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Pesome. Me3eHXxUManbHbIE CTBOJIOBBIE KJIETKU, KOTOPbIE 00JIaaloT KaK IUTIOPUMOTEHTHBIMU, TaK U UM~
MYHOPETYJISAITOPHBIMU (DYHKIMSIMU, aKTUBHO M3Yy4YaloTCs KaK OAWH U3 CIOCOOOB JIeYEHUSI BO MHOTMX 00-
JIACTSIX MEIMIIMHBI, BKJIIOUasl peaduiauTanuio B Hedposoruu. OJHAKO B HEKOTOPBIX CTaThsIX, TIOCBSIIIICHHBIX
JICYEHUIO Pa3IMYHBIX OpTaHUYECKUX MaTojoruit ¢ momoubio MCK, 66110 1o0Ka3zaHo, 4To 3¢ dEKTHI OT MPpU-
meHeHuss MCK B pereHepaTUBHOI MeAUIIMHE 3aKJIIOYAIOTCSI B TOM, UTO MOCJIe TpaHCIJIaHTAllMU B ITOBPEX-
JIEHHbIE OpTaHbl OHU MOTYT UHT'MOUPOBAThH allONTO3 KJIETOK, CIOCOOCTBYIOT aHTMOTEHE3Y IS JIyYIIeTo Kpo-
BOCHAOXEHHUSI U B HEKOTOPBIX CIIydasiXx CTUMYJUPYIOT MECTHYIO MpoJndepalnio KISTOK B MTOBPEXKICHHbBIX
TKaHsX. JApyrumu cioBaMu, Mpo-pereHepallioHHble (GyHKIIMU ObUTA OOYCIOBIEHBI UX MapaKpUHHBIMU (-
dexkTamu 6e3 BIUsIHUS JudhbepeHIInaluu.

ITpu BBeneHun MeiiaM MCK 0b1710 MOKa3aHO UMMYHOMNOAABISIIONIEe NefiCTBUE, YTO B KOHEUHOM CUeTe
MPUBOIUIO K YMEHBIIEHUIO BOCTTAJICHUS U YIYJIIEHHOW pereHepaiuy noyek. OQHUM U3 MeXaHU3MOB BOC-
CTaHOBJICHUST MOTYT ObITb MB — BHekJieTouHbIe Tesblia, npoayuupyembie MCK. Kak crano u3BecTtHO U3
nocJieIHUX cooOieHui, MB coxpaHstoT HekoTopble (YHKIIUU KJIETOK, Takue Kak rnepeHoc MUkKpoPHK u
1.1. Cunraercs, yto TeparneBTuyeckuit apdpext MCK MoXeT ObITh BO MHOTOM CBSI3aH C UX UMMYHOCYITpec-
COPHBIMU CBOMCTBaMU.

Llenpro nTaHHOTO HCCIeNOBaHUS ObLIO U3YYEHE UMMYHOPETYISITOPHBIX CBOMCTB MUKpoBe3ukya (MCK-
MB, MB) B cpaBHEeHUU C Me3eHXUMaJlbHBIMU CTBOJIOBBIMU KJleTkaMu (MCK). DkcneprMeHT NpoBOAUII-
cs1 Ha Mmblax JuHun CBA Bo3pacToMm 3-4 Mecsiia, MCIOJAb30Bajach MOJIEIb TJIUMLEPOI-UHIYLIUPOBAHHON
XpoHuuyeckoil moyeyHoit HepoctatouHocTu (XITH). MCK 6bu11 TToJTy4eHbl U3 KOCTHOTO MO3Tra CUHT€HHBIX
MblllIell 00bIIe0eplIoBO 1 OeaApeHHON KocTell. KileTKu KyJIbTUBUPOBAIMCH B KYJIBTYpaJIbHOM MaTpace 10
MOCTWKEeHUsT MoHocos. MB 0b11u mosryyeHsl n3 MCK myTteM amonTo3a mpu MOMOIIM KyJIbTUBUPOBAHUS
B 0€CCBIBOPOTOUYHOI Cpejie B YCIAOBUSIX JeNpuBaliuy kKuciaopoja B TeueHuu cyrok. MCK 1 MCK-MB BBo-
JIUINCh B XBOCTOBYIO BEHY MblIllIeii, 3a00p opraHoB nmpousBoauics Ha 11-e cytku nocne BBeaeHuss MCK u
MCK-MB.

