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Pe3tome

Llenb: n3yyeHnme TaKCOHOMUYECKOrO pa3HOO6pa3ns MUKPOOBMOMHOIO KWLLEYHOrO NaHAwadta BO B3aWMOCBSA3U
C HEeMPO-MMMYHHO-TYMOpaibHbIMM 6MOMapKepamu y NauyeHToK ¢ MPUBbLIYHBIM HEBbIHALIMBaHUEM 6epemeHHOCTM (THB).

Marepuanbl u metogbl. [1poBe1eHO OQHOMOMEHTHOE CPABHUTENbHOE UCCNEA0BaHME C yHacTeM 55 6epemeHHbIx ¢ MHB
B aHaMHe3e (OCHOBHas rpynna) n 60 XeHWwmnHaMn ¢ PU3NONOrMYecKy npoTekaroLeil 6epeMeHHOCTbI0 (KOHTPOSIbHAS
rpynna). Bcem >XeHLHaM NpPOM3BOAMIIN OLEHKY CbIBOPOTOYHbIX YPOBHEH (DakTopa Hekposa onyxonu anbda (aHrm.
tumor necrosis factor-alpha, TNF-a)), uHTepnerikuna (aurm. interleukin, IL) IL-17, kopT3ona n MenatoHMHA C NOMOLLbHO
TBEPA0(PA3HOr0 UMMYHOCEPMEHTHOIO aHanu3a. V3yvyeHne TakCOHOMUYECKOrO COCTaBa KWULIEYHOW MUKPOOWUOTbI Ha
YPOBHE POAOB MPOBOAWIIN METOJOM CEKBEHMPOBaHMSA reHa 16S pubocomanbHoi PHK. ns OUEHKW a-pa3Hoobpasus
C0006LLEeCTBA UCNONb30BaNM UHAEKCHI Chaot, 4ucno o06HapYXeHHbIX TAKCOHOB (+ SD; Sobs ) 1 nokasatens, LEMOHCTPY-
PYIOLLMIA peanibHOe KONM4ecTBO TakcoHOB (aHrn. Abundance Coverage Estimator, AGE).

PesynbTatbl. 3a)KCUPOBAHO 3HAYMMOE CHUKEHME a-pPa3HO06pa3ns 6akTepmanbHOro coobLyecTsa y nauneHTok ¢ MHb
no AaHHbIM nHpekca Chaol (p = 0,014). YcTaHOBNIEHO 3HAYMMOE YMeHbLUeHWe NpefCcTaBNeHHOCTN poaoB Bifidobacterium
(p < 0,001), Lachnospira (p = 0,032), Roseburia (p = 0,003), Coprococcus (p = 0,012) Ha dhoHe nosblweHns Ruminococ-
cus (p < 0,001) u Klebsiella (p = 0,002) y »eHuiuH ¢ MHB. BbisiBfieHa NoI0XUTENbHAsA KOPPENALMA MeXay YMCIEHHOCTbIO
6aktepuint Ruminococcus w yposHem TNF-o (r = 0,49; p = 0,003), oTpuuatenbHas KOppenaums Mexay Konn4ecTBom
Bifidobacterium v IL-17 (r= -0,54; p = 0,001), yncneHHocTbto Lachnospira v cogepxaHuem koptusona (r = -0,46; p =
0,002), a Takxe NpeAcTaBleHHOCTbI0 Coprococcus N YypOBHEM MeSTaTOHWUHA B CbIBOPOTKE KpoBK (r = -0,58; p = 0,028).

3akntouenue. Ana nauneHTok ¢ MHB xapakTepHbl AMCOMOTUYECKME N3MEHEHNS MUKPOBUOMHOrO naHawadta. O6Hapy-
)KEHHbIE CTAaTUCTUYECKN 3HAYMMbIE KOPPENALMN HEKOTOPbIX NPeACTaBUTENed MUKPOBUOTBI C HEMPO-UMMYHHO-TYMOpasib-
HbIMK 6IOMApPKEPAMM YKA3bIBAKOT HA BOBIEYEHHOCTb ANCOMOTUYECKNX U3MEHEHUI KULLIEYHMKA B Pa3BUTME UMMYHHbIX
HapyLEeHWA 1 AMCPErynaunio anndn3apHo-runopusapHo-HaanoveyHKOBON 0CK, NiexXallyx B 0CHoBe natoreHesa MHbB.
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Abstract

Aim: to study taxonomic diversity of the intestinal microbiome landscape in relation to neuro-immune-humoral biomarkers
in patients with recurrent pregnancy loss (RPL).

Materials and Methods. A cross-sectional comparative study was conducted by enrolling 55 pregnant women with history of
RPL (main group) and 60 women with physiological pregnancy (control group). All women underwent serum tumor necrosis
factor-alpha (TNF-a), interleukin (IL) IL-17, cortisol and melatonin levels assessment using enzyme-linked immunosorbent
assay. The taxonomic composition of the intestinal microbiota at the birth level was examined using 16S ribosomal RNA
gene sequencing. The Chao1, Sobs, and ACE (Abundance Coverage Estimator) indices were used to assess o-diversity of
microbial community.

Results. It was found that a-diversity of the bacterial community in patients with RPL was significantly decreased assessed
by Chao1 index (p = 0.014). A significant decline in prevalence of the genera Bifidobacterium (p < 0.001), Lachnospira (p =
0.032), Roseburia (p = 0.003), Coppococcus (p = 0.012) was established along with rise in Ruminococcus (p < 0.001) and
Klebsiella (p = 0.002) in women with RPL. Moreover, there were observed several significant relations: a positive correlation
between abundance of Ruminococcus bacteria and TNF-a. level (r = 0.49; p = 0.003), a negative correlation between abun-
dance of Bifidobacterium and IL-17 (r =-0.54; p = 0.001), abundance of Lachnospira and cortisol level (r =-0.46; p = 0.002),
as well as abundance of Coprococcus and melatonin level in blood serum (r = —0.58; p = 0.028).

Conclusion. It was found out that patients with RPL are characterized by dysbiotic changes in the microbiome landscape. The
statistically significant correlations between some microbiota representatives and neuro-immune-humoral biomarkers
suggest that dysbiotic alterations in the intestine may be involved in developing immune disorders and dysregulation of the
pineal-pituitary-adrenal axis underlying RPL pathogenesis.
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TakcoHoMMYecKoe pasHoo6pasne MUKPOOUOMHOIO KIULLEYHOTO JlaHALLIATA W ero KIIMHUYECKOe 3HaYeHne

Mpu NPUBbLIYHOM HEBbIHALLNBAHWI GEPEMEHHOCTM

AxyuiepcTBo, I'mHekoAorusa u Pennpoaykiima [PAPEEE VS X

OCHOBHbIE MOMEHTbI

Yro yxe U3BECTHO 00 3TON TEME?

» [IpuBbI4HOE HeBbIHALIMBaHWE 6epemeHHocTH (MTHB) — ogHo K3
CaMbIX CEPbE3HbIX 11 COLMANTbHO 3HAYUMbIX OCIIOXKHEHWIA 6epe-
MEHHOCTW.

P LleHTpanbHbIMU 3BeHbAMM natoreHesa MHB BbICTYnaKT UMMYH-
Hble HapyLIeHUs U JUCpPerynauns anucuaapHo-runodnsap-
HO-HAAMNO4Y€4HINKOBOI OCH.

» PaHee NpoBeJeHHbIE NCCNE0BaHNS NPeaoCTaBNAT yoeam-
Te/bHbIe [10KA3aTeNbCTBA U3MEHEHNIA MUKPOBUOTBI KNLLIEYHMKA
Yy XXeHLuH ¢ [MHB.

Y10 HOBOrO flaeT cTaThA?

