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IIpodpuas sxcupeccnu paga MukpoPHK B ruranesnre
IIPU CBOEBPEMEHHBIX U IIPEKAEeBPEMEHHBIX poJax
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AHHOTAIIUA

BBenenue. CpaBHUTEbHBIN aHAIN3 YPOBHEH sKcnpeccuu psiina MUKpoPHK (MmuPHK) B mutaneHTax, MOJIydeHHBIX IIPH
CBOEBPEMEHHBIX U CIIOHTAHHBIX Ipexk/ieBpeMeHHbIX pogax (I1P), mo3Bosut BeIABUTH Te MUPHK, KOTOpBIE yUacTBYIOT B
reHese crontanubix [1P. MuPHK, xapaktepusyroiuecs: abeppaHTHOM SKCIPeCCHel B TKAHAX IJIAIIeHThI, MOTYT SIBJISITHCS
[IePCIIEKTUBHBIMU OHOMapKepaMU B KpPOBU O€peMeHHBIX JIJISI OLIEHKH PUCKA CIIOHTAHHBIX I1P.

1T enp. CpaBHUTEIBHBIN aHAIN3 YPOBHEH dKcpeccru psaia MUKpOoPHK B TKaHU IUTAIIEHTH! Y 2KEHIIH IIPU CBOEBPEMEH-
HBIX U NIpeK/IeBpeMeHHbIX pPo/iaX.

MaTtepuansl u MmeTonbl. [IpoBeaeH aHanu3 ypoBHA skcnpeccuu paga MUPHK B TkaHU ntanieHTHI OT 30 NarjdeH-
TOK ¢ ITP 1 nmepuHaTaJIbHBIMHU OTEPSAMU (1-5 TPyIIa), OT 30 mamueHToK ¢ [IP 6e3 nepuHaTaIbHBIX TOTEPH (2-5 TPYyIIA),
OT 30 POAWIBHHI] CO CBOEBPEMEHHBIMU poAaMu (3-s rpymma). M3yyaau ypoBeHb sKcIpeccuu cieayomux MuPHK: 31,
100, 146, 150, 204, 204, 221, 223, 1246, 128, let7a, 126, 451, 92a, 234, 21, 125b, 26a, 29b, 191 u U6. /[Ji 3TOTO MOITATIHO
NIPOBOJIMJIN JlenapapuHU3aINI0 MaTepuasa ¢ HCIO0JIb30BaHHMEM MHUHepaJbHOro Macia, skcrpaknuio PHK, peaknuio
00paTHOM TPAHCKPHUIIUU U TOJIMMEPA3HYIO IEMTHYI0 PEAKITHIO B peaibHOM BpEMEHHU.

Pe3ynbTaThl. YCTaHOBJIEHO, uTo IpH IIP B 06pa3nax IJIAleHT OTMeYaeTcs CTATHCTUYECKH 3HAYNMOE YBEJIHMUYeHIEe
ypoBHetii skcrpeccun MuUPHK-125b, MuPHK-29b u cHmxenue yposHs skcpeccuu MuPHK-451 1o cpaBHEHHIO C IUTaI[eH-
TaMU IIpU cBOeBpeMeHHbIX pojiax. [Ipu Hasmmuum IIP ¢ nepuHaTanbHBIMU IOTEPSAMU 3aPETUCTPUPOBAHO CTATUCTUYECKU
3HAQYMMOe CHIDKeHUe ypoBHA sKkcnpeccun MUPHK-150 B mtanienTe, a Ipu OTCYTCTBUU IIepPUHATAJIBHBIX IIOTEPh — yBeJIU4de-
Hue ypoBHs sKkcripeccuu MuPHK-223 u MmuPHK-31 1o cpaBHeHUIO € I1alieHTaMu IIPYU CBOEBPEMEHHBIX poziax. Kpome Toro,
mpu [IP ¢ meprHaTaIbHBIMH TOTEPSMU TI0 cpaBHEHUIO ¢ 1P 6e3 meprHaTaIbHBIX IOTEPh OTMEYAETCS CTATUCTUYECKH 3HAa-
4rMO 60Jiee HU3KUH ypoBeHb skcnpeccnn MUPHK-221 u MuPHK-223.

3aknmoueHue. AGeppaHTHbIe 3HAUeHUsl ypoBHel skcnpeccurl MuUPHK-125b, MuPHK-29b u MmuPHK-451 B ruiarneHTax
ranueHToK ¢ [IP cBH/IETEIbCTBYIOT 00 X YYACTUH B IIATOTEHE3E IMOCIEAHUX, TI0-BU/INMOMY, 32 CUET HAPYIIEHUS PETYJIsd-
I[UU TIPOIIECCOB AHTMOTEHesa, alloNTO3a, HHBA3UU TpodobracTa 1 MeTab0oIH3Ma TTIOKO3HI.

Kmuouesnte caoea: sxcnpeccusa MUkpoPHK, miianenTa, cBoeBpeMeHHbIE U IIperKJieBpeMeHHbIe POJIbI.
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The expression profile of a number of miRNAs in the placenta
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ABSTRACT
Introduction. Comparative analysis of the expression levels of a number of microRNAs (miRNAs) in placentas
obtained during timely and spontaneous preterm birth (PB) will make it possible to identify those miRNAs that are involved
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in the genesis of spontaneous PB. MiRNAs characterized by aberrant expression in placental tissues may be promising
biomarkers in the blood of pregnant women for assessing the risk of spontaneous PB.

Aim. Comparative analysis of expression levels of a number of microRNAs in placental tissue in women in timely and
premature birth.

Materials and Methods. We performed an analysis of the expression level of a number of miRNAs in placental
tissue from 30 patients with PB and perinatal losses (group 1), from 30 patients with PB without perinatal losses (group 2),
from 30 maternity women with timely delivery (group 3). The expression levels of the following miRNAs were studied: 31,
100, 146, 150, 20a, 204, 221, 223, 1246, 128, let7a, 126, 451, 92a, 23a, 21, 125b, 26a, 29b, 191, and U6. For this, the material
was deparaffinated step by step using mineral oil, then the RNA extraction, reverse transcription reaction, and real-time
polymerase chain reaction were carried out.

Results. It was found that in PB a statistically significant increase in the expression levels of miRNA-125b, miRNA-29b
is observed in placental samples, and a decrease in the expression level of miRNA-451 in comparison with timely delivery
placentas. In the PB with perinatal losses, a statistically significant decrease in the expression level of miRNA-150 was
registered, and in the absence of perinatal losses, an increase in the expression level of miRNA-223 and miRNA-31 com-
pared with placentas in timely delivery was revealed. In addition, in PB with perinatal losses compared to PB without
perinatal losses, a statistically significantly lower level of expression of miRNA-221 and miRNA-223 is noted.
Conclusion. Aberrant expression levels of miRNA-125b, miRNA-29b, and miRNA-451 in the placentas of patients
with PB indicate their involvement in the pathogenesis of the latter, apparently due to dysregulation of angiogenesis, apop-
tosis, trophoblast invasion and glucose metabolism.

Keywords: miRNA expression, placenta, timely and premature birth.
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BBEJIEHUE

[InanienTa sBJIsETCA TPOBU3OPHBIM OPTraHOM,
00ecIeurBaIIMM B3aNMOCBSA3h MEXKIY OpraHu3-
MaMH MaTepH U IUI0/Ia U UTPAIOIIUM IIEPBOCTENEH-
HYI0O POJIb B HOPM&JIbHOM Pa3BUTUU IIOCJIEHETO.
[ToBpesxieHus IUIANEHTH MOTYT SBUTHCS IPUYUHOU
Pa3JIMYHBIX OCIOKHEHUH OepeMeHHOCTH KaK CO CTO-
POHBI ILJIO/Ia, TaK ¥ MaTepH [1, 2].

dopMUpOBaHUE IUIANIEHTBI  COIPOBOMKIAETCS
TaKUMU IIPOIleccaMH, KaK arlonTo3, mposudepanus,
nuddepeHIIIpOBKa, WHBa3usdA, aHTHoreHes. Mole-
KyspHO-TeHeTHYecKre abeppamuy U SIHUTeHeTHYe-
CKHe BO3JIEHCTBHA MOTYT BHOCUTH KOPPEKTUBBHI B
¢usmonornueckoe (GopMHUpPOBAHUE IUIANIEHTHI U
CIIOCOOCTBOBATh PA3BUTHIO IATOJIOTUU OepeMeH-
HOCTH [3, 4].