MeToaoM MPOTOYHON HUTOMIYOPUMETPUM OLIEHWIN COCTOSIHUE KJIETOYHOTO MMMYHUTETA Y MBILIEH C
XPOHUYECKOU MovyeyHoi HempocTaTouHOCThIO (XITH) mocie BBeneHrs Me3eHXMMabHBIX CTBOJOBBIX KJIETOK

Anpec i nepenucKu:

Xabanosa Tamesana Cemenosna

DIbHY «Hayuno-uccaedoeamenbckuil uHCmumym
@yndamenmanvHOll U KAUHUUECKOU UMMYHONO2UU»
630099, Poccus, e. Hosocubupck, ya. Aopunuyesckas, 14.
Ten.: 8(952) 942-99-63.

E-mail: khabalovat@gmail.com

Address for correspondence:

Khabalova Tatyana S.

Research Institute of Fundamental and Clinical Immunology
630099, Russian Federation, Novosibirsk,

Yadrintsevskaya str., 14.

Phone: 7 (952) 942-99-63.

E-mail: khabalovat@gmail.com

O0pa3zen IMTHPOBAHUS:

T.C. Xabanosa, 10.5. Andpocosa, 9.A. Kawenko,

H.11. Heanosa « BrusHue HaUMMYHOKOMNEMeHMHble KAeMKU
npu mepanuu Me3eHXUMANbHLIMU CIMEOA0BbIMU KACMKAMU 8
CcpasHeHuu ¢ mepanueti Ha OCHO8E MUKPOBE3UKY Y Mbluleli
¢ XpoHu1eckum 3aboneganuem nouex» // Meduyunckas
ummynonoeuss, 2021. T. 23, Ne 4. C. 685-692.

doi: 10.15789/1563-0625-MSC-2285

© Xabanosa T.C. u coaem., 2021

For citation:

T.S. Khabalova, Yu.E. Androsova, E.A. Kaschenko,

1.P. Ivanova “Mesenchymal stem cells compared with
microvesicles-based therapy impacts immunocompetent cells
in mice with chronic renal disease”, Medical Immunology
(Russia)/Meditsinskaya Immunologiya, 2021, Vol. 23, no. 4,
pp. 685-692.

doi: 10.15789/1563-0625-MSC-2285

DOI: 10.15789/1563-0625-MSC-2285

685



Xabanoea T.C. u dp.
Khabalova T.S. et al.

Meoduyunckas Ummynonoeus
Medical Immunology (Russia)/Meditsinskaya Immunologiya

(MCK) u mostydeHHbIX U3 HUX MUKpoBe3uKya1 (MCK-MB) Ha 11-e cyTku skcnepuMmeHTa. B pe3ynbrare Ha-
OJroaoCch CHUXKeHMe KoandecTBa T-peryasTopHbix KiieTok CD4*CD25"Foxp3™, moBbillieHUE COAepKaHUS
CD4*CD447CD62* n1 CD8"CD44*CD62" T-KJIeTOK MaMsITH.

Biusnue MB He cyuiectBeHHO oTindanochk oT MCK. DTo MOXeT CBUAETETbCTBOBATh O TOM, YTO Tepa-
neBTudeckue cBoiictBa MCK 00yciioBieHbI B 00JbIIEH cCTeneHu, ecau He TojiHocThio MCK-MB.

Knrouesuie croea: mezeHXumanvHble cmeono8ble KAemKU, 6HeK/1emo4Hble nYy3blpbKU, MUKPOBE3UKYNbl, XPOHUUECKASA NO4eHHAA
Heaocmamotmocmb, no4evyHoe nO6p€JIC6€HLI€, beckaemoyHas mepanus

MESENCHYMAL STEM CELLS COMPARED WITH
MICROVESICLES-BASED THERAPY IMPACTS
IMMUNOCOMPETENT CELLS IN MICE WITH CHRONIC RENAL
DISEASE

Khabalova T.S., Androsova Yu.E., Kaschenko E.A., Ivanova LP.

