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BJIMAHUE TPOPOBJIACTUHECKOIO $1-MNTUKOMPOTENHA
HA AUDODEPEHLUUPOBKY MUEJIOUAHbIX CYNPECCOPHbIX

KJIETOK

Tumranosa B.IL, Illapanaa K.JO., Boukosa M.C., Y:keuiok C.B,,
Ycanmna JI.J., 3amopuna C.A.

Huemumym sxonoeuu u eeHemuku MuKpoopeanuszmos Ypaivckoeo omoeaerus Poccuiickoil akademuu nayk — guauan
DIbYH «Ilepmckuii pedepanvhbiii uccaedosamensckuii uenmp Ypanvckoeo omoeaenus Poccuiickoil akademuu Hayk»,
2. Ilepmo, Poccus

Pesome. MuenounHbsie cynpeccopHbie kaeTku (MDSC) — rereporeHHast KjieToyHasi MOIYISLIUUS, YT-
HeTaromas (GpyHKIMWU, MTPEeUMYyIIeCTBEHHO, T-TUMGOIMTOB MPU 310POBO OEPEMEHHOCTU W TMATOJOTHSIX.
MDSC cuuTaroTcsi OMHUMM U3 KJIIOUEBBIX PETYISITOPOB UMMYHHBIX PEAaKIIMiA, TOMCK CIIOCOOOB yIPaBICHUS
KOTOPBIMU KpaliHe aKTyaJIeH JJIsl Tepanuun paka, ayTOMMMYHHBIX 3a00JieBaHU, HEBbIHAIIIMBAHUS OEpeMeH -
HOCTH U MOCTTPAHCIUIAHTALIMOHHBIX OCTIOKHEeHU . MexaHu3zMbl uMMyHocyTipeccur MDSC cBsi3aHbI ¢ 9KC-
npeccueit monekyn CD73, ADAMI17, PD-L1, npoaykuueii apruHasbl 1 (Arg 1), MHAynuOeabHONH CUHTAa3bI
okcuaa azota (iNOS), unnonamun-2,3-nuokcureHassl (IDO) u uutokuHos IL-10 u TGF-B1.

Tpodobaactuueckuii B1-rukonporeuH (TBI') — rukonpoTrenH 6epeMeHHOCTH. OnrcaHbl €ro MOIYIU-
pytoiue 3DdeKThl B OTHOLIEHUM ISHAPUTHBIX KJIETOK U MaKpodaros, onocpeayonue caBur (peHOTUITOB
T-xnerok B cropoHy Th2 u Treg. Panee Hamu ObLT0 TToKa3aHo uTo HaTuBHbBINA THBI mogasnsieT nnddepeHn-
poBKy Th17 u npoayKiyo UMU TMIPOBOCTIATUTEIbHBIX IIUTOKUHOB. KpoMe TOoro, 3TOT MNTMKOIMPOTEUH CTUMY-
JupoBan npoaykiuio IDO moHouutamMu u auddepeHIupoBKy Treg.

Tak kak GyHKIMU U ceUPUIHOCTh HATUBHBIX U PEKOMOWHAHTHBIX O€JIKOB OTJIMYAIOTCS, a PEKOMOU -
HaHTHBIE OeJIK1 00Jiee JOCTYITHBI U MePCHEeKTUBHBI, HEOOXOIMMO HCCIe0BaTh 00a BUaa MperapaTosB.

YuutsiBasi uMMyHoMonayaupymoiiue cBorictBa THI, a Takxke kitoueByto poss MDSC B matosorusix, 1ie-
JIbIO Hallleil paboThl cTajla OlleHKa BAUSHUS HAaTMBHOTO U pekomMOuHaHTHOro ThI' Ha nuddepeHInpoBKY
MDSC in vitro.

