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Abstract

Nucleotide-binding oligomerization domain-like receptors (NOD-like receptors) are cytosolic signaling receptors of innate immune
cells recognizing ligands derived from bacteria, viruses, fungi and protozoa. They can initiate apoptosis and pro-inflammatory
cytokines production. Meanwhile, the role of decidual NOD-like receptors in pathogenesis of early miscarriages remains unknown.

Aim: to study NOD-like receptor (NOD1, NOD2, NLRP1, NLRP3, NLRC4) messenger ribonucleic acid (mRNA) expression in decidual
tissue from patients with missed and spontaneous abortions compared to progressive pregnancy.

Materials and Methods. NOD1, NOD2, NLRP1, NLRP3, NLRC4 and pathway protein receptor-interacting-serine/threonine-protein
kinase 2 (RIP-2) mRNA expression in decidua from 34 patients with missed abortions (group 1), 34 patients with spontaneous
abortions (group 1) and 57 women with progressive pregnancy admitted for artificial abortion (group Ill, control group) were
analyzed by reverse transcription quantitative polymerase chain reaction (PCR) at gestational age of 6-10 weeks. Exclusion criteria
were as follows: endocrine disorders, severe extragenital diseases, antiphospholipid syndrome, inherited thrombopbhilia, uterine
malformations and fetal chromosomal abnormalities. Samples were collected by uterine abrasion.

Results. Itwas found that mRNA expression of NOD2 was significantly higher in decidua from patients with missed and spontaneous
abortions, whereas for RIP-2 (related to relevant signaling pathway) - in women with missed abortions. A moderate positive
correlation between gestational age and mRNA expression for NOD2 (R = 0.48; p = 0.01) and RIP-2 (R = 0.41; p = 0.007) was
observed in women with progressive pregnancy. In contrast, women with missed abortions showed a moderate negative correlation
between body weight and mRNA expression for NOD2 (R =-0.46; p =0.03) and RIP-2 (R =-0.51; p = 0.02) whereas spontaneous
abortions was associated with moderate negative correlation between RIP-2 mRNA expression and body weight
(R =-0.47; p = 0.04) as well as body mass index (R=-0.48; p = 0.04) along with moderate positive correlation with age of
menarche (R =0.46; p = 0.04). However, compared with progressive pregnancy no significant differences were found in expression
level form NOD1, NLRP1, NLRP3 and NLRC4 mRNA in decidua from patients with missed and spontaneous abortions.

Conclusion. Elevated NOD2 mRNA expression was observed in decidua from patients with missed and spontaneous abortions

compared to progressive pregnancy paralleled with upregulated RIP-2 mRNA expression in missed abortions. Finally, it was found
that NOD1, NLRP1, NLRP3 and NLr C4 were not involved in pathogenesis of miscarriages.

Keywords: NOD-like receptors, NOD1, NOD2, RIP-2, NLRP1, NLRP3, NLRC4, missed abortion, spontaneous abortion, miscarriage,
decidual tissue

For citation: Lebedeva O.P., Ilvannikova V.M., Zhukova |.0., Kozarenko O.N., Altukhova 0.B., Pakhomov S.P., Churnosov M.I.
NOD-like receptors in pathogenesis of missed and early spontaneous abortions. Akusherstvo, Ginekologia i Reprodukcia =
Obstetrics, Gynecology and Reproduction. 2023;17(5):554-564. https://doi.org/10.17749/2313-7347/ob.gyn.rep.2023.435.

o,

> —

X
A
ut0
cn
CT
% 'ur
8)] (o))
c cn
N
A
[
it
ro
A
cj °
A
e m
D
ro t=
0 ‘b
0
ic
|3
0 <
cc
A
1=
/\L A
bi 0
=
X 1o
n:
0 o


https://dOi.org/10.17749/2313-7347/ob.gyn.rep.2023.435
https://doi.org/10.17749/2313-7347/ob.gyn.rep.2023.435

NOD-nof06Hble peuenTopbl B NaToreHe3e Hepa3BMBaloLLencs
OEepeMEHHOCTM M CaMONPOU3BO/bHbIX BbIKMAbIWENA PaHHUX CPOKOB
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Pesiome

BeegeHne. NOD-nofo6HbIe peLenTopbl - peLenTopbl, COAepXaline HYKneoTUA-CBA3bIBAKOW WA JOMEH onuromepusalnu (aHrn.
nucleotide-binding oligomerization domain-like receptors), - 370 yuTonnasmMaTnyeckne cUrHasbHble PeLenTopbl KNeToK BPOXAeH-
HOr0O MMMYHMUTETA, pacnos3Halolne nuraHabl BUpPYCcOB, GakTepuid, rpu6oB u npocTeiwnx. OHM MOTYT WHAYLMPOBATb anonTo3
W CUHTE3 NPOBOCMANUTENbHbIX LWNTOKMHOB. OpfHako ponb NOD-nofo6HbIX peLenTopoB AeuuayanbHOii TKaHu B naTtoreHese
HeBblHALINBAHNSA GEPEMEHHOCTU pPaHHWX CPOKOB He M3yyanacs.

Llenb: n3yuntb akcnpeccuto MaTpuyHoil puboHyknenHosoi kncnotsl (MPHK) NOD-nogo6Hbix peyentopos (NOD1, NOD2, NLRP1,
NLRP3, NIRC4) B geunayanbHoi TKaHu nNaLuueHTok ¢ 3amepLieil 6epeMeHHOCTbI0 1 CaMONpPOon3BO/bHLIMIW abopTamMu B CpaBHEHUM
C nporpeccupylweinl 6epeMeHHoCTbI0.

Matepwvanbl 1 metoabl. Jkcnpeccus MPHK NOD1, NOD2, NLRP1, NLRP3, NLRC4 u 6enka ux curHanbHbIX MyTeii, peLentopa,
B3aWMOJeENCTBYIOLLEr0 C CEPUH/TPEOHUHKNHA30# 2 (aHrn. receptor-interacting-serine/threonine-protein kinase 2, RIP-2), B geun-
JyanbHoii TkaHn 34 nauueHTok ¢ HepasBuBawllecs 6epeMeHHocTbi0 (rpynna ), 34 nayMeHTOK ¢ CAMONPOU3BObHBIMU BbIKUbl-
wamn (rpynna Il) n 57 xeHWuH ¢ nporpeccupyrolleil 6epeMeHHOCTbI0, NOCTYNUBIUMX ANA NPOBEAEHNS MeAuLMHCKoro abopTta
(rpynna Ill, KOHTpONbHaA rpynna), 6bina M3yyeHa MeToA4OM 06PATHOTPAHCKPUNTA3HOW KOMMYECTBEHHON NOANMEPA3HOI LEenHoil
peakuun (MUP) Ha cpoke 6-10 Hep 6epemeHHOCTW. Kputepusamu UCKNOUYeHUs 6bln 3HAOKPUHHbIe 3a60neBaHus, TAXenble
JKcTparenuTanbHbole 3ab6oneBanns, aHTMOOCHONUNUAHbIA CUHAPOM, HACNeACTBEHHAA TPOM6OOMUANSA, aHOMaNNN MaTKU 1 XPOMO-
COMHble aHOManuu nnoga. Marepuan nonyyanu nytem BbiCKabINBAHWA MONOCTU MaTKM.

PesynbTatbl. Jkcnpeccus MPHK NOD2 6binia LOCTOBEPHO BbIWE B AeUnAyansHON TKaHM MauMeHTOK ¢ HepasBuBawlenca Gepe-
MEHHOCTbI0O W CAMONPON3BO/IbHBIMYU BbIKUAbILLAMW PAHHUX CPOKOB, @ RIP-2 (6enKa ero curHanbHbiX NyTeM) - y XEHWWH C Hepas-
BuBalLeica 6epeMeHHOCTbI0. Y nauueHTok ¢ nporpeccupylolieii 6epeMeHHOCTbI0 Habnganach yMmepeHHas NonoXuTenbHas
koppenauua mexnay cpokom 6epemeHHocTu W akcnpeccueir NOD2 (R = 0,48; p = 0,01) u RIP-2 (R = 0,41; p = 0,007). ¥ XeHLuH
C HepasBuBaloLeiica 6epeMeHHOCTbI0 Gbina BbifiBNEHA YyMepEHHas oTpuuatenbHas Koppensauus Mexgy mMaccoil Tena u akcnpec-
cueit MPHK NOD2 (R=-0,46; p=0,03) nRIP-2 (R=-0,51; p=0,02). ¥ naymeHToK C CAaMONPON3BONbHbIMU BbIKUAbILIAMYU PAHHUX
CPOKOB Habnwpjanacb yMmepeHHas oTpuuatensHas koppensuus akcnpeccun MPHK RIP-2 ¢ maccoii Tena (R = -0,47; p = 0,04)
u uHgekcom macchl Tena (r =-0,48; p = 0,04) u ymepeHHas NofoxuTenbHas koppenauus ¢ Bo3pactom MmeHapxe (R = 0,46;
p = 0,04). Skcnpeccus MPHK NOD1, NLRP1, NLRP3 n NLRC4 B geunayanbHoii TKaHW NauMeHTOK C Hepa3BuBatoLeiics bepemeH-
HOCTb0 M CaMONPON3BO/IbHBIMY BbIKMAbIWAMYU PAHHWUX CPOKOB HE MUMena fLOCTOBEPHbLIX pasnnyunii ¢ nporpeccupyrollein 6epemen-
HOCTbI0.