B mocseaue Toabl Bce Gosiee BO3pacTaeT WHTE-
pec x ucciaenoranuio MukpoPHK (MuPHK). B 6aze
na"gHbix MirGeneGB 2.0 B 2020 T. aHHOTHPOBaH
CIIHUCOK U3 556 moarBepxkaeHHbIx MUPHK y ueso-
Beka [5]. MuPHK — HebosibIliie HEKOAUPYIOIIHE
PHK, oHH OCYIIIECTBJIAIOT HOCTTPAHCKPHUIIIIIOHHYIO
PETYJIAIUIO DKCIIPECCUU TE€HOB, KaK MPaBUJIO, HEra-
THBHYIO, U TEM CaMbIM KOODJIMHUPYIOT OMOJIOTHYE-
CKHe MPOIeCCHI B OPraHU3Me, B TOM UHCJIE IIPU Oepe-
MeHHocTH [6-8].

MuPHK urpatotr KpUTUIECKYIO POJIb B (POPMUPO-
BaHUHW ¥ (PYHKIIMOHUPOBAHUU ILIAIEHTHI, PETYJIH-
Py SKCIIPECCUI0 TEHOB, YUYACTBYIOIIUX B IpoJiude-

INTRODUCTION

The placenta is a provisional organ that provides
the relationship between the organisms of the mother
and the fetus, and plays a primary role in the normal
development of the latter. Placental lesions can cause
various pregnancy complications, both on the part of
the fetus and the mother [1, 2].

The formation of the placenta is accompanied by
such processes as apoptosis, proliferation, differen-
tiation, invasion, angiogenesis. Molecular genetic
aberrations and epigenetic effects can influence the
physiological formation of the placenta and cont-
ribute to the development of pregnancy patho-
logy [3, 41.

In recent years, there has been an increasing
interest in the study of microRNAs (miRNAs). In the
MirGeneGB 2.0 database in 2020, a list of 556 con-
firmed miRNAs in humans was annotated [5].
MiRNAs are small noncoding RNAs; they carry out
posttranscriptional regulation of gene expression,
usually negative, and thus coordinate biological pro-
cesses in the body, including during pregnancy [6—8].

MiRNAs play a critical role in the formation and
functioning of the placenta by regulating the expres-
sion of genes involved in the proliferation, differen-
tiation, and invasion of trophoblast cells [5]. Gu
et al. [9] determined miRNA expression profiles in
the placenta of the first and third trimesters, which
made it possible to identify 191 mature miRNAs spe-
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patuu, nuddepeHIUPOBKE U UHBA3UU KJIETOK TPO-
dobiacra [5]. Y. Gu et al. [9] onmpenenmiu npoduiu
skcnpeccnu MUPHK B 11anieHTe IepBoro u TpeTbero
TPUMECTPA, YTO IO3BOJIMJIO BBISIBUTH 191 3pEJIyIO
MuPHK, cienuduunyto a1 mianeHTapHON TKaHU.
B uccnemoBannu A. Ali et al. [8] mokazano, uro
MuPHK u3 mianeHThl MOTYT 3KCIIOPTUPOBATHCS B
KPOBOTOK KaK IJIOZA, TAK U MaTEPH U CIIYKUTb OHO-
MapKEPOM /IJIsI PAHHETO BBISBJIEHUS OCJIOMKHEHUH
O6epemenHocTH. MImeroTcs paboOThl, CBUIETEIHCTBY-
e o ponu paga MuPHK B renese mpeskiamii-
cuH, 3aJIepKKU pocTa 10/, TeCTAallIOHHOTO caxap-
Horo auabera [10—13]. JIorudHO OGBLIO OBI TIPEIIO-
JIOKUTB, YTO CPABHUTEIbHBI aHAIN3 YPOBHEH dKC-
npeccuu psana MUPHK B miameHTax, moJiydeHHBIX
P CBOEBPEMEHHBIX U CIHOHTAHHBIX IpeK/eBpe-
MeHHbIX pojiax (I1P), mo3BouT BeIABUTH Te MUPHK,
KOTOpble yYacTBYIOT B TeHe3e CHOHTaHHbIX I[IP.
Kpowme Toro, c mpaktuyeckoi Touku 3peHus MuPHK,
XapakTepuaymoluecs: abeppaHTHOH 3KCIpeccuell B
TKaHAX IUIAIEeHTHl, MOTYT SABJATHCA MEPCIEKTUB-
HBIMU OMOMapKepaMH B KpOBH OepeMeHHBIX JJIs
OLIEHKM pUCKa CIIOHTaHHBIX [1P.

IOEJIb NCCJIEJOBAHUA

CpaBHUTEJIBHBI aHAJIU3 YPOBHEH SKCIPECCHU
paAna mukpoPHK B TkaHM IIalleHTHI y sKEHIIUH CO
CBOEBPEMEHHBIMU U IIPEXK/eBpEMEHHBIMU POJAMU.

MATEPUAJIBI 1 METO/1bI

J1J1 cpaBHUTEIBHOTO aHAJIN3a YPOBHA 3KCIIpec-
cuu psana MuPHK TkaHu miarneHTHl IpU CBOEBpe-
MEHHBIX U IPeXKeBPEMEHHBIX PO/IAX HCCIEA0BAHO
90 00pasloB IUIANEHTAPHON TKaHU: 1-10 TPYIILY
COCTaBUJIA O0OPAa3Ilbl IIAIEHTAPHON TKaHU MaIlueH-
TOK, 6epeMEHHOCTH KOTOPBIX 3aKOHYMJIACH CIIOHTAH-
HbiMU [IP ¢ mepuHaTaIBHBIMU TIOTEPAMU (N = 30);
2-10 TPYIIIY — 00pa3Ilhbl IUIAIEHTAPHOW TKAHU MAaIK-
eHTOK c TP 6e3 mepuHaTaIbHBIX TOTEPH (N1 = 30);
3-10 rpynmy — o6pasibl IUIalleHTapHOW TKaHHU
POAMIBHULL CO CBOEBPEMEHHBIMHU PosiaMu (1 = 30).

KpuTepun BKJIIOUEHMS B 1-10 U 2-10 TPYIIILY: CIIOH-
tanHble panaue 1P, TIP, nosnuue 1P, Habionerne
B JKEHCKOU KOHCYJIbTAIlUU, HAJIMIUE METUITTHCKON
JIOKYMEHTAIUH.

Kputepun BrII0YeHUA B 3-10 TPYIIILY: CIIOHTaH-
HbIE CBOEBPEMEHHBIE POJIBI 3KMBBIM ILJIO/IOM, HAOJTIO-
JIEHHE B JKEHCKOU KOHCYJIbTAI[UH, HAJIUUHE MeEIH-
IMHCKOU JJOKyMEHTAIINH.

Kpurepuu uckittouenus: oueHb pannue [1P (22—
27 Hey 6 nHel), uHaynupoBanHble [1P, MmHOTOILIION-
Hasi GepeMeHHOCTh, OEPEMEHHOCTh IOCJIe JKCTpa-
KOPIIOPAJIbHOTO OIJIOIOTBOPEHUS, aHTEHaTaJIbHAs
rubesp IJ10/1a, HAJIMYHEe BPOJKIEHHBIX IIOPOKOB pPas-

cific for placental tissue. Ali et al. [8] showed in their
study that miRNAs from the placenta can be exported
into the bloodstream of both the fetus and the mother
and serve as a biomarker for early detection of preg-
nancy complications. There are research works that
testify to the role of a number of miRNAs in the gen-
esis of preeclampsia, fetal growth retardation, and
gestational diabetes mellitus [10—13]. It would be
logical to assume that a comparative analysis of the
expression levels of a number of miRNAs in placen-
tas obtained during timely and spontaneous preterm
birth (PB) would make it possible to identify those
miRNAs that are involved in the genesis of spontane-
ous PB. In addition, from a practical point of view,
miRNAs characterized by aberrant expression in pla-
cental tissues may be promising biomarkers in the
blood of pregnant women for assessing the risk of
spontaneous PB.

AIM OF THE RESEARCH

Comparative analysis of expression levels of a
number of miRNAs in placental tissue in women
with timely and premature birth.

MATERIALS AND METHODS

For a comparative analysis of the level of expres-
sion of a number of miRNAs in placental tissue dur-
ing timely and preterm birth, 9o placental tissue
samples were studied: group 1 consisted of placental
tissue samples of patients whose pregnancy ended in
spontaneous PB with perinatal losses (n = 30);
group 2 consisted of placental tissue samples of
patients with PB without perinatal losses (n = 30);
group 3 consisted of placental tissue samples of
maternity women with timely delivery (n = 30).

Criteria for including in the 1st and 2nd groups:
spontaneous early PB, PB, late PB, observation in
the antenatal clinic, availability of medical docu-
mentation.

Criteria for including in the 3rd group: spontane-
ous timely delivery of a live fetus, observation in
the antenatal clinic, availability of medical docu-
mentation.

