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Pesiome. Imukonenun (PP14, PAEP, anbda-2-MUKpOTJIOOYJIMH, TUMEPHBI TTUKOMPOTEUH C MOJIEKY-
JIIpHOI Maccoii ot 42 1o 56 kJI) paccmarpuBaeTcs Kak MapKep peleNTUBHOCTH PEIPOIYKTUBHON TKaHMU.
HeB3supas Ha To, YTO UMMYHOIEIIpeCCUBHbIE 3(DMEKTHI NIMKOACINHA XOPOIIO U3BECTHBI, €r0 POJIb B PEry-
JISILMU MUEJTOMAHBIX cyrpeccopHbIX KieTokK (MDSC) He uszyyena. MDSC nipeactaBisiioT co00i reTeporeH-
HYIO ITOTYJISILIMIO HE3PEJIbIX MUEIOUIHBIX KJIETOK, KOTOPbIE P MAaTOJOIrMYECKUX COCTOSTHUSIX IIPUOOPETAIOT
CYIIPECCOPHbII (DEHOTUII, TTOAABIISISI UMMYHHBIIA OTBET.

MN3BectHO, uTo MDSC urpaioT BaxkHyI0 pojib B MOJAep>KaHUM UMMYHHOI TOJIEPAHTHOCTH B Tepuo 0e-
PEMEHHOCTH M IIpU TpaHCIUlaHTauuu. Hallla rumore3a COCTOMT B TOM, YTO IJIMKOIEIMH CIIOCOOCH MHIY-
uuposaTth popmupoBanre MDSC, MOCKOAbKY YPOBEHb 3TUX KJIETOK BO BpeMsl YCIeIIHON OepeMeHHOCTU
MOBBIIIIACTCS, B TO BpeMsI KaK CIOHTaHHOE IIpepbiBaHe 0EPEMEHHOCTU 1 Pa3BUTHE MPEIKJIAMIICUM acCo-
LMMPOBAHO C HU3KUM YPOBHEM LIMPKYJIUPYIOIIEro INIMKOASAMHA. TakuM 06pa3oM, 1Ie/IbI0 pabOThI SIBJISLIOCH
M3Yy4YeHUE POJIU PEKOMOMHAHTHOIO IIIMKOJAEANHA B (PM3MOJIOIrMYSCKUX KOHILICHTPAIUSX, B PETYJISILIMKA TU-
depenumposku MDSC.

Hust renepariuu MDSC in vitro MOHOHYKJIeapHbBIE KJIETKU U3 TTeprudeprudecKoii KpoBU 100POBOJIbLIEB-10-
HOPOB CelapypoBajIu IIyTeM LeHTpudyrupoBaHust Ha rpaaueHTe miotHocTu 1,077 r/cm? (Ficoll-Hypaque,
Sigma-Aldrich). 3aTem noaydyeHHbIe KJIeTKU KYJbTUBUPOBAIU B 24-TyHOYHOM IJIaHIIETe B KOHLEHTpALUU
1 x 10° kiterok/ma B I1T1C ¢ BHeceHHBIMU B cpeny unTokuHamu 1L-6 (20 ur/mia), GM-CSF (40 Hr/mi) B Te-
yeHue 14 cyrok ripu 5% CO, u 37 °C. 3amMeHa cpefibl B KYJIbTYpe IPOM3BOIMIACH HAa 7-€ CYTKU, TOTAA XKe M0~
BTOPHO BHOCUJIM LIMTOKWHBI, a HA 11-e CyTKM BHOCUJIU peKOMOMHAaHTHBIN riukoaeauH (MyBioSource. Inc.,
CIIIA) B dusnonornyeckux KoHueHTpauusx (0,2; 2 MKr/mi), apMakogoruiyeckasi KOHIEHTpallus ObLia
50 mkr/mi. B kynbrypax oueHuBaiu ypoBeHb M-MDSC (Linn HLA-DR-CD33*CD11b*CD14*CD66b") u
PMN-MDSC (LinnHLA-DR-CD33*CDI11b*CD14-CD66b") meTogom npotouHoit uutomerpun (CytoFlexS
(Beckman Coulter)) nipu nomoiu antutea R&D Systems nmo crangapTHoii MmeToarke. CTaTUCTUYECKYIO 00-
paboTKy JaHHBIX poBoauv B iporpamme GraphPad Prizm 6 npu momoiuy kputepus ®puamana.

