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Abstract

Objective. To determine such parameters of humoral immunity as the number of antibody-forming cells and the
titer of antibodies in the blood under the action of the whole fraction of the secretome of xenogenic mesenchymal
stem cells in mice with a normal immune status and mice with secondary immunodeficiency caused by the hydro-
cortisone acetate. Methods. The following methods were used in the study: isolation of mesenchymal stem cells
from the bone marrow of cattle; culturing of isolated cells and obtaining a conditioned medium containing exo-
metabolites with subsequent purification; modelling of secondary immunodeficiency in mice; setting up a test on
mice to determine the number of antibody-forming cells in the spleen and hemagglutinin titers in blood serum;
statistical data analysis. Results. A study of the impact of the secretome of xenogenic mesenchymal stem cells
(MSCs) on the humoral arm of immunity in mice with a normal immune status showed a significant increase in the
antibody-forming cell count compared with the control by 3.4-8.8 times when administered intramuscularly and
by 4.2-5.4 times when administered subcutaneously (at the same time, in the group of the reference drug, the
increase was four times), as well as an increase in the titer of hemagglutinins concerning the control by 25-95%
when administered intramuscularly and 32-52% when administered subcutaneously (the reference drug Thymalin
was at the control level). With intramuscular administration, a clear relationship was observed between the con-
centration of MSC secretome and the biological effect (high significant positive correlation: p = 0.99, p < 0.05 for
calculating AFC; p = 0.97, p < 0.05 for HA titer). Lethality in the group of animals that administered only hydrocor-
tisone acetate (HCA, positive control) was 100%. The use of the mesenchymal stem cells secretome increased the
survival of animals by 50% by stimulating the formation of the required number of antibody-forming cells and
antibody titer, except for the subcutaneous route of administration (at the level of immunized control, animals
with a normal immune status). The reference drug showed a result at a level significantly lower than the immun-
ized control. The antibody titer with the subcutaneous route of administration of secretion of MSCs was signifi-
cantly lower than the immunized control but significantly higher concerning the reference drug. Conclusion. The
administration of the secretome of xenogenic mesenchymal stem cells stimulated the humoral arm of immunity
as same in mice with normal immune status as in mice with secondary immunodeficiency. The data obtained sup-
plement the information on the introduction of live mesenchymal stem cells. Live allogeneic MSCs have a sup-
pressive effect on B cells, while xenogenic MSCs cause a response on themselves. The secretome of xenogenic
MSCs does not contain surface immunogenic molecules that are carried by living cells, but nevertheless increases
the activity of the humoral component of immunity. The mechanisms of this effect require further study.
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Humoral immunity is a component of the immune sys-
tem that is mediated by macromolecules of protein
and peptide nature. The study of the dynamics and in-
tensity of the immune macromolecules’ formation un-
der the influence of various internal and external fac-
tors is one of the key problems of immunobiology. To
assess the intensity of the formation of the humoral
immune response, the antibody-forming cells
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(AFC, plasma cell) count and the antibody titer to
the antigen with which the immunization was previ-
ously carried out can be determined.

Individual substances such as cytokines, in particu-

lar tumor necrosis factor (it enhances humoral re-
sponses to both T-independent and T-cell-dependent
antigens by reducing apoptosis by binding to the CD4o
ligand),™ interleukin 12 (increases the production of al-
most all immunoglobulin isotypes),’! complement sys-
tem proteins (they are involved in labeling "foreign"
pathogens and "presenting" them to B-lymphocytes,
which enhances both antibody production and long-
term memory),B3! some vitamins, in particular, vitamin
E (stimulates the production of immunoglobulins

G)!“l or mixtures of biologically active substances, for
example, Echinacea purpurea (L.) Moench extract®® can
be used as stimulators of humoral immunity.