Exclusion criteria: very early PB (22—27 weeks
6 days), induced PB, multiple pregnancy, pregnancy
after in vitro fertilization, antenatal fetal death, the
presence of congenital malformations of the fetus,
severe preeclampsia, premature detachment of a
normally implanted placenta, placenta previa, uter-
ine malformations, severe extragenital diseases with
decompensation, HIV infection, tuberculosis, malig-
nant tumors of any localization.

After macroscopic examination of the afterbirth,
a strip of tissue 3x0.5x0.5 cm was excised from the
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BUTHS IJI0/A, TsKeIas IPEdKIIaMIICHA, IPeKeBpe-
MeHHasd OTCJIOHKA HOPMAaIbHO PACIIOJIOKEHHOU
IUTAIeHTHI, TPeJJjIeKaHne IUIAIeHThI, TOPOKH pas-
BUTHS MaTKH, TsKeJIble DKCTpareHUTaJIbHbIe 3a00-
JIeBaHUA C JekoMmieHcanueld, BUY-unbeknus:,
TyOepKyJie3, 3JI0KAUeCTBEHHBIE OITyXOJIH JII000H
JIOKQUTH3AIUH.

ITocste MaKpOCKONIMYECKOTO HM3yYeHHs IOcIesia
U3 IEHTPAJIbHON 30HbBI IUIAIIEHTAPHOTO JIUCKA HCCe-
KaJIU TOJIOCKY TKaHHU 3X0.5X0.5 CM, KOTOPYIO IIPHU-
KpEIUISJIN K IUIOTHOU Oymare Hapy»KHOU (MaTepuH-
CKOI1) TIOBEPXHOCTHhIO U (DUKCUPOBATU B 10% HeH-
TpasibHOM (opMmasiuHe. 3aTeM U3 ILIAIeHTHl BbIpe-
3aJ1 3—4 KyCOYKa TKAHU pasMepaMHu 2X2X3 CM.
®dparMeHTHl TPOBOAWIN IO TPAAUIIUOHHOM cXeme
[14] u u3roTaBIMBAIH CPE3bI TOIIUHOU 5 MKM.

UccnenoBanme ypoBHsA skcnpeccun MuPHK B
TKaHU IUIAIEHTHI BBHITTOTHSIIN B J1a60PaTOPUU MOJIe-
KyJISIDHOU TeHeTHKH VIHCTUTyTa MOJIEKYJIIPHOU U
kinertouHor Ouosormu CO PAH (HoBocubupck).
Nzyuanu ypoBeHb sKcIpeccu ciaenyommux MuPHK:
31,100, 146, 150, 20a, 204, 221, 223, 1246, 128, let7a,
126, 451, 92a, 23a, 21, 125b, 26a, 29b, 191 u U6. JI1a
ATOTO TIOBTANHO WPOBOAWIN JenapaduHU3AIUI0
Marepuajia C HCIOJIb30BAaHUEM MUHEPAJIBHOTO
macia, SKcrpaknuioo PHK, peaknuio obGparHOU
TPAHCKPUIIUU U TOJUMEPA3HYIO IEMTHYI0 PEAKITUIO
(ITIIP) B peayibHOM BpEMEHHU.

Ina nemapaduHU3AUU € UCIOJIB30BAaHUEM
MHHEpPaJIbHOTO MacJia B MPOOUPKY 00bEMOM 1.5 MJI,
coZiepKamIylo 2 napad@UHOBBIX cpe3a TKaHU ILIa-
LIEHTHI TOJIIUHON 5 MKM, A00aBIsIM 1 MJI MUHE-
PJIBHOTO Macjia U THIATEIbHO IepeMelnBaId Ha
BOpTeKce B TeueHue 10 c. Jlajee mpoOUpKHU IToMe-
MM B TEPMOIEWKep Ipu Temieparype 65 °C u
WHKYOUPOBAJIU B T€UEHUE 2 MUH C YACTOTOH Bpalle-
HUA 1300 00./MUH. 3aTeM IEeHTPUPYTUPOBAIIUA IIPU
13 000—15 000 g B TeyeHue 4 MmuH. Ilociie atoro yza-
JISLTA HQJIOCATIOYHYIO YKUTKOCTh, HE 3aXBaThIBAsI OCa-
Jok. B ocaziok BHOCHITH 1 MJT Q6% 3TaHOJIA U TIEpeMe-
IIMBAIN HA BOPTEKCE B Te€UeHUE 10 C C MOCIJIEAYIO-
IIUM [eHTPU(PYTUPOBAHKEM IIPU 13 000—15 000 g B
TeueHUe 4 MuH. [lajee ymajsutli HAAOCATOYHYIO
JKH/IKOCTD, HE 3aXBaThIBAsA 0CA/IO0K, C MOCIIEAYIOITIM
BHECEHHEM 1 MJI 70% BTaHOJIA. 3aTeEM IIPOBOJVIIH
neHTpudyrupoBaHue mnpu 13 000—15 000 g B Teue-
Hue 2 MuH. [TosydeHHBIN 0CaZOK HCIIOJIH30BAIU B
KayecTBe JaJIbHEUIIero MaTepuasa i BbIeIeHUs
HYKJIENHOBBIX KHUCJIOT.

BrizienieHre HyKJIEMHOBBIX KHCJIOT U3 00pasnoB
IIPOBOJIWJIM C WCIOJIb30BaHHEM Habopa peareHTOB
«Peanbect skcrpakius 100» (AO «Bekrop-bect»,
Poccust). K obpasnam TKaHU IUJIAIEHTHI, MTOJTyYeH-
HBIM IIOCJIE fleniapapuHU3ANH, JOOABIIAIIN 700 MK

central zone of the placental disc, which was attached
to thick paper with the outer (maternal) surface and
fixed in 10% neutral formalin. Then, 3—4 pieces of
tissue 2x2x3 cm in size were excised from the pla-
centa. The fragments were processed according to
the traditional scheme [14] and sections were made
with a thickness of 5 um.

The study of miRNA expression level in the pla-
cental tissue was performed at the Laboratory of
Molecular Genetics of the Institute of Molecular and
Cellular Biology (Novosibirsk). The expression levels
of the following miRNAs were determined: 31, 100,
146, 150, 20a, 204, 221, 223, 1246, 128, let7a, 126,
451, 92a, 23a, 21, 125b, 26a, 29b, 191, and U6. For
this, we carried out the step by step deparaffinization
of the material using mineral oil, then the RNA
extraction; reverse transcription reaction, and real-
time polymerase chain reaction (PCR).

For deparaffinization, 1 ml of mineral oil was
added to a 1.5 ml tube containing 2 paraffin sections
of the placental tissue 5 um thick, and thoroughly
mixed on a vortex for 10 s. Next, the tubes were
placed in a thermoshaker at a temperature of 65°C
and incubated for 2 min at a rotational speed of
1300 rpm. Then they were centrifuged at 13 000—
15 000 g for 4 min. After that, the supernatant was
removed without capturing the precipitate. 1 ml of
96% ethanol was added to the precipitate and vor-
texed for 10 s followed by centrifugation at 13 000—
15 000 g for 4 min. Next, the supernatant was
removed without capturing the precipitate, followed
by the addition of 1 ml of 70% ethanol. Then, cen-
trifugation was performed at 13 000-15 000 g for
2 min. The resulting precipitate was used as a further
material for the isolation of nucleic acids.

