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Й  Nucleotide-binding oligomerization domain-like receptors (NOD-like receptors) are cytosolic signaling receptors of innate immune 0
^  cells recognizing ligands derived from  bacteria, viruses, fungi and protozoa. They can initiate apoptosis and pro-inflam m atory cn
Д  cytokines production. Meanwhile, the role of decidual NOD-like receptors in pathogenesis of early m iscarriages remains unknown. ^
^  Aim: to study NOD-like receptor (NOD1, NOD2, NLRP1, NLRP3, NLRC4) messenger ribonucleic acid (mRNA) expression in decidual ^

tissue from  patients w ith missed and spontaneous abortions compared to progressive pregnancy. ■:
Materials and Methods. NOD1, NOD2, NLRP1, NLRP3, NLRC4 and pathway protein receptor-interacting-serine/threonine-protein i±  cu
kinase 2 (RIP-2) mRNA expression in decidua from  34 patients w ith missed abortions (group I), 34 patients w ith spontaneous 
abortions (group II) and 57 women w ith progressive pregnancy admitted for artificia l abortion (group III, control group) were ro
analyzed by reverse transcription quantitative polymerase chain reaction (PCR) at gestational age of 6 -1 0  weeks. Exclusion criteria ^
were as fo llows: endocrine disorders, severe extragenital diseases, antiphospholipid syndrome, inherited throm bophilia, uterine c j ^  
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 w ith missed and spontaneous :e m
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 -Ъ
between body weight and mRNA expression fo r NOD2 (R = -0 .46 ; p = 0.03) and RIP-2 (R = -0 .51 ; p = 0.02) whereas spontaneous о
abortions was associated w ith 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 w ith moderate positive correlation w ith age of jc
menarche (R = 0.46; p = 0.04). However, compared w ith progressive pregnancy no significant differences were found in expression |э
level form  NOD1, NLRP1, NLRP3 and NLRC4 mRNA in decidua from  patients w ith missed and spontaneous abortions.

о  ;<
Conclusion. Elevated NOD2 mRNA expression was observed in decidua from  patients w ith missed and spontaneous abortions cc
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. ^
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Резюме
Введение. NOD-подобные рецепторы -  рецепторы, содержащие нуклеотид-связывающий домен олигомеризации (англ. 
nucleotide-binding oligomerization dom ain-like receptors), -  это цитоплазматические сигнальные рецепторы клеток врожден­
ного иммунитета, распознающие лиганды вирусов, бактерий, грибов и простейших. Они могут индуцировать апоптоз 
и синтез провоспалительных цитокинов. Однако роль NOD-подобных рецепторов децидуальной ткани в патогенезе 
невынашивания беременности ранних сроков не изучалась.
Цель: изучить экспрессию матричной рибонуклеиновой кислоты (мРНК) NOD-подобных рецепторов (NOD1, NOD2, NLRP1, 
NLRP3, N lRC4) в децидуальной ткани пациенток с замершей беременностью и самопроизвольными абортами в сравнении 
с прогрессирующей беременностью.
Материалы и методы. Экспрессия мРНК NOD1, NOD2, NLRP1, NLRP3, NLRC4 и белка их сигнальных путей, рецептора, 
взаимодействующего с серин/треонинкиназой 2 (англ. receptor-interacting-serine/threonine-protein kinase 2, RIP-2), в деци­
дуальной ткани 34 пациенток с неразвивающеся беременностью (группа I), 34 пациенток с самопроизвольными выкиды­
шами (группа II) и 57 женщ ин с прогрессирующей беременностью, поступивших для проведения медицинского аборта 
(группа III, контрольная группа), была изучена методом обратнотранскриптазной количественной полимеразной цепной 
реакции (ПЦР) на сроке 6 -1 0  нед беременности. Критериями исключения были эндокринные заболевания, тяжелые 
экстрагенитальные заболевания, антифосфолипидный синдром, наследственная тромбофилия, аномалии матки и хромо­
сомные аномалии плода. Материал получали путем выскабливания полости матки.
Результаты. Экспрессия мРНК NOD2 была достоверно выше в децидуальной ткани пациенток с неразвивающейся бере­
менностью и самопроизвольными выкидышами ранних сроков, а RIP-2 (белка его сигнальных путей) -  у женщ ин с нераз­
вивающейся беременностью. У пациенток с прогрессирующей беременностью наблюдалась умеренная положительная 
корреляция между сроком беременности и экспрессией NOD2 (R = 0,48; p = 0,01) и RIP-2 (R = 0,41; p = 0,007). У женщ ин 
с неразвивающейся беременностью была выявлена умеренная отрицательная корреляция между массой тела и экспрес­
сией мРНК N0D2 (R = -0 ,46 ; p = 0,03) и RIP-2 (R = -0 ,51 ; p = 0,02). У пациенток с самопроизвольными выкидышами ранних 
сроков наблюдалась умеренная отрицательная корреляция экспрессии мРНК RIP-2 с массой тела (R = -0 ,47 ; p = 0,04) 
и индексом массы тела ( r  = -0 ,48 ; p = 0,04) и умеренная положительная корреляция с возрастом менархе (R = 0,46; 
p = 0,04). Экспрессия мРНК NOD1, NLRP1, NLRP3 и NLRC4 в децидуальной ткани пациенток с неразвивающейся беремен­
ностью и самопроизвольными выкидышами ранних сроков не имела достоверных различий с прогрессирующей беремен­
ностью.
Заключение. У пациенток с неразвивающейся беременностью и самопроизвольными выкидышами ранних сроков в деци­
дуальной ткани наблюдается увеличение экспрессии мРНК NOD2 по сравнению с прогрессирующей беременностью, 
у пациенток с неразвивающейся беременностью это сопровождается увеличением экспрессии мРнК RIP-2. Не выявлено 
влияние NOD1, NLRP1, NLRP3 и NLRC4 на патогенез невынашивания беременности ранних сроков.

