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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 Il) 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 thrombophilia, uterine
malformations and fetal chromosomal abnormalities. Samples were collected by uterine abrasion.

Results. It was 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 NLRC4 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
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Pesiome

Beepenue. NOD-nofjo6Hble peLenTopbl — PELenTopbl, COLepXaLline HyKNeoTUA-CBA3bIBAIOLLNIA JOMEH 0NIMroMepru3aLmm (aHr.
nucleotide-binding oligomerization domain-like receptors), — 370 LMTONMa3MaTN4eCKIE CUrHATIbHbIE PELIENTOPbI KITETOK BPOXKIEeH-
HOr0 MMMYHUTETA, Pacno3HaloLLlMe NnuraHabl BUPYcoB, 6akTepui, rpn6os 1 npoctedwunx. OHM MOTYT MHAYLMPOBATL anonTos3
1 CUHTE3 NPOBOCNANUTENbHbIX LUMTOKMHOB. OAHako ponb NOD-nofo6HbIX peLentopoB AeuuayanbHOi TKaHW B maToreHese
HEeBbIHALLINBAHNS 6ePEMEHHOCTU PaHHKUX CPOKOB HE 13yvanach.

Llenb: n3y4ntb 9KCNpeccuo MaTpu4Hom puboHyknenHosom kncnotsl (MPHK) NOD-noao6HbIx peuentopos (NOD1, NOD2, NLRP1,
NLRP3, NLRC4) B feunayanbHON TKaHU NALMEHTOK C 3aMepLueil 6epeMeHHOCTbI0 M CaMONPOKU3BOSbHbIMI A60PTAMI B CPABHEHIY
C NPOrpeccupytoLLein 6epeMeHHOCTBHO.

Marepuanbl u metofbl. kcnpeccus MPHK NOD1, NOD2, NLRP1, NLRP3, NLRC4 n 6enika nx CurHanbHbIX NyTei, peLentopa,
B3aMMOJIENCTBYIOLLEr0 C CEPUH/TPEOHMHKIMHA30M 2 (aHrN. receptor-interacting-serine/threonine-protein kinase 2, RIP-2), B neun-
JyarnbHOI TKaHK 34 naumeHTOK C Hepas3BuBatoLLecs 6epeMeHHOCTbIO (rpynna |), 34 nauneHToK ¢ Camonpon3BObHbIMI BbIKUbI-
wamu (rpynna Il) n 57 »eHWKH ¢ nporpeccupyoLiein 6epeMeHHOCTbI0, NOCTYNUBLUNX AN NPOBEAEHNS MeAULMHCKOro abopTa
(rpynna I, koHTpONibHAA rpynna), 6bi1a n3y4eHa MeTo40M 06PATHOTPAHCKPUNTA3HOW KOSIMYECTBEHHOW NOSIMMEepPasHoil LenHom
peakuum (MLUP) Ha cpoke 6-10 Hen 6GepemeHHOCTW. KpuTtepuamm UCKITHOYEHUS Oblin SHOOKPUHHbIE 3a06051eBaHUSA, TsXeSble
9KCTpareHnTaIbHbIE 3a6051eBaHNA, aHTUAOCKHONMMNIHBIA CUHAPOM, HACNEACTBEHHAS TPOMBODUANA, AHOMANNIA MATKI 1 XPOMO-
COMHble aHoManuu nnoga. Marepman nony4anu nyTem BbICKabMBaHMs MoSI0CTU MaTKU.