Isolation of nucleic acids from the samples was
performed using the RealBest Extraction 100 reagent
kit (Vector-Best, Russia). 700 ul of lysing solution
were added to the placental tissue samples obtained
after deparaffinization. The tissue in the solution
was intensively mixed in a TS-20 Thermo-Shaker
(Biosan, Latvia) for 60 min at 90°C at a rotational
speed of 1300 rpm. Next, the solution was centri-
fuged for 2 min at 15 000 rpm (Eppendorf MiniSpin
with F-45-12-11 angular rotor, Germany) and 600 pl
of the supernatant was transferred into new tubes,
adding an equal volume of isopropanol and 10 ul of
magnetic particle suspension to it. Then mixed and
left for 5 min at room temperature. At the next stage
of isolation, centrifugation was performed for 10 min
at 13 000 rpm, the supernatant was discarded, and
the precipitate was washed with 500 pul of 70% etha-
nol, then with 300 pl of acetone. The resulting pre-
cipitate was dried and dissolved in 300 pl of the elu-
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JIMBUPYIOIIETO pacTBopa. TkaHb B pacTBOpPE MHTEH-
CUBHO IIepeMeNIuBaii B TepMmolnelikepe TS-20
(Biosan, JlaTBusi) B TeueHre 60 MUH IIPU TeMIlepa-
Type 90 °C ¢ yacToTod BparmieHus 1300 00./MUH.
Jlajiee pacTtBop IEeHTPU(YTUPOBAIIK B TeUEeHHUE
2 MHH mpu 15 000 00./MuH (pPOTOp VTIJIOBOM
F-45-12-11 MiniSpin Eppendorf, Germany) u mepe-
HOCHJIM 600 MKJI CylIepHAaTaHTa B HOBBIE IIPOOUPKH,
JI00aBJIsiA K HEMY PaBHBINM 00BbeM H3OMPOIAaHOIA U
10 MKJI CyCIIEH3UY MAarHUTHBIX YACTHI]. 3aTeM Iepe-
MEIINBAIN U OCTABJIsLIA IIPU KOMHATHOU TeMITepa-
Type Ha 5 MuH. Ha cienyroiieM sTare BbII€JIEHU
IIPOBO/IWITH LIEHTPU(PYTUPOBAHIE B TE€UEHUE 10 MUH
pu 13 000 00./MUH, CylIepHATAHT CJIMBAJIH, a OCa-
JTOK IIPOMBIBAJIH C TIOMOIIBIO 500 MKJI 70% 3TaHOJIA,
3aTeM 300 MKJ areTroHa. IloJlydeHHBIH OCaZOK
BBICYIIIMBAJI U PACTBOPSJIN B 300 MKJI 3JIIOUPYIO-
1ero pacteopa. /lajee mpoOUPKH MIOMENIAIU B TEP-
Morelikep npu temneparype 65 °C u MHKyOHpPO-
BaJIl B TEUYEHHWE 5 MHH C YacTOTOU BpaIleHUs
1300 006./MuH. 3aTeM UEeHTPpUDYTHPOBAIH IIPU
13 000—15 000 g B TeueHUe 1 MUH. KOHIIeHTpaIuio
totabHOM PHK m3Mepsiin Ha criektpodoromerpe
NanoDrop 2000C (Thermo Fisher Scientific Inc.,
USA). Konnentpanus PHK BbijieJIeHHBIX TTpenapa-
TOB HaxXO/{WJlach B Uaria3oHe 75.6—123.6 HI'/ MKJI.
Peakiuio 06paTHOM TPAHCKPUIIITUAU JJIS TTOJIyYe-
Husa komiwiementapHod JIHK (xk/ITHK) npoBoguiu B
00peMe 30 MKJI. M crioib30BajId TOTOBBIE PEAKITHOH-
Hele cmecu «PeanmBbect Macrep mumke OT» (AO
«BexkTop-becr», Poccus). [Ina peaknum obpaTHOU
TPAHCKPUIIUH HCIIOJIb30BAIN: 3 MKJI BbIJIEJIEHHON
PHK, 25.5 MKJI peakI[UOHHOH cMecH /111 0OpaTHOU
TPaHCKPUIINH, 1.5 MKJI 10 MKM pacTBopa COOTBeT-
CTBYIOIIIETO IpaiiMepa i OOpaTHOH TpPaHCKPHII-
nuu. Bece 0JTMTOHYKIIEOTH/IBI OBUTH CHHTE3UPOBAHBI
B AO «Bektop-bect», Poccus. IlonmyuenHyio peak-
IFMOHHYI0 cMech, cojiepxkarnyio k/[HK B obbeme
3 MKJI, Cpa3y HCIIOJIb30BAIM B KauecTBE MaTPHUIIbI
Juisa nposezienus I111P B peasibHOM BpeMeHH Ha IIPU-
6ope CFX96 (Bio-Rad Laboratories, USA).
Nsmepenue ypoBHel skcnpeccunt MUPHK mpo-
Boawin MerogoMm IIIIP B peanbHOM BpeMeHH Ha
ammindukarope CFX96 (Bio-Rad Laboratories,
USA). Peak1iuio TpoBOAWIN B 00'beMe 30 MKJI: 3 MKJI
nonydennoi k/IHK, 14 mxn H,O, 3 Mk 10x 6ydepa
quts TTLHP (AO «Bexrop-becr», Poccus), 3 M 4 MM
pactBopa nAe3okcuHyKIeo3uaTpudocdaToB, 3 MKI
10% pactBopa BSA, 1 mxin Taq-mosmumepassl (AO
«Bexrop-becr», Poccust) B KOMILIEKCE ¢ MOHOKJIO-
HQIBHBIMU AHTUTEJIAMH K €€ aKTHUBHOMY IeHTPY
(Clontech, CIIIA), 3 MKJI pacTBOpa MPSIMOTO U 06paT-
HOoro mpaiimMepoB (5 MKM) u 3o0Hzma (2.5 MKM).
CucreMbl paliMepoB U 30HI0B pa3zpabOTaHbI KOM-

ting solution. Next, the tubes were placed in the
thermo-shaker at a temperature of 65°C and incu-
bated for 5 min at a rotational speed of 1300 rpm.
Then centrifuged at 13 000—15 000 g for 1 min. The
concentration of total RNA was measured on a
NanoDrop 2000C Spectrophotometer (Thermo
Fisher Scientific Inc., USA). The RNA concentration
of the isolated samples was in the range of 75.6—
123.6 ng/ul.

The reverse transcription reaction to obtain com-
plementary DNA (cDNA) was carried out in a volume
of 30 pl. RealBest Master Mix OT reaction mixtures
(Vector-Best, Russia) were used. For the reverse
transcription reaction, the following was used: 3 ul of
isolated RNA, 25.5 ul of the reaction mixture for
reverse transcription, 1.5 pl of a 10 uM solution of the
corresponding primer for reverse transcription. All
oligonucleotides were synthesized at Vector-Best,
Russia. The resulting reaction mixture containing
c¢DNA in a volume of 3 ul was immediately used as a
template for real-time PCR on a CFX96 device (Bio-
Rad Laboratories, USA).

The levels of miRNA expression were measured
by real-time PCR on a CFX96 amplifier (Bio-Rad
Laboratories, USA). The reaction was carried out in a
volume of 30 ul: 3 ul of the resulting cDNA, 14 ul of
H,0, 3 ul of 10x PCR buffer (Vector-Best, Russia),
3 ul of 4 mM deoxynucleoside triphosphate solution,
3 wl of 10% BSA solution, 1 ul of Taq-polymerase
(Vector-Best, Russia) in complex with monoclonal
antibodies to its active center (Clontech, USA), 3 ul
of a solution of forward and reverse primers (5 uM)
and a probe (2.5 uM). Primer and probe systems
were developed by Vector-Best, the reaction effi-
ciency is 90—100%. Analysis of the obtained data on
real-time PCR threshold cycles was performed using
the 2-22¢r method [15].

The obtained data were statistically processed
using the STATISTICA 12.0 software (StatSoft Inc.,
USA) with the calculation of the median (Me) and
interquartile range (Q25; Q75). Comparison between
groups was performed using the Mann-Whitney test.
Statistical hypotheses were tested at a critical signifi-
cance level of 0.05.

RESULTS

The accuracy of determining the variability of
miRNAs is undoubtedly an important aspect in
studying their role in biological processes. Normal-
ization of expression levels provides an accurate
quantification of PCR data and is necessary to
exclude the influence of non-specific changes. One of
the main difficulties in interpreting the obtained PCR
data is the choice of a reference gene (RG). The RG
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manuedl AO «BekTtop-Bect», a¢ddeKTUBHOCTD peak-
MU COCTaBJIsIeT 90—100 %. AHaIN3 IMOJIYyUYeHHBIX
JIAaHHBIX TOPOToBbIX ITUKI0B III[P B peanbHOM Bpe-
MEHU MIPOBOTUINA METOAOM 2-24Cr [15].
CraTucTuyeckyto oOpabOTKy IOJIydeHHBIX JaH-
HBIX ITPOBOIWJIU C UCIIOJIb30BAHUEM ITPOTPAMMHOTO
obecreuennss STATISTICA 12.0 (StatSoft Inc., USA) ¢
pacueroMm Mesuanbl (Me) U MEKKBapPTHILHOTO JUa-
mazona (Q25; Q75). CpaBHeHHE MEXAY TIPyHIIaMH
TIPOBOJIWJIN € WCIIOJIb30BaHUEM KpuTepusi ManHa —
Yurau. [IpoBepKy CTaTUCTUYECKUX T'HIIOTe3 IIPOBO-
JIVUTY TIPU KPUTUYECKOM YPOBHE 3HAUUMOCTH 0.05.