MDSC nuddepenumponanu uz CDI11b* kinerok nmepudeprudeckoit KpoBu. KieTku KyJIbTUBUPOBAIN 7
nHeit, moatanHo gobasisiss GM-CSFE, IL-1p u LPS. HatusHsiii (H) (1,10 u 100 MKT/MJ1) 1 peKOMOMHAHTHBI
(p) (1 1 10 mxr/mn) TBI' BHOCWJIM B KyJIBTYPHBI 3a TPU JTHSI IO OKOHYAHMST MHKYyOalmu. MeToaoM IpOTOYHOM
nutoMeTpuu onpeaessuiv npoueHT MDSC (LinHLA-DR-CD11b*CD33%) oT KJIeTOK B KYyJIbType, a TakxKe
nporeHTel M- (LinHLA-DR-CD11b*CD33*CD14*CD66b"), PMN- (LinnHLA-DR-CD11b*CD33*CD14-
CD66b*) ue-MDSC (LinnHLA-DR-CD11b*CD33*CD14-CD66b") ot o6111ero Konndectsa MDSC.
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Oo6HnapyxeHo, yto HTBI He Biusut Ha ipotieHT MDSC B kynbrypax. OmHako pTBIT (1 MKr/mMiT) yBendau-
BaJl MPOLIEHT 3TUX KJIETOK 1Mo cpaBHeHUIO ¢ KOHTpojieM. HTBI' (1 u 10 mxr/min) u pTBI" (10 MKr/mMiT) yBeau-
yuBasu npoueHT M-MDSC. Kpome toro, pTBI" (10 mxr/mit) yrHetan auddepenunpoky CD11b* kineTok B
PMN-MDSC. ITpouent e-MDSC nion neiictBuem ThI He nuameHscs.

MOXXHO cieiaTh BbIBOJ, YTO IMTOKMHOBEIN (DOoH B KyJIbTypax CD11b*KireTok criocodcTBoBa nuddepeH-
OUPOBKe ITpenmyIecTBeHHO M-MDSC, cXomHO C OITyX0JIEBBIM MUKPOOKPYKEHIEM, a HATUBHBIN 1 PEKOM-
ounHaHTHBIN TBI ycunuBanu aToT a3 dhexT.

Takum o6pazom, HTBI' u pTBI' ob6aanaloT cnocobHOCThIO MoayaupoBaTh auddepeHuruposky MDSC,
YBEJIMUMBAsI UX KOJIUYECTBO, MIPEUMYIIECTBEHHO 3a CYET MOHOLIUTAPHOM CYONOIYISILIMU. DTOT (haKT OTKPhI-
BaeT MEePCIICKTUBHI IS HOBBIX MCCJICIOBAHMI, KacaloIIUXCsl HallpaBJIeHHOTO MaHUMYJIMPOBAaHUS KICTKaMU
MDSC c 11e1610 IpUMEHEHUS KJIETOYHBIX TEXHOJIOTUI B HayKe Y MEIUIINHE.

Karouesvle croea: mueaoudnsie cynpeccopsl, uMmyHocynpeccust, mpogobnacmuyeckuii 1-eauKonpomeut, MOHOUUMAapHole
MUenoudHble cynpeccopul, epanyroyumapHsie muesoudusie cynpeccopvl, CD11b*CD33* kaemku

EFFECT OF PREGNANCY-SPECIFIC $1-GLYCOPROTEIN
ON MYELOID-DERIVED SUPPRESSOR CELL
DIFFERENTIATION

Timganova V.P, Shardina K.Yu., Bochkova M.S,, Uzhviyuk S.V.,
Usanina D.I., Zamorina S.A.

Institute of Ecology and Genetics of Microorganisms, Branch of the Perm Federal Research Center, Ural Branch,
Russian Academy of Sciences, Perm, Russian Federation

Abstract. Myeloid-derived suppressor cells (MDSCs) are a heterogeneous cell population that primarily
suppress T lymphocytes in healthy pregnancies and pathologies. MDSCs are one of the key regulators of
immune responses. Finding ways to control them is important for the treatment of cancer, autoimmune
diseases, miscarriage, and post-transplant complications. The mechanisms of immune suppression by MDSC
are: expression of CD73, ADAM17, PD -L1I, production of Arg 1, iNOS, IDO, IL -10 and TGF-B1.

Pregnancy-specific Bl-glycoprotein (PSG) has modulatory effects on dendritic cells and macrophages
that mediate the shift of T cell phenotypes toward Th2 and Treg. We have previously shown that native PSG
suppresses Th17 differentiation and cytokine production, stimulates the production of IDO by monocytes and
the differentiation of Tregs.

Considering the immunomodulatory properties of PSG and the key role of MDSCs in pathologies, the
aim of our work was to investigate the effect of native and recombinant PSG on the differentiation of MDSCs
in vitro.

MDSCs were differentiated from CD11b* peripheral blood cells. Cells were cultured for 7 days and received
stepwise GM-CSF, 1L-1, and LPS. Native (n) (1; 10 and 100 ug/mL) and recombinant (r) (1 and 10 ug/mL)
PSG were introduced into the cultures three days before the end of incubation. Flow cytometry was used to
determine the percentage of MDSC among the cells in culture and the percentage of M-, PMN-, and e-MDSC
among the total number of MDSC:s.

It was found that rPSG (1 ug/mL) increased the percentage of MDSCs in culture. Both nPSG (1 and
10 pg/mL) and rPSG (10 pg/mL) increased the proportion of M-MDSC, whereas rPSG (10 ug/mL) decreased
the number of PMN-MDSC.