» [lokasaHo, 4to ans 6epemeHHbIX ¢ MHE B aHamHe3e xapakTepHo
6osee HU3KOe a-pasHoobpasue 6akTeprnanbHOro Co0bLLECTBa.

P> VYTOYHEH XxapakTep TaKCOHOMWUYECKOro cocTaBa MUKPOOUOTHI
KMLeYyHMKa y nauneHTok ¢ MHB Ha ypoBHe poAoB.

P VCTaHOBJIEHbI CTATUCTUYECKN 3HAYUMbIE KOPPESIALMIA HEKO-
TOPbIX POAOB 6AKTEPUIA C CUCTEMHBIMU YPOBHAMU HEipo-
VMMYHHO-TyMOpanbHbIX 6MOMapKepoB.

Kak aTo MOXET NoBHUATb HAa KIIMHUYECKYH) NPAKTHKY

B 0603pumom 6yaywem?

» [loka3aHa ponb A1c61o3a KMLLEYHNKA KaK 3HaYMMOro (hakTopa
B natoreHese [MHB.

» [lpuLenibHOe BO3AECTBIUE HA MUKPOBUOTY KULLIEYHIKA MOXET
€noco6CTBOBATL MOBbLILIEHNIO 3)(EKTUBHOCTU TepaneBTuye-
CKUX noaxonoB B nedeHun MHB.

Beeaenue / Introduction

MpuBblYHOE HeBbiHaWmMBaHue 6epemenHocTu (MHB)
ONnpeAeNifAeTcs Kak nonuaTuonornyHoe naTonornyeckoe
COCTOSIHWE, XapaKTepuayloLieecs ABYMS 1 6osee ann3o-
[aMU CaMmonpou3BOJSIbHOTO MpepbiBaHNs 68PEeMEHHOCTU
B CPOKax [0 22 HeJenb rectauuu, u NpeacTasniset co6ou
OHY 13 Hanbonee cepbe3HbIX NP06JIEM COBPEMEHHOIO
akywepctea [1]. Y 50 % nap noBTOPSAOLMNECH CMOHTAH-
Hble noTepu 6epeMeHHOCTI HAa PaHHUX CPOKax 00YCNoBe-
Hbl uanonatuyeckumu npudmHamu [2]. GornacHo gaHHbIM
NNTEpaTypbl, LUeHTpabHbIM 3BEHOM NaTO(NU3N0N0rUN
[MHB aBnseTCs HapyLleHMe MaTePUHCKOW UMMYHHOW TO-
NEePaHTHOCTY B OTBET HA UHTErpauuio «nosyansioreHHbIx»
NnIojoBbIX TkaHen [3]. posBneHNs annoMMMyHHbIX Ha-
PYLLUEHWIA BKNIOYAKOT B CEOS, NPEex[e BCero, abeppaHTHoe
NnpoayLMpOBaHNe LIMTOKMHOB. B 3TOM acnekte hoKyc BHU-
MaHUs y4eHbIX HanpasfieH Ha U3y4eHne ponu gakropa
HeKpo3a onyxosin anba (aurn. tumor necrosis factor
alpha, TNF-a) [4] n unTepnerkuHa (anrn. interleukin, IL)
IL-17 [5], o6nagarowmx npoanonToTM4YecKoin, nposocna-
NnTeNbHON akTUBHOCTLIO [6]. YpoBHu TNF-a n IL-17 sB-
NAOTCA HE3aBUCUMbIMU NPOTHOCTUYECKUMI (DaKTOpamm
MHB. Coaep><aHne yKasaHHbIX LMTOKUHOB OTpaxaeT 6a-
naHc cyénonynauuin T-xennepos (aHrn. T-helper cells, Th)
Th1/Th2/Th17 v perynatopHbix T-KNeToK (aHrm. regulatory
T-cells, Tregs) 1 accoLUMPOBAHO C BbIPAXXEHHOCTbLIO NPO-
recCTepOHOBOW aKTUBHOCTM [7, 8].

What is already known about this subject?

» Recurrent pregnancy loss (RPL) is one of the most serious
and socially significant complications of pregnancy.

» The central arms in RPL pathogenesis are coupled to immune
disorders and dysregulated pineal-pituitary-adrenal axis.

» Previous studies provide convincing evidence regarding
alterations in the intestinal microbiota in women with RPL.

What are the new findings?

» It has been shown that pregnant women with former RPL are
characterized by lower a-diversity of the bacterial community.

» The pattern of the taxonomic composition for intestinal micro-
biota in patients with RPL at delivery level has been clarified.

» Statistically significant correlations between some bacterial
genera and systemic levels of neuro-immune-humoral
biomarkers have been established.

How might it impact on clinical practice in the foreseeable

future?

» The role of intestinal dysbiosis as a crucial contributor in RPL
pathogenesis has been verified.

» Targeted impact on the intestinal microbiota may contribute to
improve effectiveness of therapeutic approaches in RPL
treatment.

BmecTe ¢ TeM B NOCNEAHMX HAY4HbIX Ny6NUKauusax ak-
TUBHO 06CYX[AeTCH BOBNEYEHHOCTb ANUCPEryNaLum anun-
hnsapHo-runon3apHo-Haano4e4yHNKOBOIA ocK B pop-
mupoBsaHue MHB [9].

Maumentku ¢ NMHB nocToBepHO AEMOHCTPUPYIOT 60Jiee
BbICOKIE YPOBHU CbIBOPOTOYHOIr0 KOPTM30/1a HA (hOoHE
MOHWXEHHOI0 YPOBHA MENATOHMHA MO CPABHEHUIO C XKeH-
LMHAMKW C PM3MONOTMYECKUM TeHeHneM 6epeMeHHOCTM
[10-12]. B cBoto 04epefb, U3MEHEHUS KOPTU30M1a U Me-
NAaTOHWHA MOTYT 0Ka3blBaTb BUAHWE HA CEKPeLuto npo-
recTepoHa 1 mpocrtarnaHfnHa, a Takxe crnoco6CcTBOBaTH
HapyLeHNI0 NHBA3NMN W MOBbLILIEHUIO anonTOTUYECKON
aKTMBHOCTM TpodpobnacTa [13-15].

[lanbHenwee pa3BuTue NPeACcTaBNeHUA 0 POSIN Heil-
PO-UMMYHHO-TYMOpPaNibHbIX peakuuini B pasBuTum pe-
NPOAYKTUBHOIA NaTONIOMMM TECHO CBA3AHO C paboTamm
B chepe mukpoobuonorun. Mmkpo6UOMHbIA NaHawagrT,
MOAYNNPYIOLLNIA aKTUBHOCTb UMMYHHbBIX U SHAOKPUHHBIX
KNETOK, CMOCO6EH OKa3blBaTb BIIMSAHNE HA HOPMAlbHOE
TeyeHne 6epeMeHHOCTM. OBHAPYXXeHNe N3MEHEHNI B TaK-
COHOMWYECKOM COCTaBE KWLLEYHON MUKPOIIOPbI Y XKEH-
WwuH ¢ MHB [16-18] aBunocb 060CHOBAHMEM [N NOUCKA
B3aMMOCBA3M MeXAY ANCOMO30M KULLEYHUKA U NOBTOPA-
IOLLMMMCS CTIOHTAHHBIMMW NOTEPAMU 6EPEMEHHOCTH.

