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Pesiome. [1pu 6epeMEHHOCTU UMMYHHAasl CUCTEMA MATEPU JOJKHA COXPAHSITh TOJEPAHTHOCTh K OTLIOB-
CKMM aHTUTeHaM, 00jamast IIpu 3TOM CITOCOOHOCTBIO JIMMWHHUPOBATH ITAaTOT€HBI, YTO JOCTUTACTCS OCJa-
OJeHWEM aIOIITUBHOTO MMMYHHUTETA M aKTUBAIIMCH BPOXKICHHOTO MMMYHUTETA, B YACTHOCTU MOHOIIUTOB.
OpHako Bonpoc 0 GYHKIMOHATbHOM (PeHOTUTIE MOHOLIUTOB, 00JTafaloIIX HE TOJIBKO IMTPOBOCHAIUTEIBHOIM,
HO Y TIPOTUBOBOCHAIMTEIIFHO aKTMBHOCTBIO, OCTAeTCSI OTKPBITHIM. B HacTosI1Ieit paboTe METOOOM IIPOTOY-
HOM IUTOMIIOOPUMETPUM UCCIeIOBaHA SKCIPECCUST aCCOIMMPOBAHHBIX ¢ M2-(PeHOTHITIOM CYIIPECCOPHBIX
mapkepoB Argl u MerTK B cyOnomnyssininsix MOHOLIMTOB B IMHAMMKE HEOCIOKHEHHOM 0epeMeHHOoCTU. B mc-
cliemoBaHMe OBUTH PEKPYTUPOBAHBI 53 OepeMEHHBIX C HEOCIOXKHEHHOM TecTalieii, BKIroJas 14 6epeMeHHBIX
B iepBoM TpuMecTtpe, 20 — Bo 2-M 1 19 — B 3-M TpuMecTpe 6epeMeHHOCTHU. [pyrmy cpaBHEHUST COCTaBUIN
15 depTHIbHBIX HEOEPEMEHHBIX 0€3 OTATOIICHHOTO COMAaTUYECKOTO aHaMHe3a, MMCIOIINX B aHaMHe3¢ He
MeHee OIHUX pomoB. [lomydeHHBIC pe3yabTaThl ITOKAa3aJiv, YTO B IPyINe HeOSpeMEeHHBIX IINMPKYINPYIOIINE
Mo skcnipeccupyiotr Argl n MerTK, u HanboJbliiee oTHocUTeIbHOEe conepkanue Argl™ m MerTK™ kireTok
COCPEAOTOUYEHO B MPOMEXYTOUHBIX M HEKJAacCuuyecKrux MoHoluTax. [Ipu 6epeMeHHOCTH SKCIIPECCUsT UC-
CIIeMyeMbIX MOJIEKYJT B MOHOIIMTaX JOCTOBEPHO Bo3pacTaeT. YcuiaeHue skcrpeccun MerTK mposiBisteTcst
OTHOBPEMEHHBIM yBemueHneM coaepkanus MerTK* kieTok u cpeqHeit ”THTEHCUBHOCTHU (QJIIOOPECICHITNN
MaHHOTO MapKepa; HabaogaeTcs B 1-M U 2-M TPUMECTPE W PETUCTPUPYETCS BO BCEX TPEX CYOITOITYJISIINSX
MOHOUMTOB. B TO ke Bpems ycuneHne akcrnpeccun Argl mposiBisieTcst aMbo yBeandeHueM o Argl* kie-
TOK, TMOO BO3pacTaHMEM IUIOTHOCTH PEHENTOPOB, PETUCTPUPYETCS Ha IIPOTSKEHUU Bceil 0epeMEeHHOCTH,
BKJTIOYasi 3-1 TPUMECTp, U MaKCUMAaJIbHO BBIPAaXKeHO B KIACCHMYCCKMX MOHOLIMTAX. MeXmy comepskaHueM
Argl™ nu MerTK* KJIeTOK B IPOMEKYTOIHBIX MOHOIIMTAX MMECTCS TpsiMasi KOPPEJISIIUOHHAST CBSI3b, KOTOPAast
YCUJIMBAETCS IT0 Mepe MPOrPeCcCUr OEPEeMEHHOCTH M B 3-M TPUMECTPE BBISIBIISIETCS] TAKXKE B KJTACCUYSCKUX 1
HEKJacCUUYeCKMX MOHOLMTAxX. B 1ie10M, BbIsIBJIEHHOE yCUIEeHUEe aKcrpeccur MoHouuTamMu Argl u MerTK
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CBUJIETEJIBCTBYET O BO3pACTaHUU MPOTUBOBOCHATIUTEIBHOTO MOTEHI[MAIa MOHOLIUTOB P OEPEMEHHOCTU U
YYaCTUU MOHOIIMTOB B PETYJISIIMU BOCHAIUTEIBHOTO TIpollecca Ha CUCTeMHOM ypoBHe. IIpu aToM ocobeH-
HocTu akcnpeccuur Argl u MerTK B pa3inuHbIX CyONOMYISIIMSIX MOHOIIUTOB U B AUHAMUKE OEpEMEHHOCTU
MO3BOJISIIOT MPeArioiaraTh, 4To aKcnpeccupyromue Argl 1 MerTK MOHOLIUTBI MOTYT OIMOCPEIOBATh pa3JIny-
Hble MEXaHU3Mbl UMMYHHOU aianTalliu B X0/le OepeMEHHOCTH.