Research Institute of Fundamental and Clinical Immunology, Novosibirsk, Russian Federation

Abstract. Mesenchymal stem cells which have both pluripotent and immunoregulatory functions are being
actively studied as one of the treatment ways in many fields of medicine, including rehabilitation in nephrology.
However, in some articles were dedicated to the treatment of different organic pathology with MSC’s was
proved that the only reported effects from the application of MSC’s in regenerative medicine are that, after
transplantation to damaged organs, in a paracrine manner they may inhibit apoptosis of cells, promote
angiogenesis for a better blood supply, and in some cases stimulate cells that have survived in damaged tissues
to proliferate in order to replenish dying tissue fragments. In other words, the pro-reparational functions were
due to their paracrine effects without the impact of differentiation. Microvesicles are one of the components
of this pro-regenerative effect. And although immunoregulatory action has been shown for MSCs, it remains
poorly understood for microvesicles.

The aim of this study was to study the immunoregulatory properties of microvesicles (MSC-MB, MB) in
comparison with mesenchymal stem cells (MSC). The experiment was carried out on CBA mice 3-4 months
old, a model of glycerol-induced chronic renal failure (CRF) was used. MSCs were obtained from the bone
marrow of syngeneic mice of the tibia and femur. MVs were obtained by apoptosis by culturing in a serum-free
medium under oxygen deprivation conditions. MSC and MSC-MB were injected into the tail vein of mice;
organs were harvested on the 11" day after administration of MSC and MSC-MB.

The state of cellularimmunity in mice with chronic renal failure (CRF) after the introduction of mesenchymal
stem cells (MSC) and microvesicles derived from them (MSC-MB) on the 11% day of the experiment was
assessed by flow cytometry. As a result, there was a decrease in the number of T-regulatory cells CD4* CD25"
Foxp3™, an increase in the content of CD4* CD44* CD62* and CD8* CD44" CD62" memory T-cells.

The effect of M Vs was not significantly different from that of MSC. This may indicate that the therapeutic
properties of MSCs are determined to a greater extent, if not completely, by MSC-MB.

Keywords: mesenchymal stem cells, microvesicles, microvesicles, chronic renal failure, chronic kidney disease, acellular therapy

application in regenerative medicine revealed that,
after transplantation to damaged organs, they may in
a paracrine manner inhibit apoptosis of cells, promote

Introduction

Mesenchymal stem cells exerting both pluripotent

and immunoregulatory functions are actively studied
as one of the treatment approaches in many fields
of medicine, including rehabilitation in nephrology.
However, some articles [3, 10] dedicated to the treat-
ment of different organic pathology with MSCs
confirmed that the only reported effects from MSC

angiogenesis for a better blood supply, and in some
cases stimulate cells survived in damaged tissues to
proliferate in order to replenish dying tissue fragments.
In other words, the pro-reparational functions were
due to their paracrine effects without the impact on
differentiation.
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In experimental models in vivo the immunosup-
pressive functions of MSCs were proved, which re-
sulted in decreased inflammation and improved kid-
ney regeneration [3].

Extracellularvesicles are subdivided into exosomes,
microvesicles, and apoptotic bodies. Exosomes are the
smallest vesicles (30-100 nm) released via fusion of
multivesicular bodies containing intraluminal vesicles
with the plasma membrane. Microvesicles are vesicular
structures (0.1-1.0 um) shed by outward blebbing of
the plasma membrane. The largest EVs (1-5 um) are
apoptotic bodies that are formed during the late stages
of apoptosis [2] ExMVs are small circular membrane
fragments secreted from the endosomal compartment
or shed from the cell surface by blebbing of cell surface
membrane. Large ExMVs are released during cell-
surface budding, and their sizes range from 100 to
1000 nm in diameter, their functions are presented
with removing cell unwanted substances, protecting
specific types of cells from complement-mediated
cytolysis and transferring multiple receptors, proteins,
genetic material (including mRNA and microRNA
(miRNA)) and lipids [2, 5, 6, 14]. According to
the recent publications, ExMVs play a crucial role
in cell—cell communication, tissue homeostasis,
cell differentiation, and organ development and
remodeling [5]. Microvesicle shedding is also increa-
sed after cell activation due to cell injury, proin-
flammatory stimuli, hypoxia, oxidative stress, or shear
stress [1, 6].