3aknioyeHne. Y naLuneHTok ¢ Hepassnsaloweidca 6epeMeHHOCTbI0 U CAMONPOU3BO/bHbIMU BbIKWAbLILIAMU PAHHWUX CPOKOB B AeLu-
LyanbHoii TkaHu Habniogaetcs yBenuuenue akcnpeccum MPHK NOD2 no cpaBHeHWio C nporpeccupytoweii 6epeMeHHOCTbHO,
y NaLMeHTOK C Hepa3BuMBatoLeiics 6epeMeHHOCTbI0O 3TO CONPOBOXAAeTCA yBenuyeHnem akcnpeccun MPHK RIP-2. He BbisiBNieHO
BnnsiHme NOD1, NLRP1, NLRP3 n NLRC4 Ha naToreHe3 HeBblHalWWBAHNA 6E€PEMEHHOCTM PaHHUX CPOKOB.

KntoueBble cnosa: NOD-nogobHble peuentopbl, NOD1, NOD2, RIP-2, NLRP1, NLRP3, NLRC4, Hepa3BuBawLwancid 6epemMeHHOCTb,
CaMonpon3BO/bHLIA abopT, BbIKMAbIW, AeLnfyanbHas TkaHb

Ana uutuposanus: flebegesa O.MN., VBaHHukoBa B.M., Xykoa W.0., Ko3apenko O.H., Antyxosa O.B., Maxomos C.M., YypHo-
coB M./. NOD-nofo6Hble peuenTopbl B natoreHese HepassuBaloweidcs 6epeMeHHOCTM M CaMONPOU3BO/bHbIX BbIKUAbIWER
paHHUX cpokoB. AKylepcTBo, MuHekonorna u Penpogykuma. 2023;17(5):554-564. (In English). https://doi.org/10.17749/2313-
7347/ob.gyn.rep.2023.435.
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Highlights
What is already known about this subject?

» NOD-like receptors comprise a family of intracellular pattern-
recognition receptors sensing microbe-derived ligands and
eliciting inflammation and apoptosis. Meanwhile, the data
regarding a role of NOD-like receptors in pathogenesis of
obstetrical complications are sparse.

» The expression of NOD-like receptors is assessed
predominantly in the trophoblast, placenta and amniotic
membranes, but not in decidual tissue.

» Virtually, no data on a role for NOD-like receptors in the
pathogenesis of miscarriages are available.

What are the new findings?

» Expression of NOD1, NLRP1, NLRP3 and NLRC4 mRNA in
decidua from patients with missed and early spontaneous
miscarriages vs. ongoing pregnancy did not significantly
differ.

» Meanwhile, NOD2 mRNA expression is significantly higher in
missed and early spontaneous miscarriages, Wwhereas
expression of RIP-2 involved in related signaling cascade -
solely in missed abortions.

How might it impact on clinical practice in the foreseeable
future?

» NOD2 may be considered as a potential target for prophylaxis
and treatment of early miscarriage.

Intfoduction / BBefeHue

The unique feature of female reproductive tract is
its ability to provide defense against pathogens and
immune tolerance to semiallogeneic fetus. It is known
that excessive immune response to exogenous and
endogenous stimuli can lead to miscarriage [1].

Initial pathogen recognition is provided by innate
immune signalling receptors, among which the role
of Toll-like receptors in the pathogenesis of early
miscarriages has been largely studied [2-6]. NOD-like
receptors are positioned in the cellular cytoplasm and
can recognize viruses, bacteria, protozoa and fungi in
the female genital tract as well as participate in inducing
apoptosis and inflammation (Fig. 1) [7]. Atthe same time,
no data on the role of NOD-like receptors in decidual
tissue in pathogenesis of early miscarriages are currently
available.

Aim: to study NOD-like receptor (NOD1, NOD2, NLRP1,

NLRP3, NLRC4) messenger ribonucleic acid (nRNA) expres-
sion in decidual tissue from patients with missed and spon-

taneous abortions compared to progressive pregnancy.

M aterials and Methods / MaTtepuansl
M MeTonbl

Study design / un3aiiH nccnefgoBaHus

Observational prospective cross-sectional compara-
tive cohort study was performed in the Perinatal Center of
Belgorod Regional Clinical Hospital of St. Joasaph. Quan-

OCHOBHble MOMEHTBI
Y10 yXe n3BecTHO 06 3Toii Teme?

» NOD-nogo6Hble peuenTopbl - 3T0 knacc o6paspacnosHar-
WNUX peLenTopos, cnoco6HbIX pacno3HaBaTh UTaHAbI MUKpO-
0praHM3MOB 1 UHULMMPOBATL BOCNaneHue u anonto3. OAHaKO
ponb NOD-NoZ06HbIX PELenTopoB B NaToOreHese akyllepckux
OCNOXHEHNIl M3yyeHa He4oCTaTOuHO.

» Jkcnpeccuss NOD-nofo6HbIX peuenTopoB W3yyeHa MNpeumy-
WecTBeHHo B TpodhobnacTe, nnaueHTe W amMHUOTUYECKUX
060N104kax, HO He B AeLuayanbHON TKaHu.

» [aHHble 0 ponn NOD-nogo6HbLIX peLenTopoB B natoreHese
HEeBbIHALIMBAHMA NPAKTUYECKN OTCYTCTBYIOT.

Yro HoBOro gaet crarba?

» 3Jkcnpeccus MPHK NOD1, NLRP1, NLRP3 u NLRC4 B geuunay-
anbHOM TKaHW NaLMeHTOK C HepasBuBalwllieiics GepemMeHHO-
CTbi0 1 CAMOMpPOU3BONLHBIMU BbIKUAbILAMW PaHHUX CPOKOB
He MMeeT 3Ha4YMMbIX pasnuuunii ¢ nporpeccupylliein bepe-
MEHHOCTbIO.

» OpHako akcnpeccus MPHK NOD2 f[oCTOBEpPHO Bbilie Yy nauu-
EHTOK C HepasBuBawlieiicqs 6GepemMeHHOCTbI0 M CaMonpous-
BOJIbHbIMU BbIKUAbILIAMW PAHHUX CPOKOB, @ 3KCMpeccua ero
curHanbHoro 6enka RIP-2 - TONbKO y NauWeHTOK C Hepassu-
BatolLeiica 6epeMeHHOCTbI0.

Kak 3T0 MOXET NOBAUATb Ha KUHUYECKYIO MPaKTUKY
B 0603pumMomM 6yayuiem?
» Peuentop NOD2 mMoxeT 6biTb NOTEHUMANbHOW MUWEHbK ANS

NPOUNAKTUKA W NeueHUst HeBbIHALINBAHUA GepeMeHHOCTH
PaHHUX CPOKOB.

titative reverse-transcriptase polymerase chain reaction

(PCR) was carried out in the Laboratory of Human Molecu-
lar Genetics, Belgorod National Research University. Sam-

ples were collected from January 2017 till January 2018.

Currently, artificial abortions in early pregnancy are provi-
ded only by administered medications (mifepristone + miso-

prostol), therefore not allowing to collect endometrial

samples by curettage of the uterine cavity at this gesta-

tional age. Hence, there were used complementary DNA
(cDNA) from previously collected samples. After extraction
and reverse transcription, cDNA was stored at -80 °C (to
store cDNA for unlimited time) until further investigated.

Comparison groups / 'pynnbl cpaBHEHUA

Total 125 women (aged 20-35 years old) were exa-

mined at a single time point (6-10 weeks of gestation).

Women were divided into three groups: group |- 34 pa-

tients with missed abortions, 27.88 +1.07 years old, 7.50 +

0.39 weeks of gestation; group Il - 34 patients with sponta-

neous abortions, 27.05 £0.86 years old, 7.44 £0.37 weeks
of gestation; group Il (control group) -
men with ongoing (progressive) pregnancy, admitted to the
Perinatal Center for artificial abortion, 26.46 + 0.52 years

old, 8.23 +0.18 weeks of gestation. Baseline clinical cha-

racteristics were recorded for all subject groups.

Inclusion and exclusion criteria / Kputepun BKOYeHUA
Y UCKNIOYEHNA

Inclusion criteria for group I: gestational age - from 6
to 10 weeks; clinical picture of missed abortion (crown-
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NOD-like receptors
NOD-nofo6Hble peLenTopsbl

Inflammatory response induced

via NF-k B activation / UHaykuus

BOCMa/INTe/IbHOr0 OTBETA NyTeM
aktmsauun NF-k B

Figure 1. Functions of NOD-like receptors.

Inflammasome formation /
dopMupoBaHMe MHIaMMacom

Inflammasome assembly and
inhibited NF-k B-dependent cytokine
production / ®opmupoBaHue
MHDN1aMMacoM U MHIMBUpoBaHue
NF-k B-3aBMCUMOIi NpOAyKLMK
LIMTOKMHOB

Note: NOD - nucleotide-binding oligomerization domain; NLRP - nucleotide-binding oligomerization domain, leucine rich repeat and pyrin domain containing;

NLRC - NLR family, CARD domain containing; NF-xB -nuclear factor kappa-B.

PucyHok 1. ®yHkuun NOD-nofo6HbIX peLenTopos.

MpumeyaHmne: NOD - HykneoTUA-CBA3bIBAKOWMIA foMeH onuromepusaynn; NLRP - HykneoTua-CBA3bIBAIOWMIA LOMEH ONUTOMEpU3aLmm, coaepxalyuii
oboralleHHble NeiinHOM NOBTOPbI M NMPUHOBLINA foMeH; NLRC - peuenTop, oTHocawmiica kK cemeidicTBY NOD-nof06HbIX peLenTopoB, cogepxaliui JoMeH

CARD; NF-kB - HykneapHblii hakTop kanna-B.

rump length exceeds 7 mm, in case no embryo heart-
beat, or mean gestational sac diameter is more than
25 mm in absence of embryo, or embryo with heartbeat is
absent for more than 14 days after ultrasound detection
of gestational sac without yolk sac, or embryo with
heartbeat is absent 10 days after ultrasound examination
detecting gestational sac with yolk sac).