YCTaHOBJIEHO, YTO INIMKOAEIMH HE OKa3bIBaJl CYIIECTBEHHOIO BJIMSHUS Ha XU3HECIIOCOOHOCTD KJIETOK,
OlLIEHMBaeMy10 MeTooM npoTtouHoil nutoMmeTpuu (PI). Beicokast koHueHTpanus GdA (50 MKr/mi1), KoTopast
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sBJIsieTcsl (papMaKoJIOrn4ecKoil, He oKasbiBaja J0CTOBepHOTro addekTa Ha nuddepeHunposky MDSC. B o
K€ BpeMsI ITTUKOACINH B KOHIICHTPAIIUSIX, COOTBETCTBYIOIINX HOpMaIbHOU 6epemeHHOCTH (0,2; 2 MKT/MIT),
noBeIIa mporeHT MDSC B MHIYLIMPOBAaHHBIX KYJIETypaX MOHOHYKJICapPHBIX KJICTOK YeJIOBEKa.

[Mpn aHamm3e CcyormonmyIsIMUii YCTAHOBJICHO, YTO 3TOT 3(p¢heKT OB 00YCIOBICH ITOBBIIIICHUEM YPOBHS
PMN-MDSC, B T0o Bpems Kak ypoBeHb M-MDSC nocroBepHO He u3MeHsIcs. JJaHHBIN pe3yJabTaT MOX-
HO MHTEPHPETUPOBATh KaK (DETOMPOTEKTUBHBIN 3((MEKT IIMUKOACINHA, TTOCKOIBKY ITOBBIIICHUE YPOBHS
G-MDSC cBs13bIBaloT ¢ IogaBIeHMEM MMMYHHOTO OTBETa Ha IaTepHalibHble aHTUTIeHBbl. M3BecTHO, 4TO
ypoBeHb PMN-MDSC yBennuuBaetcs B nepudepruueckoil KpoBU 300POBbIX 0€peMEHHbIX XEHIIUH Ha BCEX
cTagusx 0epeMeHHOCTH MO0 CpaBHEHMIO ¢ HebepeMeHHBIMHU, Toraa Kak ynciao M-MDSC ocraercs 0e3 m3-
MEHEHUN.

B 10 ke BpeMs y MalLlMEHTOK ¢ BhIKUAbIIEM Oosiee ueM Ha 30% cHuzkeHOo KonudectBo MDSC B KpoBu U
SHAOMETPUM, OCOOEHHO B MepBoM TpumecTpe. B nepuon ¢pusuonorudeckoii 6epemenHoctu PMN-MDSC
HaKarMBaloTCs B TUIAIEHTE, HO TIPU CITOHTAHHOM abopTe MX KOJIMYECTBO YMeHbInaeTcs. [lmaneHTapHbie
PMN-MDSC 3¢ heKTUBHO MOAaBISIOT T-KIeTOUHBII OTBET, OTHOBPEeMeHHO moysipu3yst CD4 " -muMp ot
B ¢peHotun Th2. BepostHo, PMN-MDSC urpatoT BaxkHy10 pojib B UHAYLMPOBAaHUU U TIOIEPXKaHUU TOJIe-
PaHTHOCTHU K aHTUTEHAM IUIOMA, YTO ITO3BOJISIET pacCMaTPUBATh X KaK MEePCIIEKTUBHYIO MUIIIEHb TepaIleBTH -
YeCKOro MaHUITYJIUPOBAHMS IIPU OCJIOXKHEHUSIX OepeMEeHHOCTH. B 11e;10M, MBI BIIEpBBIC TPOAESMOHCTPUPOBA-

mu BausHue GdA Ha ripouecc nuddepenumposku MDSC.

