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Pe3iome. B HacTosilliee BpeMsi B IaTOreHe3€e MPUBbIYHOIO HEBbIHAILIMBAHUS OCOOYIO POJIb YACSIOT UMMY-
HOJIOTMYECKUM (paKTOpaM, B YACTHOCTHU POJIM BPOXKICHHOr0 MMMyHUTeTa. Llesb ucciienoBaHuss — OlieHKa
OTHOCHUTEILHOIO COAEPKAHMS MOHOLIMTOB B nepudepruieckoil Kposu, npoayuupyromnx 1L-4, 1L-6, IL-10,
IFNy, a Takke BbISIBJIEHUE HOBBIX KPUTEPUEB MPOTHO3MPOBAHUS MCX0a OEPEMEHHOCTH Y XKEHIIIUH C YIpo-
301 mpepbIBaHUS B paHHME CPOKU U MIPUBBIYHBIM HeBbIHAIIMBaHMeM. O0cienoBaHo 88 GepeMeHHBIX B CpO-
Ke rectaiuu 5-12 Hemeab, OCHOBHYIO TPYMITY COCTABMJIM 59 XEHIIMH ¢ MPUBBIYHBIM HEBBIHALIMBAHUEM U
YIPOXKAIOIIMM BBIKMABIIIIEM HA MOMEHT MCCAEIOBaHUS, TPYIIITY KOHTPOJISI — 29 JKEHIIMH C HEOCTOKHEHHBIM
TedeHUEM OepeMEHHOCTU 0e3 MPUBBIYHOIO HeBbIHAIIMBaHUSA. OCHOBHAsI IPyIa B 3aBUCUMOCTU OT MCXO-
OB OEpeMEeHHOCTH Obl1a MmoapasaesaeHa Ha roarpynnbl: | moarpymnna — 42 XeHIIWHBI, Ybsl 06PEMEHHOCTh
3aBeplIMIach CBOeBpeMeHHbIMU poaamu, Il moarpynna — 8 XXeHIIUH ¢ npexaeBpeMeHHbIMU pogamu, 11
NoArpyIIa — 9 XXeHIIMH C TTpepbiBaHUEM OEPEeMEHHOCTHU B CPOKe 10 22 Heneab (CaMONPOU3BOJIbHBIN BbHIKM -
MBI 1 Hepa3BUBaOIIAasICsl 0epeMeHHOCTh). B rpyIine KOHTPOJIsI Y BCEX XKEHILMH MPOU30IILIN CBOEBPEMEH-
HbIe poabl. MaTepuan uccienoBaHus — nepudepudeckas BEHO3Hasl KpoBb. Ha mpoTouHoM nmTodyopume-
Tpe FACSCanto Il ¢ ucrmonbzoBaHreM MOHOKJIOHAJIbHBIX aHTUTEJ OLIEHUBAJIM OTHOCUTEJILHOE CoAep KaHue
I1L-4*, 1L-6*, 1L-10*, IFNy* moHomuToB. CraTucTuyeckasi o0paboTKa JaHHBIX MTPOBOAMIACH C TIOMOIIIBIO
nakeTa CTaHAAPTHBIX MPUKJIATHBIX IIPOrPaMM.

B rpyre >XKeHIIMH C IPUBBIYHBIM HEBbIHAIIMBAHUEM M YIPOXAIOIIUMM BBIKMIBIIIEM ObLIO CHMXEHO
oTtHocuTtenbHoe comepxkanue 1L-10" u IL-4* MOHOLMTOB M TMOBBIIIEHO coaepxaHue 1L-6" MOHOLIUTOB Mo
cpaBHeHMIO ¢ Tpynnoi KoHTpos (p = 0,0001 Bo Bcex ciyyasnx). CTaTUCTUUYECKU 3HAYMMBbIX pa3Induii B CO-
nepxanuu [FNy* MOHOLIMTOB B cpaBHMBaeMbIX Tpyrnax He BbisiBieHo (p = 0,069). [1pu oTHOCUTETLHOM
conepxxanuu 1L-4" MoHOLIMTOB paBHOM 26,7% Wi MeHee MPOTHO3MPYIOT IpeXaeBpeMeHHbIe poabl. [1pu
OTHOCUTeIbHOM coaepxkaHuu 1L-10" moHouuToB paBHOM 27,0% uiau MeHee MPOTHO3UPYIOT MpepbIBAHUE
OepeMEeHHOCTHM (CaMOIIPOM3BOJIbHBINA BBIKMIBIII MJIM HEePa3BUBAIOIIYIOCS OEpPEeMEHHOCTh) B CPOKE IecTa-
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U 10 22 Henesb. bblio BeIsIBIeHO NoBbIieHUe cooTHomeHust IFNy*/IL-4*, IFNy*/IL-10%, IL-67/1L-4%,
1L-6*/IL-10* moHoLIMTOB B 0cHOBHOI rpyrie (p < 0,0001 Bo Bcex caydasix).