Knrouesuie cnosa: cyononyasyuu MoHOUUmMo8, bepeMeHHoCms, UMMYHHAS adanmayus, M2-noaspuzauyus, apeunasa- 1,
mupo3unkuraza Mer

EXPRESSION OF ARGINASE 1 AND TYROSINE KINASE
MER BY BLOOD MONOCYTES IN THE DYNAMICS OF
PHYSIOLOGICAL PREGNANCY
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Abstract. During pregnancy, the maternal immune system must maintain tolerance to paternal antigens,
at the same time being able to eliminate pathogens, which is achieved by the weakening of adoptive immunity
and the activation of innate immunity, in particular, monocytes. However, the question about the functional
phenotype of monocytes, having not only pro-inflammatory, but also anti-inflammatory activity, remains
open. In the given work, we have investigated the expression of M2-associated suppressive markers Argl
and MerTK in monocyte subpopulations during uncomplicated pregnancy. Fifty-three pregnant women
with uncomplicated gestation were recruited, including 14 pregnant in the 1% trimester, 20 — in the 2" and
19 — in the third pregnancy trimester. The comparison group consisted of 15 fertile unpregnant women
without aggravated somatic anamnesis, with a history of at least one childbirth. The findings showed that in
the unpregnant group circulating Mo express Argl and MerTK, and the most relative number of Argl* and
MerTK?* cells is concentrated in intermediate and nonclassic monocytes. During pregnancy the expression
of researched molecules in monocytes reliably increases. An increase in MerTK expression is manifested by a
simultaneous increase in the number of MerTK™ cells and the mean fluorescence intensity of this marker; it is
observed in the 1% and 2" trimesters and registered in all three monocyte subpopulations. At the same time, an
increase in Argl expression is manifested either by an enhancement of Argl™* cells, or an increase in receptor
density; it is registered throughout pregnancy, including the 3™ trimester, and is maximally expressed in classic
monocytes. There is a direct correlation between the number of Argl™ and MerTK™ cells in intermediate Mo,
which increases with the progression of pregnancy, and in the 3rd trimester is also detected in classical and non-
classical Mo. In general, the revealed increase in the expression of Argl and MerTK by monocytes indicates an
increase in the anti-inflammatory potential of monocytes during pregnancy, and the involvement of monocytes
in the regulation of the inflammatory process at the system level. Moreover, the features of Argl and MerTK
expression in various monocyte subpopulations during pregnancy suggest that monocytes expressing Argl and
MerTK can mediate different mechanisms of immune adaptation during pregnancy.