Mesenchymal stem cells are defined as clonogenic,
non-hematopoietic stem cells present in adult tissues
and capable of differentiating into mesodermal

(e.g., osteoblasts, chondrocytes, endothelial cells) and
non-mesoderm (neurons) cell lines. The relative ease
of their isolation and their wide potential for differenti-
ation, hypoimmunogenicity, and low ability to malig-
nancy have long attracted the attention of research-
ers.!®l Research on the immunomodulatory properties
of mesenchymal stem cells has mainly focused on their
effects on T cells, although it is hypothesized that they
may also affect B cells.”? At the same time, the use of
living cells has some limitations both in terms of their
long-term storage (impossible without liquid nitrogen;
freezing and thawing procedures are relatively difficult
for consumers) and in terms of the risks of their use
(although the risk of an immune response, malignancy,
and abnormal differentiation is low, it's different from
zero). Such limitations are pushing researchers to ac-
tively study the biologically active substances pro-
duced by these cells, collectively referred to as

the secretome. The secretome of mesenchymal stem
cells has been described as a complex mixture of a sol-
uble protein-peptide fraction (e.g., growth factors and
cytokines) and a vesicular fraction containing proteins
and genetic material (e.g., microRNAs).® It has signifi-
cant therapeutic potential in connection, in particular,
with the ability to "homing". Therefore, it is interesting
to study the impact of the secretome of mesenchymal
stem cells on the humoral arm of immunity.

Modulation of the immune system by mesenchymal
stem cells is one of the key factors that determine their
regenerative effect. In particular, it was established the
role of MSCs in switching between M1 and M2 popula-
tions of macrophages; it causes the transition from an
inflammatory response to clearing of cellular debris
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and healing.[! MSCs can also influence the work of
adaptive immunity, i.e. on activation, proliferation and
differentiation of T- and B-lymphocytes. For example,
dose-dependent inhibition of alloantigen-dependent T
cell proliferation has been shown. Also, MSCs can
stimulate regulatory T-type 1 (Tr1)-like cells, which are
characterized by the secretion of interferon-y (IFN-y)
and IL-10, that leads to an increase in populations of
CD4+, CD25+, Foxp3+ and Tra cells and a de-

crease graft-versus-host disease. Also, data are de-
scribed in the literature that MSCs significantly reduce
the activity of antibody production by plasmacytes
(derivatives of B cells) due to the suppression of chem-
okine receptors C-X-C type 4

(CXCRg), CXCR5 and CXCRy, as well as activation of
transcription activator 3 (STAT3),

and PAX5 expression.[?l MSCs also directly inhibit B
cell activity via the PD-1/PD-L1 pathway. MSCs also
promote the formation of non-activated B cells (naive,
transitional, and memory subpopulations), which pro-
mote Treg differentiation. There was evidence that
MSCs can induce the proliferation and differentiation
of purified B cells. More recent studies have shown
that suppression of B cells by MSCs requires signals
from T cells.[*]

The objective of the study was to determine such pa-
rameters of humoral immunity as the number of anti-
body-forming cells and the titer of antibodies in the
blood under the action of the whole fraction of the se-
cretome of xenogenic mesenchymal stem cells in mice
with a normal immune status and mice with second-
ary immunodeficiency caused by the hydrocortisone
acetate.

Material and methods

Mesenchymal stem cells were obtained from the bo-
vine bone marrow according to the standard proce-
dure.*?) Bovine bone marrow was harvested from a
healthy animal at the slaughterhouse and placed in
Gibco™ phosphate-buffered saline. Cells were isolated
from tissue samples under aseptic conditions in

a laminar flow cabinet by washing with

Gibco™ DMEM high glucose and stepwise purified us-
ing an MPW-56/10056 centrifuge (each centrifugation
was carried out at 10 minutes 1000 rpm). The disaggre-
gated cell suspension was plated on culture flask TPP
in a medium containing 9o% Gibco™ DMEM, high glu-
cose, and 10% Biowest™ fetal bovine serum (country
of origin — Colombia, supplier — BioloT™) and incu-
bated at 37 + 1 °C and with 5.0 + 0.2% CO, in the at-
mosphere. After 24 hours of growth, the floating frac-
tion was removed from the culture. Every 3-4 days, the
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medium was replaced with a fresh one. In the second
passage the cells were cryopreserved according to the
standard procedure.3! The cell suspension was re-
moved from the substrate using

