells and its individual fractions separated by
mass by ultrafiltration.

|
Materials and methods

Obtaining a conditioned medium

Mesenchymal stem cells (MSCs) from the bone marrow
of xenogeneic origin were obtained using the standard me-
thod™. Biomaterial sampling from a healthy donor animal
(dog) in the quantity of 10 ml was performed by puncture
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from the femur under epidural anesthesia with consecutive
placing in a phosphate-buffered saline solution PanEco™.
The obtained tissue samples under aseptic conditions of a
laminar-flow box “Laminar systems” were washed with li-
quid nutrient medium DMEM high glucose PanEco™; the
resulting bone marrow suspension was disaggregated and
plated in a culture flask TPP in growth medium 90% DMEM,
10% fetal bovine blood serum BioloTTM, 50 ug/ml gentami-
cin SINTEZ™ and amphotericin MICROGEN™. Incubation
was carried out at 37 °C and 5% CO, in the atmosphere
by dint CO, incubator Binder. Twenty-four hours after cell
isolation, the floating fraction was removed. The attached
plastic-adhesive cells are MSCs. Compliance of the obtai-
ned cells with the criteria for belonging to MSCs (plastic-ad-
hesiveness, ability to differentiate in at least three directions
(osteo-, chondro- and adipogenic) and cellular immunophe-
notype) is ensured by the exact implementation of the me-
thod of their isolation.

The cells of the second passage (Fig. 1a) were cryopre-
served according to the standard method'. The cells were
removed from the substrate using a dispersing solution of
0.05% of trypsin PanEco in Versen’s solution PanEco™,
plated into a cryoprotective medium contented 90% of fetal
serum and 10% of DMSO PanEco™, manufactured in the
United States, distributed between cryovials SPL Lifescien-
ces™ and cooled at a rate of about 1 °C/min. The culture
was restored after freezing (Fig. 1b) in DMEM, a high glu-
cose nutrient medium supplemented with 10% fetal bovine
blood serum and cultivated as before. After the second pas-
sage, the growth medium was replaced with a maintenance
medium (with a content of serum reduced to 2 %). At 48
hours of culture growth, a conditioned medium containing
the secretome of mesenchymal stem cells was collected.
The whole fraction of the secretome was purified from cell
detritus using MPW-56/10056 centrifuge and used in further
research.

MSC secretome fractionation

MSC secretome fractionation was performed by ultra-
filtration on a laboratory filtration unit (Fig. 1¢) consisting
of a Masterflex peristaltic pump and Pellicon (Biomax) ul-
trafiltration cassettes with a pore rating of 10 and 30 kDa
(used alternately) interconnected by silicone tubes. Firstly,
two fractions were obtained from the conditioned medium: a
concentrate (below 10 kDa) and a permeate (over 10 kDa).
Then, the permeate from the first stage was ultrafiltered
on a cassette with pores of 30 kDa, which made it possi-
ble to obtain a fraction of 10—-30 kDa (concentrate) and a
fraction with a molecular weight of over 30 kDa (permeate).
Thus, three fractions were obtained in addition to the whole
conditioned medium containing the entire spectrum of exo-
metabolites: below 10 kDa, 10-30 kDa and over 30 kDa. A
supporting medium with 98% DMEM and 2% fetal bovine
blood serum was used as a control.

Spectrophotometric study

The composition of the conditioned medium and its frac-
tions was estimated by analyzing the absorption spectrum
on a UV-2600 double-beam spectrophotometer Shimadzu,
taken in the range from 200 to 400 nm; a blank sample was
DMEM medium. Based on the spectra obtained by standard
methods (D, /D,., & V. F. Kalb, R. W. Bernlohr methods
for proteins and D, /D, for nucleic acids)', the content of

protein and nucleic acids in the samples was determined.