Thus, the cytokine background in CDI11b" cell cultures favored the differentiation of predominantly
M-MDSC, similar to the tumor microenvironment, whereas native and recombinant PSG enhanced this effect.

Thus, nPSG and rPSG are able to modulate the differentiation of MDSCs by increasing their number, mainly
due to the monocytic subpopulation. This fact opens perspectives for new research on targeted manipulation
of MDSCs.

Keywords: myeloid-derived suppressor cells, immunosuppression, pregnancy-specific 31-glycoprotein, CD11b*CD33" cells,
M-MDSC, PMN-MDSC
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Introduction

Myeloid-derived suppressor cells (MDSCs) are a
small (usually less than 1% in blood) heterogeneous
population composed of immature neutrophils
and monocytes capable of suppressing innate and
acquired immune responses, including those against
tumors [3]. The number of MDSCs increases in
healthy pregnancy [8] and in many pathological
conditions, including inflammation, sepsis, traumatic
shock, autoimmune diseases, and cancer [15].

The main mechanisms of immunosuppressive
activity of MDSC are associated with the expression
of a number of surface markers (CD73, ADAM17,
PD-L1), intracellular expression of arginase 1 (Arg 1),
iNO synthase (inducible nitric oxide synthase, iNOS),
indoleamine 2,3-dioxygenase (IDO) and production
of a number of cytokines (IL-10, TGF-B1) [1]. Due
to the large arsenal of suppressive mechanisms,
MDSCs are currently considered one of the most
important regulators of immune responses. Finding
ways to control them is extremely relevant from the
perspective of therapy of all diseases and conditions
in which these cells are involved. In addition, MDSCs
may become a successful pharmacological target for
solving problems related to immune rejection of both
semi-allogeneic embryos and transplanted organs or
tissues.

One of the factors that provide immune tolerance
during pregnancy is pregnancy-associated proteins.
Pregnancy-specific B1-glycoprotein (PSG) is a
dominant fetoplacental protein produced by cyto- and
syncytiotrophoblast cells and has immunoregulatory
properties. In humans, the dominant expression
product is PSG-1, which was discovered and identified
in 1970 by a group of Russian researchers [11]. In
pregnancy dynamics, the level of PSG gradually
increases, reaching of 200-400 ug/mL in the third
trimester, while its level in fetal blood serum does
not exceed 1-2 pg/L [4]. It is known that PSG level
in blood serum decreases in spontaneous abortion,
ectopic pregnancy, intrauterine growth retardation,
preeclampsia and fetal hypoxia [5]. In 2020, it was
confirmed that circulating levels of PSG (PSG1) were
significantly reduced in women with preeclampsia
compared to healthy pregnant women. Thus, this
protein is extremely important for the successful
development of pregnancy.

The complex structure and multiple forms of PSG
lead to certain difficulties in obtaining its pure, native
active ingredient. Only recombinant forms of PSG
are available for research, which have their drawbacks

(structural differences, incomplete folding, uneven
post-translational modification, etc.). Our team of
authors has its own patented method for obtaining a
native human PSG preparation [10], which ensures
priority in research. Thus, in the last 5 years, we
have demonstrated the effects of a native human
PSG preparation obtained by the authors’ method
in terms of expression of IDO by antigen-presenting
cells, regulatory T lymphocytes, Th17 cells, immune
memory T cells, as well as regulation of the cytokine
profile of these cells [13]. At the same time, it is
obvious that for the practical application of the drug,
it is necessary to study the recombinant forms of
PSG in detail. The key point of our work is the fact
that the role of PSG in regulating the differentiation
and functional activity of MDSC has not yet been
investigated.

Therefore, the aim of this work is to investigate the
role of native and recombinant PSG in the regulation
of MDSC differentiation in human peripheral blood.

Materials and methods

Peripheral blood from volunteer donors was
collected by venipuncture (n = 4). The study was
conducted in accordance with the WMA Declaration
of Helsinki 2000 and the Protocol of the Council
of Europe Convention on Human Rights and Bio-
medicine 1999; approval of the Ethics Committee of
the IEGM Ural Branch of the Russian Academy of
Sciences (IRB00010009) dated 15 February 2022 was
obtained for the experimental scheme used. Written
informed consent was obtained from all patients. The
authors adhered to all relevant ethical standards.

