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Pesome. MoHOLIMTHI epudepruIecKOoil KpOBU UTPAIOT BaXKHYIO POJIb B 3allIMTE OpraHu3Ma OT ITaTOr€HOB
M YYaCTBYIOT B moAAepKaHUU hu3noaorundyeckoit oepemeHHoctu. [lepudepriyeckue MOHOLIMTHI MUTPUPYIOT
B IELIUAYJIbHYIO 000JI0UKY U 00pa3yloT Iy JeUUAYyaIbHbIX MaKpodaros, KOTOpbI€ Y4acTBYIOT B (hOPMUPO-
BaHUM U Pa3BUTUM TKaHe# T1anieHThl. OYHKIIMYM MOHOIIMTOB MeprudepruIecKoil KPOBH TaKXKe CYIIIECTBEHHO
MEHSIOTCSI, YTO CBSI3aHO C CUCTEMHBIM M3MEHEHUEM MMMYHOPEAKTUBHOCTU Npu 6epeMeHHOCTU. [Tomys-
L1sI MOHOLIMTOB Tepudepruyeckoil KpoBU (PEHOTUNMUUYECKU U (PYHKIIMOHAJILHO HEOAHOPOAHA. BhIoensior
HECKOJIBKO CYOITOMYJ/ISILMiA MOHOLIUTOB B 3aBUCUMOCTH OT akcrpeccuu CD14 u CD16. Takxke B niepude-
pudeckoii KpoBu npucyrctByior CD56-no3utuBHbie 1 Tim-3 (T-kierouHoro Ig u Genka 3, comepkaliiero
JIOMEH MYyILIMHA) — 3KcIpeccupytome MoHOUUThl. CD56 1 Tim-3 urparoT BaskHYIO pOJIb B PETYJISIINU (yHK-
LUOHAJIbHOU aKTMBHOCTU MOHOLIUTOB. OIHAKO U3MEHEHUE UX SKCIIPECCUU Ha Pa3HbIX CYOMNOITYISIIUSIX MO-
HOIIUTOB MepudepruIecKoil KpoBU Mpr OEPEMEHHOCTU OCTaeTcsl Malon3ydeHHbIM. [1oaTOMYy 11ebio uccie-
JIOBaHUsI SABJISITIOCH M3ydeHue akcnpeccun CD56 u Tim-3 pa3HbIMU CYOITONYJISILIMSIMU MOHOLIUTOB YeJIOBEKA
npu 6epeMeHHOCTU. MOHOHYKJIeapHbIe KJIETKU BbIACISIU U3 TepudepudecKoil KpoBU OepeMEHHBIX KEeH-
1IMH (cpoK 6epeMeHHOCTU 29 Henenb (28-31) myreM LIEeHTpUDYTUpoOBaHUS B TpaIMEeHTE MIOTHOCTU U aHa-
JIM3UPOBAIA METOAOM MPOTOYHOU HUTOMETpUU. [pynmy cpaBHEHUSI COCTABJISIU 300POBble HEOEpEMEeHHbIE
KEHIIUHBI (B POJTUKYISIPHON (haze MEHCTPYaIbHOTO LIMKJA) (pepTUiibHOro Bo3pacta (21-29 set). YcraHoB-
JIEHO, 4TO GepeMeHHbIE XKEHIIMHBI MU 60Jiee HU3KUI MpoLieHT Kiaccuuyeckux CD14M/CD16 MOHOLIMTOB
B nepudepuyeckoil KpoBHY IO CPaBHEHUIO ¢ HeOepeMeHHbIMU. [IpolieHTHOe coepKaHue MPOMEKYTOUHBIX
(CD14"/CD16") n Heknaccudeckux (CD14°Y/CD16") MOHOLIMTOB HE OTJIMYAJIOCh OT HEOEPEMEHHBIX. DKC-
npeccust MoJiekysibl CD56 oGHapy:KKMBaJlaCh BCEX CYOITOMYJISILMSIX MOHOLIMTOB KaK y OepeMEHHBIX, TaK U
y HebepeMeHHbIX XeHIIMH. bepeMeHHbIe XeHIINMHBI UMeIU 0ojiee BhICOKMI MpoLeHT CD56-1m03uTUBHBIX
kimaccuyecknx (CDI14"MCD167) m Heknaccudeckux (CD14°YCD16") MoHOIMTOB, 4eM HebepeMeHHBIE.
IMpoueHT CD56-M03UTUBHBIX MPOMEXYTOUHBIX MOHOLIUTOB (CD14"CD16%) He oTinuajics oT HebepeMeH-
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HBIX. ¥ GepeMeHHBIX JKEHIIMH MPOILEHTHOE comepskaHue ayoabpno3uTuBHbIX CD567Tim-3" kinaccrnyeckux
(CD14"CD16°) u nHeknaccuyeckux (CD14°*CD16") MOHOLMTOB ObUIO BhILIE, 4eM Y HeOepeMeHHbIX. Ko-
mundectBo CD56*Tim-3* mpomeskyTouHbix MoHOIIMTOB (CD14MCD16%) He oTaM4aaoch y 6epeMeHHbBIX U He-
OGepeMeHHBIX. TakuM 00pa3oM, Ipu GU3MOJIOIrMUYECKO OepeMEeHHOCTH dKcIpeccust Mojiekya CD56 u Tim-3
MEHSETCSI Ha Pa3HbBIX CYONOMYISIUSIX MOHOILIMTOB Nepudeprudeckoii KpoBU.