PE3YJIBTATDI

TouHOCTB onpezeeHus BaprabeIbHOCTU
MuPHK, HecoMHEHHO, SIBJISETCA BaXKHBIM aCIIEKTOM
MpY U3YyYEHUU UX POJIK B OMOJIOTHYECKUX IPOIec-
cax. HopMUpOBKa ypOBHEU 3KCIIPECCHH O0eCcIedn-
BaeT TOYHYI0 KOJIMYECTBEHHYIO OIIEHKY JaHHBIX
IIIIP m HeoOXomuMa i1 WCKJIIOUYEHUS BJIMSHUS
HecrelupUIecKux u3MeHeHHH. OJHOH M3 OCHOB-
HBIX TPYZHOCTEA B HHTEPIPETAIUU ITOJTyUeHHBIX
nanubix [P sBisercs BoiOOp pedepeHCHOTO reHa
(PT). PT" mosrxeH obJ1afaTh TAKUMH Ka4eCcTBaMU, KaK
MHHHMAaJIbHASI BAPHAOETbHOCTh SKCIPECCUU MEXK/IY
CpaBHHUBAEMbBIMH TOJITPYIIIIAMHU, CTAOUIBLHOCTD TP
Pas3yIMYHBIX MeTOo/laxX BbIJesieHus U xpaHeHnusa PHK.

s Beibopa PI' MBI KCHOJIB30BAIA QJITOPUTM
geNorm, o3BOJISIONIUH BBIIBUTH HAN0OJIEE CTA0MITb-
HbIE TE€HBI B UCCIIEyeMOl BhIOOpKe [15]. B xauecTBe
PT pekoMeH/1yeTCs KCIIOJIB30BATh CPE/THEE TEOMETPH-
YecKoe KaKk MUHUMYM TPEX CAMbIX CTA0HUJIbHBIX T€HOB.

Metoyiom ITIIP ¢ oOpaTHOH TPaHCKPHUIIIHENA B
peasbHOM BpeMeHHU B 90 00pasIax IIareHThl H3Me-
PEHBI OTHOCHUTETbHBIE YPOBHU 3KCIIPECCUU CJIETYIO-
mux MuPHK: 31, 100, 146, 150, 20a, 204, 221, 223,
1246, 128, let7a, 126, 451, 92a, 23a, 21, 125b, 26a,
29b, 191 u U6. Haunbosee ontumansasiM PI' B man-
HOM HCCJIEJIOBAHUH SBUJIOCH CPETHEE TEOMETpHYe-
CKOe W3 TIOPOTOBBIX ITUKJIOB (PJIyOPECIIEHIIUU TPEX
MuPHK: 92a, 20a u U6.

PacripesiesieHrie OTHOCUTEJIBHBIX YPOBHEH 3KC-
npeccun uzydaembix MuPHK B oOpasiiax mianeHT B
TPeX CPAaBHUBAEMBIX I'PYIINAX, BKIOUAS MeIHAHHOE
3HAYEHWE W MEKKBAPTHJILHBIA JIMAIIa30H, IIpes-
CTaBJIEHO HA PHC. 1. 3HAYUMOCTb paznuuuii (p)
OTHOCUTETbHBIX yYPOBHEH SKCIPECCHU HN3yUYAEMbBIX
MuPHK B o0pasnax mjaneHT MeXKJy CpaBHUBae-
MBIMU TPYIIIaMU IIPOIEMOHCTPUPOBaHa B Ta0I. 1.

Hame wuccnenoBanue mnokasano (cM. puc. 1,
TabJ1. 1), yro nipu [IP B oOpasmax mianeHT oTMeva-
eTcsl CTAaTUCTUYECKH 3HAYMMOE yBEJINYeHHE yPOB-
Hell skcrnpeccun MuPHK-125b 1 muPHK-29b, a
TaK)Ke CTATHCTHYECKH 3HAUYUMOE CHUKEHHUE YPOBHS

should have such qualities as minimal expression
variability between the compared subgroups, stabil-
ity in various methods of RNA isolation and storage.

To select the RG, we used the geNorm algorithm,
which makes it possible to identify the most stable
genes in the study sample [15]. As a RG, it is recom-
mended to use the geometric mean of at least the
three most stable genes.

Relative expression levels of the following
miRNAs were measured in 9o placental samples by
real-time reverse transcription PCR: 31, 100, 146,
150, 20a, 204, 221, 223, 1246, 128, let7a, 126, 451,
92a, 23a, 21, 125b, 26a, 29b, 191, and U6. The most
optimal RG in this study was the geometric mean of
the threshold fluorescence cycles of three miRNAs:
92a, 20a, and U6.

The distribution of relative expression levels of
the studied miRNAs in placental samples in the
three compared groups, including the median value
and interquartile range, is shown in Fig. 1. The sig-
nificance of differences (p) in the relative levels
of expression of the studied miRNAs in placental
samples between the compared groups is shown in
Table 1.

Our study revealed (see Fig. 1, Table 1) that pla-
cental samples showed a statistically significant
increase in the expression levels of miRNA-125b and
miRNA-29b, as well as a statistically significant
decrease in the expression level of miRNA-451 com-
pared with patients with timely delivery. At the same
time, in PB with perinatal losses, a statistically sig-
nificant decrease in miRNA-150 expression in the
placenta was registered, and in the absence of peri-
natal losses, a statistically significant increase in
miRNA-223 and miRNA-31 expression levels com-
pared with placentas in timely delivery was noted. In
addition, in PB with perinatal losses, compared with
PB without perinatal losses, there is a statistically
significantly lower level of expression of miRNA-221
and miRNA-223 in placentas.

DISCUSSION

The correct formation of the placenta is crucial for
the normal course of pregnancy and fetal develop-
ment. A small number of studies have been devoted
to studying the expression profile of miRNAs involved
in the regulation of molecular biological processes in
the placenta [16—18]. At the same time, it is known
that aberrant miRNA expression can contribute to
disorders of proliferation, apoptosis, angiogenesis,
and other biological processes [19—21].

Angiogenesis and vasculogenesis are controlled
by numerous growth factors and cytokines, including
vascular endothelial growth factor (VEGF), placenta
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Puc. 1. YpoBHHE dKcnpeccun HeKoTopelx MUPHK B 00pasijax mianeHTsl
Fig. 1. Expression levels of some miRNAs in placenta samples

skcnpecenu MUPHK-451 o cpaBHEHUIO ¢ MaIUeHT-
KaMH [IpU CBOEBpeMEHHBIX pojax. Bmecre ¢ TeMm nipu
[TP ¢ mepuHAaTaJbHBIMU NOTEPSAMU 3aPETUCTPUPO-
BAaHO CTAaTUCTHUYECKU 3HAUNMOE CHUKEHHE YPOBHSA
skcnpecceun MUPHK-150 B mianeHTe, a Ipu OTCYT-
CTBUU NEPUHATAJIBHBIX IOTEPh — CTATUCTUYECKU
3HAYNMOe yBeJIN4eHHe ypoBHs akcnpeccnu MuPHK-
223 u MuPHK-31 1o cpaBHeHUIO C I1alieHTaMu IIpu
cBOeBpeMeHHBIX poziax. Kpome toro, npu ITP ¢ nepu-
HAaTQJIBHBIMHU IIOTEpAMU 1O cpaBHeHHIO ¢ [IP 6e3
IIepUHATAIbHBIX IOTePb OTMEeYaeTCsA CTATUCTUYECKHU
3HAaUYUMO OoJjiee HHUBKHH YPOBEHb OKCIIPECCHH
MuPHK-221 u MmuPHK-223 B rutanieHTax.

OBCYK/IEHUE

ITpaBwibHOEe GOPMHUpOBAHUE ILIAIEHTHI HMeeT
peramooniee 3HaAYEHHE /I HOPMAaJIBHOTO TEYEHUs
OepeMeHHOCTH W Pa3BUTHUSA IUIOAA. VI3ydeHUIo mpo-

growth factor (PIGF) and their receptors VEGFR-1/
Flt-1, VEGFR-2/KDR. According to Barton et al. [22],
PIGF levels are superior to clinical markers in pre-
dicting adverse pregnancy, and in particular PB, in
women with suspected preeclampsia. At the same
time, Alpini et al. [23] showed that PIGF is a target
for miRNA-125b and an increased level of miRNA-
125b expression contributes to a decrease in PIGF
expression.

Recent studies [24] have established that miRNA-
125b is a marker of vascular disease. Placental angio-
genesis has been repeatedly considered as a target
and a kind of model for developing methods for diag-
nosing and developing therapeutic effects in various
variants of pregnancy pathology. At all stages of the
formation and development of placental vessels,
VEGF is considered to be a key marker of placental
angiogenesis. During normal pregnancy, VEGF
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Puc. 1 (oxkoHuaHue). YpoBHU dKcIipeccuu HeKoTopbix MUPHK B 06pasijax mianeHThI
Fig. 1 (ending). Expression levels of some miRNAs in placenta samples

s sxenpeccuu MuPHK, yuacTByromux B peryJs-
A MOJIEKYJISIPHO-OMOJIOTUYECKUX  IPOIECCOB,
MPOUCXOSAIINX B IUIAIIEHTE, IOCBAIIEHO HEOOJIbIIIOe
KOJIMYECTBO HccieloBaHui [16—18]. B To ke Bpems
W3BECTHO, YTO abeppaHTHas skcrapeccuss MUPHK
MOXKET CHOCOOGCTBOBATh HApPYIIEHUI0 Mposudepa-
I[UY, allONTO3a, AHTUOTEeHe3a U IPYTUX Ouosormde-
CKHX IIPOIIeCCOB [19—21].