Llenb: n3y4eHne TakCOHOMUYECKOro pa3Hoo6bpasmns
MWKPOOGWOMHOrO KMLWEYHOro naHawagra B0 B3auMo-
CBA3M C HENPO-UMMYHHO-TYMOpPaSIbHbIMI 6UOMApKepamu
y naumeHTok ¢ MHBb.

m hitps://www.gynecology.su
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Marepuansl 1 MeToabl / Materials
and Methods

Iu3aith nccnegosanus / Study design

MpoBefeHO OAHOMOMEHTHOE CPaBHUTENIbHOE Wcche-
JoBaHue. Bkro4yeHo 55 6epemeHHbIx ¢ MMHB B aHamHe3e
(ocHoBHas rpynna) n 60 XeHLWMH ¢ (U3N0NOTUYECKUM
Te4YeHNeM recTauyoHHOro nepruoja (KOHTposibHasa rpyn-
na), KoTopble NPOXoAnNK HabntogeHne Ha 6ase Nb6Y3 PK
«CumepononbCKuii KNMHNYECKUIA poannbHbIA gomM Ne 1».

Kputepuu BkntoueHns u ucknroyenus / Inclusion
and exclusion criteria

Kputepun BKIOYEHUSA B OCHOBHYK Pynny: BO3pacT
6epemeHHOM > 18 1 < 40 neT; ogHONNOAHAs MaTo4Has 6e-
PEMEHHOCTb; BEpMMULMPOBAHHLIN AnarHo3 NMHE B aHam-
He3se; nofnucaHHoe J06POBOJSIbHOE COMMACcKe Ha y4acTue.

Kputepum BKIIKO4YEHUS B KOHTPOJIbHYIO IPYNAMY: BO3PAcT
6epemeHHON > 18 n < 40 net; oaHONIOAHAs MaTo4Has 6e-
PEMEHHOCTb; (DU3NONOrNYeCKOe Te4eHIe recTaliOHHOro
Mepuoaa; HeoTArOLEHHbIA aKyLIePCKMiA aHamMHe3; NoAnu-
CaHHOE [06POBOJIbHOE COrnacue Ha yqacTue.

Kputepumn nckn4eHns.: Bo3pact 6epeMeHHon < 18
1 > 40 net; MHOronnoaHas 6epeMeHHOCTb; BHEMATOUYHAS
6epeMEeHHOCTb; CaMONPOU3BOSbHbIA BbIKWABILL B X0dy
(cocTosiHMe, XapaKTepu3yoLLeecs OTCIIONKOM NNOAHOr0
AliLa 0T MATOYHOM CTEHKU U ero OTTOPXKEHUEM); UCMOSTb-
30BaHWe JOHOPCKOW ANLEKNETKI; 0CTPbIe MHAEKLIMOHHbIE
1 TeHeTNYeCKne 3a60MeBaHNs; TSXKeNble (OPMbl COMATH-
4eCKOM NaTonorum; XpoHu4eckne 3aboseBaHns OpraHoB
MULLEBAPUTENBHON CMCTEMbI B aHAMHE36e; NMpuUem npena-
paToB, OKA3bIBAKOLLMX BANSHWUE HA COCTAB MUKPOIOPSI
B NpeALecTByOLWMe 3 MecsaLa 10 Ha4yana uccnefoBaHus;
0TKa3 0T y4acTus.

Metopnbi uccneposanus / Study methods

YI3yqeHne TaKCoHOMUYECKOro pasHoobpasns
MUKDOOUOMHOIo KNLLEYHoro nangwaghra / Examining
taxonomic diversity of the gut microbiome landscape

[ns OLEHKM Ka4eCTBEHHOIO COCTaBa MUKPOBMOTbI KU~
LLEYHMKA NPOBOANIM METAaTaKCOHOMNYECKNIA aHann3 me-
TOLOM CEKBEHUPOBaHUS yparMeHTOB reHoB 16S puboco-
manbHoi PHK (pPHK).

buonoruyeckuit matepman (06pasupl Kana) nocne 3a-
6opa nomeLlancs B 0HOPa30Bble MNACTUKOBbIE KOHTEIA-
Hepbl. Boigenenne [JHK Ha cop6eHTe npoBoAaunm ¢ no-
MOLLbt0 Habopa pearenToB «S-COPB» (CuHTon, Poccus).
[ns ganbHemLwero NpoBeeHNs MeTareHOMHOro aHanuaa
nposofunach amnnndpnkauus V3-V4 pernoHa reHa 16S
pPHK. [po60noAroToBKY OCYLLECTBAAIN COrMACHO NPoTO-
Kony ¢ ucnonb3oBaHuem peareHtoB Nextera XT Index Kit
(Illumina, CLLIA) ¢ nocnefytoLLeii 3arpy3Koii B npOTO4HYO
f4eiky npuoopa MiSeq (lllumina, CLUA).

Mony4eHHbIe NPOYTEHNS 06pabaTbiBaNMCh C MOMOLLbIO
nakeTa insg aHann3a MUKpo61oMHbIX faHHbIX DADA2. Bbi-

PaBHMBAHWE MOMYYEHHbIX NPOYTEHMII reHoB 16S pPHK
1 nocnegytoLlee TakCOHOMUYeCKOe aHHOTUPOBaHME NPo-
BOAMNOCH C Ucnosib3oBaHuem 6asbl Silva SSU NR99.

[Insg OUEHKN o-pasHo06pa3ns coobLLIeCTBA UCMOMb30-
Bann nHAekcbl Chaol, 4ncno 06HapyXeHHbIX TAKCOHOB
(+ SD; Sobs ) n nokasatenb, AEMOHCTPUPYIOLNIA peasb-
HOE KONM4eCTBO TakCOHOB (aHrn. Abundance Coverage
Estimator, ACE).

VI3y4eHmne Henpo-uMMyHHO-IyMOPasTbHbIX
ouomapkepos / Assessing neuro-immune-humoral
biomarkers

YpOBEHb CbIBOPOTOYHBIX HEAPO-UMMYHHO-TYMOpPanb-
HbIX 6MOMAPKEPOB OMpeneNsain ¢ NOMOLLbIO UMMYHO-
(hepMEeHTHOro aHanns3a ¢ UCnosib30BaHNEM COOTBET-
cTByOWMX Habopos «Anbda-OHO-VOA-BECT», «UH-
TepnenkuH-18-MOA-BECT», «Koptuzon-MPA-BECT»,
«MeTtanoHuH-V®A-BECT» (3A0 BekTop-bect, Poccus)
Ha aHanu3artope Labsystems Multiskan Ascent (Thermo
Labsystems, ®uHnaHauns).

MeTtopb! cTatucTM4eckoro aHanu3a / Statistic alanalysis

06paboTKa 1 aHaNIM3 [aHHbIX NMPOBOAWUIINCH C NOMO-
b0 CTATUCTMYECKOrO MPOrpaMMHOro o6ecnevyeHus
Statistica 6.0 (StatSoft Inc., CLUA). [ns npoBepkn runo-
Te3bl 0 HOPMANbHOCTW pacnpesesieHns Ucnosib30Bancs
kputepuin LLannpo-Yunka. lMpu npeactaBneHnn Konnye-
CTBEHHbIX NOKa3aTesNeii y4yuTbiBanacb CUMMETPUYHOCTb
pacnpefeneHns: B cnyyae HOPManbHOro pacnpeaenexns
yKa3bIBanoch cpefHee apuMeT4eckoe CO CTaTUCTHYE-
CKOIi oLwmnbKoii cpegHero (M = m), npu OTAIUYHOM OT HOP-
MasbHOr0 — MeAnaHa ¢ BePXHUM W HWKHUM KBApTUNEM
(Me [Qy; Qs)).

[ns cpaBHeHWs ABYX rpynn NpUMeHAcs HenapameT-
pudeckuin U-kputepuii MaHHa—YutHu. BeisBneHne Kop-
PENALMOHHBIX CBA3EI MEXAY NepeMeHHbIMU, BKITH0Yas
UX CUIy, HanpaBfeHne U CTaTUCTUYECKYID 3HAYUMOCTb,
OCYLLECTBANOCH C NOMOLLbI r-KoapduumenTta Cnup-
MeHa. Pas3nnyus cymtannch CTaTUCTUYECKN 3HAYMMbIMN
npu yposHe p < 0,05.