Inclusion criteria for group II: gestational age - from
6 to 10 weeks; clinical picture of spontaneous abortion
(presence of the gestational sac completely detached
from uterine wall, after previously detected progressive
pregnancy with embryo heartbeat, regular contractions
of shortened cervix myometrium, dilation of internal and
internal cervical os, expulsion of gestational sac from
uterine cavity).

Inclusion criteria for group Ill: gestational age - from
6 to 10 weeks; ongoing uterine pregnancy, detection
of embryo heartbeat; a woman admitted for artificial
abortion by uterine abrasion, written and signed consent
for uterine abrasion was obtained.

Exclusion criteria: fetal chromosomal abnormalities;
uterine malformations; severe extragenital diseases;
endocrine disorders; inherited thrombophilia; antiphos-
pholipid syndrome; refuse to sign patient’s consent.

The diagnosis was made based on clinical data and
ultrasound examination data to be further confirmed by
histopathological examination.

Study methods / MeToabl uccnegoBaHus

Messenger RNA expression for NOD1, NOD2, NLRP1,
NLRP3, NLRC4 as well as related signalling pathway pro-
tein RIP-2 (receptor-interacting-serine/threonine-protein
kinase 2) in decidual samples was assessed by PCR ac-
cording to MIQE (Minimum Information for Publication of
Quantitative Real-Time PCR Experiments) guidelines [8].

Epithelial tissue samples were obtained by uterine
abrasion to be stored in RNAlater solution (Thermo Fisher
Scientific, Madison, WI, USA).

Trisol (Invitrogen, Waltham, MA, USA) was used for
RNA isolation followed by running ethidium bromide-
containing agarose gel electrophoresis for quality control.
Next, RNA samples were treated with by DNase | (RNase
free) kit (Thermo Fisher Scientific, Madison, WI, USA) to
avoid genomic DNA contamination. Reverse transcriptase
Mint kit was used to run reverse transcription added
with 20 pM of oligoDT (Evrogen, Moscow, Russia)
and 500 ng of RNA using PCR Thermal Cycler “Tercyc”
(DNA Technology, Moscow, Russia). cDNA quality was
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analysed in ethidium bromide-containing agarose gel
electrophoresis.

PCR primers were designed using NCBI (National
Center for Biotechnology Information) database (Bethes-
da, MD, USA) (Table 1).

gPCR-mix HS SYBR kit (Evrogen, Moscow, Russia)
was used for amplification reaction using amplifier
CFX96 (Bio-Rad, Hercules, CA, USA) as follows: 14 pL of
sterile water, 2 pL of forward and reverse primers each,
5 pL of gPCRmix HS SYBR, and 2 pL of cDNA sample (in
triplicates). The amplification cycle included: 5 minutes
at 95 °C, followed by 45 three-step cycles (15 seconds
at 95 °C, 30 seconds at annealing temperature according,
see Table 1, and 30 seconds at 68 °C). Two housekeeping
genes - peptidylprolylisomerase A (PPIA) and p-actin
were used as reference genes.

The results were calculated and presented in relative
units as 2-"cq using the formula:

R= 2-(Cq target- (Cq refl + Cq ref2)/2)

where R - normalized mRNA expression of study gene;
Cq refl and Cq ref2 - Cq of housekeeping genes; Cq
target - Cq of study gene [9].

Ethical aspects / 3Tuyeckme acnekTbl

The study was designed in accordance with the
ethical standards of the Declaration of Helsinki of the
World Medical Association (1964) and its subsequent
amendments and comparable ethical standards. All
patients signed written consent for collection of samples
and clinical data, including permission for publication
without personal data. The study was approved by Ethics

St. Joasaph, Belgorod, Russia (Protocol No. 15 dated of
December 21, 2016).

Statistical analysis / CTatuctunyeckuii aHanus

Statistical analysis was performed by using Statistica
13.2 (Statsoft Inc., Tulsa, OK, USA) and GraphPad Prism
8.0 (Dotmatics, Boston, MA, USA) software. Normality of
distribution was estimated by Kolmogorov-Smirnov test.
If normal distribution was found, data were presented as
M + SEM and inter-group differences were estimated by
t-test for independent samples. If non-normal distribution
was detected, result values were represented as median
with 95 % confidence interval (Cl) and inter-group
differences were estimated by Mann-Whitney U-test.
Correlation analysis was performed using Spearman's
rank criterion. Differences were considered significant at
p-value < 0.05.

Results /| PesynbTartsl

Clinical and anamnestic characteristics of the groups
examined / KNnHWKO-aHaMHecTU4Yeckas xapakTepnctuka
06cnefoBaHHbIX rpynn

All studied groups were compatible by age, gestational
age, and morphometric parameters - weight, height, and
body mass index (BMI). No significant differences in
anamnesis data were found between all studied groups,
except pregnancy outcomes (Table 2).

NOD-like receptor mRNA expression in decidual tissue /
dkcnpeccust MPHK NOD-nofo6HbIX peLentopoB B
LeunayanbHoii TKaHu

NOD2 mRNA expression in decidual tissue from

Committee of Belgorod Regional Clinical Hospital of patients with spontaneous abortions and missed
Table 1. Primers for quantitative polymerase chain reaction.
Tabnuua 1. Mpaiimepbl ANs KOANYECTBEHHO NONMMEpa3Hoii LienHol peakuum.
. Product length, Annealing
Accession . . . .
Gene number basic pairs Forward primer 5'-3' Reverse primer 5'-3' temperature, °C
e Koz 20CTVIa [OnvHa npoaykTa, Mpsamoii npaiimep 5'-3' O6paTHbIii npaiimep5'-3' Temnepatypa
A Aocty napbl OCHOBaHWi oTxura, °C
NOD1 NM_006092.4 821 CCTGGTGGCCAAGTGATTGT ACCGAAGGAAATTGCCATCAAAG 55
NOD2 NM_022162.2 240 CTAATGGGCTTTGATGGGGGAA AGGTGGAAGCCCTCGTAGT 55
NLRP1 NM_033004.4 942 TACCGGTGGAACTCTTGTGC GGGCTGGAGGGATCAGAGTA 55
NLRP3 NM_004895.4 570 CTGAGCTGACCGTCGTCTTT AACCAGCTACAAAAAGCATGGAT 64
NLRC4 NM_021209.4 949 CCTGCTGACTGAGAGAACACA GGCAGTTCTGGGGCTTGAAT 55
RIP-2 NM_003821.5 374 TGCTCGACAGTGAAAGAAAGGA TCGTGACTGTGAGAGGGACA 55
P-actin NM_001101.5 994 CAGGCACCAGGGCGTGATGG GATGGAGGGGCCGGACTCGT 64
PPIA NM_021130.5 327 CCGCCGAGGAAAACCGTGTACT TGGACAAGATGCCAGGACCCGT 64

Note: NOD - nucleotide-binding oligomerization domain; NLRP - nucleotide-binding oligomerization domain, leucine rich repeat and pyrin domain
containing; NLRC4 - NLR family, CARD domain containing 4; RIP-2 - receptor-interacting-serine/threonine-protein kinase 2 (RIPK2 or RIP2);

PPIA - peptidylprolylisomerase A.

Mpumeyanne: NOD - HykneoTua-CBA3bIBaOLW A LOMEH onuromepusaumun; NLRP - HykneoTuA-CBA3bIBAKOLL M JOMEH ONUTOMEpU3aL NN, coaepxallmui
oboralyeHHble NeiiHOM NOBTOPbI U NUPUHOBBIYA foMeH; NLRC4 - peuenTop, oTHocAwumiica k cemeidc Ty NOD-nof06HbIX peLenTopoB, cogepxaliui LoOMeH
CARD4; RIP-2 - peuenTop, B3aMMOAeNCTBYIOLLMIA C CepuH/TpeoHnHKMHa3oi 2; PPIA - nenTuguanponuausomepasa A.
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Table 2. Clinical and anamnestic characteristics of the women examined (M + SEM).

Tabnuua 2. KNnnHuko-aHaMHecTHyeckas xapakTepuctuka 06cneoBaHHbIX XeHWwuH (M £ SEM).