AHTHOTEeHe3 W BaCKyJIOT€He3 KOHTPOJIUPYIOTCS
MHOTOYHCIEHHBIMU (DAaKTOpPAMH pPOCTa M IHUTOKH-
Hamu, Bkrouas vascular endothelial growth factor
(VEGF), placenta growth factor (PIGF) u ux pernen-
topsl VEGFR-1/Flt-1, VEGFR-2/KDR. Ilo MHeHHIIO
J.R. Barton et al. [22], ypoBau PIGF npeBocxogsar
KJIMHUYECKHe MapKephl B IPOTHO3UPOBAHUH HebJIa-
ronpusaTHON GepemMeHHOCTH, U B uactHoctu IIP, y
JKEHIIIUH C I0JI03PEHUEM Ha Ipeskiamicu. Ilpu
sroM G. Alpini et al. [23] mokazanu, uto PIGF sBis-

expression in the human placenta increases in pro-
portion to gestational age [25]. A. Ray and B.K. Ray
[26] showed that, in mammary gland cells, increased
expression of miRNA-125b suppresses VEGF
through the direct target of SAF-1. These results
highlight the role of miRNA-125b as an anti-angio-
genic regulator. This coincides with the opinion of
Zhou et al. [27], who state that a high expression
level of miRNA-125b suppresses angiogenesis. The
same phenomenon, but with ovarian carcinoma, was
also pointed out by Not et al. [28], who found that
miRNA-199a and miRNA-125b suppress angiogene-
sis in tumor cells by suppressing the expression of
HIF-1a/VEGF.

According to the literature [29], miRNA-125b
expression is significantly increased in patients with
preeclampsia, both in placental tissues and in blood
serum. It was shown that miRNA-125b promotes an
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Ta6una 1. 3HaYUMOCTh Pa3JIMYUA OTHOCUTEIBHBIX YPOBHEH SKCIIpeccHu u3ydaeMbix MUPHK
MEXKy CPAaBHUBAEMBIMHY I'PyIIIaMH (p)

Table 1. The significance of differences in the relative expression levels of the studied miRNAs
between the compared groups (p)

muPHK 1-1 IpyIa vs 3-1 rpymnna 2-7 rpylnIa vs 3-41 rpynma 1-A TpyIIIa VS 2-A IpyImmna
miRNA Group 1 vs group 3 Group 2 vs group 3 Group 1 vs group 2
31 0.672265 0.039289 0.059699

100 0.095495 0.981995 0.283414

146 1.000000 0.171263 0.189217

150 0.014200 0.603467 0.219448

204 0.290751 0.993998 0.506118

221 0.768826 0.077240 0.021329

223 0.982846 0.003203 0.016868

1246 0.768826 0.124443 0.104059

128 0.801903 0.815579 0.570889

let7a 0.971414 0.803912 0.894319

126 0.384938 0.723580 0.639305

451 0.001373 0.000018 0.059699

23a 0.425572 0.603467 0.774340

21 0.790835 0.301405 0.337071

125b 0.000001 0.000001 0.542659

26a 0.229677 0.186041 0.972114

29b 0.000001 0.000001 0.721339

191 0.495459 0.512346 0.828398

IlpumMeduaHUe. II0IyKUPHBIM BBIZIEJIEHBI CTATHCTUYECKH 3HAUMMBIE PA3JIMUHS.
Notes. Statistically significant differences are highlighted in bold.

ercss mMuineHbio i1 MUPHK-125b U mMOBBIIIEHHBIH
ypoBenb skcrnpeccun MuPHK-125b cmocoberByer
cHmkeHuIo dkcrpeccuu PIGF.

HcceemoBaHUAMH OCJIETHUX JIET [24] ycTaHOB-
neHo, utro MuPHK-125b siBasieTcss MmapkepoMm cocy-
JIUCTBIX 3a00sieBaHmi. [1yanieHTapHBINA aHTHOTEHES
HEOJITHOKPATHO paccMaTpuBajicA B  KauyecTBe
MUIIIEHH U CBOeOOPa3HOH MOeH JIJIsT pa3paboTKHu
METOJIOB TMaTHOCTUKU U OTPAbOTKHU TepareBTHIe-
CKUX BOB3JIEHCTBUM NPU PA3JTUUYHBIX BapHUaHTaX
marosoruu GepemeHHoctu. Ha Bcex aTamax ¢op-
MUPOBaHUA U pa3BUTHUA cocyioB maneHTsl VEGF
MPUHATO CYUTATH KJIIOYEBBIM MapKepOM ILIalleH-
TapHOTO AaHTHOreHe3a. Bo BpeMs HOPMaJIbHOU
O6epemennoctu skcupeccus VEGF B mamente
YeJOBEKA  YBEJMUHMBAETCA  IPOIMOPIIHOHAIBHO
cpoky Gepemennoctu [25]. A. Ray, B.K. Ray [26]
IMOKAa3aJId, YTO B KJIETKAX MOJIOUHOH 3KeJjIe3bl IIOBBI-
IIEHHBIA ypoBeHb sKcmpeccuss MuPHK-125b moma-
BasgeT VEGF uepe3 npamyio muiieHb SAF-1. 9tu
pe3yabraThl mogdyepkuBaioT poias MuPHK-125b B
KauyecTBE AHTHAHTHOTEHHOTO PETyaATopa. ITO
coBmaziaer ¢ MHeHUeM S. Zhou et al. [27], koTopbIe
VTBEPIKJAIOT, UTO BBICOKHU YPOBEHBb 3KCIIPECCHU
muPHK-125b mozgasiser anruorenes. Ha sTo ke
SIBJIEHWE, HO TPH KapIUHOME SIMYHUKOB, YKa3bI-
Basin u J. He et al. [28], koTOpbIe ycTaHOBUIIU, UTO

increase in the level of IL-8 in trophoblast cells
through its effect on the direct target of this cytokine
SGPL1. In addition, it was found [30] that an
increased level of miRNA-125b expression leads to
impaired placentation due to the regulation of
KCNA1 and inhibition of trophoblast invasion. In our
study, we also note an increase in the expression
level of miRNA-125b in the PB groups compared
with childbirth without complications, which allows
us to consider miRNA-125b one of the key partici-
pants in the pathogenesis of PB.

The mother’s body adapts to the growing need of
the fetus for glucose as the pregnancy progresses
[31]. At the same time, one of the most important
participants in the regulation of glucose metabolism
at the placental level is glucose transporter type 1
(GLUT1) [32], and miRNA-125b is involved not only
in the regulation of angiogenesis, but also in glycoly-
sis [33]. Zhang et al. [34] showed that an increased
level of miRNA-125b expression suppresses GLUT1
in papillary thyroid cancer cells. Current models of
glucose transport across the placenta identify GLUT1
as the main glucose transporter. Aberrant expression
of GLUT1 is observed in some pathological rear-
rangements of the placenta [35]. It was noted [36]
that GLUT1 protein expression decreases in pre-
eclampsia. Thus, an increased level of miRNA-125b
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muPHK-199a u MmuPHK-125b mogapisior auruore-
He3 B KJIETKAX OIYXOJIM 3a CUET IO/IaBJIEeHUS DKC-
npeccuu HIF-1a/VEGF.

ITo maHHBIM JIUTEPATYPHI [29], V MAIUEHTOK C
MIPesKJIaMIICHeN 3HAUNUTETbHO TTOBBIIIIEHA SKCIIPec-
cust MuPHK-125b, mpuyeM Kak JIOKaJIbHO B TKAHSX
IUTAIEHTHl, TaK U B CHIBOPOTKE KpoBHU. Ilpm sTOM
mokasano, uro MuPHK-125b crioco6cTByeT yBenue-
Huio ypoBHs IL-8 B kieTkax Tpodobiacta yepes
BO3JIEHICTBHE Ha MPAMYI MUIIEHb 3TOTO IIUTOKWHA
SGPL1. Kpome Toro, ycTaHOBJIEHO [30], YTO TOBBI-
[IIEHHbBIH YpoBeHb sKcnpeccuu MuPHK-125b mpuso-
JIUT K HAPYIIEHWIO TUIAIIEHTAIlNH 32 CUET PETYJISAIIU
KCNA1 u uarubupoBanus naBasuu Tpodobiacra. B
HAIlleM HCCJIEJIOBAHUU MBI TaKXKe€ OTMEYAeM ITOBBI-
eHue ypoBH: skcupeccrut MUPHK-125b B rpymmax
ITP no cpaBHeHUIO ¢ poaMu 6e3 OCTIOKHEHUM, UTO
mo3BoJisgeT cuntaTh MUPHK-125b ogHuM 13 Kiaoue-
BBIX yYaCTHUKOB I1aToreHesa I1P.