Peripheral blood mononuclear cells (PBMC)
were isolated by density gradient centrifugation
(p = 1.077 g/cm?, Diakoll, Dia-M, Russia). CD11b*
cells were isolated from PBMC by positive immu-
nomagnetic separation (MACSiBeads™, LS columns,
(MiltenyiBiotec, Germany)). The resulting cells at
a concentration of 1 x 10¢ were plated into a 96-well
plate containing complete culture medium (RPMI-
1640, 10% FBS, 10 mM Hepes (ICN Ph., USA),
2 mM-Glutamine (ICN Ph.) and 100 pg/mL penicil-
lin-streptomycin-amphotericin (100 pL per 10 mL
medium, BI, Israel)). GM-CSF (MiltenyiBiotec,
Germany) was added to the cultures at a concentration
of 20 ng/mL. Cells were then incubated for three
days in a humidified atmosphere in a CO, incubator
at 5% CO, and 37 °C. After completion of the first
phase, the culture medium was replaced by addition
of the cytokine IL -13 (20 ng/mL, MiltenyiBiotec,
Germany) and LPS (0.1 pg/mL, Sigma Aldrich, USA)
to activate the cells. The next day, the studied proteins
were added: native PSG (RF Patent No. 2367449,
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Raev M.B.) at concentrations of 1, 10, and 100 ug/mL
and recombinant PSG (recombinant E. Coli-derived
human pregnancy-specific beta-1-glycoprotein 1,
PSG 1, Cusabio, China) at concentrations of 1 and
10 pg/mL. The choice of concentrations was based
on their correspondence to the different trimesters of
pregnancy. Cells were then cultured for an additional
three days. After a total of 7 days of incubation, the
cells were transferred to test tubes for flow cytometry.
The cells were removed from the plate using a reagent
containing enzymes that enhance cell detachment
from the plastic (Accutase®, Capricorn Scientific,
Germany), and the wells were additionally washed
with ice-cold DPBS (Thermo Fisher Scientific,
USA). Cells were then stained for viability with
Zombie Aqua dye (BioLegend, USA) according to
the manufacturer’s protocol. After washing, the cells
were incubated with fluorochrome-labeled antibodies
to determine the MDSC phenotype using a flow
cytometer. The following group of antibodies was
used for this purpose: anti HLA-DR-Alexa Fluor
750, anti CD33-APC, anti CD11b-Alexa Fluor 405,
anti CD66b-PE, anti CD14-PerCP (R&D Systems,
USA). To exclude the presence of lymphocytes and
NK cells in the target gate, three types of antibodies
with the same fluorescent labeling were used: anti
CD19-AF700, anti CD56-AF700, anti CD3-AF700
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Figure 1. Effect of native (nPSG) and recombinant (rPSG)
PSG on the percentage of MDSC in CD11b* cell cultures
Note. n = 4; x-axis is the type and concentration of PSG; y-axis is the
percentage of MDSC in the live cell gate. Medians (horizontal lines),
interquartile ranges (rectangles), maximum and minimum values
(“whiskers”) are shown. Significant differences (p < 0.05) compared
with control are indicated.

(designated as Lin). FMO samples (fluorescence
minus one) and isotype controls were used as controls
to determine negative populations.

Samples were then analyzed using a CytoFLEX
S flow cytometer (Beckman Coulter, USA). Cells
were first gated on a dot plot of side scatter (SSC)
and forward scatter (FSC), then live cells that were
not stained with Zombie Aqua dye were gated. Next,
aregion of LinnHLA-DR cells was selected in the live
cell gate and then plotted on a two-parameter CD11b/
CD33 plot. The live LinnHLA-DR-CD33*CD11b*
cells thus gated were plotted on atwo-parameter CD 14
and CD66b dot plot to determine M- (monocytic),
PMN- (polymorphonuclear), and e-MDSC (“early,”
LinHLA-DR-CD33*CD11b*CD14-CD66b")
MDSC subpopulations, respectively.

Flow cytometry data were processed using
CytExpert software (Beckman Coulter, USA).

Statistical data processing was performed with
GraphPad Prizm 8.0.1 software using the Friedman
test and Dunn post hoc test for multiple comparisons.
Results are presented as median, lower quartile, and
upper quartile: Me (Q,,5-Q,ss). The significance level
was set at 0.05.

Results and discussion

Viability in cultures of CDI11b cells ranged from
95-98%. No statistically significant changes were
observed.

Regarding the effects of the study proteins, it
was found that the native PSG preparation did not
affect the percentage of MDSC in the live cell gate.
However, the recombinant protein preparation at a
concentration of 1 ug/mL increased the percentage
of these cells compared with the control (Figure 1).

The next task of our study was to determine
the effects of native and recombinant PSG on the
composition of MDSC subpopulations. To this end,
we analyzed the percentage of CD14"M-MDSC,
CD66b* PMN-MDSC, and CD14-CD66be-MDSC
in the total CD11b*CD33* MDSC subset.