Model of organotypic liver culture

The test was performed according to method'¢, modi-
fied by the author. The liver was removed from Wistar rats
(males weighing at least 200 g, at least 3 months old), deca-
pitated after thiopental anesthesia, and dissected. Several
fragments about 1 x 1 cm in size were excised from different
parts of the organ and placed in a solution of 0.9% sodium
chloride Yuriya-Pharm™. The organ fragments were cooled
to a temperature of +2...8 °C; after that, they were transfe-
rred to a laboratory box and, following the rules of asepsis,
using a prepared metal round in cross-section sampler, ex-
plants were isolated and placed in sterile plastic Petri dishes
Biosigma™ on a nutrient medium consisting of 90% DMEM/
F12 medium and 10% fetal bovine blood serum Biowest™,
as well as gentamicin Zdorovye™ and amphotericin Biolo-
T™ at 50 pg/ml. The culture was incubated for 48 hours at
37.0 £ 0.5 °C under hypoxia and elevated carbon dioxide
concentration. After incubation, the experiment was con-
sidered by processing the culture images obtained by dint
microscopy (microscope Biolam™, magnification x 100).
Image processing was carried out in the ToupView™ 4.11
program (Fig. 1d) by determining the area of the central
(dark) zone (explant zone) and the peripheral (light) zone
(exclusion and growth zone). After that, the area index (Al)
is calculated using the formula:

A (%) = (££ % 100 % ) — 100 % (M

CZ is the central zone (explant) area, and GZ is the
exclusion and growth zone in mm? or pixels.

The adhesiveness index was also considered the per-
centage of explants attached to the substrate at the end of
incubation.

The test substances were administrated into the growth
medium where the explants were cultivated. It is also possi-
ble to study the change in the parameters of the expansion
of liver cells under the influence of factors that acted on the
animal’s body from which the explants were obtained.

The choice of concentrations was because a pilot study
of the activity of the whole secretome in rats, which confir-
med its effectiveness concerning regenerative processes,
was centered on a dosage of 50 pl/100 g of body weight.
Taking into account the bioavailability of substances admi-
nistered intramuscularly (at least 80%) and the volume of
circulating blood of rats (about 60 ml), the estimated effecti-
ve dose was set as 60 pl/ml. To identify the expected dose
dependence of the biological effect, smaller and larger do-
ses were taken — 30 and 120 pl/ml.

Statistical data analysis

Statistical data analysis was carried out in stages using
the Excel 2016 and STATISTICA 12 software packages ac-
cording to standard methods''8. In the first stage, the dis-
tributions in the samples were tested for normality by deter-
mining the significance of differences in the coefficients of
kurtosis and skewness from 0. After that, the Sheff multiple
comparison method or its non-parametric analogs (based
on Friedman ranking) were used. To determine the effect
of the concentration of secretome on the intensity of the
formation of the zone of eviction and growth, the methods
of correlation analysis were applied (Pearson’s criterion or
its non-parametric analog, Spearman’s criterion). All criteria
were applied under standard conditions (power should be at
least 80%, and the significance level was higher than 0.05).
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Ethics statement

All manipulations with animals complied with interna-
tional legislation requirements for the protection of verte-
brate animals 19, and the Bioethics Commission approved
the study. The study protocol and report were approved at
meetings of the Bioethical Commission of the Department
of Molecular Biology and Biotechnology of the Faculty of
Biology of V.N. Karazin Kharkiv National University.

|
Results

Spectrophotometric assessment of the composition of
the secretome and its fractions

To assess the composition of the obtained MSCs se-
cretome fractions, the absorption spectrum of the samples
in the range of 200-400 nm was analyzed (Fig. 2). When
analyzing the spectrum, the concentrations of protein and
nucleic acids were determined (Fig. 3), and a cluster analy-
sis with using STATISTICA 12 was performed for 21 points
of the spectrum, which were “peaks” or “dips” (Fig. 4).

The absorption spectrum of the control, whole conditio-
ned medium containing MSC secretion, as well as its frac-
tions, differ. The most significant differences characterize
the fraction with a molecular weight over 30 kDa.

