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Abstract. The studies were conducted on 2—-3 months old males of C57BL/6 mice, weighing
20-24 g. Our work aimed at studying the functional state of the organs of the immune system
in mice after administration of allogeneic mesenchymal stem cells of adipose tissue origin.
Obtaining and cultivating mesenchymal stem cells were carried out in a sterile laminar box
with compliance of asepsis and antiseptic conditions. The abdominal adipose tissue from
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C57BL/6 mice was cultured in a co, incubator at 37 °C and 5% €0, in DMEM with 10-15% of
fetal bovine serum, 1% of antibiotic/antimycotic solution (Sigma-Aldrich, USA). The following
groups of animals were formed: 1 group — intact (control); 2 group — animals, to whom
0.5 cm?® of 0.9% NaCl solution (placebo) were injected into the caudal vein; 3 group —
animals, to whom 10* of allogeneic mesenchymal stem cells from adipose tissue in 0.5 cm® of
phosphate buffer solution were injected into the caudal vein. The weight index, the content of
lymphoid cells in the thymus and spleen in C57BL/6 mice were examined on days 7, 18, and
25 after the administration of mesenchymal stem cells. To assess the lymphocyte content in
lymphoid organs, they were weighed (whole thymus, 50 mg of spleen), triturated, and filtered
through the nylon cloth. After that, the tissue homogenate was applied to Ficoll-Urografin
density gradient (d = 1.077) in a ratio of 3:2. The test tubes were centrifuged at 1500 rpm for
3040 minutes. After centrifugation, plasma and layer of lymphocytes were above the density
gradient; lymphocytes were collected by a Pasteur pipette and washed twice with an arbitrary
amount of Hank’s solution by centrifugation at 1500 rpm for 10 minutes. After washing, 1 cm?
of Hank’s solution was added to lymphocytes and they were counted in the Goryaev chamber.
Calculation of the cellularity of lymphoid organs was performed in 1 mg of tissue.

The transplantation of allogeneic adipose-derived mesenchymal stem cells affects the
central and peripheral organs of the immune system. Administration of allogeneic adipose-
derived mesenchymal stem cells causes a significant increase in the content of lymphoid cells
in the thymus on days 7, 18, and 25 by 71%, 57, and 53% (P < 0.05), respectively, compared
to the control. At the 7 and 18 days of the immune response, lymphoid cell content in the
spleen significantly increases by 33% (P < 0.01) and 19% (P < 0.05), respectively, compared
to the control under the administration of allogeneic adipose-derived mesenchymal stem
cells. On day 25, values of lymphoid cell content and spleen index return to normal. The
thymus and spleen weight indices directly correlate with their lymphoid cell content.

Keywords: mice, weight index, lymphoid cells, thymus, spleen, allogeneic mesen-
chymal stem cells, adipose tissue

Introduction

Important biological features of mes-
enchymal stem cells (MSCs), in particular,
the ability to migrate to the inflammation
site, low immunogenicity, immunomodu-
latory activity, and the ability to stimulate
hemopoiesis, make them potentially active
regulators of reparative processes (Klad-
nytska et al., 2014).

At the present stage of the develop-
ment of biological sciences, different
approaches are developed for the use of
MSC:s in the treatment of various diseases,
and several preclinical and clinical trials
have already been conducted, the results

of which have shown the effectiveness of
their application (Haghighat et al., 2011;
Reich et al., 2012; Arnhold & Wenisch,
2015; Jakobsen et al., 2017).

An alternative source of MSCs is adipose
tissue, which contains stem cells in a higher
percentage than bone marrow. Obtaining ad-
ipose tissue is a less traumatic procedure for
the donor than the obtaining of bone marrow
both during the process of primary material
obtaining and postoperative period (Marx et
al., 2014; Kladnytska et al., 2017).

Regardless of MSCs origin, they
have pronounced immunosuppressive
activity: they block in vitro differentia-
tion of naive CD4+ T cells in Th17 and

60 | ISSN 2663-967X

Ukrainian Journal of Veterinary Sciences

Vol. 12, N2 2, 2021



IMyHOs02i4HI MOKA3HUKU Op2aHi3My mMeapuUH 3 8/ausy as102eHHUX Me3EeHXIMHUX CmMo8byposuXx ...

suppress the synthesis of many cytokines
such as IL-17, IL-22, interferon-gamma,
and TNFa (Bartholomew et al., 2002;
Gryschenko & Tomchuk, 2013).