Keywords: monocyte subsets, pregnancy, immune adaptation, M2 polarization, arginase 1, Mer tyrosine kinase

The work was funded by the federal budget
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Introduction

Normal pregnancy requires the suppression of
aggressive reaction of the maternal immune system
to paternal antigens while simultaneously being

able to eliminate pathogens. This, at first glance,
contradictory condition is reached with the help of
the fundamental reconstruction of maternal immune
system, which is called immune adaptation [1].
Immune reconstruction involves the weakening of
adoptive immunity and the strengthening of innate
one. The suppression of Ilymphocyte-meditated
cytotoxic and autoimmune reactions is targeted at
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fetus protection. Arising deficiency of lymphocyte
anti-infective protection is compensated by the
activation of innate immunity cells [11], the most
important of them are monocytes.

Human circulating monocytes (Mo) are repre-
sented by heterogenic population, in which by the
expression of two markers (CD14 and CD16) three
subpopulations are distinguished — classical (cMo;
CD147*CD16"), intermediate (iMo; CD14*"CD16")
and non-classical (nMo; CD14*CD16"*) Mo, which
represent consecutive stages of differentiation and
possess different functions [3]. During pregnancy
the Mo total number enhances mainly due to iMo,
and these cells are characterized by the increased
expression of activation markers [1, 4, 11]. Conside-
ring the fact that iMo are effective producers of
anti-inflammatory cytokines and their number
grows during inflammatory diseases, it was initially
considered that during pregnancy Mo have pro-
inflammatory phenotype [4]. However, it was later
discovered that iMo can have both pro- and anti-
inflammatory properties [12], and the functional
phenotype depends on activating signal. For example,
activation by classic way inducts pro-inflammatory
(M1) phenotype, and by alternative way — anti-
inflammatory (M2) one [10, 13].

Another important aspect of immune adaptation
is dynamics of immune changes, by which three
immunological phases of pregnancy are distinguished.
Moreover, when the second one, duringwhich the fetus
grows and the maximum protection from maternal
cytotoxic cells is required, is anti-inflammatory, the
first and third phases, corresponding respectively
to blastocyte invasion and expulsion of fetus, are
inflammatory processes. The research of local im-
munity has shown that on the mother-fetus border an
important role in inflammatory regulation is played by
M2 macrophages [5]. At the same time, the question
whether monocytes take part in the regulation of
inflammatory reaction on the system level remains
open.

We hypothesized that from beginning to end of
pregnancy the pro-inflammatory activity of Mo is
balanced by an increase in their regulatory (immu-
nosuppressive / anti-inflammatory) properties, the
expressiveness of which regulates the intensity of
inflammation during different stages of pregnancy.
To verify this hypothesis, we aimed to study the
immunosuppressive /anti-inflammatory potential of
various Mo subpopulations during pregnancy. As
markers of the regulatory activity of Mo associated
with immune-suppressive / anti-inflammatory activity
was assigned to the expression of arginase 1 (Argl) and
tyrosine kinase Mer (MerTK) [9, 15]. Expression of
arginase 1 (Argl) and tyrosine kinase Mer (MerTK)
was evaluated as markers of monocyte regulatory

activity associated with immunosuppressive / anti-
inflammatory activity.

Materials and methods

Fifty-three pregnant women with uncomplicated
gestation at the age of from 18 to 41, including 14
women in the first trimester of pregnancy, 20 in the
second one and 19 in the third one, took part in this
research. The primigravidae in the researched group
were accounted for by 37.7% (20 women), 16.9%
(9 women) had high pregnancy parity (from 3 to
7). Pregnancies in the researched group went un-
complicated. Medial durations of gestation at the
moment of research were correspondingly, 9, 18.3 and
38.5 weeks. The comparison group consisted of 15
fertile unpregnant women without aggravated somatic
anamnesis at the age of from 23 to 42, having no less
than one delivery in anamnesis. Blood collection took
place on the 4-7" day of menstrual cycle. The research
was carried out after obtaining written informative
agreement.