Gibco™ Trypsin/EDTA solution, purified using an
MPW-56/10056 centrifuge (centrifugation was carried
out at 10 minutes 1000 rpm), and added to a cryopro-
tective medium (90% Biowest™ fetal bovine blood se-
rum, 10% Thermo Scientific™ DMSO), distributed be-
tween cryotubes (SPL Lifesciences) and cooled step-
wise at a rate of 1°C/min. The culture was restored af-
ter freezing in DMEM, high glucose Gibco™ nutrient
medium supplemented with 10% Biowest™ fetal bo-
vine blood serum and cultivated as before. After the
second passage, the growth medium was replaced
with a maintenance medium (with a content of serum
reduced to 2 %). At 48 hours of culture growth, a con-
ditioned medium containing the secretome of mesen-
chymal stem cells was collected (cell density was 5.5-
6.0 million cells per 1.0 ml). The obtaining whole frac-
tion of the secretome was purified from cell detritus
using an MPW-56/10056 centrifuge (centrifugation
was carried out at 10 minutes 12000 rpm) and used in
further research. Thus, the secretome was obtained
from mesenchymal stem cells of the second passage
deconserved after low-temperature storage in liquid
nitrogen, which grew for 48 hours on a maintenance
medium containing 2% fetal bovine serum, in the form
of a conditioned medium, purified from cell debris by
centrifugation for 10 minutes at 1000 rpm.

The belonging of the obtaining cell population to mes-
enchymal stem cells was confirmed according to three
criteria: (1) adhesion to cultural plastic; (2) determina-
tion of the immunophenotype by the following mark-
ers on the cell surface: CD44 (97.9 £ 0.6) %, CDg0 (99.3
+0.2)%, CD34 (3.4 + 0.8)%; CD45 (2.7 £ 1.1)%; (3) three
lineage differentiation after addition of a differentia-
tion inducer for 21 days (osteogenic, adipogenic, and
chondrogenic). Such differentiation inducers have
been used: 10 mmol/l glycerol-2-phosphate, 50 pg/ml
L-ascorbic acid and 100 nmol/l dexamethasone for os-
teogenesis; 0.2 mmol/l indomethacin, 0.5 mmol/l 3-
isobutyl-1-methylxanthine, 0.01 mg/mlinsulin and 1
pmol/l dexamethasone for adipogenesis; 0.1 pmol/l
dexamethasone, 0.05 mmol/l ascorbic acid, 10 ng/ml
TGF for chondrogenesis. The cells were incubated un-
der standard conditions (temperature 37 + 1 °C, with
5.0 + 0.2% CO, in the atmosphere). Every 3—4 days, the
nutrient medium was changed to a fresh one without
changing its composition. On the 21st day of incuba-
tion of mesenchymal stem cells with inducers, differ-
entiation results were identified by staining.
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The study was performed on white outbred adult mice
of both sexes weighing 20 + 2 g supplied by FOP
Nechiporenko from supplier's own population of mice
and used after quarantine for 14 days. All manipula-
tions with animals complied with the requirements of
international legislation for the protection of verte-
brate animals*! and the study was approved by the Bi-
oethics Commission. The randomization was done by
urn design taking into account the body weight of the
animals (the deviation in the initial weight of animals
did not exceed 10%). The animals were kept in a sepa-
rate room at a temperature of 20-24°C, humidity 45-
65%, the light regime "12 hours day/night", in individu-
ally ventilated plastic cages "Tecniplast”, 6-10 animals
each. The study was performed on mice with normal
immune status (n=6) and with secondary immunodefi-
ciency (n=10 at the beginning of the experiment). An
immunodeficiency state (secondary immunodefi-
ciency) in animals was induced by a single intraperito-
neal injection of hydrocortisone acetate (HCA) at a
dose of 250 mg/kg.*! The whole fraction of the secre-
tome of mesenchymal stem cells was studied with sub-
cutaneous and intramuscular administration at con-
centrations of 10, 20, and 5o pl/kg (in terms of protein,
35, 70, and 175 ug/kg, respectively). The protein con-
centration in the secretome was determined for the
accuracy of dosing samples by the spectrophotometric
method by the difference in absorption intensity at
wave lengths of 215 and 225 nm against saline under
standard measurement conditions. As a reference
drug, Thymalin (ZAT "Biofarma", Kyiv, Ukraine) was
administered intramuscularly at a dose of 5 mg/kg. To
determine the parameters of the humoral immune re-
sponse, the animals were immunized with a 3% sus-
pension of freshly washed ram erythrocytes. Account-
ing was carried out on the sth day of immunization,
which was carried out daily 1 hour before the admin-
istration of the test samples. In the control group, the
animals were immunized with ram erythrocytes and
injected with physiological saline intramuscularly. The
impact of samples on the humoral arm of immunity
(antibody formation processes) was assessed by the
number of antibody-forming cells (AFC, plasma cell) in
the spleen and hemagglutinin (HA) titers in the blood
serum of mice. The amount of AFC in the spleen was
determined by the method of Jerne K. N. et al.t® The
method is based on the ability of lymphoid cells of ani-
mals immunized with alien erythrocytes to secrete
anti-erythrocyte antibodies that cause antigen lysis in
the presence of complement. According to the number
of macroscopically visible zones of hemolysis around
the AFC, the number of antibody producers per lym-
phoid organ was calculated. The HA titer in the blood
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serum of mice was studied in the agglutination reac-
tion by gluing ram erythrocytes with antibodies in iso-
tonic sodium chloride solution.*” In an experiment
with secondary immunodeficiency, samples were ad-
ministered 5 days prior to the modeling of immunode-
ficiency and until the indicators were taken into ac-
count. Immunization with a 3% suspension of freshly
washed ram erythrocytes was carried out for 4 days,
starting from the next day after modeling the pathol-
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ogy. Accounting for survival was carried out before de-
termining the amount of AFC and antibody titer on the
next day after the completion of immunization (5th
day after the administration of HCA) by taking into ac-
count the number of animals that had died by this
time.