Some studies showed that EVs from healthy
individuals contain active caspase-3 that was not found
in the parental cells, suggesting that caspase-3 might
have been removed from the cells to ensure survival.
Intriguingly, dying cells release microvesicles bearing
the adaptor protein Crkl during the early stages of
apoptosis induced by the caspase 3 cascade. These
microvesicles were isolated from glomeruli after injury
and were shown to induce compensatory proliferation
signaling in recipient cells. Taken together, release of
microvesicles may remove cell toxic substances but
also induce repair in neighbor cells [8].

It was proved, that those MSCs from mouse models
have an immunosuppressive effect, which ultimately
led to decreased inflammation and improved renal
regeneration. One of the recovery mechanisms can be
executed by MVs — extracellular bodies produced by
MSCs. Itisbelieved that the therapeutic effect of MSCs
may be largely mediated by their immunosuppressive
properties. Thus, the aim of this study is to assess the
contribution of MVs immunoregulatory activity.

Several studies have shown a significant contri-
bution of the immune system to the processes of
damage and restoration of renal tissue [15]. In acute
kidney injury, regardless of origin, local increased
activity of many components of the immune system

is observed [4, 8, 9, 15, 4]. Experiments with adopti-
ve transfer of activated macrophages, T- and B-lym-
phocytes have shown their negative role in patho-
genesis of renal failure. At the same time, MSCs have
immunoregulatory properties [10], which can also be
possessed by the MSCs-produced MVs, but it remains
unstudied.

Thus, the aim of this work is to study the im-
munoregulatory properties of MVs produced by
MSCs and their contribution to the pro-regenerative
effect of MVs on renal tissue.

Materials and methods

Chronic renal failure model

The experiment was carried out on 3-4 month
old CBF mice. Chronic renal failure was induced
by applying three doses of 8.6 mg /kg of 50% gly-
cerol intramuscularly every 7 days. The resulting
rhabdomyolysis has a complex (ischemic, toxic,
retention) effect on the kidneys, with a predominant
lesion of the proximal tubule epithelium. In this
model, necrosis of epithelial cells of the proximal
renal tubules is observed, accompanied by a rather
significant increase in the level of serum urea. All
experiments on animals were carried out in accordance
with the “Rules for carrying out work with the use of
experimental animals” (Appendix to the order of the
Ministry of Health of the USSR No. 755 of 1977).

Isolation of bone marrow mesenchymal stromal
cells

Mesenchymal stromal cells were obtained from
the bone marrow of syngeneic mice by adhesion to
culture plastic template. Bone marrow derived from
femur and tibia was suspended in RPMI 1640 culture
medium. The bone marrow stroma was mechanically
disrupted with a glass homogenizer, cells were washed
out twice, and placed in Tissue Cultural Flask 75 sm?,
TPP, in complete growth medium based on RPMI
1640 supplemented with 10% FBS (Fetal Bovine
Serum) Qualified, LOT 42Q3684K, Gibco. The non-
adherent fraction of bone marrow cells was removed
by replacing culture medium, starting from day 3.
MSCs showed a typical fibroblast-like phenotype and
formed a continuous monolayer by 4 weeks of culture.
MSCs were removed with a 0.25% Versen-trypsin
solution, washed out twice from the culture medium,
and resuspended in physiological saline.

Isolation of microvesicular particles

After reaching a monolayer, some MSCs were
subjected to apoptosis by cultivation under oxygen
deprivation and serum-free medium for 1 day. Under
these conditions, the cells entered apoptosis, their
production of microvesicular particles, especially the
100-1000 nm fraction, was markedly elevated. After
24 hours, the supernatant was centrifuged at 2000 g
for 15 minutes to remove cell debris followed by cen-
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trifugation at 16000 g for 60 minutes at 4 °C. The
resulting pellets were resuspended in 100 ul saline. To
standardize the MV suspension, protein content was
determined by the Bradford method.

