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ABSTRACT

The aim of this study was to evaluate the effect of treatment with valproic acid, erythropoietin, and dexamethasone
on the anti-inflammatory and immunosuppressive activity of the secretome of adipose-derived multipotent
mesenchymal stromal cells (MMSCs) in an in vitro experiment.

Materials and methods. MMSCs were isolated from the fat of 6 healthy donors. The cells were grown in the
culture up to passage 4. Then they were treated with valproic acid, erythropoietin or dexamethasone for 3 hours,
washed from preparations, and incubated in a serum-free medium for 48 hours. Some of the cells were not treated
with preparations. Supernatants from the cell cultures were concentrated by ultrafiltration, and protein standard-
ization was performed using a nanophotometer. Then the supernatants were sterilized and added to mononuclear
cells from peripheral blood of 8 healthy donors. The mononuclear cells were isolated by Ficoll density gradient
centrifugation according to the standard protocol. Concentrations of TNFa, IL-2, IL-4, IL-6, IL-10, and IFNy cyto-
kines in 24-hour cultures and IL-9, IL-10, IL-17A, and IL-21 cytokines in 48-hour cultures were determined using
multiplex analysis.

Results. The production of IL-2, IL-6, TNFa, and IL-10 was reduced by the secretome of MMSCs treated with
valproic acid. The production of IL-2, IL-6, and TNFa decreased during incubation of the mononuclear cells with
the secretome of MMSCs treated with erythropoietin. The secretome of dexamethasone-treated MMSCs suppressed
the production of IFNy, IL-1f, IL-1ra, IL-2, IL-6, IL-9, IL-10, and IL-17A. No statistically significant differences
were revealed in the production of IL-4, IL-5, IL-9, and IL-21.

Conclusion. Among the studied inducers, dexamethasone enhanced the anti-inflammatory and immunosuppressive
activity of MMSCs the most, which was manifested through the effect of their supernatants on peripheral blood
mononuclear cells.
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PE3IOME

Heas. MccaenoBats BiusiHIE 00paOOTKH BAIBIPOEBO KUCIOTON, S3PUTPONOITHHOM U JEKCAMETa30HOM Ha Ipo-
THBOBOCTIAIUTENFHYIO ¥ MMMYHOCYTIPECCUBHYIO aKTHBHOCTH CEKPETOMAa MYJBTUIOTEHTHBIX ME3€HXHMAaJbHBIX
ctpoManbHBIX K1eTok (MMCK) sKupoBoii TKaHH B SKCIIEPUMEHTE iR Vifro.

Matepunansl 1 Metoabl. MMCK Bbiiensiinu U3 sxupa IIecTd 340pOBBIX AOHOPOB. KieTku pacTunu B KyJbType
JI0 YETBEPTOTO Maccaxa, 3aTeM 00pabaThIBasIi BAIBIIPOCBOM KHCIOTON, SPUTPOIIOITHHOM HIIH JIEKCAMETa30HOM
B T€UYEHHE 3 4, OTMBIBAJIM OT NPENapaToB U MHKyOHPOBaIM B OECCHIBOPOTOUYHOM cpene B TeueHue 48 4. Yacts
KJIETOK He oOpabaTeiBany npenaparamMu. CynepHaTaHThI OT KyJIbTyp KJIETOK CKOHLIEHTPUPOBAIIH yIbTparibTpa-
IMeH, CTaHAaPTH3UPOBAIN MO COAEPKAHUIO OeJKa ¢ MOMOIIBI0 HAHO(OTOMETpa, CTEPUIIN30BAIH U JOOABIISIIN K
MOHOHYKJIeapaM U3 nepudepruueckoil KpoOBU BOCEMH 310POBBIX JOHOPOB. MOHOHYKJI€aphl BBIISIISUTH B TPaIUeHTe
IUIOTHOCTH (PMKOJUIA [0 CTAaHAAPTHOMY HMPOTOKOIY. KOHIIEHTpauu HUTOKHHOB (hakTopa HEKpo3a OIyXOoJH abda
(TNFa), unrepaeiikuna (IL) -2, IL-4, IL-6, IL-10, untepdepona ramma (IFNy) B cyrounsix kynprypax u IL-9, IL-
10, IL-17A, IL-21 B 48-4acoBBIX KyJIbTYpax ONpPeesIi C IOMOLIbIO MYJIbTUINIEKCHOTO aHAIU3a.