YV XEeHIIMH ¢ MPUBBIYHBIM HEBBIHAIIIMBAHWEM BO BCEX MOATPYINaxXx YpoBeHb M 1-MoHOLMTOB npeobJia-
Jlasi HaJ ypoBHEM M2-MoHOoUUTOB. [ToydyeHHbIe TaHHbIE TO3BOJIWJIU pa3padoTaTh HOBbIE TPOTHOCTUYECKUE
KPUTEPUU TIPEePhIBAHUS 0EPEMEHHOCTHU A0 22 HEAEIb U MPEXIEBPEMEHHBIX POJIOB.

Knroueguie crosa: 6€p€M€HHOcmb, NnpueblYHOe HesblHAWUBAHUEe, MOHOUUMbL

FEATURES OF MONOCYTE POLARIZATION AT DIFFERENT
OUTCOMES IN WOMEN WITH RECURRENT MISCARRIAGE

Grigushkina E.V2 Sotnikova N.Yu.»?, Kroshkina N.V.2,
Malyshkina A.L**, Talanova LE.”

@ V. Gorodkov Ivanovo Research Institute of Maternity and Childhood, Ivanovo, Russian Federation
b Ivanovo State Medical Academy, Ivanovo, Russian Federation

Abstract. Currently, in the pathogenesis of recurrent miscarriage, a special role is given to immunological
factors, in particular the role of innate immunity. The aim of the study was to assess the relative content of
monocytes in the peripheral blood producing IL-4, IL-6, IL-10, IFNy, as well as to identify new criteria for
predicting the outcome of pregnancy in women with the threat of early termination and recurrent miscarriage.
Materials and methods. 88 pregnant women at 5-12 weeks’ gestation were examined, the main group consisted
of 59 women with recurrent miscarriage and threatened miscarriage at the time of the study, the control group —
29 women with uncomplicated pregnancy without recurrent miscarriage. The main group, depending on the
outcomes of pregnancy, was subdivided into subgroups: subgroup I — 42 women whose pregnancy ended in
timely delivery, subgroup Il — 8 women with preterm labor, subgroup III — 9 women with abortion up to
22 weeks (spontaneous miscarriage and non-developing pregnancy). In the control group, all women had a
timely delivery. Research material — peripheral venous blood. The relative content of 1L-4*, IL-6*, IL-10%,
IFNy" monocytes was assessed on a FACSCanto II flow cytometer using monoclonal antibodies. Statistical
data processing was carried out using a package of standard applied programs. Results. In the group of women
with recurrent miscarriage and threatened miscarriage, the relative content of IL-10" and IL-4* monocytes
was reduced and the content of IL-6" monocytes was increased compared to the control group (p = 0.0001
in all cases). There were no statistically significant differences in the content of IFNy" monocytes in the
compared groups (p = 0.069). With a relative content of IL-4" monocytes equal to 26.7% or less, preterm
labor is predicted. With a relative content of IL-10" monocytes equal to 27.0% or less, abortion (spontaneous
miscarriage or miscarriage) is predicted in gestational age up to 22 weeks. An increase in the ratio of IFNy*/
I1L-4*, IFNy*/IL-10*, IL-6*/IL-4", IL-6*/IL-10* monocytes was found in the main group (p < 0.0001 in all
cases ). Conclusions. In women with recurrent miscarriage in all subgroups, the level of M 1 monocytes prevailed
over the level of M2 monocytes. The data obtained allowed the development of new prognostic criteria for
termination of pregnancy up to 22 weeks and premature birth.

Keywords: pregnancy, recurrent miscarriage, monocytes

to support a semi-allogeneic fetus [7]. The innate
cells play a special role in these mechanisms [4, 7].
Monocytes are an integral part of the innate immune
system [3] exerting high plasticity and, depending on
the microenvironment, can functionally differentiate
into a population of classically activated (M1) or

Introduction

Recurrent miscarriage (RM) is a complication of
early pregnancy, which occurs in married couples with
a frequency of 2-5% |6, 8]. The etiology of recurrent
miscarriage is diverse and not fully understood.
Currently, special attention is paid to immunological

factors that play an important role in the pathogenesis
of this complication of pregnancy [2]. It is known
that from the earliest stages of pregnancy various
immune cells create a special microenvironment

alternatively activated (M2) cells [7, 9]. Each of the
monocyte populations is characterized by different
functions and cytokine production. Studies show that
during normal pregnancy, monocyte differentiation
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shifts towards an anti-inflammatory immune response
with produced corresponding cytokines typical to
the M2 population [10]. Moreover, an imbalance
towards classically activated monocytes (M1) and
their production of pro-inflammatory cytokines
significantlyincreasesthe risk of early pregnancylossor
complications such as premature birth [2, 10]. Despite
the available data on the participation of monocytes
in immunological processes during pregnancy, it
is necessary to identify a role of imbalance in their
polarization in developing recurrent miscarriage.