Karouesvie cnosa: enukodeaut, muenoudHsie cynpeccophole Knemku, ouggepeHyuposra, bepemeHHocms, Kyabmusuposanue
KAeMoK, UMMYHHAs MOAePAHMHOCb

ROLE OF GLYCODELIN IN REGULATION OF MYELOID-
DERIVED SUPPRESSOR CELL DIFFERENTIATION

Zamorina S.A.**, Timganova V.P.>, Bochkova M.S.’, Shardina K.Yu.",
Uzhviyuk S.V.>, Khramtsov P.V.*", Kropaneva M.D.>, Rayev M.B.»"*

@ Perm State National Research University, Perm, Russian Federation
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Abstract. Glycodelin (PP14, PAEP, alpha-2-microglobulin, dimeric glycoprotein with molecular
weight of 42 to 56 kDa) is considered as a reproductive tissue receptivity marker. Despite that glycodelin
immunosuppressive effects are well-known there still remains uncovered its role in myeloid suppressor cell
(MDSC) regulation. MDSC represent the heterogencous population of immature myeloid cells that acquire
suppressor phenotype while inhibiting the immune response under the pathological states. MDSC are known to
play an essential role in supporting the immune tolerance in pregnancy and at transplantation. Our hypothesis
suggests that glycodelin is capable of inducing the MDSC formation as the level of these cells is elevated during
the successful pregnancy, whereas the spontanecous abortion and progression of eclampsia are associated with
low circulating glycodelin. Therefore, the aim of the work was to analyze the role of recombinant glycodelin
in physiological concentrations in regulation of MDSC differentiation. Peripheral blood mononuclear cells
of donor volunteers were separated via centrifugation on density gradient of 1,077 g/cm?® (Ficoll-Hypaque,
Sigma-Aldrich) to obtain MDSC generation in vitro. Then cells obtained were cultured in 24-well plate at a
concentration of 1 x 10° cell/ml in complete medium with cytokines IL-6 (20 ng/ml), GM-CSF (40 ng/ml)
therein for 14 days at 37 °C and 5% CO,. Medium replacement was made by 7" day in culture followed by
cytokine re-introduction, and on the 11" day recombinant glycodelin in physiological concentrations (0,2;
2 mkg/ml) was applied while the pharmacological concentration was 50 mkg/ml. The M-MDSC (Lin-
HLA-DR-CD33*CDI11b*CD14*CD66b") and PMN-MDSC (Lin HLA-DR-CD33*CD11b*CD14-CD66b")
level was evaluated in cultures using flow cytometry (CytoFlexS (Beckman Coulter)) and “R&D Systems”
antibodies according to standard protocol. Statistical data processing was realized with GraphPad Prizm
software using Friedman test. It was found that glycodelin did not significantly affect cell viability being assessed
with flow cytometry (PI). It was revealed that high GdA concentration (50 mkg/ml) being pharmacological did
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not render significant effect on MDSC differentiation. Meanwhile, glycodelin in concentrations correspanding
the healthy pregnancy (0,2; 2 mkg/ml) was stated to increase the MDSC percentage in induced cultures of
human mononuclear cells. When analyzing the subsets it was disclosed that this effect was conditioned by
the increase in PMN-MDSC level while the M-MDSC level remained significantly unchanged. This result
could be interpreted as glycodelin fetoprotective effect as the increase of the PMN-MDSC level is associated
with the suppression of the immune response to paternal antigens. The PMN-MDSC level is known to be
elevated in peripheral blood of healthy pregnant women at all the stages of pregnancy as compared to non-
pregnant subjects whereas the M-MDSC amount remains unaltered. Meanwhile, patients with miscarriage
demonstrated more that by 30% lowering in the MDSC amount in blood and endometrium and in I trimester,
in particular. During the physiological pregnancy PMN-MDSC accumulate in placenta, but at spontaneous
abortion their number is found to be declined. Placental PMN-MDSC efficiently suppress the T-cell response
while concurrently polarizing the CD4* lymphocytes in Th2 phenotype. PMN-MDSC are suggested to play
an essential role in inducing and supporting the tolerance to fetal antigens that allows considering these as
promising target of therapeutical manipulation in pregnancy complications. As a whole, we have originally
demonstrated the GdA effect on MDSC differentiation.

Keywords: glycodelin, myeloid-derived suppressor cells, differentiation, pregnancy, cell culture, immune tolerance

The reported study was funded by the RFBR
according to the research project No. 19-29-04055 mk.

Introduction

In 1976, D.D. Petrunin, Ju.S. Tatarinov et al.
initially isolated and identified glycodelin as a novel
placental antigen that was called chorionic a.2-micro-
globulin [8]. Subsequently, while accumulating new
data on the protein location and properties, its name
changed from placental a2-microglobulin, fertility
a2-microglobulin (AMGF), and finally to specific
a2-microglobulin.