Material intake

2 weeks after the last injection, MSC and MSC-
MYV were inoculated into the tail vein, and on the day
4 and 11 afterwards, splenocytes were collected by
using flow cytometry. The cells were frozen according
to the protocol. The studies were carried out with the
approval of the Ethics Committee of the Republican
Scientific and Practical Center for Mental Health
(meeting of 04/11/2011).

Thus, 4 groups were randomized: intact mice,
CRE CRF + MSC, CRF + MV, with 10 mice per
each group. Negative control — intact mice injected
with 0.9% NaCl, positive control — chronic renal
failure. MSCs were injected at a dose of 1 million/
mouse, by applying similar amount of M'Vs.

Histological examination

Mouse kidneys were excised and fixed in 4%
formalin solution, and dehydrated according to a
standard technique and paraffin-embedded. Paraffin
sections 4-5 um thick were obtained by using an
HM 340E rotary microtome (Carl Zeiss, Germany),
stained with hematoxylin and eosin, Sirius red, and
by Mallory’s method. Light-optical examination

TABLE 1. CONCENTRATION OF ALBUMIN (ng/ml), CREATININE (ng/ml), FABP1 (ng/ml)

a) Albumin ng/ml
Intact CRF CRF + MSC CRF + MSC-MV
4* day 492.50+68.32* 153.1+15.5* 179.30+£31.10%
66.11£13.64
11t day 187.00+37.97 187.00+£37.97 97.220+1.912*
b) Creatinine ng/ml
Intact CRF CRF + MSC CRF + MSC-MV
4* day 4.156+0.524* 1.986+0.192* 1.648+0.080**
2.244+0.173
11t day 4.818+1.749 2.064+0.197 1.5360+0.03523
c) FABP1 ng/ml
Intact CRF CRF + MSC CRF + MSC-MV
4* day 0.849+0.894 0.844+0.185 0.987+0.188
0.802+0.216
11t day 1.085+0.367 0.639+0.163 0.780+0.087*

Note. *, p < 0.05; **, p < 0.01.

TABLE 2. CONTENT OF CD4CD25'FoxP3* REGULATORY CELLS, CD4*CD44*CD62* AND CD8*CD44*CD62'T-CELLS OF

MEMORY. DAY 11

a) CD4*CD25'FoxP3*

Intact CRF CRF + MSC CRF + MSC-MV
0.068+0.034 9.788+3.494* 0.293+0.067* 0.5530+0.1714*
b) CD4*CD44*CD62"

Intact CRF CRF + MSC CRF + MSC-MV
6.940+4.326 1.4325+0.6311 27.23045.321* 3.7325+0.9294
c) CD8*CD44*CD62"
Intact CRF CRF + MSC CRF + MSC-MV
4.370+2.896 1.1750£0.6969 17.0930+0.6043* 3.270+1.529

Note. *, p < 0.05.
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and microphotography were performed by using an
Axioskop 40 microscope (Carl Zeiss, Germany).

Morphometric analysis of kidney structure was
performed on paraffin sections. The following mor-
phometric parameters were determined: the diameters
of the superficial renal glomeruli (renal corpuscles);
diameter of the collecting ducts and the height of
relevant cells, measured in the middle third portion
of the renal medulla. Morphometric calculation was
performed in the field of view with a 10/25 eyepiece
and a 63 objective (Figure 1).

Confocal microscopy

Some cells were stained with Annexin 5 to confirm
the onset of apoptosis 24 hours after keeping cells
under conditions of oxygen deprivation in serum-free
medium (Figure 2). Staining was performed by using
TACS® Annexin V-FITC Apoptosis Detection Kit
Cat Number 4830-01-K in in situ detection protocol
for adherent cells.

To do this in per ~ 5 cm? sample we used: 10X
Binding Buffer 10 pL; Propidium lodide 10 pL; TACS
Annexin V-FITC* 1.0 uL; Distilled water 79 uL, in
total volume 100 pL. To prepare 400 pL of 1X Binding
Buffer / sample for washing cells after incubation we
diluted 10X Binding Buffer in distilled water. Next,
we discarded PBS wash from the culture, washed cells
twice for 2 minutes in excess volume of 1X Binding
Buffer at room temperature. Cells were analyzed
immediately under fluorescence microscope using a
fluorescent mounting medium.

