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The studies were conducted on 2—3-months-old males of mice weighing 20-24 g. Our work was to study
the functional state of the organs of the immune system of C57Bl/6 mice after introduction of allogeneic
MSCs of adipose tissue origin. Obtaining and cultivating of MSCs were carried out in a sterile laminar box
with compliance of conditions of asepsis and antiseptics. C57Bl/6 mice adipose tissue cultured in a CO,
incubator at 37 °C and 5% CO, 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
group); 2 group — animals, to whom 0.5 ml of 0.9% NaCl solution (placebo) were injected into the caudal
vein; 3 group — animals, to whom were injected 10° of allogeneic MSCs from adipose tissue in 0.5 ml of
phosphate buffer solution into the caudal vein. The weight index, content of lymphoid cells of thymus and
spleen in C57Bl/6 mice investigated after the introduction of MSCs on 7, 18 and 25 days. To assess the
content of lymphocytes in lymphoid organs, the latter were weighed. Whole thymus and 50 mg of spleen
were triturated and filtered through the kapron tissue. After that, the tissue homogenate was applied to the
gradient of ficoll-urografin (density 1.077) in a ratio of 3:2. The test tubes were centrifuged at a rate of
1500 rpm for 30-40 minutes. After centrifugation the layer of lymphocytes which was above the gradient
was collected by a Pasteur pipette and washed twice with an arbitrary amount of Hanks' solution by centrif-
ugation at a rate of 1500 for 10 minutes. 1 ml of Hanks's solution was added to lymphocytes after washing.
Lymphocytes were counted in the Goryaev chamber. Calculation of the cells of lymphoid organs was per-

formed on 1 mg of tissue. The administration of allogenic adipose derived mesenchymal stem cells affects on

the central and peripheral organs of the immune system. Administration of allogenic adipose derived mes-
enchymal stem cells cause a significant increase in the content of lymphoid cells in the thymus at 7, 18 and
25 days by 71, 57 and 53% respectively (P < 0.05) compared to the control. Weight index of the thymus
directly correlates with the content of lymphoid cells and its value was r = 0.57, P < 0.01 on 7 day and 18
day r = 0.50, P < 0.05. Quantity lymphoid cells in the spleen significant increase at the 7 and 18 days of the
immune response by 33 and 19%, respectively (P < 0.01, P < 0.05) compared to the control under admin-
istration of allogenic adipose derived mesenchymal stem cells. On the 25th day of experience, the content of
lymphoid cells in spleen and spleen index values return to normal. Weight index of the spleen directly corre-
lates with the content of lymphoid cells — r = 0.91-0.94 (P < 0.001).