The aim of the study was to assess the percentage
of monocytes in the peripheral blood producing 1L.-4,
1L-6, IL-10, IFNy, as well as to identify new criteria
for predicting outcome of pregnancy in women
with threatened early termination and recurrent
miscarriage in history.

Materials and methods

A survey of 88 pregnant women at a gestational
age of 5-12 weeks was carried out at the gynecological
clinic of the V. Gorodkov Ivanovo Research Institute
of Maternity and Childhood. The main group included
59 women with RM and threatened miscarriage
at the time of the study. By retrospective analysis,
this group of women was divided into subgroups
depending on the pregnancy outcome. Subgroup I
consisted of 42 women in whom pregnancy ended in
timely delivery, subgroup I — 8 women with preterm
labor, subgroup III — 9 women whose pregnancy
ended in abortion at age up to 22 weeks of gestation,
including spontaneous miscarriage and undeveloped
pregnancy. The control group included 29 women
with uncomplicated pregnancy and lacking recurrent
miscarriage in history, who had a timely delivery. The
groups are recruited uniformly. Exclusion criteria:
spontaneous miscarriage in progress; multiple preg-
nancy; pregnancy resulting from the use of assisted
reproductive technologies; anembryonia or other
reliable signs of an unviable uterine pregnancy;
abnormalities in the uterus development; structural
changes in the karyotypes of spouses, established at
the pre-gravid stage; active infection and presence
of severe female extragenital pathology at the time
of examination; severe allergic reactions at the time
of the examination. The study complied with ethical
standards. All women enrolled to the study signed
an informed consent. The biological material was
presented by whole peripheral venous blood collected
before treatment, in a volume of 10 ml into a test tube
added with heparin. FACSCanto II flow cytometer
(Becton Dickinson, USA) was used with monoclonal
antibodies anti-IL-10, anti-IL-6 (eBioscience),
anti-IL-4, anti-IFNy (Beckman Coulter) to as-
sess percentage of 1L-4+, IL-6, IL-10*, IFNy" mo-
nocytes. Statistical data processing was carried out
by using “Statistica 13.0”, “MedCalc” software.

Before calculations, all parameters were tested for
normality. The normal distribution was checked using
the Kolmogorov—Smirnov and Shapiro—Wilk tests.
Taking into account the normality of the distribution,
the data were presented as arithmetic mean and
standard error of the mean (M*m). The threshold
significance level of differences was set at p < 0.05.
The search for the separation point, the calculation of
sensitivity and specificity was carried out based on the
construction of the receiver operating characteristic
curve (ROC analysis).

Results and discussion

While analyzing the studied parameters, it was
revealed that the relative percentage of IL-4" and
IL-10" monocytes in the peripheral blood was lower
in the main group with threatened termination in
the first trimester with RM compared with those in
uncomplicated pregnancy (p = 0, 0001 in both cases),
whereasthe level of IL-6" monocytes in the main group
was higher than in the control group (p = 0.0001). No
significant differences in the percentage of IFNy*
monocytes in pregnant women from both groups were
found (p = 0.069) (Table 1).

The population of M2 monocytes is characterized
by the production of anti-inflammatory cytokines,
which we assessed by the intracellular production
of IL-4" and IL-10*. A comparative analysis of
percentages of IL-4* M2 monocytes in the peripheral
blood in women with threatened interruption with
RM revealed that in all subgroups it was significantly
decreased compared to control group (p < 0.05). Our
retrospective analysis showed that the relative content
of IL-4* M2 monocytes in the group of women with
RM differed depending on the outcome of pregnancy.
In the subgroups of women whose pregnancy ended
in abortion at age of up to 22 weeks and premature
birth, it was lower than in the subgroup of women with
timely birth (p < 0.05 in all cases). In subgroup I, the
level of IL-4" monocytes was 35.47%£2.0%, subgroup
II — 23.56+2.12%, subgroup III — 23.87+3.66%,
and in the control group — 53, 23£2.3%. However,
it should be noted that the level of IL-4" monocytes
was lower in the subgroup of women with threatened
miscarriage with RM and timely delivery compared to
the control group (p < 0.05).