Figure 1| The capacity of the mesenchymal stem cells (used in the study to obtain the secretome) to differentiate into three lines

Statistical analysis performed using multiple tests by
dint of Excel 2016. The Fisher’s exact test for sample
shares was applied to assess the differences between
data expressed in %. Each sample of the dispersion
complex was tested for normality of distribution using
the Shapiro-Wilk W-test. If at least one of the samples
of the dispersion complex had a distribution pattern
different from normal (it was observed in all experi-
ments), non-parametric tests were used: the Kruskal-
Wallis test to detect the presence of a statistically sig-
nificant difference between groups; the Mann-Whit-
ney—Wilcoxon U-test to identify specific pairs of
groups, the differences between which are significant.
The Spearman's rank correlation coefficient was ap-
plied for assessment of the relationship between the
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parameters (the significance of the coefficient was as-
sessed using Student's t-test).[*8129) The power of the
statistical tests was estimated by dint of G*Power

3.1.9.7.29

Results

Three concentrations of the whole fraction (of 10, 20,
and 5o pl/kg; in terms of protein, 35, 70, and 175 ug/kg,
respectively) of mesenchymal stem cells secretome at
two routes of administration (intramuscular and sub-
cutaneous) were studied in mice with normal immune
status during the study stage (fig. 2). Statistical analy-
sis performed by the Kruskal-Wallis test showed a sig-
nificant difference between the groups (p < 0.001). Es-
timation of the antibody-forming cells (AFC) count
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(fig. 2a) showed their statistically significant increase
compared to the control in the group of reference drug
Thymalin by 4 times, as well as in all groups with differ-
ent secretome concentrations with both routes of ad-
ministration (3.4—8.8 times with the intramuscular
route, and 4.2—-5.4 times with subcutaneous one). At
the same time, in groups with the maximum concen-
tration of secretome (50 pl/kg) with both routes of ad-
ministration, a statistically significant excess of the in-
dicator compared to the reference drug group was ob-
served. It should also be noted that at a concentration
of 50 pl, the antibody-forming cells count depended on
the route of administration: there was statistically sig-
nificant excess in the indicator in the group with the in-
tramuscular one (p < 0.01, fig. 2a).