Mononuclear cells (MNC) were isolated by
the method of centrifugation of heparinized blood
in ficoll-verografin density gradient (p = 1.078).
The estimation of classical (cMo, CD14"*CD16"),
intermediate (iMo, CD14**CD16") and non-classical
(nMo, CD14*CD16"") monocytes was carried out by
flow cytometry with the use of PerCP-, FITC- and
PE-marked monoclonal anti-HLA-DR, anti-CD14
and anti-CD16 antibodies correspondingly (BD
PharMingen, USA). The relative number of MerTK*
cells in Mo subpopulations was estimated with the
use of AlexaFluor 647 anti-MerTK (BioLegend)
antibodies. To estimate the intracellular expression of
arginase 1, the cells were treated with permeabilizing
solutions (Transcription Factor Buffer Set, BD
Pharmingen) and marked with APC-conjugated anti-
Arg 1 antibodies (RD Systems).

The statistic processing of the results obtained was
carried out using the Statistica 6.0 software packa-
ge. The data are presented as median values (Me)
and quartile range (Q,,s-Q,ss). The nonparametric
Mann—Whitney U-test was used to identify sig-
nificant differences in the compared parameters. Cor-
relation analysis was performed using Spearman’s
rank correlation (Rs). Differences were considered
significant at a significance level of p < 0.05.

Results and discussion

The comparison of relative number of three Mo
subpopulations in the groups of unpregnant and
pregnant women (Table 1) showed a significant
increase in cMo in the 1% trimester and iMo in the
2n trimester compared to unpregnant women. The
proportion of nMo did not change significantly, but
in the 1%t and 2™ trimesters it was significantly lower
than in the 3 trimester. The highest expression of
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TABLE 1. EXPRESSION OF M2-ASSOCIATED MARKERS IN SUBPOPULATIONS OF MONOCYTES IN THE DYNAMICS

OF PREGNANCY
Pregnant women
Parameter Unpregnant - - -
1st trimester 2" trimester 3 trimester
cMo % 88 (86-90) 92 (88-93)* 91 (86.5-92.0) 88 (84-90)%
iMo % 2.9 (2-5) 3.3(2.7-4.4) 4.9 (4.0-6.5)* & 3.9 (2.5-6.8)
nMo % 3(2.2-4.0) 2.3 (1.5-2.9) 2.1 (2.0-2.9) 2.9 (2.5-4.9)%#
MerTK
cMo % 50 (43-55) 70 (64-77)* 9 (55-83)* 4 (37.0-76.2)
MFI 550 (260-640) 815 (769-879) 843 (798-912)* 635 (517-750)%#
iMo % 71 (66-87) 88.5 (80-91)* 8 (74.0-91.5)* 4 (74-90)
MFI 840 (540-1107) 1129 (1037-1383)* 1351 (1130-1542)* 990 (890-1164)%#
nMo % 75 (56-88) 92 (88-93)* 86 (79.0-89.2)% 9 (56.0-92.1)
MFI 750 (550-1020) 1176 (1066-1284)* 1381 (1128-1738)* 880 (696-1030)3#
Arg 1
cMo % 18 (15-24) 20 (17-28) 22.5(18-28) 2 (19-33)*
MFI 605 (563-654) 805 (673-949)* 688 (652-742)* 714 (635—749)*&
iMo % 61 (48-68) 57.5 (50-66) 50.5 (39.5-60.5) 1 (44-73)
MFI 773 (753-815) 1030 (921-1206)* 850 (744-1070) 891 (854-1307)*
nMo % 74 (53-78) 68 (59-77) 3 (51.5-74.0) 77 (53-83)*
MFI 799 (756-882) 1020 (863-1184) 892 (809-996) 820 (762-1100)

Note. *, significance of differences with the unpregnant; &, with the pregnant in the 1st trimester; #, with the pregnant in the 2"

trimester (Mann-Whitney U criterion). MFI, mean fluorescence intensity.

MerTK and Argl in the unpregnant group was found
in subpopulations of iMo and nMo. The relative
number of MerTK* and Argl™® cells and the mean
fluorescence intensity (MFI) of specified markers in
the given subpopulations was reliably higher than in
cMo. This was most pronounced in relation to Argl™
cells, the number of which in iMo (Me 61%) and nMo
(Me 74%) was more than 3 times higher than their
number in cMo (Me 18%).