Group |
Parameter

Ipynna |
Mokasatenb

n=34

Group Il Group Il
Ipynna Il pynna I pls p2-3 pl2
n=34 n=57

Demographic characteristics / lemorpacuyeckme xapak TepUCTUKM

Age, years

27.88 £1.07
Bospacr, ner
Gestational age, weeks

7.50 £0.39
Cpok 6epeMeHHOCTH, Hefenb
Height, cm

162.96 +1.27
Pocr, cm
Weight, k

9 g 61.16 +2.00

Macca Tena, Kr
Body mass index, kg/m2

23.01 £0.75

VHpekc maccol Tena, Kr/im2

Anamnesis data/ [laHHble aHaMHe3a

Age of menarche, years

13.00 £0.32
Bo3spacTt meHapxe, net
Duration of menstrual cycle, days
. 28.00 £0.40
[NUTeNbHOCTb MEHCTPYaNbHOTO Lukna, AHel
Duration of menstruation, days
. 474 +0.13
[nuTenbHOCTb MeHCTpyaLunn, aHeil
Total number of pregnancies, including: 283 + 041
Obuee Konnyectso 6epemeHHOCTel, BKIOYASA:
childbirth / poabl 0.96 +0.26
medical abortions / mefuunHcKkue abopTbl 1.08 £0.19
spontaneous abortions / 0.16 +0.09
CamMomnpou3BONbHbIE BbIKUAbILWK
missed abortions / Hepa3suBawLwasncs 063 +0.13

6epeMeHHOCTb

27.05 +0.86 26.46 +0.52 0.19 0.56 0.55
7.50 £0.39 8.23 £0.18 0.06 0.06 0.99
165.95 £1.31 163.24 £1.42 0.90 0.26 011
65.36 +3.40 63.69 £ 1.61 0.36 0.62 0.29
23.64 £1.10 24.21 +0.80 0.38 0.70 0.66
12.77 £0.30 12.68 +0.14 0.29 0.76 0.61
27.71 £0.39 28.04 £0.19 0.92 071 0.61
4.89 +0.13 4.89 +0.09 0.33 041 0.25
2.77 £0.35 2.84 +0.22 0.92 0.87 0.96
0.77 £0.17 1.10 £0.10 0.58 0.12 0.56
1.00 £0.20 1.71 £0.16 0.02 0.01 0.77
0.50 £0.13 0.03 £0.02 011 0.001 0.03
0.50 £0.13 - 0.001 0.001 0.50

Note: p 13 - significant differences between group | and the control group; p23 - significant difference between group Il and the control group; p 1-2- significant
difference between group I and group II; significant differences are highlighted in bold.

MpumeyaHme: p 1-3- CTATUCTUYECKAA 3HAYUMOCT b PA3INUNIA MEXAY Fpynnoi | u KOHTPONLHON Fpynnoi; p2” - CTaTUCTUYECKas 3HAUMMOCT b PasNNynii Mexay
rpynnoii [l v KOHTPONLHON rPyNNoii; p 1-2- cTaTUCTUYECKas 3HAYUMOCT b pa3nnymnii Mexay rpynnamu | u Il; BblA€NeHbl 3HaYNMble pasnnyus.

abortions was significantly higher compared to subjects
with ongoing pregnancy (Fig. 2). In women with missed
abortions vs. ongoing pregnancy, it was accompanied by
elevated RIP-2 mRNA expression.

mRNA expression of NOD1 and NOD-like receptors
involved in inflammasome assembly revealed no
significant differences between all studied groups.

We estimated a correlation between decidual mRNA
expression level for NOD2 and RIP-2 and clinical data
(Table 2).

It was found, that patients with progressive pregnan-
cy (control group) showed only moderate positive corre-
lation between gestational age and expression level for
NOD2 (R =0.48; p=0.01) and RIP-2 (R =0.41; p=0.007)
mRNA.

Patients with missed abortions displayed a moderate
negative correlation between body weight and mRNA
expression for NOD2 (R = -0.46; p = 0.03) and RIP-2
(R=-0.51; p=0.02).

Patients with spontaneous abortion showed no
correlation between expression level for NOD2 mRNA and
presented clinical characteristics. However, expression
of RIP-2 mRNA had a moderate negative correlation with
the body weight (R =-0.47; p = 0.04), but demonstrated
a moderate positive correlation with age of menarche (R
=0.46; p = 0.04).

Discussion/ O6cyxpeHune

According to the recent microbiome studies, bacterial
pathogens represent the major causative cues in early-
stage miscarriages [10, 11]. Therefore, a decidual
inflammation induced via NOD-like receptors is of the
great interest.

NOD2 is a cytosolic receptor becoming activated after
binding to muramyl dipeptide, the major component of
peptidoglycan (the part of Gram-negative and Gram-
positive bacteria) [12]. The main pathway protein for
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Figure 2. Comparison of NLRs mRNA expression in decidual tissue from patients with missed abortions (group |, n = 34), spontaneous
abortions (group Il, n = 34), and women with ongoing pregnancy admitted for artificial abortions (group Ill, n = 57). Data are presented as

median with 95 % confidence interval.

Note: *p < 0.05 - significantinter-group differences; NOD1 - nucleotide-bin
RIP-2 - receptor-interacting-serine/threonine-protein kinase 2; NLRP 1- nu

ding oligomerization domain 1; NOD2 - nucleotide-binding oligomerization domain 2;
cleotide-binding oligomerization domain, leucine rich repeatand pyrin domain

containing 1; NLRP 3 - nucleotide-hinding oligomerization domain, leucine rich repeat and pyrin domain containing 3; NLRC4 - NLR family, CARD domain

containing 4.

PucyHok 2. CpaBHeHue akcnpeccun MPHK B feungyansHoii TkaHu y

nauneHTOK ¢ Hepa3BuBallelics GepeMeHHoCTbI0 (rpynna |, n = 34),

€aMonpoM3BO/bHBIMI BbikMAbIWAMH, (rpynna ll, n = 34) W XeHWMHaMK ¢ nporpeccupytolieil 6epeMeHHOCTbI0, MOCTYNUBLIUMY ANS

MeanunHckoro abopta (rpynna lll, n = 57). JaHHble npescTaBieHbl

kak mefuaHa 1 95 % [0BepUTENbHbINA MHTEpBAN.

MpumMeyanwe: *p< 0.05 - 3HauuMble pasnnuns mexay rpynnamu; NOD1 - HykneoTuA-CBA3bIBalOWMiA foMeH onuromepusatnn 1; NOD2 - HykneoTua-
CBA3bIBAOLL WA JOMEH onuromepusayumn 2; RIP-2 - peuenTop, B3auMogeiicTBYIOLWNA C cepuH/TpeoHuHknHa3oi 2; NLRP1 - HykneoTUA-CBA3bIBAKLL NI JOMEH
0/MroMepu3aLnn, Cofepxallinii oboralleHHble NeiiiuHoM NoBTOPbl N NUPUHOBLI oMeH; NLRP3 - HykneoTug-CBA3bIBaIOLLMIA JOMEH ONUTOMEPU3aLIUY,
coAepxaly it o6oratieHHble NeilMHoOM NOBTOpbI 1 NMPUHOBLIA domMeH 3; NLRC4 - peuenTop, 0THocsAWMmiAcA k cemeiicTBy NOD-N0406HbIX peLenTopos,

cofepxallnii gomen CARDA.

NOD2 intracellular signal transduction is presented by
RIP-2 capable to activate NF-<B and mitogen-activated
protein kinase (MAPK) and resulting in production of pro-
inflammatory cytokines, chemokines and antimicrobial
peptides [13].

NOD2 also recognizes viral RNA leading to production
of interferon-p and activation of antiviral adapter protein
mitochondrial antiviral-signaling protein (MAVS). NOD2
also triggers 2'-5'-oligoadenylate synthetase 2 (OAS2),
activating RNAse L leading to degradation of viral RNA
[14]. NOD2 ensures autophagy of infected cells, which

is important for elimination of viruses, bacteria, and
protozoa [15] as well as for antigen presentation [16].
The expression of NOD2 mRNA and protein was detec-
ted in the decidualized stroma and glandular epithelium
in early ongoing pregnancy [17, 18]. It was found that
in vitro stimulation of decidualized endometrial stromal
cells by muramyl dipeptide upregulates expression of
NOD2 mRNA and protein as well as further promotes
secretion of monocyte chemoattractant protein 1
(MCP-1) and interleukin-1p (IL-1P). IL-1p, in turn, can
stimulate NOD2, which might potentiate inflammation
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via a positive feedback loop. Stimulation by muramyl
dipeptide also results in dose-dependent induction of
apoptosis in decidualized stroma cells [18].

Currently, no data regarding NOD2 expression in
decidual tissue from patients with spontaneous abor-
tions and missed abortions are available. Patients with
vs. without history of unexplained recurrent miscarria-
ges had downregulated NOD2 expression at the level of
mRNA and protein [19]. However, the exclusion criteria
in the study included concomitant infection. In addition,
patients in both main and control group were admitted for
medical abortion inferring that during sample collection
all of them had a progressive (ongoing) pregnancy.

In another study, NOD1 and NOD2 mRNA and protein
expression was elevated in trophoblast from patients
with recurrent miscarriages compared to normal ongoing
pregnancy [20]. Meanwhile, no data on decidual NOD1
expression in patients with miscarriage were published. It
is known that activation of NOD1 occurs upon binding to
diaminopimelic acid (iE-DAP), a part of the peptidoglycan
found in some Gram-positive and all Gram-negative
bacteria [12].

It can be suggested that upregulated decidual mRNA
expression for NOD2, but not NOD1, in patients with
spontaneous abortions and missed abortions might be
due to Gram-positive, rather than Gram-negative bacteria
present in the decidual tissue.

In addition, no data regarding a role for NLRP1 and
NLRC4 in pathogenesis of early miscarriages are found.
We described no significant differences in decidual
expression level for NLRP1 and NLRC4 mRNA in patients
with spontaneous abortions and missed abortions.

Ligands for NLRP1 are presented by muramyl
dipeptide and anthrax lethal toxin. Expression of NLRP1
mRNA is regulated by protein SREBF1 regardless of
pro-inflammatory cytokine levels [21]. It is known, that
NLRP1 binding to apoptosis-regulating proteins B-cell
lymphoma 2 apoptosis regulator (BCL-2) and B-cell
lymphoma-extra large apoptosis regulator (BCL-XL)
attenuates inflammasome formation [22, 23]. Earlier,
normal or elevated decidual expression of BCL-2 mRNA
was identified in patients with spontaneous abortions
or missed abortions, respectively [24]. Apparently, this
may prevent the formation of NLRP1 inflammasome and
induction of apoptosis in the decidual tissue.