Pesyabrartsl. [pomykuus IL-2, IL-6, TNFa, IL-10 cHmkaeTcs moa IeiicTBHEM CEKpeToMa OT 00pabOTaHHBIX
BassnipoeBoi kuciaoror MMCK. IIpomykmus IL-2, IL-6, TNFo ymeHbIraercst mpn HHKYOAIr[uu MOHOHYKJIEapOB
C CEKPETOMOM KJIETOK, 00pabOTaHHBIX IPHUTHPOMOITHHOM. CekperoM 00paboTaHHBIX JIekcamerazoHoM MMCK
nonasisiet npoxykiuro [FNy, IL-1, IL-1ra, IL-2, IL-6, IL-9, IL-10, IL-17A. CTaTHCTHYECKH 3HAYUMBIX Pa3InIuil
1o u3menenuto npoxaykuuu 1L-4, IL-5, IL-9, IL-21 ne BbIsIBIEHO.

3axiouenne. Cpeau U3y4eHHBIX HHAYKTOPOB JIEKCAMETa30H MoKa3ai ceOst 0onee aKTUBHBIM B YCHIICHUH MIPOTH-
BOBOCHAJIMTEIFHON U UMMYyHOCYNpeccuBHOHM akTuBHOCTH MMCK, BRIpa)KeHHOU depe3 BIUSHHUE UX CylepHATaH-
TOB Ha MOHOHYKJI€APhI TIepU(BEPHIECKOI KPOBH.

KaroueBble cioBa: MYJIbTUIIOTCHTHBIC ME3CHXUMAJIbHBIC CTPOMAJIbHBIC KJICTKH, BaJIbIIPOCBAs KMUCJIOTA, SPUTPO-
IIO3THH, JCKCAaMCTa30H, IMTOKHWHBI, BOCITAJICHUC

KOHq)JIl/lKT HUHTEPECOB. ABTOpLI JACKIIApUPYIOT OTCYTCTBUE SAIBHBIX U NOTCHIHUAJIBHBIX KOH(bJ'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C ny6nm<a1mel?1 HaCTOS[U.IefI CTaTbu.

Hcrounnk punancupoBanus. ABTOPHI 3aBISIOT 0 prHAHCHPOBaHUH O cTOPOHBI OO0 «VIHHOBAIIMOHHEIH IIEHTP
«buprou — HoBBIE TexHONIOrHW», OO0 «LlenTp KIeTounbIx TexHonoruit buprou» u nporpammsl «Y. M.HJML.K.».

CooTBeTCTBHE NMPUHUHMIAM 3THKH. Bce Y4aCTHHUKM HCClIENOBaHMS HOINUCAIH MH)OPMHPOBAHHOE COTJIACHE.
HccnenoBanue 0100pEHO STHUECKHM KOMUTETOM Belaropoackoro rocy1apcTBEHHOrO HallMOHAIBHOTO UCCIIE0Ba-
TeNbCKOro yHuBepcureTa (mpotokon Ne 1 ot 24.01.2020).

Jns murupoBanus: [omy6unckas [1.A., Ilyzanos M.B., CapsraeBa M.B., bBypna C.1O., Hagexnun C.B., Kopo-
kuH M.B., bypna 10.E. M3ydyeHue npoTHBOBOCIAIUTEIBHON U UMMYHOTPOIIHOI aKTUBHOCTU CEKPETOMa MYJIb-
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INTRODUCTION

The anti-inflammatory activity of multipotent mes-
enchymal stromal cells (MMSCs) has been confirmed
by numerous studies. Currently, much attention is
paid to the regulatory effects of MMSCs, which are
determined by the action of biologically active sub-
stances in their secretome. Thus, the secretome can be
an effective alternative to the use of stem cells and
is a good basis for development of innovative drugs.
However, the possibility of changing the function-
al activity of MMSCs and, hence, the composition
of their secretome after pharmacological stimulation
with erythropoietin (EPO), valproic acid (VA), and
dexamethasone (DEX), has not yet been realized in
the world [1]. There is evidence that EPO increases
the survival rate of MMSCs when they are injected
together. EPO also reduces the inflammatory micro-
environment of diabetic foot ulcers. The mechanism
consists in inhibition of the release of the proinflam-
matory cytokine tumor necrosis factor-o (TNF-a) by
the cells [2].