Ключевые слова: NOD-подобные рецепторы, NOD1, NOD2, RIP-2, NLRP1, NLRP3, NLRC4, неразвивающаяся беременность, 
самопроизвольный аборт, выкидыш, децидуальная ткань
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Highlights

What is already known about this subject?
► NOD-like receptors com prise a fam ily  of in tracellu lar pattern- 

recognition receptors sensing m icrobe-derived ligands and 
eliciting inflam m ation and apoptosis. Meanwhile, the data 
regarding a role of NOD-like receptors in pathogenesis of 
obstetrical com plications are sparse.

► The expression of NOD-like receptors is assessed 
predom inantly in the trophoblast, placenta and am niotic 
membranes, but not in decidual tissue.

► V irtually, no data on a role fo r  NOD-like receptors in the 
pathogenesis of m iscarriages are available.

What are the new findings?
► Expression of NOD1, NLRP1, NLRP3 and NLRC4 mRNA in 

decidua from  patients w ith missed and early spontaneous 
m iscarriages vs. ongoing pregnancy did not significantly 
differ.

► Meanwhile, NOD2 mRNA expression is s ign ificantly  higher in 
missed and early spontaneous m iscarriages, 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 fo r  prophylaxis 

and treatm ent of early miscarriage.

I n t f o d u c t i o n  /  В в е д е н и е

The unique feature  o f fem ale reproductive  tra c t is 
its a b ility  to  provide defense against pathogens and 
im m une to lerance to  sem ia llogeneic  fetus. It is know n 
th a t excessive im m une response to  exogenous and 
endogenous s tim u li can lead to  m iscarriage  [1 ].

In itia l pathogen recogn ition  is provided by innate 
im m une s igna lling  receptors, am ong w h ich  the role 
o f To ll-like  receptors  in the pathogenesis o f early 
m iscarriages has been large ly studied [2 -6 ] .  NOD-like 
receptors are pos itioned in the ce llu la r cytop lasm  and 
can recognize viruses, bacteria, pro tozoa and fung i in 
the fem ale genita l tra c t as w ell as partic ipa te  in inducing 
apoptos is  and in flam m ation  (Fig. 1 ) [7 ]. A t the same tim e, 
no data on the role o f NOD-like receptors in decidual 
tissue in pathogenesis o f early m iscarriages are cu rren tly  
available.

Aim: to study NOD-like receptor (NOD1, NOD2, NLRP1, 
NLRP3, NLRC4) messenger ribonucleic acid (mRNA) expres­
sion in decidual tissue from  patients w ith  missed and spon­
taneous abortions compared to progressive pregnancy.

M a t e r i a l s  a n d  M e t h o d s  /  М а т е р и а л ы  
и  м е т о д ы

Study design /  Дизайн исследования
Observational prospective cross-sectiona l com para­

tive coho rt study was perform ed in the Perinatal Center of 
Belgorod Regional C linical Hospital o f St. Joasaph. Quan-

Основные моменты

Что уже известно об этой теме?
► NOD-подобные рецепторы -  это класс образраспознаю- 

щих рецепторов, способных распознавать лиганды м икро­
организмов и инициировать воспаление и апоптоз. Однако 
роль NOD-подобных рецепторов в патогенезе акуш ерских 
осложнений изучена недостаточно.