Statistical processing of results

The data obtained during the study were processed
by the one-way ANOVA method, t-test. The values
were calculated by using the GraphPad Prism 8
software.

Flow cytometry

During the study BD FACSCanto II and
CytoFLEX, Beckman Coulter Flow cytometers were
used. Frozen mouse splenocytes were used as well.
Standard staining protocol with monoclonal anti-
body cocktail anti-mouse CD4-FITC, CDS8-FITC,
CD44-APC, CD62L-PE, CD4-APC, CD25-FITC,
FoxP3-PE (all BD Biosciences) was used for detecting
extracellular and intracellular markers for further
detection of memory T-cells CD4"CD44"CD62L",
CD8*CD44*CD62L* and regulatory T-cells
CD4*CD25*FoxP3*.

Biochemical analysis of the samples

Changes in blood and urinal parameters (crea-
tinine, albumin and FABPI1) were examined. The
following kits were used:

— BioVision, Creatinine (Mouse) ELISA Kit
rev 03/18, Catalog Number E4369-100;

— Abcam, Mouse Albumin ELISA Kit, Catalog
Number ab108792;

Figure 1. CRF (A) Kidney glomeruli, proximal and distal
tubules. (B) The collecting ducts and loops of Henle in the
middle part of the medulla of the kidney

Note. Staining with hematoxylin and eosin.

Figure 2. Image shows a typical fibroblast-like structure of
MSCs, Annexin V glows green

— RnDSystems, Mouse/Rat FABP1/L-FABP
Immunoassay Quantikine® ELISA, Catalog Number
RFBP10.

Results and discussion

Mice with induced chronic renal failure (CRF)
showed morphological changes in the renal structure
and functional biochemical parameters of the
excretory system, which were studied after exposure to
MSC or MSC-MB on day 4 and 11 after intravenous
inoculation of MSCs or MSC-MB. Concentration
of urine albumin tended to decrease in mice after
exposure to MSC and MSC-MB, but creatine level
did not significantly changed (Table 1).

Asamarker ofkidney damage, the serum creatinine
is usually used for calculating the glomerular filtration
rate [4]. However, the concentration of creatinine
can depend on various factors such as the patient
age, medication administration, etc. The creatinine
level may not increase immediately, but 72 hours
after kidney damage coupled to more than 50%
parenchyma dysfunction and significantly changed
filtration rate [12]. Proteinuria and albuminuria also
not always reflect extent of kidney damage. The-
se parameters point at changes in the glomerular
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apparatus, but provide no information about damage
to the interstitial tissue and kidney tubules [9].

Biological markers of kidney damage include fatty
acids binding proteins (FABPs) also produced in the
renal tissue; two types of marker have been revealed:
FABP1 (or L-FABP) is synthesized in the epithelial
cells of the proximal renal tubules, and H-FABP in
the distal renal tubules [12]. L-FABP is not virtually
detected in urine of healthy people, but its excretion
is increased significantly when interstitial tissue
is damaged. Increased expression of L-FABP in
tubular cells and its excretion in the urine have been
described in animals with ARI (acute renal injury).
In 2011, the role of L-FABP was established as an
early predictor of kidney damage — in response to
massive proteinuria, hyperglycemia, increased blood
pressure, upon damage in the proximal kidney tubules
coupled to elevated expression of the renal L-FABP
gene, which increases excretion of L-FABP in urine.
Protein level increased with established ARI of various
etiologies, including acute tubular necrosis, sepsis,
and nephrotoxin administration. Also, this pro-
tein was approved as a new early predictor of kidney
damage, published by the Ministry of Health, Labor
and Welfare in Japan [12] as well as in case of proximal
tubule protein overload.