The main ligands for human NLRC4 are presented
by bacterial flagellin and structural proteins of bacterial
type lll secretion system [25, 26].

In our study, no significant differences were found
in NLRP3 mRNA expression in both patient groups
compared to ongoing pregnancy group. NLRP3 detects
the whole spectrum of bacterial, fungal, protozoan,
and viral ligands, as well as a number of host damage-

associated molecular patterns [26]. In nonpregnant
patients with vs. without history of recurrent miscarriages
of unknown origin, during the secretory phase of
menstrual cycle endometrium was discovered to have
upregulated expression of NLRP3 protein [1], but not
mRNA [27]. Higher NLRP3 mRNA expression was found
in peripheral blood mononuclear cells from patients with
history of recurrent miscarriage compared to healthy
women [28]. Further research is required to assess a role
of NLRP3 in the pathogenesis of miscarriages.

Patients with progressive pregnancy we found to
show a significant positive correlation between decidual
expression level of NOD2 and RIP-2 mRNA and gesta-
tional age suggesting that NOD2 level normally escalates
in parallel with increasing gestational age.

Patients with missed abortions had significant negative
correlation between NOD2 and RIP-2 mRNA expression
and body weight, whereas patients with spontaneous
abortions - between RIP-2 mRNA expression and body
weight as well as body mass index. No data regarding
features of NOD2 and RIP-2 expression in human
decidua with regard to body weight were found. However,
NOD2-deficient mice were shown to display insulin
resistance and higher level of adipose tissue [29].

Patients with spontaneous miscarriages had also
a positive correlation observed between decidual
RIP-2 mRNA expression and age of menarche onset.
It is known that higher BMI is associated with earlier
menarche [30]. Therefore, patients with low body
weight usually have menarche onset at older age. Thus,
it is consistent to find a negative correlation between
RIP-2 mRNA expression and body weight as well as
BMI, and its positive correlation with age of menarche
onset.

Study limitations / OrpaHnyeHuns uccnegoBaHua

Limitations of the study were accounted for by
a relatively small quantity of samples and a single-
center study design conducted only in a single region
of Russian Federation. Multicenter studies, especially
those involving multiple countries, can provide more
comprehensive insights into a role of NOD-like receptors
in pathogenesis of miscarriages.

Conclusion/ 3akntwyeHune

In summary, upregulated NOD2 mRNA expression
is observed in decidua from patients with spontaneous
abortions and missed abortions compared to progressive
pregnancy resulting in increased RIP-2 mRNA expression
level in missed abortions. NOD1, NLRP1, NLRP3 and
NLRC4 were found not to be involved in miscarriage
pathogenesis.

ro



ARTICLE INFORMATION
Received: 21.07.2023. Revision received: 14.09.2023.
Accepted: 20.09.2023. Published online: 21.09.2023.
Author’s contribution

Lebedeva O.P. - study concept and design, sample collection, sample
processing (MRNA expression), statistical analysis, text writing, critical
manuscript editing;
Ivannikova V.M. - sample collection, sample processing (nRNA expression),
database creation, statistical analysis, text writing;
Zhukova 1.0. - sample processing (mMRNA expression), database creation,
statistical analysis;
Kozarenko O.N. - sample collection, sample processing (mMRNA expression),
database creation, statistical analysis, text writing;
Altukhova O.B. - sample collection, critical manuscript editing;
Pakhomov S.P. - statistical analysis, critical manuscript editing;
Churnosov M.I. - laboratory administration, equipment, critical manuscript
editing.

All authors have read and approved the final version of the manuscript.
Conflict of interests

The authors declare no conflict of interests.
Funding
The authors declare no funding.
Patient consent
Obtained.
Ethics approval

The study was approved by the Ethics Committee of Belgorod Regional Clinical
Hospital of St. Joasaph (Protocol No. 15 dated of December 21, 2016).

Clinical Trials Disclosure Policy

Study protocol, plan for statistical analysis, analytic code, individual participant
data matching the data reported in the paper after de-identification (text, tables,
figures, and appendices) will be available upon methodologically justified
proposal beginning 9 months and ending 36 month following article publication
for individual participant data meta-analysis. Proposals should be directed to
lebedeva@bsu.edu.ru. To gain access, data requestors will need to sign a data
access agreement.

Provenance and peer review
Not commissioned; externally peer reviewed.

References:

D'Ippolito S., Tersigni C.,, Marana R. et al. Inflammosome in the human
endometrium: further step in the evaluation of the “maternal side”. Fertil
Steril. 2016;105(1):111-118.e1-4. https://doi.org/10.1016/j.
fertnstert.2015.09.027.

Lebedeva O.P., Qirko R. Expression of toll-like receptors in the female
reproductive tract and its hormonal regulation (review). [Ekspressiya toll-
podobnyh receptorov v zhenskom reproduktivnom trakte i ee
gormonal'naya regulyaciya (obzor)]. Research Results in Biomedicine.
2018;4(3):3-17. (In Russ.). https://doi.org/10.18413/2313-8955-2018-4-
3-0-1.

Lebedeva O.P., Pakhomov S.P., Ivashova O.N. et al. Expression of TLR
1-10 and caspase-3 alfa in human endometrium at women with early
miscarriages. Giornale ltaliano di Ostetricia e Ginecologia.
2013;35(1):270-1.

Kolben T.M., Rogatsch E., Hester A. et al. Involvement of ILR4a and TLR4
in miscarriages. JReprod Immunol. 2019;131:36-43. https://doi.
0rg/10.1016/j.jri.2018.12.001.

Lebedeva O.P., Zhukova 1.0., Ivashova O.N. et al. The role of RIG-I, AIM2
and IFI16 receptors for viral DNA and RNA in pathogenesis of spontaneous
and early missed miscarriages. [Rol' receptorov RIG-I, AIM2 i IFI16,
raspoznayushchih virusnuyu DNK i RNK, v patogeneze samoproizvol'nyh
vykidyshej i nerazvivayushchejsya beremennosti rannih srokov].

NH®OPMALNA O CTATBE
Moctynuna: 21.07.2023. B gopa6oTaHHom Buge: 14.09.2023.
MpunaTa k neyatun: 20.09.2023. Ony6nukoBaHa oHnaiiH: 21.09.2023.
Bknag asTopoB
Nlebegesa O.N. - paspaboTka KOHLENUMM W Au3aiiHa uccnefosaqus, cbop
matepuana, nabopatopHble uccnefoanusa (akcnpeccus MPHK), ctatuctu-
yeckasn 06paboTka pesynbTaToB, HanucaHwe CTaTbu, KPUTUYECKOE pefakTi-
poBaHue;
/BaHHWKoBa B.M. - cbop Mmatepuana, nabopatopHble WCCNeAOBaHMs
(akcnpeccusi MPHK), co3gaHne 6a3bl AaHHbIX, cTaTuCTMYeckas obpaboTka
pe3ynbTaToB, HanucaHue cTatby;
Xykosa W.0. - nabopatopHble uccnegosanus (akcnpeccus MPHK), co3ga-
Hue 6a3bl faHHbIX, CTaTUCTUYeCkas 06paboTka pesybTaTos;
KosapeHko O.H. cbop marepuana, nabopaTopHble WCCNeA0BaHUS
(akcnpeccus MPHK), cosgaHue 6asbl AaHHbIX, cTaTucTuyeckas obpaboTka
pe3ynbTaToB, HanucaHue cTaTby;
Antyxosa O.b. - c6op maTepnana, KpuTMYeCkoe pedakTupoBaHue;
Maxomos C.M. - cTatucTuyeckas o6paboTka pesynbTaToB, KpUTMYeckoe
pefakTupoBaHiue;
YyprocoB M.W. - pykoBoACTBO nabopatopueid, o6opygoBaHne, Kputnye-
CKOe pefakTupoBaHue.

Bce aBTOpLI NpOYNTaNK W yTBEPAUNN OKOHYATENbHbIA BapuaHT pykonucu.
KOH( MKT nHTEpecoB
ABTOpbI 32ABNAOT 06 OTCYTCTBUM KOH(INKTA UHTEPECOB.
duHaHcupoBaHue

ABTOpbI 3a9BAAIT 06 OTCYTCTBUN (DUHAHCOBOW NOAAEPXKKA.

Cornacue nauyueHToB
[MonyyeHo.
Opobpexne aTUYECKOro KomuTeTa

WccneposaHne 66110 0f06peHO aTuueckum komuteTom OTBY3 Benropogckas
OKB Cestutens Moacada (npotokon Ne 15 ot 21.12.2016).

MoNuTUKa PackpbITUS AaHHbIX

MpoTOKON MCcCNef0BaHNs, NNaH CTATUCTUYECKOTO aHaNu3a, JaHHble Y4acTHUKOB
1ccnesoBaHus nocne AeugeHTunKaumu (TEKCT, TabnuLbl, PUCYHKN, NPUNoXe-
Hus1) GyayT LOCTYNHbI 478 MCCefoBaTenei, koTopble NPefocTaBAT METOA0NO-
rMYeckn 060CHOBAHHOE NPEL/OXEHWe ANA MeTaaHanusa faHHbIX WHAMBUAY-
anbHbIX Y4acTHUKOB, cnycTs 9 1 o 36 Mec nocne ny6nukaumn cratbu. [Mped-
NOXEHUS JOMKHbI ObITb HaNpaB/ieHbl Ha NOYTOBIA AWK lebedeva@bsu.edu.ru.
Uro6bl nomyuuTb AOCTYN, JMLA, 3anpalivBatline AaHHble, AOMKHbI GyayT
nognucath CornalleHne o AocTyne K AaHHbIM.