Key words: mice, weight index, lymphoid cells, thymus, spleen, allogenic mesenchymal stem cells, adi-
pose tissue.
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Jocnioscenns npogoounu na camyax muweii C57BL /6 eazoro 20-242 sixom 2—3 micayi. Maninynayii 3 ompumaHHs nepeuHHo20 mame-
piany ma kynemugyeanna MCK 30iticniosanu 6 cmepuibnomy O0KCi 3 00MPUManHAM YCiX npasun acenmuxu i anmucenmuxy. AGOoMinanvHy
orcupogy mranuny muweti C57BL /6 kynemugysanu 3a memnepamypu 37 °C, 5% CO,, 95% sonococmi y CO; inxybamopi y cepedosuuyi
DMEM, 3 0ooasanusim 10—15% gpemanvroi cuposamku ouukie, 1% anmubiomuxa-anmumikomura (Sigma-Aldrich, USA). /[na nposedenns
docnidocensb 6y10 chopmosano HacmynHi epynu meapuw: l-wia zpyna — inmakmui (KOHMPOAbHA 2pyna); 2—ea epyna — MmeapuHu, AKuM y
xeocmoey eeny 66oounu 0,5 ma 0,9% posuuny NaCl (nnaye6o); 3-ms spyna — meapunu, skum y xeocmosy eeny esoouu 10" anozennux MCK
3 orcuposoi mxanunu 6 0,5 ma pochamuo-oypeprozo posuuny. [ocriodxcysanu eazosuil iHoekc, Micm AIMQOIOHUX KAIMUH mumycy ma
cenesinku muweti C57Bl/6 3a eeedennsa MCK 3 orcupoeoi mxanunu. /[na oyinku emicmy aimghoyumis 6 1iMghoiOHUX 0peaHax, OCmanHi 36axcy-
sanu (mumyc nosuicmio), a cenesinky — no 50 me, nomim posmupaiu ma Qinempyeanu yepe3 kanponogy mranuny. Iicia yboeo comozenam
MKAHUHU HAHOCUIU Ha 2padienm ¢pikon-eepocpaghiny (winvnicme 1,077) y cniggionowenni 3:2. Ilpobipxu 3 émicmom yenmpugyeysaiu 3i
weuoxicmro 1500 06/xe., npomsicom 30—40 xeunun. Ilicis yenmpugpyeysants Hao wapom epadieHma 3anumacmoscs niasma i timgoyumu (He
menw 90%), sxi 36upanu nacmepiecbKow Ninemkorw i 08iui 8i0MuU6aU 00BLILHOI KIIbKICMIO PO3UUHY XeHKCa WIsSXOM YeHmpupyeyeaHHs
npu weuokocmi obepmanns 1500—1800 06/xe6. npomazom 10 xeunun. Iicas eiomuseanns 0o nimgpoyumis dooasanu 1 ma posuuny Xenxca i
niopaxogysaiu ix xinekicme 6 kamepi Iopsesa. Pospaxynok knimunnocmi nimgoionux opeanie nposoounu na 1 me mxanunu. Tpancnianma-
Yisi ano2eHHUX Me3eHXIMANbHUX CIMOBOYPOBUX KIIMUH 3 JICUPOBOT MKAHUHU HUHUMb GNAUE HA YEHMPANbHI | nepugepuyini opeanu iMyHHol
cucmemu. 3a ennugy anocennux MCK 3 dcuposoi mxkanunu 8i00yeacmucsi 00CmMosipHe Nio8UUeHH 8MICmY TIM@POIOHUX KAIMUH MUmMycy Ha
pauHix i niznix emanax imynHoi 6ionogioi na na 7, 18 ma 25 006y na 71, 57 i 53% eionogiono (P < 0,05) nopisuano 3 xoumponem. Kino-
Kicmb MiM@OIOHUX KNimuH y cenesinyi 0ocmogipHo 3pocmana Ha 7 ma 18 000y imynnoi 6i0nogioi na 33 ma 19%, éionosiono (P < 0,01, P <
0,05) nopieusano 3 Konmponem npu 66e0eHHI aN02CHHUX ME3EHXIMATbHUX CIMOBOYPOBUX KINIMUHN, 00epicy8anux 3 dcuposoi mxanunu. Ha 25-
my 000y NOKA3HUKY 6Micmy JiMGOIOHUX KIIMuH ma iHOeKCy cele3iHKu nO8epmaionvcs 00 HopMu. Inoexcu 6azu mumyca i cenesinku npsamo

KOpenionms 3 6MICIOM JTIMEOIOHUX KIIMUH 8 YUX OP2aAHAX.

Knrwouoei cnoea: muwi, sacosuii inoexc, 1iM@oioHI KIiMuHU, Mumyc, ceie3inKkd, ai02eHHI Me3eHXIMANbHI Co680YpOsI KIIMUHU, HUposd

MKAHUHA
Introduction

Important biological features of MSCs, in particular,
the ability to migrate to the inflammation site, low immu-
nogenicity, immunomodulatory activity, and the ability to
stimulate hemopoies make them potentially active regula-
tors of reparative processes (Kladnytska et al., 2014).