OpraHu3M MaTepH aallTHPYeTcs K BO3pacTaro-
el ToTPeOHOCTH I1JI0/IA B TJTIIOKO3€E 110 Mepe Pa3BU-
Tus1 6epemenHocTH [31]. [Ipu aTOM o1HUM M3 HANOO-
Jiee BaXKHBIX YUYACTHHUKOB PETY/AIUA 0OMeHa TJIio-
KO3bl Ha IUIAIIEHTAPHOM YPOBHE SBJIsieTCs glucose
transporter type 1 (GLUT1) [32], a MuPHK-125b yua-
CTBYET HE TOJIbKO B PETYJ/IAIUN aHTUOTEHEe3a, HO U
mukosusa [33]. G. Zhang et al. [34] mokasasu, 4To B
KJIETKaX MaIWUISIPHOTO PaKa IMUTOBUTHOU JKeJe3bl
MIOBBIIIIEHHBIN ypoBeHb 3Kcmpeccun MuPHK-125b
nozasisier GLUT1. CoBpemeHHbBIE MOENIN TPAHC-
IopTa IJIIOKO3bl 4Yepe3 IUIAIEHTy OIpeEsIsIoT
GLUT1 B xauecTBe OCHOBHOTO MEPEHOCUUKA IJIIO-
K03bl. AGeppanTHas skcrpeccuss GLUT1 nabiona-
eTcs TIPU HEKOTOPBIX IMATOJIOTUYECKUX ITEPECTPOU-
Kax 1aneHTs! [35]. OTMeueHo [36], 4TO sKcIIpeccust
b6enxka GLUT1 cHmwkaercs 0OpH IPEIKIAMIICHU.
Takum 00Opa3oMm, IMOBBIIMIEHHBI YPOBEHb HKCIIPEC-
cun MuPHK-125b MoskerT croco6cTBOBaTh CHEKE-
auio ypoBHA GLUT1 B TkaHM IUIAlIEHTHI, IPUBOJS K
MMATOJIOTHYECKUM ITyTAM TeUeHHs O€pEMEHHOCTH, B
yacTHocTH, K [1P.

[To HamuMm [AaHHBIM, YPOBEHb 3YKCIIPECCUU
MuPHK-29b B rpynmnax ITP mpeBbllIaeT 0Z[HOUMEH-
HBIH TIOKa3aTeJb TIPU CBOEBPEMEHHBIX POjax.
Ceromust posib MuPHK-29b B pazBuTum ILIareHThI
He sICHA, OJHAKO B psA/IE UCCIIEJOBAHUU OTPAKEHO
3HaueHue sTtoi MuUPHK B peryssamum mporeccoB
aHTHOreHe3a U MeTaboJIM3Ma TITFOKO3BI, aCCOITUUPO-
BaHHBIX ¢ OEpPEMEHHOCTHI0O M pocToM IuIojia. Tax,
W. Tang et al. [37] ycranoBuin, uto muPHK-29b
SIBJISIETCS CYIIPECCOPOM aHTHOTEHE3a, CIIOCOOCTBYET
arnonTo3dy U WHTHOWPYET WHBA3HIO KJIETOK TPOdOo-
6s1acTa. ABTOPHI OTMEYAIOT, UTO MHIIEHAMH JIJIst
muPHK-29b  sBistioress  MCL-1 (myeloid cell

expression can contribute to a decrease in the level of
GLUT?1 in the placental tissue, leading to pregnancy
failure, in particular, to PB.

According to our data, the expression level of
miRNA-29b in the PB groups exceeds that of the
same indicator in timely delivery. Today, the role of
miRNA-29b in the development of the placenta is
not clear; however, a number of studies reflect the
importance of this miRNA in the regulation of angio-
genesis and glucose metabolism processes associ-
ated with pregnancy and fetal growth. Thus, Tang
et al. [37] found that miRNA-29b is an angiogenesis
suppressor, it promotes apoptosis, and inhibits inva-
sion of trophoblast cells. The authors note that the
targets for miRNA-29b are MCL-1 (myeloid cell leu-
kaemia sequence 1), MMP2 (encoding matrix metall-
proteinase 2), VEGFA, and ITGB1 (integrin 1). Teng
et al. [38] believe that miRNA-29b is a negative regu-
lator of glucose metabolism. At the same time,
according to Dini et al. [39], all members of the
miRNA family are potential regulators of glucose
transporters (GLUTSs) and insulin-like growth fac-
tor-1 (IGF-1).

In addition to miRNA-125b, other miRNAs are
also involved in the regulation of glycolysis in organs
and tissues. Thus, studies of osteosarcoma cells
showed [40] that the intensity of GLUT1 expression
in them is regulated by miRNA-150. Guo et al. [41]
found that glucose metabolism in glioma cells is con-
trolled by miRNA-451 through the LKB1/AMPK/
PI3K/AKT pathway regulating GLUT1 metabolism,
which ultimately leads to inhibition of glucose
metabolism. In our material, we found a statistically
significant decrease in the expression level of
miRNA-150 in the placentas of women with PB and
perinatal losses and a trend towards a decrease in
the level of miRNA-150 expression in cases of PB
without perinatal losses. In addition, we observed a
statistically significant decrease in the expression
level of miRNA-451 in all PB groups in comparison
with timely delivery. Thus, a decrease in the expres-
sion level of miRNA-150 and miRNA-451 may con-
tribute to an increase in the GLUT1 pool, which, in
turn, reflects a shift in sugar metabolism towards an
increase in the intensity of glucose intake into the
placenta [42].

Sanders et al. [43] indicate an increase in miRNA-
223 expression in cervical epithelial cells in women
with the earlier pregnancy. According to our data,
there is also an increase in the expression level of
miRNA-223 in patients of the PB group without peri-
natal losses in comparison with the parameter of the
same name in timely delivery, although we studied
placental tissue. Therefore, it can be assumed that
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leukaemia sequence 1), MMP2 (encoding matrix
metallproteinase 2), VEGFA u ITGB1 (integrin (1).
Y. Teng et al. [38] mosararot, uro MuPHK-29b sBis-
eTCsl HeTaTUBHBIM PeryJIsITOpOM MeTaboIn3Ma IIi0-
ko3bl. IIpu saTOoM, 10 AauHbIM S. Dini et al. [39], Bce
yjeHsl cemericrBa MUPHK gBgI0OTCS IOTEHIIMAIIB-
HBIMHU peryisaTropamu glucose transporters (GLUTS)
u insulin-like growth factor-1 (IGF-1).

B perynAanuu riaykosinza B OpraHax M TKaHAX
rmomumo MuPHK-125b npuHUMaloT yuactue u fpyrue
MuPHK. Tak, npu usydyeHUU KJIETOK OCTEOCAPKOMBI
MOKa3aHO [40], YTO HWHTEHCUBHOCTh HKCIIPECCUH
GLUT1 B xux perynupyercss MuPHK-150. H. Guo et al.
[41] yetanoBMIH, UTO OOMEH TJIFOKO3bI B KJIETKAX TJIH-
oMbl KoHTposnpyeTess MuPHK-451 yepes myts LKB1/
AMPK/PI3K/AKT, xoropbili peryaupyer metabo-
su3Mm GLUT1, uTo B UTOTe MPUBOAUT K MHTHOUPOBA-
HUIO MeTabom3Ma IUIoKo3bl. Ha Hamem matepuase
MBI OOHAPYKIUIH CTATUCTUYECKU 3HAUMMOE CHIDKe-
HHe ypoBHA 3kcnpeccun MUPHK-150 B miareHTax
skeHINUH ¢ [IP 1 mepuHaTaJIbHBIMU IOTEPAMU U TEH-
JIeHIMIO K CHUXKEHUIO YpOBHA dKcripeccuu MUPHK-
150 B ciryuasx [P 6e3 mepuHaTaIbHBIX TOTephb. Kpome
9TOrO, MbI HAOJIONAIN CTATHCTUYECKH 3HAYNMOE
cHIXeHue ypoBHA 3kcrpeccun MUPHK-451 Bo Bcex
rpynnax IIP B cpaBHEHHMH €O CBOEBpPEMEHHBIMU
pomamu. Takmm 06pasoM, CHIDKEHHE YPOBHS DKC-
npeccunn MUPHK-150 1 MmuPHK-451 moxker crioco6-
CTBOBATh yBeJIWdeHUIo npencraButesnberBa GLUT1,
YTO, B CBOIO OYepenb, OTpasKaeT cMelleHre MeTabo-
JIM3Ma CaxapoB B CTOPOHY IIOBBIIIEHUA UHTEHCUBHO-
CTH TIOCTYILJIEHUS TJIIOKO3BI B ILIALIEHTY [42].