► Экспрессия NOD-подобных рецепторов изучена преиму­
щественно в трофобласте, плаценте и амниотических 
оболочках, но не в децидуальной ткани.

► Данные о роли NOD-подобных рецепторов в патогенезе 
невынашивания практически отсутствуют.

Что нового дает статья?
► Экспрессия мРНК NOD1, NLRP1, NLRP3 и NLRC4 в дециду­

альной ткани пациенток с неразвивающейся беременно­
стью и самопроизвольными выкидышами ранних сроков 
не имеет значимых различий с прогрессирующ ей бере­
менностью.

► Однако экспрессия мРНК NOD2 достоверно выше у паци­
енток с неразвивающейся беременностью и самопроиз­
вольными выкидышами ранних сроков, а экспрессия его 
сигнального белка RIP-2 -  только у пациенток с неразви- 
вающейся беременностью.

Как это может повлиять на клиническую практику
в обозримом будущем?
► Рецептор NOD2 может быть потенциальной мишенью для 

профилактики и лечения невынашивания беременности 
ранних сроков.

tita tive  reverse-transcriptase polym erase chain reaction 
(PCR) was carried ou t in the Laboratory o f Human M olecu­
lar Genetics, Belgorod National Research University. Sam ­
ples were collected from  January 2017 till January 2018. 
Currently, artific ia l abortions in early pregnancy are p rov i­
ded on ly by adm in istered m edications (m ifepris tone + m iso ­
prosto l), therefore not a llow ing to  co llect endom etria l 
sam ples by curettage o f the uterine cavity at th is  gesta­
tional age. Hence, there were used com plem entary DNA 
(cDNA) from  previously collected samples. A fter extraction 
and reverse transcrip tion , cDNA was stored at - 8 0  °C (to 
store cDNA fo r unlim ited tim e) until fu rthe r investigated.

Comparison groups /  Группы сравнения
Total 125 wom en (aged 2 0 -3 5  years old) were exa­

m ined at a single tim e po in t (6 -1 0  weeks o f gestation). 
W omen were divided in to three groups: group I -  34 pa­
tients  w ith  m issed abortions, 27.88 ± 1.07 years old, 7.50 ± 
0.39 weeks o f gestation; group II -  34 patients w ith  sponta­
neous abortions, 27.05 ± 0.86 years old, 7.44 ± 0.37 weeks 
o f gestation; group III (contro l group) -  57 w o ­
men w ith  ongoing (progressive) pregnancy, adm itted to the 
Perinatal Center fo r artific ia l abortion, 26.46 ± 0.52 years 
old, 8.23 ± 0.18 weeks o f gestation. Baseline c lin ica l cha­
racteris tics  were recorded fo r all subject groups.

Inclusion and exclusion criteria /  Критерии включения 
и исключения

Inc lus io n  c rite ria  fo r  g roup  I: gesta tiona l age -  fro m  6 
to  10 weeks; c lin ica l p ic ture  o f m issed abortion  (c ro w n -
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NOD-like receptors 
NOD-подобные рецепторы

Inflammatory response induced 
via NF-k B activation /  Индукция 
воспалительного ответа путем 

активации NF-k B

Inflammasome formation /  
Формирование инфламмасом

Inflammasome assembly and 
inhibited NF-K B-dependent cytokine 

production /  Формирование 
инфламмасом и ингибирование 

NF-к В-зависимой продукции 
цитокинов

Figure 1. Functions of NOD-like receptors.
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-k B -nuclear factor kappa-B.

Рисунок 1. Ф ункции NOD-подобных рецепторов.
Примечание: NOD -  нуклеотид-связывающий домен олигомеризации; NLRP -  нуклеотид-связывающий домен олигомеризации, содержащий 
обогащенные лейцином повторы и пириновый домен; NLRC -  рецептор, относящийся к  семейству NOD-подобных рецепторов, содержащий домен  
CARD; NF-k B -  нуклеарный фактор каппа-B.

rum p length exceeds 7 m m , in case no em bryo heart­
beat, o r mean gesta tiona l sac d iam eter is m ore than 
25 m m  in absence o f em bryo, or em bryo w ith  heartbeat is 
absent fo r m ore than 14 days a fte r u ltrasound detection 
o f gesta tiona l sac w ith o u t yo lk  sac, or em bryo w ith  
heartbeat is absent 10 days a fte r u ltrasound exam ination 
detecting gesta tiona l sac w ith  yo lk  sac).