In comparison with the control group, the
expression of MerTK in Mo of pregnant women
was increased. The significant increase in MerTK*
cells and MFI MerTK values in the 1% trimester was
registered in all subpopulations and persisted into the
27 trimester. At the same time, in the 3™ trimester
the expression of this marker decreased. So, the MFI
MerTK in all Mo subpopulations were significantly
lower than in the 2™ and 1% trimesters, and the
relative number of MerTK* cells in all three Mo
subpopulations was the same as the similar indicator
of unpregnant women.

Expression of Argl was also found to be increased
on Mo of pregnant women. However, unlike MerTK,
which was elevated only in the 1% and 2" trimesters,
an increase in Argl expression was observed in
all trimesters. In the 1% trimester we observed the
significant increase in Argl MFI in cMo and iMo
and — as a trend — in nMo. In the 2" trimester these
changes weakened a little, as evidenced by a moderate

decrease in Argl MFI in cMo and iMo compared
to the I* trimester. The values of MFI Argl during
these periods were still significantly higher than in
the unpregnant group, however, the differences in
MFI Argl compared to unpregnant in iMo no longer
reached statistical significance.

In the 3" trimester the increase of Argl* cells in
cMo reached statistical significance, and MFI Argl
level in this subpopulation continued to be increased.
The increase in MFI Argl iniMo was again statistically
significant, and in nMo population, we observed the
significant increase in the proportion of Argl™ cells
compared to the 2" trimester. Thus, the increase in
Argl expression was mostly observed in the I and
3 trimesters and had the highest expression in cMo
subpopulation.

Analysis of a relationship between variables de-
monstrated that in the unpregnant group the direct
correlation between MerTK* and Argl* cells was
observed in iMo population (Rs = 0.52; p = 0.048)
and in nMo (Rs = 0.49; p = 0.074). In pregnant
women, there was no significant relationship between
the specified subpopulations in the 1% trimester,
whereas in the 2" one it was registered only in iMo
(Rs = 0.49; p = 0.027), and in the 3™ one — in all
three subpopulations, including cMo (Rs = 0.49;
p = 0.035), iMo (Rs = 0.69; p = 0.001) and nMo
(Rs=0.76; p = 0.0002).
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The adaptation of immune system during preg-
nancy is connected to the weakening of adoptive
immune response and the compensative activation
of acquired immunity cells, among which the
most important part is played by Mo. However,
Mo is endowed not only with an effector, but also
with a regulatory function [8]. Moreover, if the
pro-inflammatory properties of Mo are actively
studied, then the research of Mo anti-inflammatory
and immunosuppressive activity remains in the
background. This prompted us to concentrate
on researching Argl and MerTK expression — as
suppressive markers — in Mo subpopulation in the
dynamics of gestation.

The results obtained lead to the conclusion that
Mo of fertile unpregnant women express Argl and
MerTK, and the expression of the specified markers
manifests mostly in iMo and nMo subpopulations and
is minimal in cMo subpopulation. During pregnancy,
the expression of MerTK and Argl in Mo increases.
Notably, increased MerTK expression is manifested
by a simultaneous enhancement in the number of
MerTK™ cells and MFI level; this takes place in the
I*t and 2" trimesters and is registered in all three Mo
subpopulations. Unlike merTK, the increase in Argl
expression becomes manifest either by the increase
in the Argl* cell numbers or in MFTI; it is registered
throughout pregnancy, including the 3™ trimester, and
is maximally expressed incMo. Thus, in spite of the fact
that both markers are associated with M2 phenotype,
the changes of their expression in monocytes during
pregnancy have their special characteristics, in
particular, they differ in expressiveness, association
with subpopulation and expression dynamics.

According to literature data, the expression of
arginase 1 and tyrosine kinase Mer in macrophages
is associated with immunosuppressive and anti-
inflammatory activity of these cells and is viewed as
functional markers of M2 phenotype [2, 7]. At the
same time, the data on their expression by blood
monocytes and association with Mo subpopulations
amounts to practically nothing. In this aspect, we
have shown for the first time that MerTK and Argl
are expressed by human circulating monocytes;
the expression of these markers, especially Argl, is
considerably higher in iMo and nMo, and there is a
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