Despite the large number of publi-
cations confirming the immunosuppres-
sive properties of MSCs, some works
deny such effects on immune responses
(Di Nicola et al., 2002; Aggarwal & Pit-
tenger, 2005; Djouad et al., 2005).

Thus, it was found that transplantation of
MSCs stimulates antibody production and
increases the cellularity of the bone marrow
in recipients. With increasing the number of
administered cells, a significant increase in
the thymus cellularity and decrease in spleen
cellularity were recorded. The authors sug-
gest that a significant dose of MSCs creates
a suppressive microenvironment for lym-
phoid cells that is accompanied by the inhi-
bition of the immune response (Le Blanc et
al., 2003; Batten etal., 2006; Lu et al., 2009).

Opposite, a small number of trans-
planted cells due to homing is collected in
the bone marrow niches, contributing to
hematopoiesis, where the myeloid sprout
can act as an impressive factor in natural
immunity (Nikolskaya et al., 2012).

So, it is not well known about the effect
of MSCs on the response of the immune or-
gans, in particular, on the functional state of
the thymus and spleen. Taking into account
such controversial data on the influence of
MSCs on the organs of the immune sys-
tem, these issues require further research.

The purpose of our work was to study
the functional state of the organs of the im-
mune system in C57BL/6 mice after the
administration of allogeneic adipose MSCs.

Materials and methods
of researches

The studies were carried out on 2-3
months old males of C57BL/6 mice, weigh-
ing 2024 g. All experiments were conduct-

ed in accordance with the Good Laborato-
ry Practices regulations in research studies
using animals, the Law of Ukraine On the
Protection of Animals from Brutal Treat-
ment, and the European Convention for the
Protection of Vertebrate Animals used for
Experimental and other Scientific Purposes.
MSCs obtaining from adipose tissue.
Obtaining and cultivating adipose MSCs
(aMSCs) were carried out in a sterile lam-
inar box with compliance of asepsis and
antiseptic conditions. The mice were eu-
thanized, samples of abdominal adipose
tissue were washed three times with sterile
phosphate buffer solution with the addi-
tion of 1% antibiotic/antimycotic solution
(Sigma-Aldrich, USA). Then samples of
adipose tissue were chopped into pieces
of 1-3 mm? and placed to culture dishes
filled with DMEM, 10-15% of fetal bo-
vine serum, 1% antibiotic/antimycotic
solution (Sigma-Aldrich, USA) and cul-
tured in a CO, incubator at 37 °C and 5%
CO,. The culture medium was partially
or completely changed by fresh medium
every 3 days during cultivation. After
formation of cell monolayer by 80-90%,
cells were removed with trypsin/ethylene-
diaminetetraacetic acid solution (EDTA),
washed with phosphate buffer, and placed
into Petri dishes for further cultivation.
Cell passaging provided a reduction in the
heterogeneity of cell culture and the de-
velopment of biological material for trans-
plantation (Kladnytska et al., 2016). MSCs
at passage 4 were used for transplantation.
MSC administration to mice. The fol-
lowing groups of animals were formed:
1 —intact (control); 2 — animals, to whom
0.5 mL of 0.9% NaCl solution (placebo)
were injected into the caudal vein; 3 —an-
imals, to whom 10* of allogeneic aMSCs
in 0.5 mL of phosphate buffer solution
were injected into the caudal vein.
Estimation of the thymic and splenic
weight indices in mice after aMSC admin-
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istration. Indicators of the weight of periph-
eral lymphoid organs relative to the body
weight (weight index) of animals were
evaluated on days 7, 18, and 25 after aMSC
administration. The mice were pre-weighed
for weight control. At each experimental
period, 3 animals were euthanized in each
group and the weight index of lymphoid
organs and their cellularity were studied.
Euthanasia of animals was carried out using
carbon dioxide; lymphoid organs (thymus
and spleen) were removed and their mass
was determined. Indices of lymphoid organs
in relation to the weight of the animal were
calculated according to the formula:
Evaluation of the thymic and splenic
cellularity afier aMSC administration. To
assess the content of lymphocytes in lym-
phoid organs, the latter were weighed. The
whole thymus and 50 mg of spleen were
triturated and filtered through the nylon
cloth. After that, the cell homogenate was
applied to Ficoll-Urografin density gradi-
ent (d = 1.077) in a ratio of 3:2. The test
tubes were centrifuged at a rate of 1500
rpm for 30-40 minutes. After centrifuga-
tion, the layer of lymphocytes, which was
located above the density gradient, was
collected by a Pasteur pipette and washed
twice with an arbitrary amount of Hank’s
solution by centrifugation at a rate of 1500
rpm for 10 minutes. After washing, 1 ml of
Hank’s solution was added to lymphocytes.
Lymphocytes were counted in the Goryaev