Therefore, EPO is a potential regulator of the func-
tional activity of cells with receptors for it, including
stromal cells [2], however, the exact effects remain
poorly studied. It has been shown that the use of VA
in therapy inhibits proliferation and differentiation of
MSCs, as well as release of proinflammatory cyto-
kines [3]. With the administration of lipopolysaccha-
ride (LPS) and VA to dogs, VA has been shown to re-
duce the production of proinflammatory cytokines. It
is known to increase the anti-inflammatory activity of
embryonic fibroblasts under the influence of DEX [4].

The aim of the research was to study the possibili-
ty of changing the anti-inflammatory and immunosup-
pressive activity of the secretome of adipose-derived
MMSCs after treatment with VA, EPO, and DEX in
Vitro.

MATERIALS AND METHODS

All individuals included in the study signed an in-
formed consent. The study was approved by the Ethics
Committee at Belgorod State National Research Uni-
versity (protocol No. 1 of 24.01.2020). Mononuclear
cells (MNCs) from peripheral blood of 8 healthy vol-

unteers were isolated by Ficoll density gradient cen-
trifugation. MMSCs were isolated from the adipose
tissue of 6 donors using collagenase type 1. MMSCs
were grown up to passage 4 in the Minimum Essential
Medium (MEM)-a with 10% fetal bovine serum un-
der standard conditions of a gas incubator (humid at-
mosphere, 5% CO,, 37 °C). Then the cells were seed-
ed in culture plates and treated with 1 [U / ml of EPO
(Sandoz, Slovenia), 20 pg / ml of VA (Merck, USA)
or 10 pmol / ml of DEX (CSPC Ouyi Pharmaceutical,
China) for 3 h. The cells were washed from the prepa-
rations and incubated in a serum-free medium for 48 h
under standard conditions.

Some of the MMSCs were not treated with any
of the pharmacological agents. Before adding to the
culture plate, supernatants from MMSC -cultures
were concentrated using Vivaspin 15 R centrifugal
concentrators (Sartorius, Germany) with molecular
weight cut-off (MWCO) of 3 kDa, standardized for
the total protein content (1 mg / ml) using a nanopho-
tometer (Implen, Germany), sterilized by filtration,
and then added to the plates with MNCs. To stimu-
late MNCs, 10 pg / ml of phytohemagglutinin (Pan-
Eco, Russia) and 100 ng / ml of LPS (Merk, USA)
were added. After 24 h and 48 h, the plate was cen-
trifuged, and the supernatant was taken for the study
of cytokine concentrations. Concentrations of cyto-
kines TNF-a, interleukin (IL)-2, IL-4, IL-6, IL-10,
and interferon gamma (IFN-y) in daily cultures were
determined using Bio-Plex Pro Human Cytokine
8-Plex and Human Ultrasensitive Cytokine Magnetic
10-Plex Panels (Bio-Rad, Invitrogen, USA). Concen-
trations of IL-9, IL-10, IL-17A, and IL-21 in 48-hour
cultures were determined using the Th9/Th17/Th22
Cytokine 7-Plex Human ProcartaPlex Panel (Invi-
trogen, USA) according to the instructions on the
MAGPIX multiplex reader (Luminex, USA). The
concentration of cytokines produced by stimulated
MNCs was taken as a control. To confirm the MMSC
phenotype, the cells were stained with antibodies to
CD105, CD90, CD73, CD31, CD45, and CD34 (BD,
Beckman Coulter, USA). Mouse IgG1 conjugated
with BV 421 (BD, USA) was used as an isotype con-
trol. The expression of markers was determined on
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the FACSCanto II flow cytometer with BD FACSDi-
va software (BD, USA).