Inc lus io n  crite ria  fo r  g roup  II: gesta tiona l age -  from  
6 to  10 weeks; c lin ica l p ic ture  o f spontaneous abortion  
(presence o f the gesta tiona l sac com p le te ly  detached 
from  uterine w all, a fte r p rev ious ly  detected progressive 
pregnancy w ith  em bryo heartbeat, regu lar con trac tions  
o f shortened ce rv ix  m yom e trium , d ila tion  o f in ternal and 
in ternal cerv ica l os, expu ls ion o f gesta tiona l sac from  
uterine cav ity).

Inc lus io n  crite ria  fo r  g roup  III: gesta tiona l age -  from  
6 to  10 weeks; ongo ing  uterine pregnancy, detection 
o f em bryo heartbeat; a w om an adm itted  fo r a rtific ia l 
abortion  by uterine abrasion, w ritte n  and signed consent 
fo r uterine abrasion was obtained.

E xclusion crite ria : fetal ch rom osom a l abnorm a lities; 
uterine m a lfo rm ations; severe extragenita l diseases; 
endocrine d isorders; inherited th rom bop h ilia ; a n tiphos­
pho lip id  syndrom e; refuse to  sign pa tien t’s consent.

The d iagnosis  was made based on c lin ica l data and 
u ltrasound exam ination data to  be fu rth e r con firm ed  by 
h is topa tho log ica l exam ination.

Study methods /  Методы исследования
M essenger RNA expression fo r NOD1, NOD2, NLRP1, 

NLRP3, NLRC4 as w ell as related s igna lling  pathw ay p ro ­
te in RIP-2 (re ce p to r-in te ra c tin g -se rin e /th re o n in e -p ro te in  
kinase 2) in decidual sam ples was assessed by PCR ac­
co rd ing  to  MIQE (M in im um  In fo rm ation  fo r Pub lica tion of 
Q uantitative Real-Tim e PCR Experim ents) gu ide lines [8 ].

Epithelial tissue  sam ples were obta ined by uterine 
abrasion to  be stored in RNAlater so lu tion  (Therm o Fisher 
S c ien tific , M adison, WI, USA).

Trisol (Inv itrogen , W altham , MA, USA) was used fo r 
RNA iso la tion  fo llow ed  by runn ing  e th id ium  b rom ide- 
con ta in ing  agarose gel e lec trophores is  fo r q u a lity  con tro l. 
Next, RNA sam ples were treated w ith  by DNase I (RNase 
free) k it (Therm o Fisher S c ien tific , M adison, WI, USA) to 
avoid genom ic DNA con tam ina tion . Reverse transcrip tase  
M in t k it was used to  run reverse tra n sc rip tio n  added 
w ith  20 pM of o ligoD T (Evrogen, M oscow , Russia) 
and 500 ng o f RNA using PCR Therm al Cycler “ Tercyc” 
(DNA Technology, M oscow , Russia). cDNA qua lity  was
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analysed in e th id ium  b rom ide -con ta in ing  agarose gel 
e lectrophoresis .

PCR p rim ers  were designed using NCBI (National 
Center fo r B io techno logy In fo rm ation ) database (Bethes- 
da, MD, USA) (Table 1 ).

qPCR -m ix HS SYBR k it (Evrogen, M oscow , Russia) 
was used fo r a m p lifica tion  reaction using am p lifie r 
CFX96 (B io-Rad, Hercules, CA, USA) as fo llow s : 14 pL of 
s terile  water, 2 pL o f fo rw ard  and reverse p rim ers  each, 
5 pL o f qPCRm ix HS SYBR, and 2 pL o f cDNA sam ple (in 
trip lica te s). The a m p lifica tion  cycle included: 5 m inutes 
at 95 °C, fo llow ed  by 45 th ree-step  cycles (15 seconds 
at 95 °С, 30 seconds at annealing tem perature  accord ing, 
see Table 1 , and 30 seconds at 68 °C). Two housekeeping 
genes -  pep tidy lp ro ly lisom erase  А (PPIA) and p -ac tin  
were used as reference genes.

The resu lts  were calcu lated and presented in relative 
un its  as 2- ^ ^ Cq using the form ula :

R = 2- (C q  ta rg e t-  (C q ref1 + Cq re f2 )/2 )

where R -  norm alized mRNA expression o f study gene; 
Cq ref1 and Cq ref2 -  Cq o f housekeeping genes; Cq 
ta rge t -  Cq o f study gene [9 ].