MPONCXOXAEHWE CTaTbU U PELIEH3UPOBaHNE

)KypHan He 3aka3blBan CTaTbi; BHELIHEE peLeH3UpoBaHue.

Akusherstvo iginekologiia. 2018;(7):57-61. (In Russ.). https://doi.
0rg/10.18565/aig.2018.7.57-61.

6. Lebedeva O.P., lvashova O.N., Pakhomov S.P. et al. Miscarriages as

a result of immune conflict. [Nevynashivanie beremennosti kak problema
immunnogo konflikta]. Russian Journal of Human Reproduction.
2014,(6):88-91. (In Russ.).

7. Lebedeva O.P. The role of NOD1 and NOD2 receptors in recognazing

pathogens in the female reproductive tract. [Rol' receptorov NOD1 i NOD2
v raspoznavanii patogenov v zhenskom reproduktivnom trakte].
Akusherstvo iginekologiya. 2019;(5):25-9. (In Russ.).
https://doi.org/10.18565/aig.2019.5.25-29.

Bustin S.A., Benes V., Garson J.A. et al. The MIQE guidelines: minimum
information for publication of quantitative real-time PCR experiments.
Clin Chem. 2009;55(4):611-22. https://doi.org/10.1373/
clinchem.2008.112797.

9. Pffafl M.W. Quantification strategies in real-time PCR. In: AZ of

quantitative PCR. Ed. S.A. Bustin. Intenational University Line, 2004.
Chapter 3. 87-112. Available at: https://lwww.gene-quantification.de/
chapter-3-pfaffl.pdf. [Accessed: 15.07.2023].

10. Lebedeva O.P., Popov V.N., Syromyatnikov M.Y. et al. Female

reproductive tract microbiome and early miscarriages. APMIS.
2023;131(2):61-76. https://doi.org/10.1111/apm.13288.

o

G3OEZROT E

O Tgsrg—oro
o0 —1Ia

5B <o O
o

)

> o%o
3

o

q
o
—oxy E

ro


mailto:lebedeva@bsu.edu.ru
mailto:lebedeva@bsu.edu.ru
https://doi.org/10.1016/j.fertnstert.2015.09.027
https://doi.org/10.1016/j.fertnstert.2015.09.027
ss.).%20https://doi.org/10.18413/2313-8955-2018-4-3-0-1
ss.).%20https://doi.org/10.18413/2313-8955-2018-4-3-0-1
https://doi.org/10.1016/j.jri.2018.12.001
https://doi.org/10.1016/j.jri.2018.12.001
https://doi.org/10.18565/aig.2018.7.57-61
https://doi.org/10.18565/aig.2018.7.57-61
https://doi.org/10.18565/aig.2019.5.25-29
https://doi.org/10.1373/clinchem.2008.112797
https://doi.org/10.1373/clinchem.2008.112797
https://www.gene-quantification.de/chapter-3-pfaffl.pdf
https://www.gene-quantification.de/chapter-3-pfaffl.pdf
https://doi.org/10.1111/apm.13288

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Lebedeva O.P., Gryaznova M.V., Kozarenko O.N. et al. Vaginal microbiome
in patients with menstrual cycle disorders (review). [Mikrobiom
vlagalishcha pri narusheniyah menstrual'nogo cikla (obzor)]. Research
Results in Biomedicine. 2021;7(4):433-50. (In Russ.). https://doi.
0rg/10.18413/2658-6533-2021-7-4-0-9.

Philpott D.J., Girardin S.E. Nod-like receptors: sentinels at host
membranes. Curr Opin Immunol. 2010;22(4):428-34. https://doi.
0rg/10.1016/j.c0i.2010.04.010.

Saxena M., Yeretssian G. NOD-like receptors: master regulators of
inflammation and cancer. Front Immunol. 2014;5:327. https://doi.
0rg/10.3389/fimmu.2014.00327.

Lupfer C., Kanneganti T.D. Unsolved mysteries in NLR biology. Front
Immunol. 2013;4:285. https://doi.org/10.3389/fimmu.2013.00285.
Mukherjee T., Hovingh E.S., Foerster E.G. et al. NOD1 and NOD2 in
inflammation, immunity and disease. Arch Biochem Biophys.
2019;670:69-81. https://doi.org/10.1016/j.abb.2018.12.022.

Trindade B.C., Chen G.Y. NOD1 and NOD2 in inflammatory and infectious
diseases. Immunol Rev. 2020;297(1):139-61. https://doi.org/10.1111/
imr.12902.

King A.E., Horne A.W., Hombach-Klonisch S. et al. Differential expression
and regulation of nuclear oligomerization domain proteins NOD1 and
NOD2 in human endometrium: a potential role in innate inmune
protection and menstruation. Mol Hum Reprod. 2009;15(5):311-9.
https://doi.org/10.1093/molehr/gap020.

Zhang Y. Chen H., Sun C. et al. Expression and functional characterization
of NOD2 in decidual stromal cells Isolated during the first trimester of
pregnancy. PLoS One. 2014;9(6):e99612. https://doi.org/10.1371/journal.
pone.0099612.

Zhang Y., Yang C,, Fu S. et al. Different expression of NOD2 in decidual
stromal cells between normal and unexplained recurrent spontaneous
abortion women during first trimester gestation. IntJ Clin Exp Pathol.
2014;7(12):8784-90.

Wang Z., Liu M., Nie X. et al. NOD1 and NOD2 control the invasiveness of
trophoblast cells via the MAPK/p38 signaling pathway in human first-
trimester pregnancy. Placenta. 2015;36(6):652-60. https://doi.
0rg/10.1016/j.placenta.2015.03.004.

Nuntepatypa:

D'Ippolito S., Tersigni C., Marana R. et al. Inflammosome in the human
endometrium: further step in the evaluation of the “maternal side”. Fertil
Steril. 2016;105(1):111-118.e1-4. https://doi.org/10.1016/j.
fertnstert.2015.09.027.

Nle6enesa O.MN., Kupko P. Skcnpeccus T011-N0A06HBIX peLenTopos B
XEHCKOM PenpofyKTUBHOM TpakTe W ee ropMOHaNbHaa perynauus
(0630p). HayuHble pe3ynbTaTbl 6UOMEANLUHCKMX UCCNEeS0BaHNIA.
2018;4(3):3-17.

Lebedeva O.P., Pakhomov S.P., Ivashova O.N. et al. Expression of TLR
1-10 and caspase-3 alfa in human endometrium at women with early
miscarriages. Giornale ltaliano di Ostetricia e Ginecologia.
2013;35(1):270-1.

Kolben T.M., Rogatsch E., Hester A. et al. Involvement of ILR4a and TLR4
in miscarriages. J Reprod Immunol. 2019;131:36-43. https://doi.
0rg/10.1016/j.jri.2018.12.001.

Ne6enesa O.NM., Xykosa W.0., NBawosa O.H. n ap. Ponb pelentopos
RIG-I, AIM2 n IFI16, pacnosHatownx supycHyo HK u PHK, B natoreHese
€amMonpou3BO/bHbIX BblKUAbILE W HepasBuBaloLyeiics 6epeMeHHOCTH
paHHUX CPOKOB. AKyLLEpCTBO W rnHekonorus. 2018;(7):57-61.
https://doi.org/10.18565/aig.2018.7.57-61.

Ne6egesa O.N., MBawosa O.H., Maxomos C.M. 1 ap. HeBblHalIMBaHME

6epeMeHHOCTM Kak npobnema UMMYHHOTO koHukTa. Mpobnemsl penpo-

aykuumn. 2014;(6):88-91.

Nle6epesa O.M. Ponb pewentopos NOD1 u NOD2 B pacno3HaBaHun nato-
TEHOB B )XEHCKOM PenpofyKTUBHOM TpakTe. AKyLIEPCTBO U TMHEKONOTUA.
2019;(5):25-9. https://doi.org/10.18565/aig.2019.5.25-29.

Bustin S.A., Benes V., Garson J.A. et al. The MIQE guidelines: minimum
information for publication of quantitative real-time PCR experiments.
Clin Chem. 2009;55(4):611-22. https://doi.org/10.1373/
clinchem.2008.112797.

Pffafl M.W. Quantification strategies in real-time PCR. In: AZ of
quantitative PCR. Ed. S.A. Bustin. Intenational University Line, 2004.

22.

23.

24.

25.

26.

27.

28.

29.

30.

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Im S.S., Yousef L., Blaschitz C. et al. Linking lipid metabolism to the innate

immune response in macrophages through sterol regulatory element
binding protein-1a. Cell Metab. 2011;13(5):540-49. https://doi.
0rg/10.1016/j.cmet.2011.04.001.

Bruey J.M., Bruey-Sedano N., Luciano F. etal. Bcl-2 and Bcl-XL regulate
proinflammatory caspase-1 activation by interaction with NALP1. Cell.
2007;129(1):45-56. https://doi.org/10.1016/j.cell.2007.01.045.

Faustin B., Chen Y., Zhai D. et al. Mechanism of Bcl-2 and Bcl-XL
inhibition of NLRP1 inflammasome: Loop domain-dependent suppression
of ATP binding and oligomerization. Proc NatlAcad Sci U SA.
2009;106(10):3935-40. https://doi.org/10.1073/pnas.0809414106.
Lebedeva O.P., Zhukova 1.0., Ivashova O.N. et al. Proteins P53 and BCL-2
in pathogenesis of missed and spontaneous abortions. Drug Invention
Today. 2017;9(3):65-8.