chamber. Calculation of the lymphoid or-
gan cells was performed on 1 mg of tissue.

Results of the research
and their discussion

The functional state of the organs of
immunogenesis largely depends on the
ratio of processes of immune cell pro-
liferation and apoptosis, that almost are
not studied after MSC administration.

After allogeneic aMSC administration,
the content of lymphoid cells in the thy-
mus on days 7, 18, and 25 significantly in-
creased by 71%, 57, and 53%, respectively,
compared with control animals (Table 1).

Compared with a placebo group, the
content of lymphoid cells in the thymus
was significantly increased by 42%, 69,
and 86%, respectively. The increase in thy-
mic cellularity is associated with the acti-
vation of residential thymocyte prolifera-
tion due to antigenic stimulation by MSCs
that is consistent with the studies of Huang
et al. (2009). The thymus contains T lym-
phoblasts, immature and mature lympho-
cytes, supporting and secretory cells of the
thymus stromal component (Fig. 2).

A positive correlation between the
content of lymphoid cells and thymic
weight index was found 7 days after
aMSCs administration. Thymic weight
index directly correlates with the con-
tent of lymphoid cells and its value was

1. The content of lymphoid cells and the weight index of the thymus
in C57BL/6 mice after allogeneic aMSC administration (M £ m, n =9)

The content of lymphoid cells, x 10%/mg thymic weight index
Day intact (n = 6) administration of 0.89% | administration after administration
NaCl, placebo (n=9) |of aMSCs (n=9) of aMSC, %
7 1.4+0.1 1.9+0.2 27+0.1%v 0.19+0.03* v
18 1.4+0.1 1.3+£0.1 22+0.1*%v 0.16£0.01*v
25 1.7+0.1 14+0.1 2.6+0.3*% vv 0.17+£0.01* v

Note: * P < 0.05, ** P < 0.01 compared to intact animals; v P < 0.05, vv P < 0.01 compared

to placebo group.
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Fig. 2. Thymic cellularity on day 7 of the experiment:
A — intact group, B — after aMSC administration (smear-imprint, x 400)

r=0.57(P<0.01) onday 7 and r=0.50
P <0.05 on day 18 of the experiment.

Under the influence of MSCs from ad-
ipose tissue, the indicator of splenic weight
index was significantly increased until day
18 of the experiment (Table 2). On day 25,
the splenic weight index did not signifi-
cantly differ from that in the experimental
group and placebo animals, but only ob-
served a tendency to increase it.

The spleen, as the peripheral organ
of the immune system, is also involved
in the process of forming an immune re-
sponse to the antigen. After MSC admin-
istration, the content of lymphoid cells
in the spleen significantly exceeded the
parameters of spleen cellularity in intact
animals (Table 2). Smear-imprint con-
tains erythroid cells, neutrophil granulo-
cytes, monocytes. and lymphoid cells.

The number of lymphoid cells signifi-
cantly increased by 33 and 24% compared

to intact animals and the placebo group on
day 7 of the experiment. On day 18 of the
experiment, the spleen cellularity under
the influence of MSCs from adipose tissue
was significantly higher by 19 and 14%,
respectively. On day 25 of the experiment,
the lymphoid cell count was higher by 7
and 15% within the tendency.

The splenic weight index directly
correlates with the content of lymphoid
cells in them r=0.91 (P <0.001), r=0.94
(P<0.001),r=0.92 (P<0.001) on day 7,
18 and 25 of the experiment, respectively.
Such changes indicate a direct reaction of
the spleen to the administration of alloge-
neic MSC from adipose tissue.