Ethical aspects /  Этические аспекты
The study was designed in accordance w ith  the 

ethical s tandards o f the Declaration o f Helsinki o f the 
W orld  M edical A ssocia tion  (1964) and its  subsequent 
am endm ents and com parab le  eth ica l standards. All 
patients signed w ritte n  consent fo r co llection  o f sam ples 
and c lin ica l data, inc lud ing  perm iss ion  fo r pub lica tion  
w ith o u t personal data. The study was approved by Ethics 
C om m ittee o f Be lgorod Regional C linical Hospita l o f

St. Joasaph, Belgorod, Russia (P ro toco l No. 15 dated of 
December 21, 2016).

Statistical analysis /  Статистический анализ
Sta tis tica l analysis was perform ed by using S ta tis tica  

13.2 (S ta tso ft Inc., Tulsa, OK, USA) and GraphPad Prism  
8.0 (D otm atics, Boston, MA, USA) softw are. N orm a lity  of 
d is tr ib u tio n  was estim ated by K o lm o g o ro v -S m irn o v  test. 
If norm al d is tr ib u tio n  was found, data were presented as 
M ± SEM and in te r-g ro up  d iffe rences w ere estim ated by 
t- te s t fo r  independent sam ples. If non-no rm a l d is tribu tion  
was detected, resu lt values were represented as median 
w ith  95 % confidence in terval (CI) and in te r-g ro up  
d iffe rences were estim ated by M a n n -W h itn e y  U-test. 
C orre lation analysis was perform ed using Spearm an's 
rank c rite rion . D ifferences were considered s ig n ifica n t at 
p-va lue <  0.05.

R e s u lt s  /  Р е з у л ь т а т ы

Clinical and anamnestic characteristics of the groups 
examined /  Клинико-анамнестическая характеристика 
обследованных групп

All studied g roups were com patib le  by age, gestational 
age, and m orphom etric  param eters -  w e igh t, he ight, and 
body mass index (BM I). No s ig n ifica n t d iffe rences in 
anam nesis data were found between all studied groups, 
except pregnancy ou tcom es (Table 2 ).

NOD-like receptor mRNA expression in decidual tissue /  
Экспрессия мРНК NOD-подобных рецепторов в 
децидуальной ткани

NOD2 mRNA expression in decidual tissue from  
patients w ith  spontaneous abo rtions  and m issed

Table 1. Primers fo r  quantitative polymerase chain reaction.

Таблица 1. Праймеры для количественной полимеразной цепной реакции.

Gene
Ген

Accession 
number 

Код доступа

Product length, 
basic pairs 

Длина продукта, 
пары оснований

Forward primer 5'-3' 
Прямой праймер 5'-3'

Reverse primer 5'-3' 
Обратный праймер5'-3'

Annealing 
temperature, °C 
Температура 

отжига, °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 o r RIP2);
PPIA -  peptidylprolylisom erase A.
Примечание: NOD -  нуклеотид-связывающий домен олигомеризации; NLRP -  нуклеотид-связывающий домен олигомеризации, содержащий 
обогащенные лейцином повторы и пириновый домен; NLRC4 -  рецептор, относящийся к  семейству NOD-подобных рецепторов, содержащий домен  
CARD4; RIP-2 -  рецептор, взаимодействующий с серин/треонинкиназой 2; PPIA -  пептидилпролилизомераза A.
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Table 2. Clinical and anamnestic characteristics of the women examined (M ± SEM).

Таблица 2. Клинико-анамнестическая характеристика обследованных женщ ин (M ± SEM).

Parameter
Показатель

Group I 
Группа I 
n = 34

Group II 
Группа II 

n = 34

Group III 
Группа III 

n = 57
р1-з р2-3 р1-2

Demographic characteristics /  Демографические характеристики

Age, years 
Возраст, лет

27.88 ± 1.07 27.05 ± 0.86 26.46 ± 0.52 0.19 0.56 0.55

Gestational age, weeks 
Срок беременности, недель

7.50 ± 0.39 7.50 ± 0.39 8.23 ± 0.18 0.06 0.06 0.99

Height, cm 
Рост, см

162.96 ± 1.27 165.95 ± 1.31 163.24 ± 1.42 0.90 0.26 0.11

Weight, kg 
Масса тела, к г

61.16 ± 2.00 65.36 ± 3.40 63.69 ± 1.61 0.36 0.62 0.29

Body mass index, kg/m 2 
Индекс массы тела, кг/м 2

23.01 ± 0.75 23.64 ± 1.10 24.21 ± 0.80 0.38 0.70 0.66

Anamnesis data /  Данные анамнеза

Age of menarche, years 
Возраст менархе, лет

13.00 ± 0.32 12.77 ± 0.30 12.68 ± 0.14 0.29 0.76 0.61

Duration of menstrual cycle, days 
Длительность менструального цикла, дней

28.00 ± 0.40 27.71 ± 0.39 28.04 ± 0.19 0.92 0.71 0.61

Duration of menstruation, days 
Длительность менструации, дней

4.74 ± 0.13 4.89 ± 0.13 4.89 ± 0.09 0.33 0.41 0.25

Total number of pregnancies, including:
Общее количество беременностей, включая:

2.83 ± 0.41 2.77 ± 0.35 2.84 ± 0.22 0.92 0.87 0.96

childb irth  /  роды 0.96 ± 0.26 0.77 ± 0.17 1.10 ± 0.10 0.58 0.12 0.56
medical abortions /  медицинские аборты 1.08 ± 0.19 1.00 ± 0.20 1.71 ± 0.16 0.02 0.01 0.77
spontaneous abortions / 
самопроизвольные выкидыши

0.16 ± 0.09 0.50 ± 0.13 0.03 ± 0.02 0.11 0.001 0.03

missed abortions /  неразвивающаяся 
беременность

0.63 ± 0.13 0.50 ± 0.13 - 0.001 0.001 0.50

Note: р 13 -  significant differences between group I and the control group; р23 -  significant difference between group II and the control group; р 1-2 -  significant 
difference between group I and group II; significant differences are highlighted in  bold.
Примечание: р 1-3 -  статистическая значимость различий между группой I и  контрольной группой; р2_̂  -  статистическая значимость различий между  
группой II и  контрольной группой; р 1-2 -  статистическая значимость различий между группами I и  II; выделены значимые различия.

abortions  was s ig n ifica n tly  h igher com pared to  subjects 
w ith  ongo ing  pregnancy (Fig. 2 ). In w om en w ith  m issed 
abortions  vs. ongo ing  pregnancy, it was accom panied by 
elevated RIP-2 mRNA expression.

mRNA expression o f NOD1 and NOD-like receptors 
involved in in flam m asom e assem bly revealed no 
s ig n ifica n t d iffe rences between all studied groups.

We estim ated a co rre la tion  between decidual mRNA 
expression level fo r NOD2 and RIP-2 and c lin ica l data 
(Table 2 ).

It was found, tha t patients w ith  progress ive  pregnan­
cy (con tro l group) showed on ly  m oderate pos itive  co rre ­
la tion between gesta tiona l age and expression level fo r 
NOD2 (R = 0.48; p = 0 .01) and RIP-2 (R = 0.41; p = 0 .007) 
mRNA.

Patients w ith  m issed abortions d isp layed a m oderate 
negative co rre la tion  between body w e igh t and mRNA 
expression fo r NOD2 (R = -0 .4 6 ; p = 0 .03) and RIP-2 
(R = -0 .5 1 ; p = 0.02).

Patients w ith  spontaneous abortion  showed no 
co rre la tion  between expression level fo r NOD2 mRNA and 
presented c lin ica l characte ris tics. However, expression 
o f RIP-2 mRNA had a m oderate negative co rre la tion  w ith  
the body w e igh t (R = -0 .4 7 ; p = 0 .04), but dem onstra ted 
a m oderate pos itive  co rre la tion  w ith  age o f m enarche (R 
= 0.46; p = 0.04).

D is c u s s io n  /  О б с у ж д е н и е

A ccord ing  to  the recent m ic rob iom e  studies, bacteria l 
pathogens represent the m a jo r causative cues in early- 
stage m iscarriages [10, 11]. Therefore, a decidual 
in flam m ation  induced via NOD-like receptors is o f the 
great interest.

NOD2 is a cy toso lic  receptor becom ing activated a fter 
b ind ing to  m uram yl d ipeptide, the m a jo r com ponen t o f 
peptidog lycan (the part o f G ram -negative and Gram- 
pos itive  bacteria) [1 2 ]. The m ain pathw ay pro te in  fo r
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Figure 2. Comparison of NLRs mRNA expression in decidual tissue from  patients w ith missed abortions (group I, n = 34), spontaneous 
abortions (group II, n = 34), and women w ith ongoing pregnancy adm itted fo r  artific ia l abortions (group III, n = 57). Data are presented as 
median w ith 95 % confidence interval.
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; NLRC4 -  NLR family, CARD domain 
containing 4.