PesynbTtatbl. kcnpeccus MPHK NOD2 6bina [OCTOBEPHO BbILLE B AeLAYyanbHON TKaHW NaLWMEHTOK C Hepa3BuBatoLLEncs bepe-
MEHHOCTbIO U CaMONPOU3BOSIbHBIMY BbIKUABILLAMU PAHHUX CPOKOB, a RIP-2 (6enka ero curHanbHbIx NyTen) — y XeHLUH C Hepas-
BMBAtOLLENCS GEPEMEHHOCTbIO. Y MALMEHTOK C MPOrpeccupytollein 6epeMeHHOCTbI0 Habntoganack YyMepeHHas NonoXuTenbHas
Koppensaums mexay cpokom 6epemeHHocTu 1 akenpeccuein NOD2 (R = 0,48; p = 0,01) n RIP-2 (R = 0,41; p = 0,007). Y »XeHLuH
C Hepa3BMBAKLLIECS 6EPEMEHHOCTbIO ObiNa BbISIBNEHA YMEPEHHaAs OTPULATENIbHASA KOPPENaLnsa Mexay Maccolii Tena u akcnpec-
cueit MPHK NOD2 (R =-0,46; p = 0,03) n RIP-2 (R =-0,51; p = 0,02). Y nauneHToK C Camonpon3BOJIbHbIMI BbIKUAbILLAMY PAHHUX
CPOKOB HabtoAanach yMepeHHas otpuuatenbHas koppensaums akcnpeccun MPHK RIP-2 ¢ maccoii Tena (R = -0,47; p = 0,04)
n uHpekcom maccbl Tena (R = —0,48; p = 0,04) n ymepeHHasa nonoxXxuTenbHas Koppenauus ¢ Bo3pactom meHapxe (R = 0,46;
p = 0,04). 3kcnpeccus MPHK NOD1, NLRP1, NLRP3 n NLRC4 B aeumayanbHO TKaHW NaLMEHTOK C Hepa3BuBatoLLeics 6epeMeH-
HOCTbIO 11 CAMONPON3BOMbHbLIMI BbIKMABILLIAMMU PAHHUX CPOKOB HE MMeNa J0CTOBEPHbIX PA3NNYMIA C MPOrpeccupytoLLen 6epeMeH-
HOCTbIO.

3aknovenue. Y nauneHToK ¢ HepasBUBaLOLLENCs 6ePEMEHHOCTBIO 1 CAMONPOWN3BOJIbHBIMI BbIKUAbILLAMMW PAHHUX CPOKOB B feLu-
[yanbHoW TKaHu Habntopaetcs ysenudenue akcnpeccuu MPHK NOD2 no cpaBHeHMto ¢ nporpeccupytoLleil 6epeMeHHOCTbIO,
y NaLMeHTOK C Hepa3ByBatoLLeincs 6epeMeHHOCTbI0 3TO CONPOBOXAaeTcs yBenuyeHnem akcnpeccun MPHK RIP-2. He BbisiBfieHO
BnusHne NOD1, NLRP1, NLRP3 n NLRC4 Ha naToreHe3 HeBblHALLIMBAHMS GEPEMEHHOCTM PaHHUX CPOKOB.

poxdoy pue A301000uAix) ‘so111918qQ)
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NOD-like receptors in pathogenesis of missed and early spontaneous abortions

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, whereas
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.

Introduction / BBemenue

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]. At the 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 (mMRNA) expres-
sion in decidual tissue from patients with missed and spon-
taneous abortions compared to progressive pregnancy.

Materials and Methods / MaTepuanst
H METOJIBI

Study design / [lu3aitH uccneoanus

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

OCHOBHbIE MOMEHTbI

Y10 yXe u3BECTHO 06 3Toil TEME?

» NOD-nofo6Hble peuentopbl — 370 Knacc 06pa3pacno3Hato-
LLMX PeLenTopoB, CNOCOGHbIX pacno3HaBaTth JIMraHabl MUKpO-
OPraHu3MOB M MHNLMNPOBATL BOCNaneHune 1 anonto3. OgHako
ponb NOD-nof06HbIX peLenTopoB B NAaTOreHe3e akyLepCKux
OCNOXHEHWI N3y4eHa HefoCTaTO4HO.

» dkcnpeccuss NOD-nogo6HbIX peLenTopoB K3y4eHa npeumy-
LLIECTBEHHO B Tpogho6nacTe, NnaLeHTe WU aMHUOTUYECKMX
0601104Kax, HO He B [eLMAYyanbHON TKaHN.

» [aHHble 0 ponu NOD-nofo6HbIX peLenTopoB B NaToreHese
HEBbIHALLUMBAHNA NPAKTUYECKN OTCYTCTBYHOT.