As for the hemagglutinin (HA) titers (fig. 2b), statistical
analysis performed by the Kruskal-Wallis test also
showed a significant difference between the groups (p
<0.001). The control group and reference drug (Thy-
malin) group were on the same level by this indicator
(differences between groups are not significant, p >
0.05). Among the experimental groups, the following
picture was observed: all three concentrations with the
subcutaneous administration were statistically signifi-
cantly higher than the control group, but differed
slightly from each other; with the intramuscular ad-
ministration, only groups with concentrations of 20
and 5o pl/kg were statistically significantly higher than
the control, but they significantly exceeded the group
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with the minimum concentration with this route of ad-
ministration (by 27-57%). Experimental groups with a
concentration of 50 pl/kg with different routes of ad-
ministration, as in the case of the plasma cells count,
were statistically significantly different: the intramus-
cular route of administration also turned out to be
more effective than the subcutaneous one (there were
significant differences in this indicator between groups
receiving 5o pl/kg of MSCs secretome in two different
routes, p<o.01, fig. 2b).

Correlation analysis confirmed the presence of a high
statistically significant positive relationship between
the number of antibody-forming cells and hemaggluti-
nin titer (p = 0.95; p < 0.05, fig. 2¢). The dose depend-
ence of the observed effects on the humoral arm of
immunity in mice with a normal immune status for in-
tramuscular injection was also confirmed by correla-
tion analysis of relationships between the studied pa-
rameters and secretome concentration (p =0.99, p <
o0.05 for AFC count; p = 0.97, p < 0.05 for HA titer). The
relationship between the antibody-forming cells
counts or hemagglutinin (HA) titers and the concentra-
tion of the secretome of mesenchymal stem cells is not
statistically significant in the case of subcutaneous ad-
ministration (the power of the statistical coefficient (<
80 %) is insufficient for the final acceptance of the null
hypothesis of equality of samples).

25
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@10 pl, ¥m ; 15
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a - Box plot of the antibody-producing celis (AFC) count in the splesn
after intramuscular (Vm) and suboutaneous (s/c) adminstration of
MSCs secrctome;

b - Box plot of the hemagglutinin (HA) titer in the bleod serum after
intramuscular (Ym) and subcutansous (s/c) admimstration of MSCs
secretome,

€ — Scatter plot with trend line addibon for a carrelation between group
maan HA titer and AFC count

Statistical analysis using the Mann-Whitney-Wilcoxon
U-test:
1 - significant difference compared to Caontrol (p < 0.05),
2 — significant difference compared to Controd (p = 0,01);
3 — significant difference compared to Thymalin (p < 0,05)
4 - significant difference compared to Thymalin (p = 0,.01)
5 — significant difference batwesn roules of administration (p = 0.01)

Figure 2 | Indicators of humoral immunity in mice with normal immune status
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The model of secondary immunodeficiency is a rigor-
ous test of the immunomodulatory properties of sub-
stances, which makes it possible to assess the survival
rate of the test animals and the compensatory proper-
ties of the immune system (in the experiment, they
were assessed by the amount of AFC and antibody ti-
ter). The minimum concentration of the test substance

causing an effect in animals with a normal immune sta-

tus (20 pl/kg) was studied, other concentrations have
not been studied at the moment. Secondary immuno-
deficiency caused by intraperitoneal administration of
250 mg/kg hydrocortisone acetate (HCA) resulted in
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100% mortality (fig. 3a) in the absence of immuno-
modulating agents (positive control). The use of Thy-
malin and secretome of mesenchymal stem cells at a
concentration of 10 pl/kg statistically significantly in-
creased the survival of animals with secondary immu-
nodeficiency (differences between groups with differ-
ent immunomodulating agents are insignificant, p >

0.05).
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a - Sunaval chart after intramuscular (ifm} ang subcutaneous {s/c) administration of MSCs secretome;

b - Box plot of the antibody-producing celts (AFC) count in the spleen afler iim and sic acministriation of MSCs secralome;

© - Box plot of the hemagglutinin (HA) titer in the blood serum after Vm and sic administration of MSCs secretome;

d - Scatter plot with trand line addition for &8 correlation between group mean HA titer and AFC count;

Statistical analysis using the Fisher's test for sample shares: 1 - significant difference compared to Posdive Control (p < 0.01)

Statistical analysis using the Mann-Whitney-Wilcoxon U-test: 2 - significant cfference compared to Posilive Control {p < 0.05), 3 - significant
:i;ﬂ(eme' compared to Positive Control (p < 0.01); 4 - sgnificant dfference compared to Thymalin (p < 0.05); § - significant difference compared to Thymalin
Figure 3 | Survival and indicators of humoral immunity in mice with secondary immunodeficiency caused by hydrocortisone ac-
etate (HCA)
this indicator was statistically significantly lower than
in the control. As for the antibody titer (fig 3¢), the pic-
ture was the same with plasma cells count with the in-
tramuscular administration; with the subcutaneous
route of administration, the antibody titer was statisti-
cally significantly lower than in the control, but at the
same time it significantly exceeded the reference drug

group.