The composition of the nutrient medium (control) con-
tains bovine serum albumin and amino acids, which have
absorption spectra in 230 and 260 nm, similar to biologically
active proteins and peptides produced by MSCs. The spec-
trogram in Figure 2 clearly shows that the whole conditioned
medium in which MSCs were cultivated (red line) contains
a more significant amount of peptides. These proteins ab-
sorb at 260 nm than the control (black line), because they
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have a higher optical density in this region. The first peak
(region 230 nm) is higher and shifted to the right, indicating
a different amino acid composition of the peptides from the
control.

The absorption spectra of MSC secretome fractions are
very different, both from the control and the whole condi-
tioned medium containing exometabolites. Fractions less
than 10 kDa (blue line) and 10-30 kDa (green line) contain
a much smaller number of chromatophores compared to
whole conditioned medium and control (Fig. 2), which is
associated with the absence of high molecular weight pro-
teins, in the low molecular weight fraction (blue line), peaks
are observed in the region of 220-230 nm, corresponding to
peptides with sulfur-containing amino acids (cystine, cys-
teine, methionine), and in the region of 280 nm, which is
associated with peptides containing aromatic amino acids;
peaks are also observed at 240 and 340 nm (of the amino
acids that absorb in the wavelength range of 240-340 nm,
tryptophan has the most intense light absorption, followed
by tyrosine, phenylalanine and cystine); the presence of
metal-containing domains (Zn, Cu, etc.) in the composition
of these peptides are also possible, which provide a change
in the intensity of adsorption in these parts of the spectrum.
The 10-30 kDa fraction (green line) is smaller than peptides
with sulfur-containing amino acids (220-230 nm) and more
significant than those containing aromatic amino acids (240

m). It should be noted that both considered fractions do not
contain significant peaks in the region of 260 nm associated
with nucleic acids. This is probably because regulatory miR-
NAs are small and act at low concentrations, so they cannot
be captured by such a crude method.

The high-molecular part of the secretome (weighing
over 30 kDa) does not contain low-molecular regulatory

d

Figure 1. Research Methods: (a) Culture of dog mesenchymal stem cells under an inverted microscope (magnification x
100); (b) Restore of cell culture after cryopreservation; (c) Separation of the conditioned medium into fractions; (d) Taking
into account the intensity of the formation of the zone of exclusion and growth.
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peptides, as indicated by dips in the region of 220-230 and
260 nm (Fig. 2, purple line). At the same time, the fraction
contains a certain amount of high molecular weight proteins
(zone 280 nm and beyond), and their relative concentration
is higher than in other fractions. The chromatophores of this
region, purified from low-molecular impurities, exhibit more
intense absorption.

Analysis of the spectrograms showed a relatively low
content of nucleic acids in the secretome fractions since it
is a strong chromatophore in the region of 260 nm, and the
fractions of the conditioned medium containing exometabo-
lites did not show a peak in this region.

Comparison of two methods for determining protein
concentration (D,,,/D,,, and V. F. Kalb, R. W. Bernlohr me-
thods) using the non-parametric Spearman test showed a
high significant correlation between them (r=0.9, p<0.05).
However, the D, /D,., method is probably more sensitive,
as pointed out in the difference in this indicator between the
control sample, which does not contain exometabolites, and
the whole conditioned medium, in which the components of
the secretome of MSCs were accumulated (Fig. 3).

Determination of the content of nucleic acids showed its
slight excess in the whole conditioned medium and a more
significant increase in various fractions. Notably, the maxi-
mum concentration of nucleic acids was in variants with a
molecular weight of 10-30 kDa and over 30 kDa (Fig. 3).

As seen in Figure 2, the absorption spectrum of the

control, whole conditioned medium containing MSC secre-
tome and its fractions differ. The most significant differen-
ces are characterized by a fraction with a molecular weight
over 30 kDa. The resulting spectra can be used to confirm
that the product belongs to a particular secretome fraction
in production and screening studies.