Thus, the administration of allogeneic
MSCs isolated from adipose tissue from
C57Bl/6 mice causes systemic effects on
the thymus and spleen. As a result of anti-
genic stimulation by allogeneic stem cells,
there is an increase in mitotic activity of thy-

2. The content of lymphoid cells and splenic weight index
in C57BL/6 mice after allogeneic aMSC administration (M £+ m)

The content of lymphoid cells, x 10%mg Splenic weight index
Day intact (n = 6) administration of 0.89% | administration of | ~ after administration
NaCl, placebo (n1=9) | aMSCs (n=9) of aMSC, %
7 27+0.1 29+0.1 3.6+ 1.1¥*vv 0.79 £ 0.04* v
18 27+0.1 28404 32£0.1%v 0.79 £ 0.04* v
25 2.7+0.1 2.5+0.1 29+0.1 0.46 +£0.03

Note: * P <0.05, ** P <0.01 compared to intact animals; v P < 0.5, vv P <0.01 compared to

placebo group.
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N A
Fig. 2. The spleen cellularity on day 7 of the experiment:
A — intact group, B — after aMSC administration, (smear-imprint, x 400)

mocytes and splenocytes. Despite numerous
publications that reveal the immunological
properties of cells and confirm the presence
of immunosuppressive effects, the results of
individual scientific studies show that MSCs
under certain conditions can be eliminated
by cells of the immune system in recipient
animals since they have signs of foreignness
(Huang et al., 2009).

The increase in the content of lym-
phoid cells in the thymus and spleen after
aMSC administration in our mind may
be due to the heterogeneity of introduced
cell cultures, an insufficient number of
introduced cells for the implementation
of immunosuppressive effect, as well as
low concentration of immunosuppres-
sive factors synthesized by MSCs.

Conclusion

1. The administration of allogeneic
adipose-derived mesenchymal stem
cells affects the central and periph-
eral organs of the immune system.

2. Administration of allogeneic adi-
pose-derived mesenchymal stem
cells causes a significant increase
in the content of lymphoid cells
in the thymus by 71, 57, and 53%
(P <0.05) on days 7, 18, and 25, re-
spectively, compared to the control.

3. Thymic weight index directly correlates
with the content of lymphoid cells and

its value was r=0.57 (P <0.01) on day
7 and r = 0.50 (P <0.05) on day 18.

4. Lymphoid cell count in the spleen sig-
nificantly increase on days 7 and 18 of
the immune response by 33 (P < 0.01)
and 19 % (P <0.05), respectively, com-
pared to the control under the admin-
istration of allogeneic adipose-derived
mesenchymal stem cells.