Knrouesuie crosa: kaaccuueckue MOHOUUMbL, HeKaaccu4eckue MOHOUUmMsL, npomexcymourvle monouumst, CD56, Tim-3,
nepugepuueckas Kpoeb, GepemeHHOCMb

CD56 AND TIM-3 MOLECULE EXPRESSION IN DIFFERENT
MONOCYTE SUBSETS IN PHYSIOLOGICAL PREGNANCY
Orlova E.G., Loginova O.A.

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

Abstract. Monocytes play an important role in the systemic immune defense against pathogens and
maintaining physiological pregnancy. During pregnancy peripheral monocytes migrate into the decidua and
form the pool of decidual macrophages which participate in the formation and development of placental
tissues. The population of peripheral blood monocytes is phenotypically and functionally heterogeneous. In
humans, there are different monocyte subsets depending on the expression of CD14 and CD16. CD56-positive
monocytes are found in healthy women. Their number is positively correlated with body mass index, body
fat. Tim-3 (T cell Ig and mucin domain-containing protein 3) expression is observed in peripheral monocytes
during pregnancy. It is known that peripheral monocyte functions effectively change at pregnancy to form the
immune tolerance at the maternal-fetal interface and the systemic immune defense against pathogens. However,
the monocyte phenotype shift during pregnancy remain poorly understood. Therefore, the aim of the study
was to evaluate the CD56 and Tim-3 expressions in monocyte subsets in human pregnancy. Peripheral blood
mononuclear cells were isolated from peripheral blood of pregnant women (gestational age 29 weeks (28-31) by
density gradient centrifugation and analyzed by flow cytometry. Peripheral blood of healthy non-pregnant fertile
women (in follicular phase of the menstrual cycle) aged 21-29 years was studied as control. Pregnant women had
a lower percentage of classical CD14"/CD16- monocytes in comparison with non-pregnant. The percentages
of intermediate (CD14"/CD16") and non-classical (CD14"°%*/CD16%) monocytes did not change. The CD56
molecule expression was observed in all monocyte subsets in pregnant and non-pregnant women. Pregnant
women had a higher percentage of CD56-positive classical (CD14"CD16°) and non-classical (CD14°*CD16")
monocytes than non-pregnant. The percentage of CD56-positive intermediate (CD14"CD16%) monocytes
did not change. The percentages of double-positive CD56*Tim-3" classical (CD14"CD16°) and non-
classical (CD14°*CD16%) monocytes were increased in pregnant women. The numbers of double-positive
CD56*Tim-3"%intermediate (CD14"CD16") monocytes did not change. Thus, the CD56 and Tim-3 expressions
in different monocyte subsets were changed in human pregnancy.

Keywords: classical monocytes, non-classical monocytes, intermediate monocytes, CD56, Tim-3, peripheral blood, pregnancy

This study was carried out within the frame- physiological pregnancy [2]. Monocytes originate in
work of a state task: state topic registration number: the bone marrow and circulate in the peripheral blood.