At the present stage of the development of biological
sciences, different approaches develops for the use of
MSC:s in the treatment of various diseases, and a number
of preclinical and clinical trials have already been con-
ducted, the results of which have shown the effectiveness
of the use of these cells (Haghighat et al., 2011; Reich et
al., 2012; Arnhold and Wenisch, 2015; Kathrine et al.,
2017).

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

Regardless of the origin of MSCs, they have pro-
nounced immunosuppressive activity: they block in vitro
differentiation of naive CD4 + T cells in Th17 and sup-
press the synthesis a lot of cytokines like IL-17, IL-22,
interferon-gamma and TNFa (Bartholomew et al., 2002;
Hryshchenko and Tomchuk, 2013).

Despite the large number of publications confirming
the immunosuppressive properties of MSC, there are
works that deny such effect on immune responses (Di
Nicola et al., 2002; Aggarwal and Pittenger, 2005; Djouad
et al., 2005).

Thus, it was found that transplantation of MSC stimu-
lates antibody production and increases the cellularity of
the bone marrow of recipients. With increasing the num-
ber of introduced cells, a significant increase in thymus
cellularity and decrease cellularity of the spleen was rec-
orded. The authors suggest that a significant dose of the
MSC creates suppressive microenvironment for lymphoid

cells, which is accompanied by inhibition of the immune
response (Le Blanc et al., 2003; Batten et al., 2006; Lu et
al., 2009).

Opposite, a small number of transplanted cells, by vir-
tue of homing, is collected in the bone marrow niches,
contributing to hematopoiesis, where the myeloid sprout
can act as a spectacular factor in natural immunity
(Nikolskaya et al., 2012).

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

The purpose of our work was to study the functional
state of the organs of the immune system of C57BI1/6 mice
after introduction of allogeneic adipose MSCs.

Materials and methods

The studies were conducted on 2-3-months-old males
of C57BL / 6 mice weighing 20-24 g. All studies were
conducted in accordance with the Rules of Good Labora-
tory Practice and Use of Experimental Animals and in
accordance to Compliance with the Law of Ukraine "On
the Protection of Animals from Cruel Treatment" and the
«International European Convention on the Protection of
Animals Used for Experimental and Other Scientific
Purposes».

MSCs obtaining from adipose tissue

Obtaining and cultivating of adipose MSCs (aMSCs)
were carried out in a sterile laminar box with compliance
of conditions of asepsis and antiseptics. The mice were
euthanized, samples of abdominal adipose tissue were
washed three times with sterile phosphate buffer solution
with the addition of 1% antibiotic-antimycotic solution
(Sigma-Aldrich, USA). Then samples of adipose tissue
were chopped into pieces of 1-3 mm® and placed to cul-
ture dishes filled with DMEM, 10-15% of fetal bovine
serum, 1% of antibiotic-antimycotic solution (Sigma-
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Aldrich, USA) and cultured in a CO, incubator at 37 °C
and 5% CO,. The culture medium was partially or com-
pletely changed by fresh medium every 3 days during
cultivation. After formation of cells mo nolayer at 80—
90%, cells  were removed  with  trypsin-
ethylenediaminetetraacetic acid solution (EDTA), washed
with phosphate buffer and placed in Petri dishes for futher
cultivation. Passaging the cells provided a reduction of
heterogeneity of cell culture and the development of bio-
logical material for transplantation (Kladnitska et al.,
2016). For transplantation were used MSCs of the 4 pas-
sage.

MSCs administration to mice

The following groups of animals were formed:
1 group — intact (control group); 2 group — animals, to
whom 0.5 ml of 0.9% NaCl solution (placebo) were in-
jected into the caudal vein; 3 group — animals, to whom
10* of allogenic aMSCs in 0.5 ml of phosphate buffer
solution were injected into the caudal vein.