5. On the 25th day, the content of lym-
phoid cells in the spleen and spleen
index values return to normal.

6. Splenic weight index directly cor-
relates with the content of lymphoid
cellsinit—r=0.91-0.94 (P<0.001).
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AHomauia. [JocnioxeHHs nposodunu Ha camusax muwel C57BL/6 eazoro 20-24 2, sikom 2—3 mi-
cayi. Memotro Hawoi pobomu 6ys10 8usYeHHs hyHKUIOHOIbHO20 CMAHY OpaaHie iMyHHOI cucmemu y
muwell nicns 88e0eHHA a102eHHUX Me3eHXIMAsIbHUX CMOoBBYPOBUX KAIMUH i3 #uposoi mKaHuHU. Ma-
Hirynayii 3 ompumaHHA NepeuUHHO20 Mamepiasny ma Kysnbmusy8aHHS Me3eHXiMasbHUX cmoebyposux
KaimuH 30ilicHio8asu 8 cmepusibHoMy 6OKci 3 BompUMAHHAM YCiX npasusa acenmuku i aHmucenmuku.
A6OoMiHanbHY #uposy mKaHuHy muweli C57BL/6 Kynbmusyeanu y CO, iHKky6amopi 3a memnepamypu
37°Ci5% CO, 6 cepedosuwyi DMEM, 3 dodasarHHam 10~15% hemanbHoi cuposamiu 6udkie, 1% aHmu-
biomuka-aHmumikomuka (Sigma-Aldrich, USA). [ns nposedeHHs docnioxieHsb byno cdhopmosaHo maki
2pynu meapuH: 1 epyna — iHMakmHi (KOHMpPosbHA 2pyna); 2 2pyna — MeapuHU, AKUM Y X80CmMo8y 8eHy
egoounu 0,5 cv?® 0,9% posuury NaCl (naaye6o); 3 epyna — meapuHu, AKUM y X80Cmogy 8eHy 8800usu
10* anozeHHUX Me3eHXIMasbHUX Cmo8BYpPoBUX KAIMUH i3 #Uposoi mKkaHuHU e 0,5 cm® (hocghamHo-6y-
hepHo20 po3vuHy. [ocnioxysanu eazosuli iHOEKc, emicm aiMpOIOHUX KAIMUH mumycy ma cenesiHKu
muweli C57BL/6 3a 88edeHHsA Me3eHXiManbHUX CmMo8BypPoBUX KAIMUH i3 #UPOBOI MKAHUHU. 15 oyj-
HIOBAHHSA emicmy snimghoyumie y AiMghoiOHUX op2aHax, OCMAHHI 38axcysanu (Mumyc rnosHicmio), a
cenesiHKy — no 50 Me, momim posmupanu ma ¢inempysanu 4Yepes KanpoHosy MKaHuUHy. licasa yboao
20MO2eHam MKAaHUHU HaHOCUAU Ha 2padieHm ikosn-eepoepadgpiHy (winbHicme 1,077) y criiegioHoweH-
Hi 3:2. Mpobipku 3 emicmom yeHmpugyaysanu 3i weudkicmio 1500 06/xs., yrpodoex: 30—40 xe. icna
yeHmpuagyaysaHHa Had wapom epadieHma 3anuwaemecsa naasma U aimgoyumu (He meHwe 90%), AKi
36upanu nacmepiecoKoro ninemxoro i 08ivi 8idMusanu 008iNbHOK KinbKicmio po3yuHy XeHKca 3a dorno-
MO20t0 UeHmpugyayeaHHs 3a weudxkocmi obepmarHa 1500—-1800 o6/xs. yripodosxc 10 xe. [Micns eio-
MUBaHHs 00 simgboyumie 0odasanu 1 cv® po34uHy XeHKca (i niopaxosysasnu ixHIO KiabKicme y Kamepi
opAesa. Po3paxyHOK KaimuHHocmi niMgoidHUX opaaHie nposodunu Ha 1 me MKaHUHU.

TpaHcnAaHMayia ano2eHHUX Me3eHXiMasbHUX cmosbyposux KAIMUH i3 HUPO8OI MKAHUHU YUHUMb
81/1U8 Ha UeHmparibHi U nepughepuyHi op2aHu iMyHHOI cucmemu. 3a 8raugy ano2eHHUX Me3eHXIMambHUX
€mMosbyposuX KAIMUH i3 #UPOBOI MKAHUHU 8i06ysaembcs 00CMOosipHe MidsuLeHHs emicmy AiMgOIOHUX
KAIMUH mumycy Ha paHHix i nisHix emanax imyHHoi 8idnosidi Ha 7, 18 ma 25 0oby sionosioHo Ha 71%, 57153%
(P < 0,05) nopieHtoro4u 3 KoHmponem. KineKicms nimgoidHux KaimuH y cenesiHui 0ocmogipHo 3pocmarna
Ha 7 ma 18 006y imyHHoI 8idroeidi 8idnosioHo Ha 33% ma 19%, (P <0,01, P <0,05) nopieHtoto4u 3 KoHMp-
011eM 30 88€0EHHS Q/I02EHHUX ME3eHXIMAsIbHUX CMO8BYpPOoBUX KIMUH, 00EPHAHUX i3 HUPOBOI MKAHUHU.
Ha 25 006y rnokasHUKu emicmy aimghoiOHUX KaimuH ma iHOeKcy cenesiHKu nosepmaromecsi 00 Hopmu. IH-
OeKcu 8a2u mumyca U cenesiHKu rpAaMo Kopesrorme 3 8MICMOM AiMGOIOHUX KAIMUH Y YUX Op2aHaX.

Kmrovoei cnoea: muwi, eazosuli iHOEKC, niME@OIOHI KAIMUHU, MUMYC, cenesiHKa, arno2eHHi
Me3eHXiMasbHi cmosbyposi KNiMUHU, #UpPo8a MKAHUHA
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