Pesyiabrats! / Results

Bce 6epeMeHHble, BKMHOYEHHbIE B UCCNE0BaHNE, Bbinn
COMOCTaBMMbI N0 BO3PACTY U aHTPONOMETPUYECKUM AaH-
HbIM (Tabn. 1).

13y4eHne pazHoo6pa3ns MUKPOOMOMHOTO KuLLey-
HOro naHflwadTa No3BOANIO 3aKNHYUTL O JOCTOBEP-
HOM CHUXEHWUU o-pa3Ho06pa3ns 6akTepuanbHoOro cooob-
wectea y naumeHtok ¢ MHB no gaHHbIM nHaekca Chaol
(p = 0,014). MNokasarenn uHaekcos ACE n Sobs B 0CHOB-
HOM rpynne UMenn TEHAEHLMIO K CHUKEHUIO, OfIHAKO CTa-
TUCTUHECKM 3HAYUMbIX PA3NNUYMA NO CPABHEHUIO C KOH-
Tponem (p > 0,05) ycTaHOBIIEHO He 6bITO (puc. 1).

CpaBHMTEeNbHAs OLEHKA TAaKCOHOMMYECKOro cocTaBa
KMLLIEYHOI MUKPOBKOTbI NO3BONNA YCTAHOBUTL 3HAYMMOE
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Tabnuua 1. KnuHnKo-aHaMHeCTYeCcKas XapakTepucTika NaLmneHTokK.

Table 1. Clinical and anamnestic characteristics of patients.

OcHoBHas rpynna

KoHTponbHas rpynna

"::;3;::: Main group Control group p
n=55 n=60
Bospacr, rogb!, Me [Qy; Q] / Age, years, Me [Qy; Q,] 31,6 [26,9; 33,9] 30,3 [25,9; 33,2] 0,122
Haeke maccbl Tena, kr/m?, M + m/ Body mass index, kg/m2, M +m 21,7+04 20,6 2,1 0,087

KonnyectBo Boikngeiwei / Number of miscarriages

[Ba, n (%) / Two, n (%)

34 (61,8) _ _

Tpu v 60nee, n (%) / Three or more, n (%)

21(38,2) - -

Chaot

Control group

0,014

p:

Main group

OcHoBHas rpynna KoHTponbHas rpynna

500 600 700 800 900 1000
3HaveHue nupaekca, otH. ep. / Index value, relative units

ACE

Control group

0,053

p=

OcHoBHas rpynna KoHTponbHas rpynna
Main group

500 600 700 800 900 1000
3HaveHue nHpaeKkca, otH. ea. / Index value, relative units

Sobs

Control group

p = 0,051

Main group

OcHoBHas rpynna KoHTponbHas rpynna

300 350 400 450 500 550 600 630
3HayeHue nugekca, otH. ef. / Index value, relative units

PucyHok 1. OueHka a-pa3Ho06pasns MUKPOBMOMHOMO KMLLIEYHOrO
nangwadra.

Figure 1. Assessing a-diversity of the microbiome intestinal
landscape.

YyMeHblLEeHWe NpeacTaBneHHocT poaos Bifidobacterium
(p < 0,001), Lachnospira (p = 0,032), Roseburia (p =
0,003), Coprococcus (p = 0,012) Ha doHe NOBbILIEHNS
Ruminococcus (p < 0,001) n Klebsiella (p = 0,002) y xeH-
wuH ¢ MMHBE (pue. 2).

Pe3ynbTatbl OLEHKN CUCTEMHbIX HEMPO-UMMYHHO-TY-
MOpanbHbIX 6IOMapKepOB NPeAcTaBeHbl B Tabnuue 2.
MaumenTku ¢ NMHB xapakTepn3oBanncb 4OCTOBEPHbIM MO-
BbllLieHMeM KoHueHTpauum TNF-a n IL-17 B CbIBOPOTKE
KPOBW MO CPaBHEHWIO ¢ rpynnoi KoHtpons (p = 0,001
np =0,011, cootBeTcTBEHHO). O6paLLlaeT Ha ce6s BHM-
MaHUe TaKXXe CTaTUCTUHECKN 3Ha41MOe YBENTNYEHIe YPOB-
HA CbIBOPOTO4HOr0 KOPTU30/1a Y 6epeMeHHbIX OCHOBHOM
rpynnbl Ha ()OHe JOCTOBEPHOrO CHUXEHMS MeNaToHUHA
MO OTHOLLIEHMIO K rpynne NauneHToK ¢ (on3n0nornyeckinm
TeyeHnem rectaumonHoro nepuoga (p < 0,001 n p = 0,002,
COOTBETCTBEHHO).

Ouexka LDA (log 10)
0 2 4 6 8 10 12 14 16 18 20
. -
Ruminococus
Roseburia ”
Bifidobacterium | =
—H
Klebsiella :‘ -
|_
Lachnospira "
_|
Coprococus *
_|

O KoutponbHas rpynna
Control group

[ OcHoBHag rpynna
Main group

PucyHok 2. Po10BOIi COCTaB MUKPOOUOTbI KULLEYHNKA (TUHEAHbIN
ONCKPUMUHAHTHBI aHanug, LDA).

lMpumeyanne: *p < 0,05; **p = 0,01; ***p < 0,01 — 3Ha4MMOCTb Pasmyui
110 CPaBHEHNIO C KOHTPOJTbHOM rPYMO.

Figure 2. Generic intestinal microbiota composition (linear
discriminant analysis, LDA).

Note: “p < 0.05; **p = 0.01;, ***p < 0.01 - significance of differences
compared to control group.

m hitps://www.gynecology.su



Topmo3oBa A.B., dpakaesa A.A., N6agynnaesa I'A., Fanata A.C., AcuHosckas A.C., Kystopa [1.3., Edbpemosa K.H., HYoc B.M.,
CeapHuk Y.B., Obsyenko A.A., Masntotosa A.H., Mykocuit J1.A., Kapnycs t0.C., Mupoxkosa E.[l., Anb6ekosa ®.A., CopokuHa J1.E.

Tabnuua 2. 3Ha4eHns HeMpo-MMMYHHO-TYMOPanbHbIX 61I0MapKepOB B CbIBOPOTKE KPOBW.

Table 2. Quantitation of blood serum neuro-immune-humoral biomarkers.

Mokasatenn OcHoBHasi rpynna KoHTponbHas rpynna
Parameter Main group Control group p
M=m n=55 n=060

dakrop Herqsa onyxonu anba, nr/mn 12323 6.1+1 4 0,001
Tumor necrosis factor-alpha, pg/ml
WNHuTepnenkud-17, nr/mn / Interleukin-17, pg/mi 52+12 26+13 0,011
KopTuson, Hmonb/n / Cortisol, nmol/L 6271 +154 321,4 +33,2 < 0,001
MenatoHuH, nr/mn / Melatonin, pg/ml 18,1+53 31,6+84 0,002

A3y4eHne B3anMOCBA3M TaKCOHOMUYECKOr0 pa3Ho06-
pasns MUKpPOOUOTbI C CbIBOPOTOYHLIMU BUOMapKepamm
MO3BOMNIIO YCTAHOBUTH 3HA4NUMble KOPPENALWK B rpynne
naumeHTok ¢ MHB. YcTaHoBNEHa NONOXUTENbHAA KOppe-
nAuua Mexay YMCINeHHOCTbIo 6akTepuit Ruminococcus
1 yposHem TNF-a (r = 0,49; p = 0,003). YucneHHoCTb
6aktepun Bifidobacterium wmena oTpuuaTenbHy0 acco-
umaumio ¢ yposHem IL-17 (r = -0,54; p = 0,001). Takxe
yoanoch BbIABUTb OTPULLATENbHYI0 B3AUMOCBA3b MEX-
Ay YNCNIeHHOCTbIO 6akTepuit Lachnospira w cofepXxaHu-
eM KopTu3ona B cbiBopoTke Kposu(r = —0,46; p = 0,002),
a TaKXXe Konu4ecTsomM 6akTepuit Coprococcus n ypoBHEM
MeJiaToHNHA B CbIBOPOTKe KpoBm (r = —0,58; p = 0,028).