Outside Russia, several independent researchers
described glycodelin as a placental protein 14 (PP14),
pregnancy-associated endometrial a2-globulin (a2-
PEG), endometrial protein 15 (EP15), progestagen-
dependent endometrial protein (PEP), a-uterine pro-
tein (AUP), and progesterone-associated endometrial
protein (PAEP). In 1995, A. Dell et al. suggested to
define the protein as a “glycodelin” describing its uni-
que property: a sex-dependent glycosylation to over-
come confusion in terms.

Glycodelin (GdA) is considered as the receptivity
marker for reproductive tissue. In 2018, glycodelin
was found to prevent experimental graft rejection [2]
that favors its pharmacological application. Schneider
etal. [9, 10] suggested a possible usage of glycodelin in
lungtransplantation. Despite that, immunosuppressive
effects of glycodelin are well-known [1]. Its role in the
regulation of cell functions shaping immune tolerance
against allogenic graft remains unclear.

In particular, the role of glycodelin in the regulation
of key (with regard to evolutionary biology) cell
population myeloid-derived suppressor cells (MDSC)
is still uncertain. MDSC represents a heterogeneous
population of immature myeloid cells acquiring

suppressor phenotype under the pathological states
and repressing the immune response [3].

Recent research works demonstrated the MDSC
key role in supporting immune tolerance in trans-
plantation [12]. There is a hypothesis that glycodelin
might be capable of inducing the MDSC formation
because their level is elevated in successful pregnancy.
In contrast, spontaneous abortion and preeclampsia
progression are associated with low circulating
glycodelin level.

Therefore, this work was aimed at examining
human recombinant GdA role in MDSC formation
and regulation playing an important role in allograft
tolerance induction .

Materials and methods

The study was conducted according to the requi-
rements of the Declaration of Helsinki WMA (2000)
and protocol to the European Council Convention
on Human Rights and Biomedicine (1999); the
permission from the Ethics Committee of the IEGM
UB RAS 0f 30.08.2019 (IRB00010009) was received.

Glycodelin was used in physiological range
because it corresponds to its female peripheral blood
level during pregnancy. GdA peaks at 2.0 ug/ml by the
end of the trimester I reaching as high as 0.2 pg/ml in
the trimester II, but declining to the minimal value or
even not detected in the trimester I11.

Recombinant glycodelin (PAEP), (E.coli), MBS
718444 was used; glycodelin (PAEP) was received from
the https://www.mybiosource.com/recombinant-protein/
glycodelin-paep,/718444.

Fractionated peripheral blood mononuclear cells
(PBMC) of apparently healthy donors (n = 6, women
of 28+6 years) were used. Each donor provided a
written informed consent. PBMC were obtained using
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density gradient (1.077 g/cm?) centrifugation (Diacoll
“Dia-M”, Russia).

MDSC production in vitro. To obtain MDSC
in vitro PBMC were cultured in 96-well plate at
1 x 10° cell/ml concentration in complete medium
(RPMI-1640, 10% FBS, 10 mM Hepes, 2 mmol
L-glutamine (ICN Ph., USA) added with penicillin-
streptomycin-amphotericin (100 pL per 10 ml of
medium “B.1.”, Israel) for 14 days (37 °C, 5% CO,).
Recombinant cytokines IL-6 (20 ng/ml), GM-CSF
(40 ng/ml) (Milteniy Biotech, Germany) were applied
for MDSC induction.

Acomplete mediumwasreplaced onday 7, followed
by three days of exposure to recombinant glyco-
delin (GdA, “MyBioSource. Inc.”, E.coli; USA)
at physiological concentrations (0.2; 2.0 pg/ml)
corresponding to its level in peripheral blood of
pregnant women ; pharmacological concentration
was equal to 50 pg/ml [7]. Thereafter, cells were
cultured for another three days followed by collection
using the "Accutase” according to the manufacturer’s
recommendations (Capricorn Scientific, Germany).

Then cells were stained to detect viability with
propidium iodide (PI) (Biolegend, USA) according
to the manufacturer’s protocol. The percentage of live
(PI) cells in cultures (using a gate of living cells on
FSC/SSC plot) varied within 85,5-92,1%.