Statistical processing of the results was carried
out using the SPSS Statistics 17.0 software (IBM,
USA). The data obtained were checked for normal
distribution using the Shapiro — Wilk test. Descriptive
statistics were represented by the median and the in-
terquartile range Me [Q —Q,]. Statistically significant
differences were calculated using the Mann — Whitney
U test and the Kruskal — Wallis test; the differences
were considered statistically significant at p < (0.05.

RESULTS

The secretome from DEX-stimulated MMSCs sig-
nificantly (p < 0.05) reduced the production of the reg-
ulatory cytokine IFN-y (Table). Incubation of MNCs
with the secretome from MMSC:s treated with EPO and
VA did not reveal a statistically significant decrease in
the level of this cytokine (p > 0.05). A decrease in the
concentration of IL-2 under the influence of VA, EPO,
DEX, and joint incubation with the MMSC secretome
was significant in all cases, regardless of the presence
or absence of preliminary MMSC treatment (Table).
However, the greatest effect in reducing the produc-
tion of this cytokine was shown by the secretome from
DEX-treated MMSCs (p < 0.05). The secretome from
DEX-treated MMSCs contributed to a decrease in the
production of IL-4 and IL-5 by 1.3 and 1.6 times, re-
spectively (p > 0.05). A tendency toward suppression
of IL-21 production was also noted (p > 0.05). The
production of proinflammatory cytokines decreased
after incubation with the secretome from DEX-treated
MMSCs: TNF-a — by 6.0 times, IL-1p — by 2.5 times,
IL-6 — by 1.5 times, IL-9 — by 5.6 times, and IL-17A —
by 3.2 times (Table, p < 0.05).

A pairwise analysis revealed differences between
the decrease in TNF-a, IL-1B, and IL-17A after the
administration of the secretome from DEX-treat-
ed MMSCs and secretomes from native MMSCs
and those treated with EPO and VA (p < 0.05). A
decrease in the IL-6 concentration under the influ-
ence of all secretomes was statistically significantly
smaller (p < 0.05) than in the control. However, the
pairwise analysis did not reveal any differences in the
co-incubation of secretomes from stimulated and na-
tive MMSC:s. A decrease in the production of anti-in-
flammatory cytokines IL-1ra and IL-10 (Table) after
treatment of the cells with EPO and DEX was noted.
This effect was especially pronounced after exposure
of MNC:s to the secretome of DEX-treated MMSCs
(» <0.05).

DISCUSSION

A statistically significant decrease in IFNy was ob-
served upon incubation of MNCs together with the se-
cretome from DEX-treated MMSCs (p < 0.05), which
is consistent with the data on the decrease in [FNy by
glucocorticoids and the effect of MMSCs in treatment
of imiquimod-induced psoriasis [5]. IL-2 produced
by Thl lymphocytes decreased upon incubation with
the secretome from MMSCs treated with DEX (p <
0.05). There are conflicting literature data that gluco-
corticoids have a positive effect on the production of
IL-4,IL-10, and IL-13 by Th2 cells, causing a shift to-
ward humoral immunity without immunosuppression.
However, most scientific works have shown that syn-
thesis of IgE in vivo is declining [6]. The biological
functions of IL-21 include induction of an inflamma-
tory T-cell response and suppression of IgE produc-
tion. It has been shown that treatment of thrombocy-
topenia with high doses of DEX leads to a decrease
in IL-21 [7]. We revealed only a tendency toward a
decrease in IL-21 production under the influence of
MNC incubation with the secretome from MMSCs.
Confirmation of this phenomenon, along with the re-
vealed trend toward a decrease in IL-4 and IL-5, can
be used in correction of IgE-related diseases.

IL-1pB was significantly reduced after exposure to
the secretome from MMSCs treated with DEX. It is
known that there is no significant effect of VA on the
production of this cytokine [8], while it moderately
increases with the addition of EPO [9]. IL-6 decreased
after pharmacological treatment of cells, which is con-
sistent with the article [8].