Statistical analysis performed by the Kruskal-Wallis
test showed a significant difference between the
groups (p < 0.001). In the groups of animals that were
injected with the secretome of mesenchymal stem
cells, the antibody-forming cells count (fig. 3b) was at
the level of the immunized control (animals were im-
munized with ram erythrocytes to account immunity

indicators; the pathology was not modeled). At the
same time, in the reference drug (Thymalin) group,
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Correlation analysis confirmed the presence of a high
statistically significant positive relationship between



the number of antibody-forming cells and hemaggluti-
nin titer (p = 0.90; p < 0.0, fig 3d).

Discussion

Humoral immunity is also referred to as antibody-me-
diated immunity, so the key parameter of its perfor-
mance is production of antibodies. This parameter can
be assessed, for example, by the concentration and ra-
tio of immunoglobulins in the blood serum. In this
study, to assess antibody production, we used the
count of the number of antibody-forming cells in the
spleen and the titer of hemagglutenins after immun-
ization of mice with 3% suspension of freshly washed
ram erythrocytes.

A number of researchers note the immunosuppressive
properties of allogeneic living MSCs on the production
of antibodies. Comoli et al.[?¥ studied the impact of hu-
man mesenchymal stem cells (MSCs) on alloantigen-
stimulated immunoglobulin production in an in

vitro model of peripheral blood mononuclear cells cul-
tured in mixed lymphocyte culture. It was shown that
the addition of MSCs in a ratio of 4:1and 20:1 has a
strong inhibitory effect on the secretion of IgG, IgA,
and IgM. These data are consistent with data on B cell
inhibition obtained in animal mod-

els.?223] Mesenchymal stem cells-mediated inhibition
of human B cell proliferation and antibody produc-
tion in vitro after polyclonal stimulation has also been
shown.[24! Comoli et al.?* suggest that the inhibition of
B cell function is predominantly due to the effect of
suppressing T cell help, rather than a direct effect on B
cell, and it is expressed in inhibition of the production
of IL-5 and, possibly, IL-4, as well as downregulation of
chemokine receptors on B cells. The researchers also
note that although secreted factors play an important
role in suppressing the production of antibodies, how-
ever, the inhibitory effect is higher when MSCs are in
direct contact with immune cells.

On the other hand, there is evidence that xenogenic
MSCs can enhance humoral responses. So, Jun-Man
Hong et al.5 note an increase in IgG1 and IgG2a titers
in the blood serum of Balb/c and B6 mice (IgG2cin-
stead of IgG2a in B6 mice) after the administration of
human mesenchymal stem cells (hMSCs), moreover,
the detected antibodies are specific to hMSCs. Analy-
sis of the ratio of immunoglobulin subclasses and the
morphology of germinal center formation in the
mouse spleen indicates the manifestation of T-cell-de-
pendent humoral responses to hMSC surface antigens.
T-cell-dependent humoral responses involve the up-
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take of antigens by dendritic cells (DCs), their presen-
tation by DCs to T lymphocytes, which, in turn, acti-
vate B cells and stimulate their differentiation into an-
tibody-producing plasma cells, however, MSCs are
able to inhibit the differentiation of DCs from progeni-
tor cells, which can block the entire chain of processes.
hMSCs also inhibited B cell differentiation. Observed
by Jun-Man Hong et al.?5l enhancement of the hu-
moral response under the conditions described is para-
doxical and unresponsive, because ex-vivo activation of
hMSCs by IFN-y to model inflammation did not lead to
immunosuppression, potential cytokine incompatibil-
ity between humans and mice is also not confirmed. At
the same time, it should be noted that the secretome
used in the work does not contain surface cellular mol-
ecules in significant amounts, therefore, it is less likely
to cause an immune response to itself. Franka Luk et
al. studied the immunomodulatory properties of heat
shock-inactivated MSCs and concluded, in particular,
that they do not induce the formation of regulatory B
cells, unlike living cells.2