Visible differences in spectra were confirmed by sta-
tistical analysis of 21 points of each spectrum, which were
“peaks” or “dips .” For each sample, the optical density was
determined at the indicated points. Based on these values,
using the STATISTICA 12 program, a multidimensional sca-
ling graph was constructed, which made it possible to dis-
tinguish three clusters according to the similarity of the ab-
sorption spectrum: cluster 1 — control and the whole fraction
of the conditioned medium; cluster 2 — fractions weighing
below 10 kDa and 10-30 kDa, and cluster 3 — a fraction
weighing over 30 kDa (Fig. 4).

As can be seen, during ultrafiltration, some of the opti-
cally active components contained in the initial nutrient me-
dium (control, sample without secretome) and remaining in
the whole secretome are lost. The lowest molecular weight
fraction (below 10 kDa) and the 10-30 kDa fraction have a
set of substances distinguishing them from the high mole-
cular weight fraction (over 30 kDa) and the initial medium.

The biological effect of the whole secretome
At the first stage of the biological activity research, a
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Figure 2. Absorption spectrum of growth medium containing different fractions of exometabolites of dog mesenchymal
stem cells, obtained by ultrafiltration, taken in the range from 200 to 400 nm: black — control (without exometabolites);
red — whole conditioned medium; blue — below 10 kDa; green — from 10 to 30 kDa; lilac — over 30 kDa.
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whole conditioned medium containing secretome (exometa-
bolites) produced by MSCs was studied. Concentrations of
30, 60, and 120 pl/ml (in terms of protein, 105, 210, and 420
pg/ml, respectively) were studied; the control was a main-
tenance medium without secretome components. (Fig. 5).

As shown in Figure 5, all experimental variants formed
more intensively the zone of exclusion and growth than the
control. The excess of the area index by 2.3-3.4 times was
statistically significant (p < 0.01).

Correlation analysis (Fig. 5a) revealed a strong rela-
tionship between the concentration of the conditioned me-
dium and the observed biological effect (r = 0.78; p < 0.01).
In the STATISTICA program, the following equation was ob-
tained that describes the studied dependence:

Al=—0.013xC?+2.843xC + 76.060 (2)

where Al is the area index, %, and C is the concentra-
tion of the conditioned medium, pl/ml

With the help of a graph built in Excel based on the me-
dians of the samples, a trend line with a polynomial approxi-
mation was obtained (Fig. 5b). The trendline equation is as
follows:

AI=10.0003xC>—0.0571xC? + 4.4177xC + 70.829 3)
where Al is the area index, %, and C is the concentra-
tion of the conditioned medium, pl/ml.

The degree of adhesion in all three studied concentra-
tions also exceeded this indicator in the control, but in the
case of 120 pl/ml, the differences were not statistically sig-
nificant.

The established relationships (2) and (3) between the
biological effect and the concentration of the whole MSC
secretome can be used to predict the effectiveness of other
concentrations, which can be used in the pharmaceutical
development of hepatoprotection.

The biological effect of different secretome fractions

After confirming the presence and dose dependence of
the regenerative effect on liver tissue caused by a whole
conditioned medium containing MSC secretome (exometa-
bolites), the task was to study the effect of its fractions at a
concentration of 60 pl/ml on regenerative processes using
an organotypic (organ) culture model (Fig. 6).
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In addition to the whole conditioned medium, three se-
parate fractions of it of different molecular weights obtained
by ultrafiltration were taken into the experiment: below 10
kDa, 10-30 kDa, and over 30 kDa. All fractions of MSC se-
cretome had stimulatory activity compared to the control (p
<0.01). The highest intensity of the formation of the zone of
exclusion and growth was manifested in the culture, which
was administrated with a low molecular weight fraction of
the secretome with a weight of below 10 kDa — an excess
of control by 3.2 times; the minor activity was shown by the
high molecular fraction weighing over 30 kDa (2.3 times hi-
gher than the control). The 10-30 kDa fraction had biolo-
gical activity at the level of the whole conditioned medium.
The adhesiveness in the experimental variants was at the
same level as the control.

Most of the factors described in the literature that sti-
mulate liver regeneration are classified as cytokines and
chemokines with a molecular weight of over 30 kDa. The
data obtained show that the low molecular weight compo-
nents of the secretome (MiRNAs and small peptides) can
make an even more significant contribution to the recovery
processes.