AAAA-A19-119112290007-7. Monocytes phagocytose, produce cytokines and
. present antigens to na ve lymphocytes [2, 7]. During
IntrOdUCt|0n pregnancy peripheral monocytes migrate into the

Monocytes play an important role in the systemic decidua and form the pool of decidual macrophages
immune defense against pathogens and maintaining which since with natural killer cells participate in the
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formation and development of placental tissues [2,
6]. In humans, there are two main monocyte sub-
populations depending on the expression of CD14
and CD16: classical (CD14"CD167), non-classical
(CD14°*CD16%), and intermediate subpopulation
(CD14"CDI16%) [7, 10]. CD14 is a pattern recognition
receptor and was first identified as a marker of mono-
cytes to initiate intracellular responses to bacterial
antigens [2]. CD16 is the Fc RIII receptor responsible
for antibody-dependent phagocytic activity [2].

Monocytes are able to differentiate into many cell
types. Classical monocytes are the main sources of
the macrophage pool in tissues [7, 10]. Only a minor
proportion of classical monocytes differentiates into
intermediate, and most of the intermediate monocytes
finally mature into non-classical monocytes [7,
10]. Classical monocytes are considered mature;
they show pronounced phagocytic activity and are
capable of producing reactive oxygen species and
cytokines through activation of toll like receptors
signaling pathway [7, 10]. Non-classical monocytes
do not produce reactive oxygen species but are better
at production of pro-inflammatory cytokines [7,
10]. Non-classical monocytes patrol the surface of
the endothelium and infiltrate tissues under normal
state and during inflammation [7, 10]. Non-classical
monocytes are involved in resolving inflammation and
restoring the tissue and releasing cytokines [7, 10].
The intermediate monocyte role is poorly understood,
but given the high expression level of MHC-II they
probably participate in antigen presentation and
activation of T lymphocytes [5, 7, 10]. It is known
that peripheral monocyte functions effectively
change at pregnancy to form the immune tolerance
at the maternal-fetal interface and the systemic
immune defense against pathogens [11]. However, the
monocyte phenotype shift during pregnancy remains
poorly understood.

CD56-positive  monocytes are found in low
frequencies in the peripheral blood of healthy
individuals [3, 4]. Their number is expanded in obesity;,
autoimmune diseases and correlated positively with
body mass index, body fat, C-reactive protein [3]. The
CD56" monocyte characteristics are controversial
now. Some authors note effective production of
reactive oxygen intermediates and pro-inflammatory
cytokines by CD56" monocytes, and are more efficient
antigen-presenting function or dysregulated cytokine
response to inflammatory stimuli [3, 4]. There are
not CD56" monocyte characteristics at physiological
pregnancy.

Tim-3 (T cell Ig and mucin domain-containing
protein 3) molecule plays critical role in function
regulation of innate and adaptive immune cells during
pregnancy [11]. Tim-3 expressions are observed
in peripheral monocytes during pregnancy [I11].
However, the Tim-3 expression in different peripheral
blood monocyte subsets during physiological
pregnancy are not elucidated. The aim of the study
was to evaluate the occurrence of CD56 and Tim-3
expression in monocyte subsets in human pregnancy.

Materials and methods

Peripheral blood of healthy pregnant women in
third trimester (gestational age 29 weeks (28-31) aged
21-29 years was studied (n = 7). Peripheral blood of
healthy non-pregnant fertile women (in follicular
phase of the menstrual cycle) aged 21-29 years was
studied as control (n = 7). The inclusion criteria were
the absence of acute and chronic somatic, endocrine,
autoimmune, genetic diseases; compliance with diet,
treatment with contraceptive and hormonal, anti-
inflammatory or antibacterial drugs. This study was
approved by the local ethics committee of the Institute
of Ecology and Genetics of Microorganisms of the
Ural Branch of the Russian Academy of Sciences in
accordance with the Helsinki Declaration. Written
informed consent was received from all participants.

Peripheral blood samples were collected in
sodium heparin vacutainer tubes. Peripheral blood
mononuclear cells (PBMC) were obtained from
peripheral blood by ficoll-verografin (1.077 g/cm?)
density gradient centrifugation. PBMC was collected
for further flow cytometry analysis.