O6cy:knenue / Discussion

13BecTHO, 4TO MMHB MMEET NONMATUONOrMYEeCKNiA Xa-
paktep [1]. Mexay Tem Ha CeroAHALIHWIA AeHb HaKOMe-
HO [10CTaTO4YHOE KONIMYECTBO AAHHbIX, YKA3bIBAIOLMX HA
COMNPSHKEHHOCTb MOBTOPSAOLLMXCA CMOHTAHHbIX MOTEPb
6epeMEHHOCTN C HapyLIEHUAMU MUKPOIIOPbI KULLIEYHN-
Ka. Hactosuiee nccnefoBaHue Takxe noaTBepXxaaeT pe-
3ynbTaThl paHee ony6IIMKOBaHHbIX PaboT 06 U3MEHEHUI
coCTaBa MUKPOOMOTbI KWLLIEYHMKA Y naumeHTok ¢ MHB
[16-18] n paclmpseT npencTasieHns 06 0COGEHHOCTAX
TAaKCOHOMUYECKOro cocTaBa MUKPOOUOMHOMO naHaLad-
Ta Yy AAHHOW KaTeropuu naumeHToK. MpeacTaBfieHHble
HaMW [aHHble [JOCTOBEPHO JEMOHCTPUPYIOT YMEHbLLE-
HWe o-pa3Hoobpasne 6akTepuanbHOro coobLiecTsa, Ha
4TO YKa3blBaeT 60nee HU3KNIA uHaeke Chaol y XeHuuH
OCHOBHOIA rpynnbl.

Takxe B TekyLLen pabote Hamu OTMEY€eHbl JUCON0TMYe-
CKMNe N3MEHeHNs MUKPOOGMOMHOr0 naHAwadoTa XKeHLmH
¢ [MHB, cBSA3aHHbIE CO CHVKEHWEM YMCNEHHOCTM NpeacTa-
BUTeNen ponos Bifidobacterium, Lachnospira, Roseburia,
Coprococcus Ha POHE NOBbILLEHWUS HUCIIEHHOCTM MOTEH-
umanbHbIX nato6uoHToB Ruminococcus w Klebsiella. To-
Ny4YeHHble Pe3ynbTaThl YaCTUYHO COTNACYTCA C UMELD-
Lymuncsa nuTepaTypHbiMi AaHHbIMK. Tak, Y. Cui ¢ coaBr.
Mpu CPaBHEHWU POAOBOr0 COCTaBa MUKPOOBUOTBI Y NaLy-
eHTOK C IMHB yKa3bIBalOT Ha CHIKEHUE Yicna npeacraBi-
Tenein Prevotella, Roseburia, Lachnospira v yBennyeHne
Ruminococcus, Klebsiella [17]. B ppyrom HesaBucrumom

uccnefoBaHun HaydHoi rpynnbl Y. Liu ¢ coaBT. npoje-
MOHCTUPOBAHO CHUXEHWE KONiM4ecTBa 6aKkTepuii poaos
Lachnospira, Roseburia, Prevotella [18].

Teopus 0 BOBJIEYEHHOCTU UMMYHHbIX HapyLIeHWI
U gucperynauuu anudusapHo-runodusapHo-Hagno-
4e4yHUKOBOI ocu B martoreHes MHB Hawa oTpaxeHue
1 B Hallem uccrefoBaHuu. B npeacraBneHHon pabore
nauueHTK OCHOBHOWM rPpynribl XapakTepru3osanncs 6onee
BbICOKUMU ypoBHAMU TNF-a, IL-17 1 KopTHU30Na Hapsamdy
CO CHVDKEHWEM COAepXXaHus MenaTtoHWHA B CbIBOPOTKE
KpoBu. VIHTepec npefcTaBnseT dakT accoLMMpoBaHHOCTM
YMCNEHHOCTN 6aKTepUanbHOro coo6LLEeCcTBa C YPOBHAMU
13y4eHHbIX 6rnomapkepos npu MHB.

Panee Y. Liu ¢ coaBT. 0TMeYanu, 410 yMeHbLLEHNe 6ak-
TepuanbHOro pazHoobpasms y xeHuuH ¢ MHB accouun-
poBaHo ¢ noBsbiteHneM TNF-a. 1 IL-17 B CbIBOPOTKE KPOBM
[18]. B Hawem nccneoBaHnu 06Hapy»KeHa npsmas Kop-
penaunsa Mexzgy ypoBHeMm cbiBOpoTO4HOr0 TNF-a 1 ymc-
NEHHOCTbI0 6akTepuii Ruminococcus. O6bACHEHMEM NO-
NYYEHHOI B3aUMOCBSA31 MOTYT BbICTYNaTb Pe3ynbTarthbl UC-
cnegosaHua M.T. Henke ¢ coaBr., rie aBTopbl YKa3bIBatoT,
4TO MpeAcTaBuTenu pofa Ruminococcus cnoco6HbI Bbl-
3bIBaTb NIUNONONNCAXapUA-UHAYLMPOBAHHOE BOCNANEHNe
[19]. B pesynbrare nuraHgi-peLentTopHoro B3auMogen-
CTBUSA nunocaxapuaa ¢ Tonn-nofgobHbIM peuentopom 4
(aHrn. toll-like receptor 4, TLR4) npoucxogut ctumynsauus
BbIPAOOTKM UMMYHHBIMI KNETKaMU NPOBOCNANNUTENbHbIX
LMTOKMHOB, BKNtoYasa TNF-a.

B cBOI 04epefb, YMEHbLLUEHIE YNCNEHHOCTI NpeAcTa-
BUTENei poaa Bifidobacterium accouumpoBaHo ¢ ycune-
HUEM TPAHCKPUNLMOHHON aKTMBHOCTH, ONOCPES0BaHHON
afepHbim cpaktopom NF-kB (aHrn. nuclear factor kappa-
light-chain-enhancer of activated B cells), n uuteHcudu-
Kauuen aKCnpeccum MeanatopoB BOCMANeHNs, BKIH04as
IL-17 [20]. B nonb3y aT0ro yTBEpXXaeHUs MOXET BbICTY-
naTb MOJly4eHHass HaMW 06paTHAsA KOPPENnaLnsa mMexmny
NPeacTaBeHHOCTbIO 6akTepuit pona Bifidobacterium
11 ypoBHEM IL-17 B CbIBOPOTKE KPOBU.

Kpome TOro, B pamkax Tekyllein paboTbl yCTaHOBIIE-
Ha 06paTHas KOpPPensunoHHas B3auMOCBA3b YNCIEHHO-
cTn 6akTepwii Lachnospira ¢ ypoBHeM KopTuaona. lMpu-
HUMas BO BHUMaHWe NPOAYLMPYIOLLWIA NoTeHLnan poga
Lachnospira B OTHOLIEHMI KOPOTKOLLENOYEYHbIX XUPHbIX
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KWUCNOT, NPeLCTaBisAeTCAd BO3MOXHbIM BOBJIEYEHHOCTb
3TUX 6AKTEPUIl B PErYNALNIO aKTUBHOCTW rMnoTanamo-ru-
noun3apHo-HaANo4Ye4YHUKOBON OCK NyTEM Henocpej-
CTBEHHOI0 BANAHMSA 6yTUpaTa HA HEMPOHbI MeananbHbIX
OTAEN0B napaBeHTPUKYNAPHbIX AAep runotanamyca [21].