Estimation of weight index of thymus and spleen of
mice after introduction of aMSCs

Indicators of the weight of peripheral lymphoid organs
relative to the body weight (weight index) of animals
were evaluated at 7, 18 and 25 days after the introduction
of aMSCs. The mice were pre-weighed for weight
control. At each study period in each group 3 animals
were euthanized and the weight index of lymphoid organs
and their cellularity were studied.Euthanasia of animals
was carried out with using of carbon dioxide, lymphoid
organs — thymus and spleen — were removed and
determined its mass. Indices of lymphoid organs in

Table 1

relation to the weight of the animal were calculated
according to the formula:

Weight index (%) = weight of the lymphoid organ /
weight of the animal * 100.

Evaluation of cellularity of the thymus and spleen af-
ter the introduction of aMSCs

To assess the content of lymphocytes in lymphoid or-
gans, the latter were weighed. Whole thymus and 50 mg
of spleen were triturated and filtered through the kapron
tissue. After that, the cell homogenate was applied to the
gradient of ficoll-urografin (density 1.077) in a ratio of
3:2. The test tubes were centrifuged at a rate of 1500 rpm
for 30-40 minutes. After centrifugation the layer of lym-
phocytes which was above the gradient was collected by a
Pasteur pipette and washed twice with an arbitrary
amount of Hanks' solution by centrifugation at a rate of
1500 for 10 minutes. 1 ml of Hanks's solution was added
to lymphocytes after washing. Lymphocytes were counted
in the Goryaev chamber. Calculation of the cells of lym-
phoid organs was performed on 1 mg of tissue.

Results and discussion

The functional state of the organs of immunogenesis
largely depends on the ratio of the processes of prolifera-
tion and apoptosis of the immune cells, that are practically
not studied after administration MSC.

After the introduction of allogeneic aMSCs at the 7,
18 and 25 day, the content of lymphoid cells in the thy-
mus was significantly increased compared with control
animals at 71, 57 and 53% respectively (table 1).

The content of lymphoid cells and the weight index of thymus of C57BI / 6 mice after administration of allogeneic

aMSCs, M +m,n=9, x10°/ mg,%

. _ Administration of 0.89% Administration of aM- Weight index of thy-
Groups of an animals Intact (n=6) 1ol - - f ..
/ Terms of study (x10°/ mg) NaCl, p agebo (n=9) SCs (21 =9) mus a ter administra-
(x10° / mg) (x10°/mr) tion of aMSC,%
7 day 1.4+0.1 1.9+0.2 2.7+0.1*Y 0.19 £0.03*"
18 day 1.4+0.1 1.3+0.1 22+0.1*Y 0.16 £0.01*"
25 day 1.7+0.1 1.4+0.1 2.6+0.3%" 0.17+0.01*"

*— P <0.05, compared to a group of intact animals; v — P < 0.5, compared to placebo group

Compared with placebo group the content of lym-
phoid cells in the thymus was significantly increased at
42, 69 and 86% respectively. The increase of cellularity
of thymus is due to the activation of proliferation of resi-
dental thymocytes due to antigenic stimulation by MSC,

consistent with studies by Huang Y., Johnston P., Za-
kari A. et al. (Huang et al., 2009). The thymus contains T-
lymphoblasts, ripening and mature lymphocytes,

supporting and secretory cells of the thymus stromal
component (Figure 1).

Fig. 1. The cellularity of thymus on the 7 day of the study: A — intact group, B — after the introduction of aMSC,
(smear-imprint, x 400)

Scientific Messenger LNUVMB, 2018, vol. 20, no 83
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A positive correlation between content of lymphoid
cells and weight index of thymus was established at 7
days after the introduction of aMSC. Weight index of the
thymus directly correlates with the content of lymphoid
cells and its value was r = 0.57, P < 0.01 on 7 day and
r=0.50, P <0.05 on 18 day of experience.

Under the influence of MSCs from adipose tissue, the

Table 2

indicator of the weight index of the spleen was
significantly increased until the 18 day of the experiment
(table 2). At the 25 day the weight index of spleen was not
significantly differ from that in experimental group and
placebo animals, but only observed a tendency to increase
it.