Following standard washing procedures, cells
were stained with antibodies to determine the
MDSC percentage by flow cytometry (Lin HLA-DR-
CD33*CD11b*) as well as M-MDSC (LinHLA-DR-
CD33*CDI11b*CD14*CD66b") and PMN-MDSC
(LinnHLA-DR-CD33*CD11b*CD14-CD66b").
Staining was made using antibodies (Alexa Fluor
750-HLA-DR,APC-AntiSiglec-3/CD33, Alexa Fluor
405-Anti-Integrin aM/CDI11b, PE-CEACAM-8/
CD66b and PerCP- Anti CD14, all purchased from
“R&D Systems”, USA) according to methodology
suggested by the manufacturer. Percentage of ap-
propriate cell subsets (MDSC, M-MDSC, PMN-
MDSC) was assessed on CytoFLEX S flow cytometer
(Beckman Coulter, USA). Flow cytometry data files

were analyzed using the “KALUZA Analysis 2.1
Software”.

Statistical data processing was realized with
GraphPad Prism 8 and the non-parametric Wilcoxon
test.

Results and discussion

Experiments demonstrated that GdA resulted
in elevated MDSC percentage in cytokine-induced
human mononuclear cell cultures that was significant
only at its low concentrations (0.2 and 2.0 ug/ml)
that fits its pregnancy-related range. While analyzing
the cell subsets, it was demonstrated that the rise
in the MDSC level treated with GdA (0.2 and
2.0 pg/ml) resulted in significant PMN-MDSC
increase, whereas the M-MDSC level was changed
insignificantly. Therefore, GdA did not reliably affect
the M-MDSC (Table 1). It was determined that high
GdA concentration (50 pg/ml) corresponding to the
pharmacological level conferred no significant effect
on MDSC differentiation.

Cell viability in cultures was assessed following the
propidium iodide staining. It was revealed that GdA
at all concentrations did not affect cell viability in
culture. Gating strategy according to light scattering
parameters in FSC/SSC plot was applied to analyze
solely live cells. Therefore, the effects obtained are
related indeed to GdA direct influence on MDSC
differentiation.

More recently, it became evident that the elevation
of MDSC level also accompanied pregnancy. In 2014,
it was found that the PMN-MDSC level was increased
in peripheral blood of healthy pregnant women at all
the stages of pregnancy as compared to non-pregnant
subjects, while the M-MDSC amount remained
unchanged [4]. Around the same time, it was revealed
that patients with miscarriage had count of blood and
endometrial MDSCs by 30% lower particularly in
trimester I [6].

PMN-MDSC are known to accumulate in
placenta of healthy pregnant women, while their
number declines in spontaneous abortion. Placental
PMN-MDSCs effectively suppress T-cell response

TABLE 1. GDA EFFECT ON MDSC PERCENTAGE IN MONONUCLEAR CELL CULTURES INDUCED BY IL-6 AND GM-CSF

CYTOKINES, Me (Q,,5Q,75), n = 4

. GdA GdA GdA

Cell type/GdA concentration Control 0.2 ug/ml 2 ug/ml 50 pg/ml
MDSC % 21.5 32.3* 28.2*% 22.5
(CD33*CD11b*) (15.2-26.1) (24.8-38.5) (21.5-37.4) (16.7-30.2)
PMN-MDSC % 12.6 17.4% 16.8% 15.1
(CD33*CD11b*CD14:CD66b’) (7.8-15.7) (12.6-24.3) (11.7-22.1) (7.8-21.3)
M-MDSC % 6.2 7.6 6.9 5.8
CD33*CD11b*CD14*CD66b") (3.4-7.9) (4.6-11.3) (5.5-10.1) (2.8-7.6)

Note. Percentages of cells in corresponding subsets from HLA-DRLin- cells are presented. #, significant differences as

compared with control by Wilcoxon U test (p < 0.05).
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with subsequent polarization of CD4"-lymphocytes
to Th2-phenotype [4]. PMN-MDSC are suggested to
play an essential role in inducing and supporting the
tolerance to fetal antigens allowing to consider them
as a promising target for therapeutic manipulation
under the pregnancy complications.

Meanwhile, the question about exact nature
of receptor mediating GdA effects remains open.
Subsequent analysis of GdA mode of action showed
that the surface L-selectin molecule on monocyte-
macrophage lineage cells is a binding protein for GdA.
Thus, the antibody against L-selectin reduced the
GdA binding and GdA-induced IL-6 production [5].
In particular, Vijayan et al. in 2018 found potential
receptors for GdA on human peripheral blood
monocyte membrane.
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