Tak>Xe BbIfiBlIeHa COMPSXXEHHOCTb YUCIIEHHOCTM 6aKTe-
puit Coprococcus n YpoOBHA MeNIaTOHMHA, YTO COrnacyeTcs
C pesynbratamil paHee BbIMOIHEHHbIX UCCeL0BaHNI B KO-
roptax nauueHToB ¢ MAMONATUYECKUM PEBMATOUIHBIM
apTpuTom [22] 1 caxapHbimM guabetom [23].

Takum 06pas3om, NoJSIy4eHHbIe pe3ynbTaTbl UCCNEA0-
BaHMA He TONbKO paclunpstoT npeacTasfieHns o dyHma-
MEHTaJIbHOW PO N3MEHEHWUIA MUKPOBUOTBLI KULLIEYHMKA
npu [MHB, HO 1 MMEIOT NOTeHLMANbHOE KITMHNYECKOE Npu-
noxexue. MIHTerpauma aHannsa KUWe4YHON MUKPOOBUOTHI
C Y4eTOM aKyLLIEPCKO-TMHEKONIOrM4YeCcKoro aHamMHesa 1 co-
MaTU4eCcKOro cTaryca B pyTUHHYIO KITMHUYECKYHO NPAKTUKY
MOXXeT cnoco6cTBOBaTh 60siIee TOYHOMY NPOrHO3UPOBa-
HUo pucka MHB. Takxxe agekBaTHas OLEHKA TaKCOHO-
MWUYEeCKOro pazHoobpasns MUKpo61MOMHOro naHawadra
KWLUEYHIKA MO3BOJSIUT CBOEBPEMEHHO Ha4aTb NPOBeLeHNe
naTtoreHeT4eckn 060CHOBAHHbIX METOA0B Nperpasniap-
HOM NOArOTOBKW (B TOM 4MCne NyTeM KOpPPeKuun Kosu-
YECTBEHHOM0 M Ka4yeCTBEHHOr0 COCTaBa 6aKTepManbHOro
€006LLeCTBa C UCMONb30BAHNEM afIeKBATHOW KOMMO3MLL
Npo6MOTUKOB) AN YNYYLLEHMS UcXoa nocnenytoLLein oe-
PEMEHHOCTM.

Orpanuyenus uccneposanus / Study limitations
OCHOBHbIMUW OrpaHNYeHNAMI TEKYLLLEro NCCea0BaHus

BbICTYNAOT HEOO0SIbLLME 06bEMbI BbIGOPOK NALMEHTOK OC-

HOBHOI Fpynnbl 1 300P0OBOr0 KOHTPOMS. Y4uTbIBas, YTO

MnoJIy4eHHas YMCIIEHHOCTb 6aKTepuit B 06enx rpynnax xa-
paKkTepu3oBanoch 60SbLIMM PA3bpPOCOM 3HA4eHUR, chne-
[0BaTeNbHO, AN POPMUPOBAHUS 3aKJTHOYEHUIA, CNOCO6-
HbIX XapakKTepu3oBaTb reHepasbHy COBOKYMHOCTbL nawu-
eHTOK ¢ [MHB, Tpebyetca 66/bLWNIA 06bEM BbIOOPKN Afis
ncenenoBaHus. CToNT OTMETUTb, YTO NPW NPOBEAEHUN
CPaBHUTENBHOIO aHaNM3a TaKCOHOMWYECKOro COCTaBa Ku-
LIEYHON MUKPOGHIOpbI He NPeLCTaBNAeTCA BO3MOXHBIM
B MOJIHOI Mepe OLEHNTb Tak1e KOHdDayHAEePbl, KaK L1eTa,
YCNOBUS XKN3HWU, CTPECC, NePEHECeHHbIe NHAeKLMK, Cro-
COOHbIE 0Ka3blBaTb BIUAHME HA TAKCOHOMUYECKOE pas-
HOoOo6pasune MUKPOBUOMHOro NaHawadTa. Kpome T0ro,
BbIGpaHHbI MeTO[ CekBeHnpoBaHus reHa 16S pPHK ans
N3y4eHns pasHoo6pasnsa MUKPOOMOTHI KILLEYHNKA UMEeT
OrpaHnyeHue B TAKCOHOMUYECKON UAEHTUMKALNYN BaK-
TepuanbHOro areHTa iMb [0 poja.

3axiarouenue / Conclusion

Ina naumeHTok ¢ MHB xapakTepHbl AMCOMOTUYECKME
N3MEHeHUs MUKPOBUOMHOrO NlaHAWwadTa, CBA3aHHbIE
CO CHVDKEHMEM YUCNEHHOCTU NpeacTaBuTenein pogos
Bifidobacterium, Lachnospira, Roseburia, Coprococcus
Ha (pOHe MOBbIWEHNS YUCIIEHHOCTU MOTEHUMANbHbIX
nato6uoHTOB Ruminococcus w Klebsiella. O6Hapy»XeH-
Hble CTATUCTUYECKM 3HAYMMble KOPPENSaLUUN HEKOTOPbIX
npeacTaBuTesien MUKPOOGUOThbI C HEMPO-UMMYHHO-TYMO-
pasibHbIX 6MOMapKepami yKasblBatoT HAa BOBIEYEHHOCTb
ONCOMOTNYECKNX U3MEHEHUI KULIEYHNKA B pa3BuUTUE
VIMMYHHbIX HapyLEeHWA 1 AUCPErynsaunio anugusapHo-
rmnom3apHo-HaAMNo4e4HUKOBO OCH, JieXalmx B 0C-
HoBe nartoreHesa MHbB.

NH®OPMALINA 0 CTATBE

ARTICLE INFORMATION

MocTynuna: 12.03.2025.
B popa6otanHom Bupe: 24.04.2025.
Mpunata K nevatu: 25.04.2025.
Ony6nukoBana oHnaiu: 26.04.2025.

Received: 12.03.2025.
Revision received: 24.04.2025.
Accepted: 25.04.2025.
Published online: 26.04.2025.

Bknap aBTopoB

Author’s contribution

Topmo3oBa A.B., dpakaesa A.A., 6apynnaesa I A., Tanata A.C. — c60p AaHHbIX;
AcunHosckas A.C., Kystopa [.3., Edopemosa K.H., Hoc B.M., CBapHuk Y.B.,
[bsdveHko A.A. — aHanu3 n NHTEpNpeTauns AaHHbIX;

Masntotosa A.H., Mykocuii J1.A., Kapnycb H.C. — Hanucauue TekcTa;
Mupoxkosa E.[., Anb6ekoBa ®.A. — peakTUpoBaHue TEKCTa,;

CopokuHa J1.E. — KoHuenuus n an3ainH nccneaoBaHus, BefeHne naumneHTos.

Tormozova A.V., Erakaeva A.A., Ibadullaeva G.A., Galata A.S. — data collection;
Asinovskaya A.S., Kuzyura D.E., Efremova K.N., Chos V.M., Svarnik U.V.,
Dyachenko A.A. — data analysis and interpretation;

Mavlyutova A.N., Mukosiy L.A., Karpus Yu.S. — text writing;

Pirozhkova E.D., Albekova F.A. — text editing;

Sorokina L.E. — study concept and design, patient management.

Bce aBTOpbI Npo4MUTanM U YTBEPAUNM OKOHYATENbHbIV BApUAHT PYKOMUCH.

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

KoHchnukT unTepecos

Conflict of interests

ABTOpbI 3a8BNIAOT 06 OTCYTCTBUAN KOHSIMKTA UHTEPECOB.

The authors declare no conflict of interests.