Y70 HOBOrO f1aeT cTaTbhA?

» Skcnpeccus MPHK NOD1, NLRP1, NLRP3 n NLRC4 B peunay-
aJTbHOM TKaHW NaUWMEHTOK C Hepas3BMBaKOLLECcS 6epemMeHHo-
CTbH) 1 CamMOMPON3BONbHbIMIA BbIKUMABILIAMU PAHHUX CPOKOB
He MMEET 3HAYMMbIX Pa3nn4uii ¢ MporpeccupyroLein 6epe-
MEHHOCTbIO.

» OpHako akcnpeccusi MPHK NOD2 focToBEpHO BblLLe Y naLm-
EHTOK C Hepas3BuBaAIOLLEC GEPeMEHHOCTbIO U CaMOMNpoOn3-
BOJIbHbIMU BbIKWbILLAMY PAHHUX CPOKOB, a SKCMPECCUs ero
curHanbHoro 6enika RIP-2 — TobKO y NALMEHTOK C HepasBu-
BAIOLLIECS 6EPEMEHHOCTBH).

Kak 3T0 MOXET NOBAUATb HA KNIMHNYECKYH) NPAKTUKY
B 0603pumom 6yayem?

» Peuentop NOD2 moxeT 6bITb NOTEHLNANbHOA MULLEHbIO Ans
NPOCHMNAKTMKIA 1 NEYEeHUs| HEeBbIHALLNBAHNA GepeMeHHOCTU
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 / Fpynnbl cpaBHeHUSA

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) - 57 wo-
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 / Kpurepun BkniovyeHus
U UCKNHOYEHUS

Inclusion criteria for group I: gestational age — from 6
to 10 weeks; clinical picture of missed abortion (crown-

http://www.gynecology.su
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NOD-like receptors
NOD-nopo6HbIe peuenTopbl

Inflammatory response induced

via NF-xB activation / Unpykums

BOCNANMTENIbHOro O0TBETa NyTem
akTusauuu NF-<B

Figure 1. Functions of NOD-like receptors.

Inflammasome formation /

dopmupoBaHue UHhnammacom

NLRP6
NLRP7
NLRP12

Inflammasome assembly and
inhibited NF-«xB-dependent cytokine
production / ®opmupoBaHue
MH(hnaMmacom 1 MHrH6UpoBaHUe
NF-kB-3aBucumon npoayKumm
LUTOKMHOB

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. ®yHkun NOD-nogo6HbIX PeLenTopos.

Tpumeyanne: NOD — HykneoTug-cesizbiBatoLymii JomeH onuromepudaruu; NLRP — HykneoTn-cBs3bIBatoLLuii JOMEH 0SINTrOMEepU3aLni, COAEPXaLLni
000ralLeHHble NeiunHOM MoBTOPbI 1 MUPUHOBBLIA gomeH; NLRC — peuenTtop, oTHocAwumiics k cemeiicTBy NOD-nofo6HbIX peLentopoB, CoOAepXaLLyuii JOMeH

CARD; NF-xB — HykneapHbiii 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 / MeTopbl uccnepoBaxus

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

o,
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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).

gqPCR-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 B-actin
were used as reference genes.

The results were calculated and presented in relative
units as 244%4 ysing the formula:

—(Cq target- (Cq ref1 + Cq ref2)/2
R = 2-(Catarget- (Cq reft + Cq ref2)/2)

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

Ethical aspects / 3Tuueckue 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
Committee of Belgorod Regional Clinical Hospital of

Table 1. Primers for quantitative polymerase chain reaction.

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

Statistical analysis / Ctatuctuyeckuin ananus

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 / Pe3yabraThI

Clinical and anamnestic characteristics of the groups
examined / KnuHUKO-aHaMHECTUYECKAA XapaKkTepucTuka
o6cneoBaHHbIX 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 /
Jkenpeccus MPHK NOD-nofo6HbIX peuenTtopos B
AeuuayanbHon TKaHu

NOD2 mRNA expression in decidual tissue from
patients with spontaneous abortions and missed

Ta6bnuua 1. Mpaitmepbl AN KONUYECTBEHHON MONMMEPA3HON LIEMHOIA peakLmn.

erein Product length, Annealing
Gene number basic pairs Forward primer 5'-3' Reverse primer 5'-3' temperature, °C
len K Inuna npopykra, Tpamoit npaiimep 5'-3' 06partHblii npaiimep5'-3' Temneparypa
of poctyna _ 0
napbl 0CHOBaHWH 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
B-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.