Monocytes were harvested for flow cytometry
using the following antibodies: CD 14 (PE anti-human
CD14, clone MESE2, “BiolLegend”, UK), CDI16
(FITC anti-human CD16, clone 3GS8, “BiolLegend”,
UK), CD3 (APC/Cy7 anti-human CD3, clone
UCHT]1, “BioLegend”, UK), CD56 (Brilliant Violet
605™ anti-human CD56 (NCAM), clone HCD56,
“BioLegend”, UK), CD366 (APC anti-human
CD366 (Tim-3), clone F38-2E2, “Biolegend”,
UK), isotype controls (APC Mouse IgG1, Isotype
Ctrl, “BioLegend”, UK; Brilliant Violet 605™ Mouse
IgG1, Isotype Ctrl “BioLegend”, UK). Cells were
labeled with Zombie (Zombie UV™ Fixable Viability
Kit, Biolegend) to assess viability. Gating strategy
was presented in Figure 1 (see 2" page of cover).
Flow cytometry was performed on a CytoFlex S flow
cytometer using CytExpert and Kaluza 1.5 software
(Beckman Coulter, USA).
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Figure 2. Assessment of monocyte subsets and Tim-3 and CD56 expression

Note. (A) Assessment of monocyte subsets (NC, INT, CL) in non-pregnant (NP) and pregnant women, 3" trimester (P, Ill). (B) Percentage of
co-expressions of Tim-3 and CD56 (Tim-3*CD56") (C) (Tim-3*CD567) and (D) (CD56) in monocyte subsets in non-pregnant (NP) and pregnant
women, 3 trimester (P, Ill). Data are presented as median and the lower and upper quartiles, Me (Q,,5-Q,+5); *, p value by two-tailed unpaired

t-test in corresponding subsets in NP and (P, Ill) groups.

The data were presented as median and the lower
and upper quartiles, Me (Q,,s-Q,,s). Statistical
analyses were performed using “GraphPad Prism
version 8.01” (StatSoft, USA). The Kolmogorov-
Smirnov test was used for verifying normal distribution.
The significance of the difference between two groups
was determined using the two-tailed unpaired t-test.
The differences were considered as significant at
p <0.05.

Results and discussion

To investigate the subsets of monocytes in periphe-
ral blood of pregnant women, PBMC were isolated
from peripheral blood and analyzed by flow cytometry.
Three subpopulations of monocytes in peripheral
blood of pregnant and non-pregnant women: classical
(CD14"CD16%), non-classical (CD14°*CD16%), and
intermediate subpopulation (CDI14"CD16") were
identified according to the literature [7, 10]. Classical
monocytes were the predominant subpopulation in

both pregnant and non-pregnant women (Figure 1 (see
2" page of cover), 2A). Pregnant women had a lower
percentage of classical CDI14"/CD16° monocytes
in comparison with non-pregnant (Figure 2A). The
percentages of intermediate (CD14"/CD16") and
non-classical (CD14"°*/CD16%) monocytes did not
change in pregnant women in comparison with non-
pregnant (Figure 2A).

The obtained results are in accordance with the data
ofotherauthors|[2]. Itisknown that a minor proportion
of classical monocytes matures into intermediate
monocytes and subsequently into non-classical
monocytes [7]. The majority of classical monocytes
transform in tissue macrophages [2]. Therefore, the
decrease in the number of classical monocytes can be
explained by their migration into tissues at pregnancy
and maturation in macrophages [2]. The data about
monocyte subset changes in peripheral blood at

pregnancy are controversial, which may reflect the
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influence of methods used for monocyte isolation,
gating strategy, gestational ages [5].

The CD56 molecule expression was observed in
all monocyte subsets in pregnant and non-pregnant
women (Figure 2D). The obtained results are in
accordance with the data of other authors [3, 4].
Pregnant women had a higher percentage of CD56-
positive classical (CD14"CD16-) and non-classical
(CD14*¥-CD16%) monocytes than non-pregnant.
The percentage of CDS56-positive intermediate
(CD14"CD16%) monocytesdid not changed compared
non-pregnant women. It is established that monocytes
have intensive adhesion to endothelium due to high
expression of adhesion molecules (CDI11a, CD11b,
CDllc, CD29) during physiological pregnancy [6].
CD56 (neural cell adhesion molecule) plays an
important role in the recruitment of monocytes
into the tissues [3]. Therefore, it may be supposed
that CD56 high expression in monocytes explained
the mechanism of transendothelial migration of
monocytes during physiological pregnancy. Addi-
tionally, there were strong associations between the
number of CD56" classical monocytes and fat mass
increase in human [3], which is also associated with
late pregnancy.

The coexpression of CD56 and Tim-3 molecules
were determined in all monocyte subsets in pregnant
and non-pregnant women (Figure 2B). It was shown
that the percentages of double-positive CD56*Tim-3*
classical (CD14"MCD16°) and non-classical
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