A.P. Sanders et al. [43] yka3sIBaioT Ha OBBIIIE-
HUe ypoBHA 3kcupeccun MUPHK-223 B anurtenno-
[UTaX IIEeUKU MATKH Y JKEHIIWH ¢ 6ojiee paHHUM
cpokoM GepemeHHOCTU. [0 HAITUM JaHHBIM, TAKXKe
OoTMeuaeTcs yBeJWYeHHEe YPOBHA  JKCIIPecCUU
MuPHK-223 y manuenTok rpynmst [IP 6e3 nepuHa-
TQJIBHBIX IIOTEPh B CPAaBHEHUU C OJIHOUMEHHBIM
rapaMeTpoM IIPU CBOEBPEMEHHBIX pO/aX, XOTA MBI
U3y4daad IUIAleHTapHylo TKaHb. CienoBaTesbHO,
MOXKHO MPeAnoaokuTh, yTo MuPHK-223 aBnagercsa
OJIHUM U3 KJIIOUEBBIX SIIUT€HETUYECKUX PeryJssaTo-
POB B Pa3IMYHBIX TKAHAX IpU GepeMeHHOCTH. Bme-
CTe C TeM MBI He HAOJIIOIaIN YBEJIUNYEHUsI YPOBHS
skcnpeceuun MuPHK-223 B rpynne IIP ¢ nepuna-
TQJIBHBIMH MOTEPAMU B CPAaBHEHHUHU CO CBOEBPEMEH-
HBIMH POJIAMH, YTO MOXKET OBITh CBA3aHO KaK C 00B-
€MOM W TeTEPOTEHHOCTHI0 HCCIIEyeMOU BBIOOPKH,
Tak U ¢ (paKTOM BO3MOKHOTO BoBjieueHuss MuPHK-
223 B KaCKaJl TeHETHIECKUX N3MEHEHUH, BBI3IBAIO-
X TUOesIb 11044,

Mpb! HabJIIO/IaTA CTATUCTHYECKH 3HAUMMOE yBe-
JudeHne ypoBHA skcnpeccun MuPHK-31 B rpynime

miRNA-223 is one of the key epigenetic regulators in
various tissues during pregnancy. At the same time,
we did not observe an increase in the expression level
of miRNA-223 in the PB group with perinatal losses
in comparison with timely delivery, which may be
due both to the size and heterogeneity of the study
sample, and to the fact that miRNA-223 may be
involved in the cascade of genetic changes causing
fetal death.

We observed a statistically significant increase in
miRNA-31 expression in the PB group without peri-
natal losses. Kim et al. [44] showed that TNFa and
miR-31-5p are negative regulators of angiogenesis
and trophoblastic invasion in an ex vivo cultured
model of human placental arterial vessels, which is a
typical feature of preeclampsia. The interaction
between endothelial cells and endovascular tropho-
blasts, according to the authors, is critical for suc-
cessful trophoblast invasion and placental blood
flow. These data may indicate the place of miRNA-31
in the group of angiogenesis regulators.

When analyzing placental samples in groups, we
obtained results indicating a statistically significant
decrease in the level of miRNA-221 expression in
the PB group with perinatal losses compared to the
PB group without perinatal losses. According to Hu
et al. [45], the expression level of miRNA-221
increases with the development of the placenta, and
its target is DDIT4, which is involved in the develop-
ment of the nervous system of the embryo. Ji and
Liu [46] note that the miRNA-221/222 cluster can
promote apoptosis of human trophoblastic cells and
placental dysfunction by suppressing the expression
of the apoptosis-inhibiting protein bcl-2. At the
same time, it was shown experimentally [47] that
the expression level of miRNA-221 decreases in rat
placental tissues during pregnancy and negatively
correlates with the level of glucose in the blood of
animals. The authors note that to date, the exact
mechanism by which miRNA-221 can affect PB is
not known, but there is no doubt that this miRNA is
placenta-specific and is involved in the regulation of
its development.

CONCLUSION

Aberrant expression levels of miRNA-125b,
miRNA-29b, and miRNA-451 in the placentas of
patients with premature birth indicate their involve-
ment in the pathogenesis of the latter, apparently
due to impaired regulation of angiogenesis, apopto-
sis, trophoblast invasion, and glucose metabolism.
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ITP 6e3 mepunHaTabHBIX HOTEPh. S. Kim et al. [44]
mokazanu, uto TNFa 1 miR-31-5p sSIBAAIOTCS Hera-
TUBHBIMU PETYJIATOPAMHU aHTHOTeHe3a u TpodobJia-
CTUYECKOU WHBA3WH HA KYJIbTUBUPYEMOU ex Uivo
MOJIeJId TIJIAlleHTapHBIX apTEepHUaJIbHBIX COCYZOB
4JeJIOBEKa, YTO ABJIAETCA TUIWYHBIM IIPU3HAKOM
IIpesKyIaMIIcui. BzauMoeiicTBre MeX Ty S5HAOTETN-
QJIBHBIMHU KJIETKAMH U 3HJAOBACKYJIAPHBIMU TPOhO-
6yracramu, 10 MHEHUIO aBTOPOB, MMEET peIIalolee
3HAYEHUE JUUIs YCIIETHOW WHBa3uu Tpodobiacra u
IUTAIEHTApPHOTO KPOBOTOKA. DTU IaHHBIE MOTYT YKa-
3bp1BaTh HA MecTo MUPHK-31 B rpymniie peryiaTopos
aHruoreHesa.

[Tpu anau3e 06pasIoB ILUIAIEHTHI B TPYIIIaX Mbl
MOJIyYUJIN Pe3yJIbTaThl, CBUETEIBCTBYIOMINE O CTa-
TUCTUYECKU JIOCTOBEDHOM CHUKEHUM YPOBHsS JKC-
npeccun MuPHK-221 B rpynne [IP ¢ nepunaTanb-
HBIMH IIOTEPSMU 10 CpaBHEHUIO ¢ rpynmoi I1P 6e3
IepUHATAIBHBIX OTepb. ITo manubiM B. Hu et al.
[45], ypoBens skcnpeccun MuPHK-221 yBemnuunBa-
eTcs 10 Mepe Pa3BUTHUA IJIAllEHThI, a4 ee MUIIEHbIO
sipyisiercss DDIT4, yyacTByroOmui B pa3BUTUH HEPB-
HoU cucteMbl sMbOprona. L.X. Ji, J. Liu [46] otme-
4arT, uTo ki1acrep MuPHK-221/222 moxkeT crmocob-
CTBOBAaTh amoITO3y TPO(OOIACTUUECKUX KJIETOK
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yesi0BeKa U JUCHYHKIIUHU IJIAEHTHI 32 CUET Io/a-
BJIEHUS DKCIIpeccuu OesTka, MHTMOUPYIOIIETO aIloI-
103 bcl-2. IIpu 5TOM B SKCIIEpUMEHTE TIOKa3aHo [47],
4TO0 ypoBeHb dkcnpeccnu MUPHK-221 camkaercsa B
TKaHAX IJIAIEHTHI KPHIC P Pa3BUTUU OepeMeHHO-
CTU U OTPHUIATEIbHO KOPPEJUPYET C YPOBHEM TJIIO-
KO3bI B KDOBH JKHBOTHBIX. ABTOPBI OTMEYAIOT, YTO HA
CEerONHAIIHUN JIeHb He H3BECTHO TOYHOIO Mexa-
HU3Ma, ¢ momolbio kKoroporo MuPHK-221 moxer
BIUATH Ha 1P, ogHaKO He BhI3BIBAET COMHEHUS, UTO
sra MuPHK sBisercsa miareHTa-cenuguaHOd
y4acTBYET B PETYJIAIUYU ee PAa3BUTUA.

SAK/IIOYEHUE

AGeppaHTHbIE 3HAYEHUs] YPOBHEH BKCIIPECCHU
muPHK-125b, MuPHK-29b u MmuPHK-451 B mianen-
Tax MaIUEHTOK C IPEKIEBPEMEHHBIMU POIaMHU CBH-
JIETEILCTBYIOT 00 MX YYaCTUM B IIATOTEHE3€e TOCTIE/-
HUX, [TO-BUAUMOMY, 34 CYET HAPYIIEHUA PETYJISAIUN
[IPOLIECCOB AHTHOIeHEe3a, aloITo3a, WHBA3UHU TPO-
(dobacra u meTabosiM3Ma IJTIOKO3HI.

KoHdIuKT nHTEpEeCcOoB. ABTOPHI 3a5IBJISIIOT 00
OTCYTCTBUM KOH(JINKTA HHTEPECOB.
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