Tpumeyanmne: NOD — Hykneotng-cesiabiBatoLymii JomeH onnromepudamu; NLRP — HykneoTng-cBA3bIBaOLLMA JOMEH 0NINrOMepU3aUmni, CoRepXaLymi

060raLeHHbIe NeALMHOM MOBTOPbI M MUPUHOBLIN fomeH, NLRC4 — peyentop, oTHocAwuiics k cemerictay NOD-nofo6HbIX peyentopos, COAEPXaLynii JOMEH
CARD4; RIP-2 — peyentop, B3anMoJeiCTBYOLLNI C CEPUH/TPEOHNHKNHA30M 2; PPIA — nentugunnponnan3omepasa A.
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Table 2. Clinical and anamnestic characteristics of the women examined (M = SEM).

Tabnuua 2. KnuHuko-aHaMHeCTUYeCKas xapakTepueTika 06¢nef0BaHHbIX XXeHLuH (M + SEM).

Group | Group Il Group Il
Parameter
T rErr: Mpynna l Tpynna lI Tpynna lll Pis Pos Piy
n= 34 n= 34 n=57
Demographic characteristics / lemorpaghuyeckmne xapakTepucTmku
Age, years 27.88 +1.07 97.05+0.86 26.46 + 0.5 019 | 056 | 055
Bospacr, nert
Gestational age, weeks 750+0.39 750+0.39 8.23+0.18 006 | 006 | 099
Cpok 6epeMeHHOCTH, Hefieflb
Height, cm 162.96+127 | 165.95+1.31 16324+142 | 090 | 026 | 011
PocT, cm
Weight, kg 61.16 + 2.00 65.36 + 3.40 63.69 + 1.61 036 | 062 | 029
Macca Tena, kr
H 2
Body mass index, ko/m’ 23.010.75 23.64+1.10 2421+080 | 038 | 070 | 066
VIngekc maccebl Tena, Kr/m
Anamnesis data / [lJanHbie aHamMHe3a

Age of menarche, years 13.00 +0.32 1277 +0.30 12,68 +0.14 029 | 076 | 061
BoapacT meHapxe, Net
Duration of menstrual cycle, days | 2800+040 97.71+0.39 28.04+0.19 092 | 071 | 061
JnUTenbHOCTb MEHCTPYanbHOrO LUKNa, AHEN
Duration of menstruation, days 4745013 489+0.13 4.89+0.09 033 | 041 | 025
[NUTENbHOCTL MEHCTPYaLnK, OHEN
Total number of pregnancies, including: 2.83 + 0.41 977 +0.35 2.84+0.22 092 | 087 | 096
06LLee Konn4ecTso 6epPeMEHHOCTEN, BKIHYas:
childbirth / pogp! 0.96 + 0.26 0.77 +0.17 110+ 0.10 058 | 012 | 056
medical abortions / meanuuHcKne abopTbl 1.08£0.19 1.00+£0.20 1.71+£0.16 0.02 0.01 0.77
spontaneous abortions / 0.16 + 0.09 0.50 +0.13 0.03 + 0.02 011 | 0001 | 003
CaMOMpPOn3BOJIbHbIE BbIKAAbILLN
missed abortions / HepaseuBaioLaAc 0.63+0.13 050 £0.13 - 0001 | 0001 | 050
6epemMeHHOCTb

Note: p,_; - significant differences between group | and the control group, p,_s - significant difference between group Il and the control group; p_, — significant
difference between group I and group II; significant differences are highlighted in bold.