Рисунок 2. Сравнение экспрессии мРНК в децидуальной ткани у пациенток с неразвивающейся беременностью (группа I, n = 34), 
самопроизвольными выкидышами, (группа II, n = 34) и женщ инами с прогрессирующей беременностью, поступивш ими для 
медицинского аборта (группа III, n = 57). Данные представлены как медиана и 95 % доверительный интервал.
Примечание: *p<  0.05 -  значимые различия между группами; NOD1 -  нуклеотид-связывающий домен олигомеризации 1; NOD2 -  нуклеотид- 
связывающий домен олигомеризации 2; RIP-2 -  рецептор, взаимодействующий с серин/треонинкиназой 2; NLRP1 -  нуклеотид-связывающий домен  
олигомеризации, содержащий обогащенные лейцином повторы и пириновый домен; NLRP3 -  нуклеотид-связывающий домен олигомеризации, 
содержащий обогащенные лейцином повторы и пириновый домен 3; NLRC4 -  рецептор, относящийся к  семейству NOD-подобных рецепторов, 
содержащий домен CARD4.

NOD2 in trace llu la r signal transduction  is presented by 
RIP-2 capable to  activate NF-k B and m itogen-activa ted  
pro te in  kinase (M APK) and resu lting  in p roduction  o f p ro - 
in flam m ato ry  cytok ines, chem okines and an tim icrob ia l 
peptides [13 ].

NOD2 also recognizes vira l RNA leading to  p roduction  
o f in te rfe ro n -p  and activa tion  o f antiv ira l adapter pro te in  
m itochond ria l a n tiv ira l-s ign a ling  pro te in  (MAVS). NOD2 
also tr ig g e rs  2 '-5 '-o lig o a d e n y la te  synthetase 2 (OAS2), 
activa ting  RNAse L leading to  degradation o f v ira l RNA 
[1 4 ]. NOD2 ensures autophagy o f in fected cells, w h ich

is im p o rta n t fo r e lim ina tion  o f v iruses, bacteria, and 
p ro tozoa [15 ] as w ell as fo r  antigen presenta tion [16 ].

The expression o f NOD2 mRNA and pro te in  was detec­
ted in the decidualized s trom a and g landu la r ep ithe lium  
in early  ongo ing  pregnancy [17, 18]. It was found tha t 
in  v itro  s tim u la tion  o f decidualized endom etria l s trom al 
ce lls  by m uram yl d ipeptide upregu lates expression of 
NOD2 mRNA and pro te in  as w ell as fu rth e r prom otes 
secretion o f m onocyte  chem oattrac tan t pro te in  1 
(M C P-1) and in te rle u k in -1 p  (IL-1P ). IL-1p, in tu rn , can 
s tim u la te  NOD2, w h ich  m ig h t potentia te in flam m ation
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via a pos itive  feedback loop. S tim u la tion  by m uram yl 
d ipeptide also resu lts  in dose-dependent induction  of 
apoptos is  in decidualized s trom a ce lls  [18 ].

C urrently, no data regard ing NOD2 expression in 
decidual tissue from  patients w ith  spontaneous abor­
tions  and m issed abortions are available. Patients w ith  
vs. w ith o u t h is to ry  o f unexplained recu rren t m isca rria ­
ges had dow nregu la ted  NOD2 expression at the level o f 
mRNA and pro te in  [1 9 ]. However, the exc lusion c rite ria  
in the study included co n com itan t in fec tion . In add ition , 
patients in both main and con tro l g roup were adm itted  fo r 
m edical abortion  in fe rring  tha t during  sam ple co llection  
all o f them  had a p rogressive (ongo ing ) pregnancy.

In ano ther study, NOD1 and NOD2 mRNA and pro te in  
expression was elevated in tro pho b las t from  patients 
w ith  recurren t m iscarriages com pared to  norm al ongoing 
pregnancy [2 0 ]. M eanwhile , no data on decidual NOD1 
expression in patients w ith  m iscarriage w ere published. It 
is know n tha t activa tion  o f NOD1 occurs  upon b ind ing to 
d ia m inop im e lic  acid (iE-DAP), a pa rt o f the peptidog lycan 
found in som e G ram -positive  and all G ram -negative 
bacteria [12 ].

It can be suggested tha t upregu lated decidual mRNA 
expression fo r NOD2, but no t NOD1, in patients w ith  
spontaneous abo rtions  and m issed abortions  m igh t be 
due to  G ram -positive , rather than G ram -negative bacteria 
present in the decidual tissue.

In add ition , no data regarding a role fo r NLRP1 and 
NLRC4 in pathogenesis o f early  m iscarriages are found. 
We described no s ig n ifica n t d iffe rences in decidual 
expression level fo r NLRP1 and NLRC4 mRNA in patients 
w ith  spontaneous abo rtions  and m issed abortions.