The biological effect of secretome low molecular
fraction

At the third stage, the dose dependence of the obser-
ved effects for this fraction was studied after determining
the most biologically active fraction of the MSC secretome
(a low molecular weight fraction with a weight below 10
kDa) (Fig. 7).

The studied dosages were taken as previously des-
cribed for the whole conditioned medium - 30, 60 and 120
plI/ml, and a concentration of 15 pl/ml was added; a grow-
th medium that does not contain exometabolites was also
taken as control. It was shown that the concentration of 15
pI/ml does not significantly affect the regenerative proces-
ses in the liver: the area index is at the control level. The
remaining concentrations increased the size of the zone of
exclusion and growth of culture by 1.3—4.3 times.

Correlation analysis (Fig. 7a) revealed an even stron-
ger relationship between the concentration of the studied
composition and the area index than in the case of the who-
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Figure 5. The intensity of the formation of the zone of exclusion and growth of the liver organotypic (organ) culture un-
der the impact of various concentrations of xenogenic MSC secretome (whole conditioned medium): (a) Scatterplot with

polynomial fit of results (red line), dotted red line — dotted line — CI

medians of the samples; error bars — median errors.

o (b) Scatter chart with bars and markers, built on the
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Figure 7. The intensity of the formation of the zone of exclusion and growth of the liver organotypic (organ) culture under
the impact of various concentrations of low molecular weight (<10 kDa) fraction of xenogenic MSC secretome: (a) Scat-
terplot with polynomial fit of results (red line), dotted red line — Cl,; (b) Scatter chart with bars and markers, built on the

medians of the samples; error bars — median errors.

le secretome (r = 0.89; p < 0.01). By using the STATISTICA
program, the following equation was obtained that descri-
bes the studied dependence:

Al=—0.007xC*+2.762xC + 36.197 @

where Al is the area index, %, and C is the concentra-
tion of the below 10 kDa secretome fraction, pl/ml.

With the help of a graph built in Excel based on the me-
dians of the samples, a trend line with a polynomial approxi-
mation was obtained (Fig. 7b). The trendline equation is as
follows:

AT=-0.0006%C? - 0.100xC? + 1.313xC + 53.253 (5)

Where Al is the area index, %, and C is the concentra-
tion of the below 10 kDa secretome fraction, pl/ml

The degree of adhesion statistically significantly excee-
ded the control value only at the maximum concentration of
the test substances — 120 pl/ml (p < 0.01).

The established relationships (4) and (5) between the
biological effect and the concentration of the low weight
fraction of MSC secretome can be used to predict the effec-
tiveness of other concentrations, which can be used in the
pharmaceutical development of hepatoprotection. To test
the predictive value of equation (5), an additional study of
activity at a concentration of 90 ul/ml is necessary (based
on the dose-response plot, the effect of this concentration
should exceed the effect of a concentration of 120 pl/ml).

|
Discussion

The samples’ spectrophotometric study determined the
protein concentration in them at the level of 3.0-5.5 mg/ml,
and nucleic acids — about 2-3.5%. Differences in the ab-
sorption spectra of different fractions were shown; they can
be used to identify the fraction quickly.

The secretome of MSCs isolated from human bone ma-
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rrow or adipose tissue has been found to contain from 200
to 600 different proteins. A significant part of the detected
proteins (over 75%) were identified as classically secreted
proteins by the N-terminal signal peptide?®-?*. The described
secretome proteins have a wide range of molecular weight
— from 10 to 260 kDa, and are at a concentration of about
200.0 pg/ml (about 80 pg/million cells). Over 60% of the
protein content is present in the vesicular fraction. Regar-
ding mRNA, it was found that their size does not exceed 31
nucleotides, corresponding to a molecular weight of about
10 kDa?.