DuHaHCUpoBaHue Funding
ABTOPbI 3a7BASAIOT 06 OTCYTCTBUN (DUHAHCOBOI NOAAEPXKKM. The authors declare no funding.
OrpaHuyeHus Restrictions

Heob6xoanMbl fJanbHelLe nceefoBaHns Ha 6051ee KpynHbIX BblI6OpKax ¢
NPUMEHEHNEM anbTePHATUBHbIX MOﬂeKyﬂﬂpH0—6I/IOJ10I'VI‘180KI/IX MEeTOL0B.

Further studies are needed on larger samples using alternative molecular
biological methods.

Cornacue nayueHToB

Patient consent

Mony4eHo.

Obtained.

m hitps://www.gynecology.su



Topmo3oBa A.B., dpakaesa A.A., N6agynnaesa I'A., Fanata A.C., AcuHosckas A.C., Kystopa [1.3., Edbpemosa K.H., HYoc B.M.,
CeapHuk Y.B., Obsyenko A.A., Masntotosa A.H., Mykocuit J1.A., Kapnycs t0.C., Mupoxkosa E.[l., Anb6ekosa ®.A., CopokuHa J1.E.

JTHYecKkme acnekTbl

Ethics declarations

ViccnesoBaHne NPOBOAMOCH B COOTBETCTBUM C TPEOOBAHUAMU XeNbCUHK-
CKOW Aeknapauum BcemupHOW MeaMUMHCKOI accoumaumn. WccnefoBaHne
0A06peHO NOoKanbHbIM 3TU4ecknm komutetom OppeHa Tpygosoro Kpac-
HOro 3HameHn MefuumHckoro uHcTuTyta umeHn C.W. Teopruesckoro
(cTpykTypHOe noppasgenexue ®rAQY BO KOV um. B.W. BepHaackoro),
npoTtokon Ne 12 o1 10.12.2023.

The study was conducted in accordance with the Declaration of Helsinki.
The study was approved by the Local Ethical Committee of the Order of the
Red Banner of Labor Georgievsky Medical Institute (structural unit of
Vernadsky Crimean Federal University), Protocol No. 12 dated of December
10, 2023.

PackpbITHe AaHHbIX

Data sharing

[laHHble 06 OTAENbHBIX YYaCTHWKAX, Nexaliue B OCHOBE Pe3ynbTaros,
NPOTOKON MCCNeLOBaHNsA, NiaH CTaTUCTMYECKOro aHanusa, NpuHUMnNbI
aHanu3a, NpefcTaBNieHHble B 3TO CTaTbe, 6YAYT AOCTYMHbI NOCNE AenfeH-
TUUKaALMK (TEKCT, TabNULbI, PUCYHKI W NPUIOXKEHIS) MO 3anpocy CnycTa
3 mecsua v Jo 2 net nocne ny6nukauum cratbi. [1ns atoro 6ynet Heobxo-
OMMO MpefocTaBuTb 060CHOBaHWE AN OCYLIECTBAEHWS MeTaaHannsa
VHAMBNAYANbHBIX AAHHBLIX Y4aCTHUKOB. [peanoxeHus AOMKHbI ObiTh
Hanpas/eHbl Ha NOYTOBLINA ALWMK leya.sorokina@mail.ru. 410661 NONY4NTL
[0CTYN, NLQ, 3anpallnBaoLLne AaHHbIe, AOMKHbI 6yAyT noanucath corna-
LLeHNe 0 BOCTYNe K AaHHbIM.

The data on individual participants that are the basis of the results, the
research Protocol, the statistical analysis plan, and the principles of analysis
presented in this article will be available after de-identification (text, tables,
figures, and appendices) on request 3 months and up to 2 years after the
publication of the article. To do this, it will be necessary to provide a
justification for conducting a meta-analysis of individual data of participants.
Offers must be sent to the mailbox leya.sorokina@mail.ru. To get access,
data requesters will need to sign a data access agreement.

KommeHTapuit usparens

Publisher’s note

Cojepxalynecs B 3TOil Ny6AMKaLMM YTBEPXKAEHWUS, MHEHUS U [aHHble
6b1n1 c03aaHbI ee aBTopamu, a He uzgarensctsom VPBIIC (000 «APBIC»).
N3patenbctBo IPBUC cHumaeT ¢ cebs 0TBETCTBEHHOCTb 3a NGO yLLepo,
HaHECEHHbIII NIOAAM UAN UMYLLECTBY B PE3YNbTaTe UCMOMb30BaHUS N06bIX
upei, MeTOZI0B, MHCTPYKLMIA UMK NPenapaToB, yNoMSHYTbIX B My6nmMKaLum.

The statements, opinions, and data contained in this publication were
generated by the authors and not by IRBIS Publishing (IRBIS LLC). IRBIS
Publishing disclaims any responsibility for any injury to peoples or property
resulting from any ideas, methods, instructions, or products referred in the
content.

paBa n nonHoMouua

Rights and permissions

000 «/PBNC>» obnamaeT MCKNKOYUTENBHBIMI MPaBaMi Ha 3Ty CTaTbio MO
[loroBopy ¢ aBTOPOM (aBTOpamu) Unu Apyrum npaBoobnazgarenem (npaso-
obnagatensmu). Vlcnonb3oBaHne 3TON CTaTbi Perynupyetcs UCKIMOYU-
TeNbHO YCNOBUAMM 3TOr0 [loroBopa v AENCTBYIOLLMM 3aKOHOLATENLCTBOM.

IRBIS LLC holds exclusive rights to this paper under a publishing agreement
with the author(s) or other rightsholder(s). Usage of this paper is solely
governed by the terms of such publishing agreement and applicable law.

10.

JIureparypa:

KnuHuyeckne pekoMeHLaLmm — BbIKMAbIL (CAMONPON3BOMbHbIA a60pPT) —
2021-2022-2023 (19.01.2023). M.: MuHucTepcTBO 34paBOOXPaHEHUS
Poccuiickon ®egepauun, 2023. 25 ¢. Pexxum goctyna: https://disuria.
ru/_ld/12/1232_kr21002005MZ.pdf. [[data o6patenns: 20.05.2024].
MonywkuHa E.C., LLmakos P.I. Ponb guaporectepoHa B NpUBbIYHOM
HeBbIHALLMBAHWUN 6eMeHHOCTW. MeguuuHckmi coset. 2020;(3):74—7.
https://doi.org/10.21518/2079-701X-2020-3-74-77.

purywkuna E.B., Manbiwkuna A.W., CotHukosa H.FO. u gp.
laToreHeTnyeckme acneKTbl MPUBbIYHOO HEBbIHALLNBAHUSA
6epeMeHHOCTN. BecTHuK VIBaHOBCKOM rocy[apCTBEHHON MEANUNHCKOM
akagemmm. 2021;26(2):30-6. https://doi.org/10.52246/1606-
8157_2021_26_2_30.

Dai F.-F., Hu M., Zhang Y.-W. et al. TNF-a/anti-TNF-a drugs and its effect
on pregnancy outcomes. Expert Rev Mol Med. 2022;24:¢26. https://doi.
org/10.1017/erm.2022.18.

Saifi B., Rezaee S.A., Tajik N. et al. Th17 cells and related cytokines in
unexplained recurrent spontaneous miscarriage at the implantation
window. Reprod Biomed Online. 2014;29(4):481-9. https://doi.
0rg/10.1016/j.rbmo.2014.06.008.

Piccinni M.P., Raghupathy R., Saito S., Szekeres-Bartho J. Cytokines,
hormones and cellular regulatory mechanisms favoring successful
reproduction. Front Immunol. 2021;12:717808. https://doi.org/10.3389/
fimmu.2021.717808.

Yang S.-L, Tan H.-X., Niu T.-T. et al. Kynurenine promotes the cytotoxicity
of NK cells through aryl hydrocarbon receptor in early pregnancy.