Fusco W.G., Duncan J.A. Novel aspects of the assembly and activation of
inflammasomes with focus on the NLRC4 inflammasome. Int Immunol.
2018;30(5):183-93. https://doi.org/10.1093/intimm/dxy009.

de Zoete M.R., Palm N.W., Zhu S. et al. Inflammasomes. Cold Spring Harb
Perspect Biol. 2014;6(12):a016287. https://doi.org/10.1101/cshperspect.
a016287.

Grasso E., Gori S., Soczewski E. et al. Impact of the Reticular Stress and
Unfolded Protein Response on the inflammatory response in endometrial
stromal cells. Sci Rep. 2018;8(1):12274. https://doi.org/10.1038/s41598-
018-29779-8.

Lu M., Ma F,, Xiao J. et al. NLRP3 inflammasome as the potential

target mechanism and therapy in recurrent spontaneous abortions.

Mol Med Rep. 2019;19(3):1935-41. https://doi.org/10.3892/
mmr.2019.9829.

Denou E., Lolmede K., Garidou L. et al. Defective NOD2 peptidoglycan
sensing promotes diet-induced inflammation, dysbiosis, and insulin
resistance. EMBO Mol Med. 2015;7(3):259-74. https://doi.org/10.15252/
emmm.201404169.

Anderson B.L., Simhan H.N., Simons K.M., Wiesenfeld H.C. Untreated
asymptomatic group B streptococcal bacteriuria early in pregnancy and
chorioamnionitis at delivery. Am J Obstet Gynecol. 2007;196(6):524.e1-5.
https://doi.org/10.1016/j.ajog.2007.01.006.

Chapter 3. 87-112. Available at: https://lwww.gene-quantification.de/
chapter-3-pfaffl.pdf. [Accessed: 15.07.2023].

Lebedeva O.P., Popov V.N., Syromyatnikov M.Y. et al. Female
reproductive tract microbiome and early miscarriages. APMIS.
2023;131(2):61-76. https://doi.org/10.1111/apm.13288.

Nle6epesa O.M., MpasHoBa M.B., KosapeHko O.H. n gp. Mukpo6uom Bnara-
NNLLA NpY HapyLeHNaX MeHCTPyansHoro Lukna (063op). HayuHble
pesynbTaThbl 6UOMe[NLMHCKNX nccneaoBannii. 2021;7(4):433-50.
https://doi.org/10.18413/2658-6533-2021-7-4-0-9.

Philpott D.J., Girardin S.E. Nod-like receptors: sentinels at host
membranes. Curr Opin Immunol. 2010;22(4):428-34. https://doi.
0rg/10.1016/j.c0i.2010.04.010.

Saxena M., Yeretssian G. NOD-like receptors: master regulators of
inflammation and cancer. Front Immunol. 2014;5:327. https://doi.
0rg/10.3389/fimmu.2014.00327.

Lupfer C., Kanneganti T.D. Unsolved mysteries in NLR biology. Front
Immunol. 2013;4:285. https://doi.org/10.3389/fimmu.2013.00285.
Mukherjee T., Hovingh E.S., Foerster E.G. et al. NOD1 and NOD2 in
inflammation, immunity and disease. Arch Biochem Biophys.
2019;670:69-81. https://doi.org/10.1016/j.abb.2018.12.022.

Trindade B.C., Chen G.Y. NOD1 and NOD2 in inflammatory and infectious
diseases. Immunol Rev. 2020;297(1):139-61. https://doi.org/10.1111/
imr.12902.

King A.E., Horne A.W., Hombach-Klonisch S. et al. Differential expression
and regulation of nuclear oligomerization domain proteins NOD1 and
NOD2 in human endometrium: a potential role in innate immune
protection and menstruation. Mol Hum Reprod. 2009;15(5):311-9.
https://doi.org/10.1093/molehr/gap020.

Zhang Y. Chen H., Sun C. et al. Expression and functional characterization
of NOD2 in decidual stromal cells Isolated during the first trimester of
pregnancy. PLoS One. 2014;9(6):e99612. https://doi.org/10.1371/journal.
pone.0099612.

ro


https://doi.org/10.18413/2658-6533-2021-7-4-0-9
https://doi.org/10.18413/2658-6533-2021-7-4-0-9
https://doi.org/10.1016/j.coi.2010.04.010
https://doi.org/10.1016/j.coi.2010.04.010
https://doi.org/10.3389/fimmu.2014.00327
https://doi.org/10.3389/fimmu.2014.00327
https://doi.org/10.3389/fimmu.2013.00285
https://doi.org/10.1016/j.abb.2018.12.022
https://doi.org/10.1111/imr.12902
https://doi.org/10.1111/imr.12902
https://doi.org/10.1093/molehr/gap020
https://doi.org/10.1371/journal.pone.0099612
https://doi.org/10.1371/journal.pone.0099612
https://doi.org/10.1016/j.placenta.2015.03.004
https://doi.org/10.1016/j.placenta.2015.03.004
https://doi.org/10.1016/j.cmet.2011.04.001
https://doi.org/10.1016/j.cmet.2011.04.001
https://doi.org/10.1016/j.cell.2007.01.045
https://doi.org/10.1073/pnas.0809414106
https://doi.org/10.1093/intimm/dxy009
https://doi.org/10.1101/cshperspect.a016287
https://doi.org/10.1101/cshperspect.a016287
https://doi.org/10.1038/s41598-018-29779-8
https://doi.org/10.1038/s41598-018-29779-8
https://doi.org/10.3892/mmr.2019.9829
https://doi.org/10.3892/mmr.2019.9829
https://doi.org/10.15252/emmm.201404169
https://doi.org/10.15252/emmm.201404169
https://doi.org/10.1016/j.ajog.2007.01.006
https://doi.org/10.1016/j.fertnstert.2015.09.027
https://doi.org/10.1016/j.fertnstert.2015.09.027
https://doi.org/10.1016/j.jri.2018.12.001
https://doi.org/10.1016/j.jri.2018.12.001
https://doi.org/10.18565/aig.2018.7.57-61
https://doi.org/10.18565/aig.2019.5.25-29
https://doi.org/10.1373/
https://www.gene-quantification.de/chapter-3-pfaffl.pdf
https://www.gene-quantification.de/chapter-3-pfaffl.pdf
https://doi.org/10.1111/apm.13288
https://doi.org/10.18413/2658-6533-2021-7-4-0-9
https://doi.org/10.1016/j.coi.2010.04.010
https://doi.org/10.1016/j.coi.2010.04.010
https://doi.org/10.3389/fimmu.2014.00327
https://doi.org/10.3389/fimmu.2014.00327
https://doi.org/10.3389/fimmu.2013.00285
https://doi.org/10.1016/j.abb.2018.12.022
https://doi.org/10.1111/imr.12902
https://doi.org/10.1111/imr.12902
https://doi.org/10.1093/molehr/gap020
https://doi.org/10.1371/journal.pone.0099612
https://doi.org/10.1371/journal.pone.0099612

19. Zhang Y., Yang C., Fu S. et al. Different expression of NOD2 in decidual 25. Fusco W.G., Duncan J.A. Novel aspects of the assembly and activation of

stromal cells between normal and unexplained recurrent spontaneous inflammasomes with focus on the NLRC4 inflammasome. Int Immunol.
abortion women during first trimester gestation. IntJ Clin Exp Pathol. 2018;30(5):183-93. https://doi.org/10.1093/intimm/dxy009.
2014;7(12):8784-90. 26. de Zoete M.R., Palm N.W., Zhu S. et al. Inflammasomes. Cold Spring Harb
20. Wang Z, Liu M., Nie X. et al. NOD1 and NOD2 control the invasiveness of Perspect Biol. 2014;6(12):a016287. https://doi.org/10.1101/cshperspect.
trophoblast cells via the MAPK/p38 signaling pathway in human first- a016287.
trimester pregnancy. Placenta. 2015;36(6):652-60. https://doi. 27. Grasso E., Gori S., Soczewski E. et al. Impact of the Reticular Stress and
0rg/10.1016/j.placenta.2015.03.004. Unfolded Protein Response on the inflammatory response in endometrial
21. Im S.S., Yousef L., Blaschitz C. et al. Linking lipid metabolism to the innate stromal cells. SciRep. 2018;8(1):12274. https://doi.org/10.1038/s41598-
immune response in macrophages through sterol regulatory element 018-29779-8.
binding protein-1a. Cell Metab. 2011;13(5):540-49. https://doi. 28. Lu M., Ma F, Xiao J. et al. NLRP3 inflammasome as the potential
0rg/10.1016/j.cmet.2011.04.001. target mechanism and therapy in recurrent spontaneous abortions.
22. Bruey J.M., Bruey-Sedano N., Luciano F. et al. Bcl-2 and Bcl-XL regulate Mol Med Reps. 2019;19(3):1935-41. https://doi.org/10.3892/
proinflammatory caspase-1 activation by interaction with NALP1. Cell. mmr.2019.9829.
2007;129(1):45-56. https://doi.org/10.1016/j.cell.2007.01.045. 29. Denou E, Lolmede K., Garidou L. et al. Defective NOD2 peptidoglycan
23. Faustin B., Chen Y., Zhai D. et al. Mechanism of Bcl-2 and Bcl-XL sensing promotes diet-induced inflammation, dysbiosis, and insulin
inhibition of NLRP1 inflammasome: Loop domain-dependent suppression resistance. EMBO Mol Med. 2015;7(3):259-74. https://doi.org/10.15252/
of ATP binding and oligomerization. Proc NatlAcad Sci U SA. emmm.201404169.
2009;106(10):3935-40. https://doi.org/10.1073/pnas.0809414106. 30. Anderson B.L., Simhan H.N., Simons K.M., Wiesenfeld H.C. Untreated
24. Lebedeva O.P., Zhukova I.0., Ivashova O.N. et al. Proteins P53 and BCL-2 asymptomatic group B streptococcal bacteriuria early in pregnancy and
in pathogenesis of missed and spontaneous abortions. Drug Invention chorioamnionitis at delivery. Am J Obstet Gynecol. 2007;196(6):524.e1-5.
Today. 2017;9(3):65-8. https://doi.org/10.1016/j.ajog.2007.01.006.