The protein concentration determined by the D, /D,
method (as more sensitive than the V. F. Kalb, R. W. Ber-
nlohr method under these conditions) based on the obtai-
ned absorption spectrum was about 3.0-5.5 mg/ml protein
(about 500-1000 pg /million cells), which is an order of mag-
nitude higher than in Mitchell et al.?°. Probably, such distor-
tions are associated with the presence of serum albumin in
the culture medium (2%) and nutrient medium chromato-
phores (amino acids and vitamins). To improve the accura-
cy of spectrophotometric determination of protein concen-
tration in various MSC secretome fractions in this system,
empirically established conversion factors that consider the
described factors can be used. It is also possible to use
serum-free media and purify the components of the medium
for the accumulation of exometabolites, but this will lead to a
significant increase in the cost of products developed based
on this technology.

Chronic liver damage causes liver fibrosis and can lead
to end-stage — cirrhosis of the liver. The most effective treat-
ment is liver transplantation from a healthy donor, but this
is not always feasible. Therapy of hepatopathy using living
MSCs (isolated from bone marrow, adipose tissue, dental
pulp, etc. sources) or their exometabolites is discussed as
an alternative treatment method. In addition to the ability of
MSCs to differentiate themselves into hepatocyte-like cells
(this factor is not paramount because they cannot replace
all damaged cells due to their relatively small amount), the
substances they produce have antifibrotic and immuno-
modulatory effects, as well as activate the patient’'s stem
cells, stimulating them homing, division and differentiation.
Cell-free therapy based on MSC secretome seems more
promising because it does not carry the risks of using living
cells — reactive immunogenicity, malignancy, and atypical
differentiation. Also, secretome components can be applied
to nanoparticles to increase the duration of their circulation
in the blood?25-27,

The molecular mechanisms of biological effects of the
MSCs secretome are being actively studied. It has been
shown that VEGF, HGF, IGF, FGF, TGF-B, Nrf2, HIF, HO-
1, IL-6 are responsible for antiapoptotic activity; HO-1 for
antioxidant activity; CCL2 (regulation of immunoglobulin
synthesis) HGF, TGF-B, IDO, PGE2, IL-10 (regulation of
T-lymphocyte proliferation, increasing M2 macrophage po-
larization, reducing inflammation), PGE2, IL-6, TGF-, IDO,
NO (decreasing natural killer activity) for immunomodula-
tory activity; and VEGF, HGF, FGF-2, SDF-1, TGF-3, PDGF,
ANG1, MCP-1 for angiogenesis?. It is also known that cer-
tain miRNA types exhibit their unique biological effects. For
example, miR-199a increases cardiomyocyte proliferation
in silico, while miR-126-3p blocks the development of me-
tastases in vivo and in vitro®.

Studies have shown a positive effect of MSC secreto-
me components on the recovery of damaged liver. Such
effects as immunomodulatory mediated by IL-10, HGF,

TGF-b3, IDO and PGE2; antifibrotic associated with de-
creasing the production of extracellular matrix, the amount
of alpha-smooth muscle-actin-(a-SMA)-positive liver stella-
te cells and the activity of pro-fibrogenic genes; and regene-
rative provided, in particular, by increasing the expression of
the genes of oncostatin M, adrenergic receptor 1 and stem
cell factor ones were described'®. As was found in the Huh7
cell culture, the components of the conditioned medium
containing exometabolites of MSCs significantly change the
expression of about 3000 liver cell genes that are responsi-
ble for the regulation of the cell cycle, molecular processes
with DNA, apoptosis, cell and tissue growth, metabolism,
etc?®. Extracellular secretome vesicles can impact on the
liver in two ways: either inhibiting TGF-31/Smad, Wnt/B-ca-
tenin signaling pathways, activating hepatic stellate cells,
hepatocyte apoptosis, secretion of inflammatory factors, co-
llagen deposition, or activating autophagy and hepatocyte
proliferation3031,

The following vital molecules provide a shift in dyna-
mic balance from fibrosis to regeneration: GAS6 activates
the healing of damage, complement protein C, and quies-
cin-sulfhydryl oxidase 1 stimulates the proliferation of he-
patocytes, vitronectin regulates cell adhesion and mobi-
lity, matrix metalloproteinase MMP2 cleavage of collagen
filaments, protein milk fat globule EGF factor 8 (MFGES)
suppresses the TGF-$ signaling pathway and reduces ex-
tracellular matrix deposits®233. Another study®* shows high
levels of the anti-inflammatory protein Annexin-A1 and sug-
gests a role in stimulating liver repair.