Kidney morphological examination clearly shows
changed characteristic of chronic renal failure, both in
the cortex and in the medulla. Dystrophy of cells of the
distal nephron of the connecting tubule, hypertrophy
of cells of collecting ducts, hypertrophy of cells of
Henle’s loops are noted, rheological properties of
blood are impaired including leakage of blood plasma
proteins as well as recorded erythrocyte sludge. On
day 4, mice inoculated with MSCs had diameter of
the collecting ducts significantly reduced compared
to the “CRF” and “CRF + MSC-MV” groups. The
height of cells of the collecting ducts was significantly
lower compared to “CPI” group. Dystrophy of the
cells of the collecting ducts and loop of Henle in the
renal cortex and medulla was recorded visually. In
addition, blood rheological properties were impaired.
The therapeutic effect of MSC microvesicle vs MSCs
was markedly lower on morphological characteristics:
the diameter of the collecting tubules was significantly
larger, the height of the collecting tubule cells was
bigger. Dystrophy of the cells of the collecting ducts
in the middle and lower parts of the medulla, as well
as the cells of Bellini’s ducts, were also noted visually.

CD4*CD447CD62L*andCD8"CD44*CD62L*T-
memory cells and CD4"CD25*FoxP3*T-regulatory
cells were detected and analyzed by flow cytometry
(Table 2). This immunological examination showed
that memory CD47CD44*CD62L* and CD8*
CD44*CD62L"T-cells were increased after trans-
plantation of MSC and MSC-MYV. However, regardless

of the expected results (due to anti-inflammatory
effects of regulatory T-cells their quantity had to
increase) level of CD4*CD25*FoxP3* regulatory cells
was dramatically decreased in mouse splenocytes. It
might be due to either cell migration to the focus of
damage (e.g. a kidney) or other anti-inflammatory
mechanisms.

MostofthestudiesaimedtostudyCRFarededicated
to autoimmunological and mechanical mechanisms
of a renal failure, but toxic immune-related origin of
this disease is poorly explored. However, regardless
of it, toxic renal failure remains widely spread in
human population due to chemotherapy of multiple
illnesses such as tuberculosis, cancer, sugar diabetes
etc. Moreover, treatment of renal failure also remains
less efficient compared to other renal diseases and a
long-term perspective always results in a substitution
therapy. Advancement in this area would contribute
drastically into the improved patients’ quality of life
and life expectancy.

According to the literature, extracellular vesicles
may exert both a positive role in the regeneration
process and a negative effect, up to contributing to
the development of diseases, causing inflammation,
vascular damage and thrombosis. Examining both
positive and negative effects on the progression of
diseases, including kidney disease, may be a key
for organ-preserving and regenerative medicine.
Microvesicles derived from mesenchymal stem cells
have a pro-regenerative effect in acute renal failure [5].

At this stage of the study, an increased level of
regulatory T-cells was recorded in chronic renal failure,
that declined during transplantation of both MSCs and
microvesicles. At the same time, there is a decrease in
the levels of all biochemical blood parameters, as well
as albumin in the urine, especially on day 11, which
may highlight the onset of the regenerative process.
This can also be indicated by increased number of
memory T-cells, of both CD4"CD44"CD62L"* and
CD8*CD44*CD62L" subsets. Regarding T-regulatory
cells in the majority of published studies on chronic
and acute diseases, Treg depletion exacerbated
kidney disease, while their enrichment, on the
contrary, increases, which contributes to a high anti-
inflammatory effect [11, 13]. There is evidence that
certain factors can contribute to both regenerative and
toxic effects. In our study, the number of T-regulatory
cells not only failed to increase, but significantly
decreased on day 11. In published studies on the effect
of MSCs on acute renal failure, it was found that a
large Treg quantity was accumulated in mouse kidneys
and spleens [13]. Thus, in chronic renal failure, it is
especially important to study all aspects of the immune
response. Based on literature data [7] we also carried
out several enzyme-linked immunosorbent assays to
study serum level of IFNy, IL-4, IL-2, IL-10, but
no significant changes were observed. Thus, we may
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suggest that even chronic renal failure was associated
with pro-regenerative effect after inoculation of
microvesicles obtained from mesenchymal stem
cells that was comparable to that one after MSC
transfer. In addition, further examination on both
pro-regenerative effect of microvesicles obtained
from MSCs, and their effect on T-regulatory and
T-memory cells remain to be conducted.
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