Tpumeqanme: p,_; — CTaTucTUHeckas 3HaYMMOCTb PASNINYNI MEXAY rPYnoi | v KOHTPOSILHOA rPYNNow; P,_g — CTATUCTUYECKAA 3HAYUMOCTb PA3INNIl MEXTY
rpynnov Il n KOHTPOSILHON TPYMMON; P1_p — CTATUCTUYECKAS SHAYUMOCTb PASNYuii Mexay rpynnamu | v Il; BbigeneHbl 3Ha4uMble Pasinyms.

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 / O6cy:kaeHue

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.

NOD?2 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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o Figure 2. Comparison of NLRs mRNA expression in decidual tissue from patients with missed abortions (group I, n = 34), spontaneous
E 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.
z Note: *p < 0.05 - significant inter-group differences; NOD1 - nucleotide-binding oligomerization domain 1, NOD2 — nucleotide-binding oligomerization domain 2;
< RIP-2 — receptor-interacting-serine/threonine-protein kinase 2; NLRP 1 — nucleotide-binding oligomerization domain, leucine rich repeat and pyrin domain
containing 1; NLRP 3 — nucleotide-binding oligomerization domain, leucine rich repeat and pyrin domain containing 3; NLRG4 — NLR family, CARD domain
containing 4.
PucyHok 2. CpasHeHwne akcnpeccun MPHK B feunyanbHON TKaHW Y NAUMEHTOK C HepasBuMBatoLLeics 6epeMeHHOCTbIO (rpynna |, n = 34),
Camomnpon3BosbHbIMI BbiKuAbILamu, (rpynna ll, n = 34) 1 XeHLMHaMK ¢ nporpeccupyroLLen 6epeMeHHOCTbI0, MOCTYNUBLUMMI 411
MeauumHekoro aéopta (rpynna lll, n = 57). JaHHble npeAcTaBsieHbl Kak MeanaHa u 95 % [A0BepuTenbHbI UHTEPBAN.
lpumeyanme: *p< 0.05 — 3Ha4umble pasmnyns mexgy rpynnamu; NOD1 — HykneoTua-cBsa3biBatoLymii JomeH onmromepudayuu 1; NOD2 — Hykneotng-
CBA3bIBAIOLLMIT JOMEH onuromepudauynn 2, RIP-2 — peLentop, B3anMogencTBYOLNIA ¢ CEepUH/TpeoHnHKknHa3oim 2; NLRP1 — HykneoTusg-cBa3biBarLLni JOMEH
0/IUromepu3aunm, Cogepxalynii 060raieHHbIe 1eALUHOM NOBTOPbI N MMPUHOBLIA foMeH, NLRP3 — HyKneoTn-cBa3bIBatoLLni JOMEH 07IMroMepu3aLmnm,
coAepxalLnii 060raLeHHbIe eRLMHOM MOBTOPbI 1 nupnHOBbIA JomeH 3; NLRC4 — peuyentop, oTHocALmiicsa K cemeiictBy NOD-mof06HbIX peLentopos,
cogepxatymii gomeH CARD4.
NOD2 intracellular signal transduction is presented by is important for elimination of viruses, bacteria, and
RIP-2 capable to activate NF-xB and mitogen-activated protozoa [15] as well as for antigen presentation [16].
protein kinase (MAPK) and resulting in production of pro- The expression of NOD2 mRNA and protein was detec-
inflammatory cytokines, chemokines and antimicrobial ted in the decidualized stroma and glandular epithelium
peptides [13]. in early ongoing pregnancy [17, 18]. It was found that
NOD2 also recognizes viral RNA leading to production in vitro stimulation of decidualized endometrial stromal
of interferon-f and activation of antiviral adapter protein cells by muramyl dipeptide upregulates expression of
mitochondrial antiviral-signaling protein (MAVS). NOD2 NOD2 mRNA and protein as well as further promotes
also triggers 2'-5'-oligoadenylate synthetase 2 (0AS2), secretion of monocyte chemoattractant protein 1
activating RNAse L leading to degradation of viral RNA (MCP-1) and interleukin-1p (IL-1p). IL-1pB, in turn, can
[14]. NOD2 ensures autophagy of infected cells, which 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 Ill 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 / OrpaHn4enus uccnegosanums

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 / 3ak1oueHne

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.
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