According to our data, we have identified new
prognostic criteria for preterm birth in women with
threatened miscarriage and a history of recurrent
miscarriage. So, with a relative content of 1L-4*
monocytes comprising at least 26.7%, preterm labor
may be predicted. According to the results of the ROC
analysis, the area under the ROC curve (AUC) was
0.885, the sensitivity of the method was 77.8%, the
specificity — 95.7%, and the accuracy — 90.6%. Based
on these data, a “Method for predicting premature
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TABLE 1. CONTENT OF IFNI™, IL-4*, IL-10* AND IL-6* MONOCYTES IN WOMEN WITH THE THREAT OF TERMINATION AND

RECURRENT MISCARRIAGE
Indicator, % Control group (n = 29) Main group (n = 59)
IL-4* 53.04+2.36 30.12+1.47 p = 0.0001
IL-6* 29.45+1.57 71.69+1.29 p = 0.0001
IL-10* 65.61+2.27 30.45+1.51 p = 0.0001
IFNy* 50.50+4.57 59.90+2.06 p = 0.069

birth in women with threatened early miscarriage with
RM in history” was proposed.

A comparative analysis of percentage of IL-10"
monocytes in the peripheral blood in women with
the threatened interruption with RM found that all
subgroups had it significantly decreased vs control
group (p < 0.05). In addition, we found that the
level of IL-10" monocytes in the group of women
with RM was lower in the subgroups with terminated
pregnancy at age of up to 22 weeks (23.7+1.42%) and
preterm birth (24.12%£2.33%) vs subgroup of women
with timely delivery (34.45+1.67%) (p = 0.0001 and
p = 0.006, respectively).

According to the data obtained, we have iden-
tified new prognostic criteria for termination of
pregnancy before 22 weeks of gestation in women
with threatened miscarriage with RM in history.
Abortion (spontaneous miscarriage or miscarriage) is
predicted at gestational age of up to 22 weeks in case
of percentage of IL-10" monocytes reaching at least
27.0%. Based on these data, a “Method for predicting
abortion in women with threatened miscarriage and
recurrent miscarriage in history” was proposed.

The level of M1 monocytes, which is characterized
by the production of proinflammatory cytokines, was
assessed by the intracellular production of IFNy* and
IL-6". Analyzing the results obtained, we revealed
no significant differences in the frequency of such
cells in all subgroups of women with RM (p > 0.05
in all cases). However, the level of IL-6" monocytes
was higher in all subgroups of women with recurrent
miscarriage compared with the control group
(p < 0.05 in all cases), whereas the relative content of
IFNy* monocytes did not differ from that one in the
control group and in all subgroups of women with RM
(p > 0.05 in all cases).

We also found increased ratio for IFNy*/IL-4",
IFNy*/IL-10", 1L-6%/IL-4*, IL-6*/1L-10" monocy-
tes in the group of women with RM (p < 0.0001 in
all cases), which indicates the predominance of
inflammatory reactions in this pathology.

It is known that a successful pregnancy contribu-
tes to the maintenance of the immune balance,
ensures the mother’s immunotolerance to the fetal
antigens [3, 10]. IL-4 and IL-10 — producing mono-
cytes are characterized by anti-inflammatory and
immunosuppressive properties [1] being involved in

angiogenesis, placenta formation and maintenance
of tolerance to semi-allogenic fetus, additionally
regulating Treg function [1]. Local inflammation,
mediated by cells of innate and acquired immunity,
is necessary for successful implantation and tissue
remodeling in the first trimester. However, an excessive
inflammatory response leads to serious complications
of pregnancy, including termination of pregnancy.
According to the literature, unfavorable pregnancy
outcome is coupled to higher level of proinflammatory
cytokines [2]. IFNy and IL-6 — producing monocytes
are characterized by pro-inflammatory functions [5],
but an excessive inflammatory response inhibits the
anti-inflammatory response.

We found that women with recurrent miscarriage
and threatened early miscarriage had reduced per-
centage of IL-10" and IL-4* monocytes with M2
functions, whereas frequency of IL-6" monocytes was
increased compared to the control group. According
to our data, women with recurrent miscarriage in all
subgroups had dominated M1 profile.

While assessing the study results, a similar dynamic
of changes was found in women with RM, whose
pregnancy ended in interruption at age of up to 22
weeks and premature birth. In this situation, it can be
assumed that other mechanisms able to compensate
for pathological processes in threatened termination
might occur allowing to prolong pregnancy until some
certain timepoint. According to the data obtained,
it can be assumed that if pregnancy is terminated
before 22 weeks, a persistent inflammatory reaction,
impaired angiogenesis and placental development
from early gestation develop most rapidly. Whereas
a chronic inflammatory reaction in early pregnancy
can probably lead to a decrease in the anti-infectious
protection of the fetoplacental complex and amniotic
fluid, which ultimately can lead to premature birth.
Together, these data support the notion that the early
absence of appropriate anti-inflammatory reactions
and excessive inflammatory response can lead to
unfavorable course of pregnancy. The data obtained
allowed to identify new early predictive criteria for
termination of pregnancy before 22 weeks and pre-
mature birth.
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