Ligands fo r NLRP1 are presented by m uram yl 
d ipeptide  and anthrax lethal tox in . Expression o f NLRP1 
mRNA is regulated by pro te in  SREBF1 regardless of 
p ro -in fla m m a to ry  cy tok ine  levels [2 1 ]. It is know n, that 
NLRP1 b ind ing to  apop tos is -regu la ting  p ro te ins  B-cell 
lym phom a 2 apoptos is  regu la to r (BCL-2) and B-cell 
lym phom a-extra  large apoptos is  regu la to r (BCL-XL) 
a ttenuates in flam m asom e fo rm a tion  [22, 23 ]. Earlier, 
norm al or elevated decidual expression o f BCL-2 mRNA 
w as iden tified  in patients w ith  spontaneous abortions  
o r m issed abortions, respective ly  [2 4 ]. Apparently , th is  
m ay prevent the fo rm a tion  o f NLRP1 in flam m asom e and 
induction  o f apoptos is  in the decidual tissue.

The main ligands fo r hum an NLRC4 are presented 
by bacteria l flage llin  and s truc tu ra l p ro te ins  o f bacteria l 
type III secre tion system  [25, 26].

In ou r study, no s ig n ifica n t d iffe rences were found 
in NLRP3 mRNA expression in both patient groups 
com pared to  ongo ing  pregnancy group. NLRP3 detects 
the w ho le  spectrum  of bacteria l, funga l, protozoan, 
and vira l ligands, as w ell as a num ber o f host dam age-

associa ted m o lecu la r patterns [2 6 ]. In nonpregnant 
patients w ith  vs. w ith o u t h is to ry  o f recu rren t m iscarriages 
o f unknow n o rig in , during  the secre to ry  phase o f 
m enstrual cycle endom etrium  was d iscovered to  have 
upregu lated expression o f NLRP3 pro te in  [1 ], bu t not 
mRNA [2 7 ]. H igher NLRP3 mRNA expression was found 
in periphera l b lood m ononuclear ce lls  from  patients w ith  
h is to ry  o f recu rren t m iscarriage com pared to  healthy 
w om en [28 ]. Further research is required to  assess a role 
of NLRP3 in the pathogenesis o f m iscarriages.

Patients w ith  p rogressive pregnancy we found to 
show  a s ig n ifica n t pos itive  co rre la tion  between decidual 
expression level o f NOD2 and RIP-2 mRNA and gesta­
tiona l age suggesting tha t NOD2 level no rm a lly  escalates 
in parallel w ith  increasing gesta tiona l age.

Patients w ith  m issed abortions  had s ig n ifica n t negative 
co rre la tion  between NOD2 and RIP-2 mRNA expression 
and body w eigh t, w hereas patients w ith  spontaneous 
abo rtions  -  between RIP-2 mRNA expression and body 
w e igh t as w ell as body mass index. No data regarding 
features o f NOD2 and RIP-2 expression in human 
decidua w ith  regard to  body w e igh t were found. However, 
N O D 2-defic ient m ice were show n to  d isp lay insu lin  
resistance and h igher level o f adipose tissue [29 ].

Patien ts  w ith  spon taneous m isca rria g e s  had a lso 
a po s itive  co rre la tio n  observed  betw een decidua l 
R IP-2 m RN A express ion  and age o f m enarche onset. 
It is know n th a t h ig h e r BMI is assoc ia ted  w ith  ea rlie r 
m enarche [3 0 ]. There fo re , pa tien ts  w ith  lo w  body 
w e ig h t usu a lly  have m enarche o n se t at o ld e r age. Thus, 
it is c o n s is te n t to  fin d  a negative  co rre la tio n  between 
R IP-2 m RN A express ion  and body w e ig h t as w e ll as 
BMI, and its  p o s itive  co rre la tio n  w ith  age o f m enarche 
onset.

Study limitations /  Ограничения исследования
L im ita tions  o f the study were accounted fo r by 

a re la tive ly  sm all quan tity  o f sam ples and a s ing le ­
cen te r study design conducted on ly  in a single region 
o f Russian Federation. M u ltice n te r studies, especia lly  
those invo lv ing  m u ltip le  countries , can p rovide m ore 
com prehensive  ins ig h ts  in to  a role o f NOD-like receptors 
in pathogenesis o f m iscarriages.

C o n c l u s i o n  /  З а к л ю ч е н и е

In sum m ary, upregu lated NOD2 mRNA expression 
is observed in decidua from  patients w ith  spontaneous 
abo rtions  and m issed abo rtions  com pared to  progressive 
pregnancy resu lting  in increased RIP-2 mRNA expression 
level in m issed abortions. NOD1, NLRP1, NLRP3 and 
NLRC4 were found no t to  be involved in m iscarriage 
pathogenesis.
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