We have not found any literature data on the effect of
the secretome of xenogenic MSCs on antibody produc-
tion. Our study has shown the activation of the hu-
moral arm of immunity after intramuscular (more pro-
nounced) and subcutaneous administration of the
whole fraction of the secretome produced by them. A
fold increase in both the antibody-forming cells count
in the spleen and serum antibody titer was shown after
secretome administration at concentrations of 10, 20,
and 5o pl/kg (in terms of protein, 35, 70, and 175 pg/kg,
respectively). With intramuscular injection, a high and
statistically significant dose dependence of the biologi-
cal effect was observed. Subcutaneous injection of se-
cretome showed a blurred picture of the biological ef-
fect. We can assume that with subcutaneous admin-
istration of the studied composition, paracrine ef-
fects prevail over systemic ones, which does not al-
ways allow achieving a generalized impact.

The model of secondary immunodeficiency used in the
study by administering a high dose of hydrocortisone
acetate is based on the depletion of immunocompe-
tent cells in the thymus, spleen, femoral marrow, mes-
enteric, inguinal and popliteal lymph nodes after its
application. In the early stages after hormone admin-
istration, B-lymphocytes are more affected (a sharp
decrease in their number, for example, is observed in
the spleen) than T-lymphocytes, which shifts the ratio
of lymphocytes towards T cells. Also, T cells repair
more quickly than B cells.?”? Compensation for the im-
munodeficiency state of the humoral component of
adaptive immunity can be provided by cytoprotection
or by activating the proliferation and differentiation of
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quiescent B cells. It has previously been shown that
MSCs can affect B cells through in vitro cell-to-cell con-
tact, which results in increasing survival of quiescent B
cells through contact-dependent mechanisms, as well
as enhancing B cell differentiation independently of T
cells. MSCs also inhibit caspase 3-mediated B-cell
apoptosis by enhancing vascular endothelial growth
factor (VEGF), as well as slow down cell proliferation
by blocking the cell cycle of B-lymphocytes in

the Go/G1 phase by activating the p38 mitogen-acti-
vated protein kinases (MAPK) pathway. It is likely that
the cytoprotective effect mediated by VEGF activation
and impact on the MAPK pathway can be supported by
components of the MSCs secretome, while the effects
of contact cell interaction cannot be reproduced.®]

The immune suppression provided by live auto- and al-
logeneic MSCs seems to be related to the characteris-
tics of the niche in which they operate and their activa-
tion by inflammatory factors. The biological niche af-
fects the activity of mesenchymal stem cells, the range
of substances produced by them, and the set of sur-
face molecules (for contact interaction). Upon obtain-
ing the basic secretome in vitro conditions, in the ab-
sence of body factors influencing on the cells, its com-
ponents stimulate antibody production. The described
basic secretome also has a cytoprotective effect on
spleen B cells, which was demonstrated in an experi-
ment with secondary immunodeficiency. The mecha-
nisms of the described facts require further study.

Conclusion

Administration of the whole fraction of MSCs secre-
tome to mice with normal immune status resulted in a
statistically significant increase in the antibody-forming
cells count in the spleen and an increase in serum anti-
body titer. With the intramuscular injection, a high and
statistically significant dose dependence of the biologi-
cal effect was observed. In an experiment with a model
of secondary immunodeficiency, the administration of
the MSCs secretome increased the survival of animals
and provided indicators of the humoral arm of immun-
ity at the level of mice without immunodeficiency (ex-
cept for subcutaneous administration). We assume that
paracrine effects predominate over systemic ones with
subcutaneous administration of the studied composi-
tion, so the effects may be lower. The data obtained
supplement the information on the introduction of live
mesenchymal stem cells. Live allogeneic MSCs have a
suppressive effect on B cells, while xenogenic MSCs
cause a response on themselves. The secretome of xen-
ogenic MSCs does not contain surface immunogenic
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molecules that are carried by living cells, but neverthe-
less increases the activity of the humoral component of
immunity. The mechanisms of this effect require fur-
ther study.
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