The content of lymphoid cells and the weight index of spleen of C57BI/ 6 mice after administration of allogeneic

aMSCs, M +m,n=9, x10°/ mg,%

. B Administration of 0.89% Administration of aM- ~ Weight index of spleen
Groups of an animals Intact (n=6) - _ . .
/ Terms of study (x10°/ mg) NaCl, plagebo (n=9) SCs (161 =9) after administration of
(x10° / mg) (x10°/mr) aMSC,%
7 day 2.7+0.1 2.9+0.1 3.6 & 1.1%% 0.79 £ 0.04* ¥
18 day 2.7+0.1 2.8+04 32+0.1*% 0.79 £ 0.04* ¥
25 day 2.7+0.1 2.5+0.1 29+0.1 0.46+0.03

* - P <0.05, ** — P <0.01, compared to a group of intact animals; v — P < 0.5, compared to placebo group

The spleen, as the peripheral organ of the immune
system, is also involved in the process of forming an
immune response to the antigen. After the administration
of MSC, the content of lymphoid cells in the spleen
significantly exceeded the parameters of cellularity of
spleen of intact animals (table 2). Spot-imprint contains
erythroid cells, neutrophil granulocytes, monocytes and
lymphoid cells.

v
£

-

Radersf

The number of lymphoid cells significantly increased
by 33% and 24% compared to intact animals and the
placebo group on the 7 day of the study. On the 18 day of
experiment the cellularity of spleen under the influence of
MSCs from adipose tissue was significantly higher at 19
and 14% respectively. At the 25 day of the experiment,
the lymphoid cell count was higher by 7 and 15% within
the tendency.

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

The weight index of the spleen directly correlates with
the content of lymphoid cells in it r = 0.91 (P < 0.001),
r=0,94 (P <0.001), r=0.92 (P <0.001) on the 7, 18 and
25 day of experience respectively. Such changes indicate
a direct reaction of the spleen to the introduction of al-
logeneic stem cells from adipose tissue.

Discussion

Thus, the administration of allogeneic MSCs isolated
from adipose tissue of the C57Bl/6 mice causes systemic
effects on the thymus and the spleen. As a result of anti-
genic stimulation by allogeneic stem cells, there is an
increase in mitotic activity of thymocytes and spleno-
cytes. Despite numerous publications that reveal the im-
munological properties of cells and confirm the presence
of immunosuppressive effects, the results of individual
scientific studies show that MSCs under certain condi-
tions can be eliminated by cells of the immune system of

the animal recipient, since they have signs of foreignness
(Huang et al., 2009).

The increase of the content of lymphoid cells of the
thymus and spleen after the introduction of aMSCs of our
mind may be due to the heterogeneity of introduced cul-
ture cultures, insufficient number of introduced cells for
the implementation of immunosuppressive effect, as well
as low concentration of immunosuppressive factors syn-
thesized by MSCs.

Conclusion

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

2. Administration of allogenic adipose derived mesen-
chymal stem cells cause a significant increase in the con-
tent of lymphoid cells in the thymus at 7, 18 and 25 days
by 71, 57 and 53% respectively (P < 0.05) compared to
the control.

Scientific Messenger LNUVMB, 2018, vol. 20, no 83
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3. Weight index of the thymus directly correlates with
the content of lymphoid cells and its value was r = 0.57,
P <0.01 on7 day and 18 day r= 0,50, P <0.05.

4. Quantity lymphoid cells in the spleen significant in-
crease at the 7 and 18 days of the immune response by 33
and 19%, respectively (P < 0.01, P < 0.05) compared to
the control under administration of allogenic adipose
derived mesenchymal stem cells.

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

6. Weight index of the spleen directly correlates with
the content of lymphoid cells in its r = 0.91-0.94,
P <0.001.
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