Native PSG at concentrations of 1 and 10 ug/mL
and recombinant PSG at a concentration of 10 ug/mL
were found to increase the percentage of M-MDSC
(Figure 2).

Interestingly, recombinant PSG had a suppressive
effect on the differentiation of CD11b* cells into CD
66b* PMN-MDSC and reduced the proportion of
these cells to as low as 0% in some cultures (Figure 3).

The native glycoprotein had no pronounced effect
on the differentiation of this subpopulation.

Native and recombinant PSG did not alter the
percentage of e-MDSC in CD11b cell cultures (data
not shown).
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Figure 2. Effect of native (nPSG) and recombinant (rPSG)
PSG on the percentage of CD14* M-MDSC in CD11b* cell
cultures

Note. n = 4; x-axis is the type and concentration of PSG; y-axis is the
percentage of CD14*M-MDSC in the MDSC gate. Medians (horizontal
lines), interquartile ranges (rectangles), maximum and minimum values
(“whiskers”) are shown. Significant differences (p < 0.05) compared
with control are indicated.

Thus, recombinant PSG at a concentration of
1 pg/mL was shown to increase the percentage of
MDSC in CDI11b* cell cultures. This effect may be
due to the fact that MDSCs exert a fetoprotective
function during pregnancy by suppressing the
maternal immune response to paternal antigens [15].

A specific receptor for PSG has not yet been found
on human cells. However, it has been shown that
PSG1 can exert its immunoregulatory functions by
activating latent TGF-1 and TGF-p2 [2]. TGF-f is
considered one of the factors contributing to tumor
progression and can “collaborate” with MDSCs from
the tumor microenvironment [7]. Cells that cease
to suppress T lymphocytes and acquire enhanced
antigen-presenting and costimulatory capabilities. In
addition, cells derived in this manner have acquired
antitumor activity, which is very promising in terms of
developing cell therapy against cancer [6].

The differences in the effects of native and
recombinant proteins may be due to various factors. It
should be emphasized that the native PSG preparation
contains some quantity of PSG3, PSG7, PSG9 and
some of their isoforms and precursors in addition to
PSG1, whereas the recombinant protein contains
only the PSGI1. Moreover, the main difference
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Figure 3. Effect of native (nPSG) and recombinant (rPSG)
PSG on the percentage of CD66b* PMN-MDSC in CD11b*
cell cultures

Note. n = 4; x-axis is type and concentration of PSG; y-axis is
percentage of CD66b* PMN-MDSC in MDSC gate. Medians (horizontal
lines), interquartile ranges (rectangles), maximum and minimum values
(“whiskers”) are shown. Significant differences (p < 0.05) compared
with control are indicated.

between native proteins is their glycosylation, which
determines their structure, functions, and stability,
as well as the specificity of their interactions with the
receptor.

As mentioned earlier, the distinguishing feature
of MDSC:s is their heterogeneity. The names of the
main MDSC subpopulations, monocytic (M) and
polymorphonuclear (PMN), are based on the morpho-
logical similarity of these cells to monocytes and
neutrophils, which is also supported by the expression
of the corresponding surface molecules CD14 and
CD15/CD66b. In addition, PMN-MDSCs, whose
major suppressive mechanism is the production of
ROS, are known to require close intercellular contact
with T cells, whereas M-MDSCs, which increase NO,
arginase, and suppressive cytokines, do not require
direct contact to suppress the T cell response. with
cells. In addition, there is evidence that M-MDSCs
are more effective per cell than PMN-MDSCs.
Another difference is that in most tumor models,
PMN-MDSCs accumulate in peripheral lymphoid
organs, whereas M-MDSC:s, in contrast, predominate
directly in the tumor site. Presumably, hypoxia, low
pH and other tumor microenvironmental factors do
not support survival PMN-MDSC [15]. Interestingly,
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PMN-MDSC predominates in decidua and blood
during pregnancy [9].

In our study, both types of PSG (1 ug/mL nPSG and
10 pg/mL nPSG and rPSG) increased the percentage
of M-MDSC in the general MDSC population, and
recombinant PSG at a concentration of 10 ug/mL sig-
nificantly inhibited the formation of PMN-MDSC.
It should be noted that in our experiment, the ratio
between the number of M-MDSCs and the number
of PMN-MDSC:s indicated a strong predominance of
the former over the latter. In the cultures that served
as controls, the number of M-MDSCs was 60-fold
greater than that of PMN-MDSCs, and when both
types of PSG were added, this number increased to
200.
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