Increasing activity to repair a damaged liver can be
achieved in various ways. The most classic example of
such an effect is hypoxia during the growth of MSCs. As
written by Lee, S. C. et al., the optimal partial pressure of
oxygen in culture to obtain a secretome with maximum effi-
ciency is 1% pO,*. Another way to increase the biological
activity of MSC exometabolites may be the administration
of lipopolysaccharide into the culture medium?®®. The use of
MSCs of xenogeneic origin in research and therapy is justi-
fied and can be studied®.

The main biological effects of the MSC secretome,
which cause a shift in the dynamic balance of liver proces-
ses from fibrotic to regenerative, are the following: inhibi-
tion of the TGF-B1/Smad signaling pathway, Wnt/B-catenin
pathway, liver stellate cell activity, hepatocyte apoptosis,
secretion of inflammatory factors, collagen deposition; acti-
vation of autophagy and hepatocyte proliferation®%,

The organotypic culture model used in the research
allows us to study the effect of secretome components on
all populations of liver cells. Even though this express mo-
del does not give an idea of which cells colonize the space
around the explant, the newly formed zone’s area indicates
the tissue’s regenerative potential. Fibrotic processes can
close holes and gaps but cannot underlie the settlement of
new areas.

The data obtained do not contradict the data of lite-
rary sources regarding the regenerative ability of the com-
ponents of the secretome of mesenchymal stem cells but
allow us to expand our understanding of the possible me-
chanisms of the observed effect. It was shown that the low
molecular weight fraction of the secretome with a mass of
up to 10 kDa has the highest biological activity, which indi-
cates a significant contribution of miRNAs and low molecu-
lar weight peptides that are not related to growth factors and
cytokines to the start of liver tissue repair.
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Conclusions

The study of the component composition of the se-
cretome of MSCs is carried out using various methods of
analysis: mass spectrometry to characterize the spectrum
of proteins, HPLC to separate and identify individual com-
ponents, ELISA to accurately determine the qualitative and
quantitative composition of proteins, and microRNA chips to
study RNA molecules. The spectrophotometric analysis of
the secretome composition used in this study must be more
accurate. However, it provides high reproducibility in small
laboratories and can also be used in routine quality control
in production or screening studies.

Spectrophotometric study of the samples determined
the concentration of proteins in them at the level of 3.0-
5.5 mg/ml. The absorption spectra of fractions separated
by mass do not contain a pronounced peak at 260 nm,
characteristic of nucleic acids and several proteins. At the
same time, peaks are observed in the low molecular wei-
ght fractions at 220 nm (sulfur-containing amino acids), 240
and 280 nm (aromatic amino acids), and 340 nm (complex
peptides, possibly with metal domains). The high molecular
weight fraction of the secretome contains a bandwidth of
280 nm, which indicates the presence of complex proteins
containing, in particular, a significant amount of aromatic
amino acids.

It was found that secretome containing exometabolites
of xenogenic mesenchymal stem cells stimulates liver re-
generation in vitro. The concentration of secretome compo-
nents and their biological effect have a significant and ro-
bust positive correlation, which makes it possible to predict
the effect of unstudied concentrations on the liver by using
the equations obtained. The fraction of MSC secretome with
a molecular weight below 10 kDa had the most significant
effect. This fraction does not contain the most studied cyto-
kines and chemokines. Low molecular weight miRNAs and
peptides likely play an essential role in triggering liver rege-
neration processes.

A significant strong correlation was shown between the
concentration of exometabolites with a molecular weight be-
low 10 kDa and the observed biological activity, which makes
it possible to predict the effect of other concentrations of this
fraction on liver recovery. These data can be used in the
pharmaceutical development of hepatoprotection.
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