About the authors:

Olga P. Lebedeva - MD, Dr Med Sci, Associate Professor, Professor, Department of Obstetrics and Gynecology, Belgorod National Research University, Belgorod,
Russia; Leading Researcher, Laboratory of Metagenomics and Food Biotechnology, Voronezh State University of Engineering Technologies, Voronezh, Russia.
E-mail: lebedeva@bsu.edu.ru. ORCID: https://orcid.org/0000-0002-7188-6780. Scopus Author ID: 55655876400. Researcher ID: E-5969-2015.

Victoria M. Ivannikova - MD, Postgraduate Student, Department of Obstetrics and Gynecology, Belgorod National Research University, Belgorod, Russia; Ultra-
sound Doctor, Prenatal Diagnostics Room, Bauman City Clinical Hospital No. 29, Moscow, Russia. ORCID: https://orcid.org/0000-0002-3103-7864.

Irina O. Zhukova - MD, Postgraduate Student, Department of Obstetrics and Gynecology, Belgorod National Research University, Belgorod, Russia; Obstetrician-
Gynecologist, Regional Rakityanskaya Central District Hospital, Rakitnoe, Belgorod region, Russia. ORCID: https://orcid.org/0000-0002-8393-2852.

Olesya N. Kozarenko - MD, PhD, Associate Professor, Department of Obstetrics and Gynecology, Belgorod National Research University, Belgorod, Russia;
Researcher, Laboratory of Metagenomics and Food Biotechnology, Voronezh State University of Engineering Technologies, Voronezh, Russia. ORCID: https://orcid.
0rg/0000-0003-1480-2234. Scopus Author ID: 57443919600.

Oxana B.Altuhova - MD, Dr Med Sci, Associate Professor, Head of the Department of Obstetrics and Gynecology, Belgorod National Research University, Belgorod,
Russia; Head of Gynecological Department, Belgorod Regional Clinical Hospital of St. Joasaph, Belgorod, Russia. ORCID: https://orcid.org/0000-0003-4674-8797.
Scopus Author ID: 57216900558.

Sergey P. Pakhomov - MD, Dr Med Sci, Professor, Vice-Rector for Medical Activities and Regional Health Development; Professor, Department of Obstetrics and
Gynecology, Kursk State Medical University, Kursk, Russia. ORCID: https://orcid.org/0000-0001-8113-4788. Scopus Author ID: 57211600515.

Mikhail I. Churnosov - MD, Dr Med Sci, Professor, Head of the Department of Medical and Biological Disciplines, Belgorod National Research University, Belgorod,
Russia. ORCID: https://orcid.org/0000-0003-1254-6134. Scopus Author ID: 6601948788.

CBefleHust 06 aBTOpax:

Nle6eseBa Onbra MMeTpoBHa - f.M.H., OLEHT, npodeccop kadeapbl akywepcTsa U ruxekonorun ®rAOY BO «Benropopckuit rocyfapcTBeHHbli HaLMOHaNbHbIN
nccnepoBatenbCkid YHUBepeuTeT», Benropod, Poccus; Befywmit HayuHbld COTPYAHUK nabopaTopui MeTareHOMMKM W nulieBbiX GuoTexHonornit ®re0Y BO
«BOpOHEXCKNIA TOCYAapCTBEHHbIN YHUBEPCUTET WHXEHEPHbIX TeXHONoruiA», BopoHex, Poccus. E-mail: lebedeva@bsu.edu.ru. ORCID: https://orcid.org/0000-
0002-7188-6780. Scopus Author ID: 55655876400. Researcher ID: E-5969-2015.

BaHHWKOBa BukTOpMsS MuxaiinoBHa - acnupaHT kadefpbl akywepctsa W ruHekonornn ®rAOY BO «Benropogckuit rocyfapCTBEHHbI HaLMOHANbHbINA
nccneposatesbCkiii yHuBepcuteT», Benropog, Poccus; Bpad ynbTpa3BykoBOil AUArHoCTUKN KabuHeTa npeHatanbHoii AuardocTukin NbY3 «lopofckas knuHuyeckas
6onbHuua Ne 29 umenn H.3. BaymaHa [lenapTameHTa 34paBooxpaHeHus ropoga Mockebl», Mocksa, Poccusi. ORCID: https://orcid.org/0000-0002-3103-7864.
XykoBa VpuHa OneroBHa - acnupaHT kadefpbl akywepcrsa v ruHekonornn rAQY BO «benropofckuii rocyaapcTBerHbI HaLMOHaNbHbIA nccnefoBaTenbCKuii
yHuBepcuteT», benropog, Poccus; Bpay akywep-ruHekonor OBY3 «PakuTaHckas LeHTpanbHas paiioHHas 6onbHUua», Benropofckas o6nactb, PakuTHoe,
Poccusi. ORCID: https://orcid.org/0000-0002-8393-2852.

KosapeHko Onecs HukonaeBHa - K.M.H., [JOLEHT Kadefpbl akywepcTa W ruHekonornn OrAQY BO «Benropofckuii rocyfapcTBeHHbI HalMOHaNbHbINA
nccnepoBatesbCkiii yHuBepcuteT», benropog, Poccus; HayuHblil COTPYAHNUK nabopaTopun MeTareHoMUKI 1 NuLLeBbIX 6uoTexHonornit PrAOY BO «BopoHexckuit
rOCYAapCTBEHHbIA YHNBEPCUTET UHXEHEPHbIX TeXHONOrNii», BopoHex, Poccusi. ORCID: https://orcid.org/0000-0003-1480-2234. Scopus Author ID: 57443919600.
AnTyxoBa OkcaHa BopucoBHa - A.M.H., JOLEHT, 3aB. kacheapoil akywepcTBa u ruHekonornu, ®rAOY BO «benropofckuii rocyaapCTBeHHbIR HauWoHaNbHbIA
nccnepoBatenbCkiii yHUBepcuTeT», benropod, Poccus; 3aB. oTAeneHnem rudekonorun OFBY3 «benropofckas obnactHas knuHudyeckas 6onbHuua CeaTMTENs
Moacada», Benropoa, Poccus. ORCID: https://orcid.org/0000-0003-4674-8797. Scopus Author ID: 57216900558.

Naxomos Cepreil MeTpoBWY - A.M.H., Npoheccop; NPopekTop N0 MeAULMHCKONA AeATeNbHOCT U pPas3BUTUI0 PernoHanbHOr0 34paBoOXpaHeHns; npoteccop
kaceapbl akywepcTsa u rudekonorun, Ore0Y BO «Kypckuit rocyfapCTBeHHbIi MefULNHCKNA YHUBEpPCUTET» MUHUCTepCTBa 34paBOOXpaHeHns Poccuiickoit
Odepepaumnu, Kypck, Poccus. ORCID: https://orcid.org/0000-0001-8113-4788. Scopus Author ID: 57211600515.

YypHocoB Mwuxann MBaHoBMY - [.M.H., npodeccop 3aB. kadepapoii meauko-6uonoruyeckux aucuunand ®rAOY BO «Benropoackuii rocyfapcTBeHHbIi
HaunoHanbHbI nccnegosatensckuii yunsepcutet», benropoa, Poceus. ORCID: https://orcid.org/0000-0003-1254-6134. Scopus Author ID: 6601948788.

on—o0

'Uao ESHU’? E o

3z g =

o_><onﬁ\

—
)

Ci

tn

TH E

=)


https://doi.org/10.1016/j.placenta.2015.03.004
https://doi.org/10.1016/j.placenta.2015.03.004
https://doi.org/10.1016/j.cmet.2011.04.001
https://doi.org/10.1016/j.cmet.2011.04.001
https://doi.org/10.1016/j.cell.2007.01.045
https://doi.org/10.1073/pnas.0809414106
https://doi.org/10.1093/intimm/dxy009
https://doi.org/10.1101/cshperspect.a016287
https://doi.org/10.1101/cshperspect.a016287
https://doi.org/10.1038/s41598-018-29779-8
https://doi.org/10.1038/s41598-018-29779-8
https://doi.org/10.3892/mmr.2019.9829
https://doi.org/10.3892/mmr.2019.9829
https://doi.org/10.15252/emmm.201404169
https://doi.org/10.15252/emmm.201404169
https://doi.org/10.1016/j.ajog.2007.01.006
mailto:lebedeva@bsu.edu.ru
https://orcid.org/0000-0002-7188-6780
https://orcid.org/0000-0002-3103-7864
https://orcid.org/0000-0002-8393-2852
https://orcid.org/0000-0003-1480-2234
https://orcid.org/0000-0003-1480-2234
https://orcid.org/0000-0003-4674-8797
https://orcid.org/0000-0001-8113-4788
https://orcid.org/0000-0003-1254-6134
mailto:lebedeva@bsu.edu.ru
https://orcid.org/0000-0002-7188-6780
https://orcid.org/0000-0002-7188-6780
https://orcid.org/0000-0002-3103-7864
https://orcid.org/0000-0002-8393-2852
https://orcid.org/0000-0003-1480-2234
https://orcid.org/0000-0003-4674-8797
https://orcid.org/0000-0001-8113-4788
https://orcid.org/0000-0003-1254-6134