Recent data confirm that Th1, Th2, and Th17 cells
have different sensitivity to glucocorticoids [10, 11]. It
has been shown that Th1- and Th17-related cytokines
are involved in the development of systemic sclerosis
[4], and increased expression of IL-17A is observed
during the development of inflammation in psoriasis
[5]. The authors demonstrated a significant decrease in
the production of IL-1f, IL-6, IL-10, IFNy, TNF, and
IL-17A by in vitro exposure of MNCs from patients
with systemic sclerosis to DEX [4]. The revealed de-
crease in IL-17A after exposure to the secretome of
DEX-treated MMSCs may be used in treatment of
systemic sclerosis and psoriasis.

In addition, a tendency toward a decrease in IL-17A
under the influence of the secretome from EPO-treat-
ed MMSCs was revealed, which can be potentially
used in chronic inflammatory diseases, such as colitis
[12]. It was shown that the DEX-induced decrease in
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TNF-a was less pronounced after high doses of LPS
than after 0.1 ng of LPS. On the contrary, the effect
of DEX on IL-10 secretion is biphasic: stimulation at
lower doses of LPS and inhibition at higher doses of
LPS [13]. We used 10 umol / ml of DEX and 100 ng
/ ml of LPS, which is 10 times more than in the cited
source, but the effects turned out to be natural: a de-
crease in the production of TNFa and IL-10. This sug-
gests that the secretome from DEX-treated MMSCs
has a more pronounced anti-inflammatory effect than
that of the native MMSCs.

Glucocorticoids are known to reduce the produc-
tion of IL-1p. In this study, the greatest decrease in the
production of IL-1B and TNFa was observed under
the effect of the secretome from DEX-treated MMSCs
(p < 0.05), which shows the ability of glucocorticoids
to exert an indirect anti-inflammatory effect through
the influence on stromal cells. It is known that under
the influence of DEX, in the blood serum of patients
with thrombocytopenia, the production of TNFa sig-
nificantly decreases [7], and in patients with Crohn’s
disease, TNFo and IL-6 decrease and genes associ-
ated with phagocytosis are inhibited, which can lead
to persistent infection [14]. It may be possible to use
glucocorticoids to suppress synthesis of proinflamma-
tory cytokines indirectly, using DEX-treated MMSCs
and their secretome, avoiding the increased risk of de-
veloping infectious diseases. A decrease in production
of IL-9, one of the factors in mast cell differentiation,
under the effect of the secretome from DEX-treated
MMSCs, can be used in allergic and autoimmune in-
flammation.

Scientists have shown that bone marrow MMSCs
reduce the production of IL-9 by MNCs in patients
with rheumatoid arthritis in vitro [14]. There is evi-
dence that EPO has no effect on IL-10 production [9]
and exerts a suppressive effect on TNFa synthesis [6].
This is consistent with our data: a significant decrease
in TNFa under the effect of EPO and a tendency to-
ward IL-10 suppression. It has been shown that DEX
reduces IL-10 production by LPS-stimulated MNCs
[6]. In this study, the level of anti-inflammatory cyto-
kines produced by MNCs under the effect of EPO and
the secretome from EPO-treated MMSCs decreased
(p > 0.05). This effect can be studied in more detail
and, if confirmed, used in therapy. As shown in the
article [13], IL-1ra production is reduced by DEX,
which is consistent with our data. However, this effect
is stronger when using the secretome of DEX-treated
MMSCs, which suggests possible limitations of its an-
ti-inflammatory effect with long-term use.

CONCLUSION

Significant suppression of IL-2, IL-6, and TNFa
production under the effect of secretomes from
MMSCs previously stimulated by EPO and VA was
shown. However, this effect was more pronounced
when cells were treated with DEX. An increase in the
anti-inflammatory and immunosuppressive activity of
the secretome from MMSCs after preliminary stimu-
lation with DEX at a concentration of 10~ mol / | was
found. This effect was observed in the form of a de-
crease in the production of regulatory cytokines IFNy
and IL-2 and proinflammatory cytokines TNF-a, IL-
1B, IL-6, IL-9, and IL-17A by MNCs under the effect
of this MMSC secretome. A significant decrease in the
IL-10 and IL-1ra production suggests possible limita-
tions in long-term therapy for inflammatory diseases
using the studied secretome.
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