J Reprod Immunol. 2021;143:103270. https://doi.org/10.1016/j.
jri.2020.103270.

Sha J., Liu F., Zhai J. et al. Alteration of Th17 and Foxp3+ regulatory T
cells in patients with unexplained recurrent spontaneous abortion before
and after the therapy of hCG combined with immunoglobulin. Exp Ther
Med. 2017;14(2):1114-18. https://doi.org/10.3892/etm.2017.4574.
Sheng J.A., Bales N.J., Myers S.A. et al. The hypothalamic-pituitary-
adrenal axis: development, programming actions of hormones, and
maternal-fetal interactions. Front Behav Neurosci. 2021;14:601939.
https://doi.org/10.3389/fnbeh.2020.601939.

McCarthy R., Jungheim E.S, Fay J.C. et al. Riding the rhythm of melatonin
through pregnancy to deliver on time. Front Endocrinol (Lausanne).
2019;13(10):616. https://doi.org/10.3389/fend0.2019.00616.

11. Nepomnaschy P.A., Welch K.B., McConnell D.S. et al. Cortisol levels and
very early pregnancy loss in humans. Proc Natl Acad Sci U S A.
2006;103(10):3938-42. https://doi.org/10.1073/pnas.0511183103.

12. Palmer K.T., Bonzini M., Harris E.C. et al. Work activities and risk of
prematurity, low birthweight and pre-eclampsia: an updated review with
meta-analysis. Occup Environ Med. 2013;70(4):213-22. https:/doi.
0rg/10.1136/0emed-2012-101032.

13. Kisanga E.P., Tang Z., Guller S., Whirledge S. Glucocorticoid signaling
regulates cell invasion and migration in the human first-trimester
trophoblast cell line Sw.71. Am J Reprod Immunol. 2018;80(1):¢12974.
https://doi.org/10.1111/aji.12974.

14. Hungaro T.G.R., Gregnani M.F., Alves-Silva T. et al. Cortisol dose-
dependently impairs migration and tube-like formation in a trophoblast

cell line and modulates inflammatory and angiogenic genes. Biomedicines.

2021;9(8):980. https://doi.org/10.3390/biomedicines9080980.

15. Sandyk R., Anastasiadis P.G., Anninos P.A., Tsagas N. The pineal gland
and spontaneous abortions: Implications for therapy with melatonin and
magnetic field. Int J Neurosci. 1992;62(3-4):243-50. https://doi.
0rg/10.3109/00207459108999775.

16. Jin M., Li D., Ji R. et al. Changes in gut microorganism in patients with
positive immune antibody-associated recurrent abortion. Biomed Res Int.
2020;2020:4673250. https://doi.org/10.1155/2020/4673250.

17. CuiY., Zou L., Ye Q. et al. Gut microbiota composition and functional

prediction in recurrent spontaneous abortion. Research Square. 2021;1:1-

22. https://doi.org/10.21203/rs.3.rs-906730/v1.

18. LiuY., Chen H., Feng L., Zhang J. Interactions between gut microbiota and

metabolites modulate cytokine network imbalances in women with
unexplained miscarriage. NPJ Biofilms Microbiomes. 2021;7(1):24.
https://doi.org/10.1038/s41522-021-00199-3.

19. Henke M.T, Kenny D.J., Cassilly C.D. et al. Ruminococcus gnavus, a
member of the human gut microbiome associated with Crohn’s disease,
produces an inflammatory polysaccharide. Proc Nat/ Acad Sci U S A.
2019;116(26):12672—7. https://doi.org/10.1073/pnas.1904099116.

20. Bromberg J.S., Hittle L, Xiong Y. et al. Gut microbiota-dependent

modulation of innate immunity and lymph node remodeling affects cardiac

allograft outcomes. JCI Insight. 2018;3(19):e121045. https://doi.
org/10.1172/jci.insight.1210452672-12677.
21. Ziegler D.R., Herman J.P. Neurocircuitry of stress integration: anatomical

[\®)
S
[\®)
)}
[ ]
S5
—
—
(=)
[ ]
Z
W

poxdoy pue A301000uAix) ‘so111918qQ)

uonoNn

367



https://doi.org/10.52246/1606-8157_2021_26_2_30
https://doi.org/10.52246/1606-8157_2021_26_2_30
https://doi.org/10.1017/erm.2022.18
https://doi.org/10.1017/erm.2022.18
https://doi.org/10.1016/j.rbmo.2014.06.008
https://doi.org/10.1016/j.rbmo.2014.06.008
https://doi.org/10.3389/fimmu.2021.717808
https://doi.org/10.3389/fimmu.2021.717808
https://doi.org/10.1016/j.jri.2020.103270
https://doi.org/10.1016/j.jri.2020.103270
https://doi.org/10.1136/oemed-2012-101032
https://doi.org/10.1136/oemed-2012-101032
https://doi.org/10.3109/00207459108999775
https://doi.org/10.3109/00207459108999775
https://doi.org/10.1172/jci.insight.1210452672-12677
https://doi.org/10.1172/jci.insight.1210452672-12677

TakcoHoMMYecKoe pasHoo6pasne MUKPOOUOMHOIO KIULLEYHOTO JlaHALLIATA W ero KIIMHUYECKOe 3HaYeHne
Mpu NPUBbLIYHOM HEBbIHALLNBAHWI GEPEMEHHOCTM

03

' [ ]
=)
—

p pathways regulating the hypothalamo-pituitary-adrenocortical axis of the apTputom. BectHuk PFMY. 2022;(6):13-9. https://doi.org/10.24075/
IS rat. Integr Comp Biol. 2002;42(3):541-51. https://doi.org/10.1093/ vrgmu.2022.060.

. ich/42.3.541. 23. Huang X., Qiu Y., Gao Y. et al. Gut microbiota mediate melatonin signalling
" 22. Mopoctok M.B., Knementbes [1.[., Xogos H.A. u ip. VI3ameHeHus in association with type 2 diabetes. Diabetologia. 2022;65(10):1627-41.
N MUKPOOMOTbI KNLLIEYHNKA Y GONbHBIX KOBEHUIIbHBIM MANONATUYECKUM https://doi.org/10.1007/s00125-022-05747-w.

S
References:

U;‘ 1. Clinical guidelines — Miscarriage (spontaneous abortion) — 2021-2022- prematurity, low birthweight and pre-eclampsia: an updated review with
N 2023 (19.01.2023). [Klinicheskie rekomendacii — Vykidysh meta-analysis. Occup Environ Med. 2013;70(4):213-22. https://doi.

:( (samoproizvol'nyj abort) — 2021-2022-2023 (19.01.2023)]. Moscow: org/10.1136/0emed-2012-101032.

M Ministerstvo zdravoohraneniya Rossijskoj Federacii, 2023. 25 p. 13. Kisanga E.P., Tang Z., Guller S., Whirledge S. Glucocorticoid signaling

(In Russ.). Available at: https://disuria.ru/_ld/12/1232_kr21002005MZ. regulates cell invasion and migration in the human first-trimester

2‘ pdf. [Accessed: 20.05.2024]. trophoblast cell line Sw.71. Am J Reprod Immunol. 2018;80(1):e12974.
o) 2. Polushkina E.S., Shmakov R.G. The role of dydrogesterone in habitual https://doi.org/10.1111/aji.12974.

Q_‘ miscarriage. [Rol' didrogesterona v privychnom nevynashivanii 14. Huangaro T.G.R., Gregnani M.F., Alves-Silva T. et al. Cortisol dose-

beremennosti]. Medicinskij sovet. 2020;(3):74-7. (In Russ.). https:/doi. dependently impairs migration and tube-like formation in a trophoblast

u 0rg/10.21518/2079-701X-2020-3-74-77. cell line and modulates inflammatory and angiogenic genes. Biomedicines.
v 3. Grigushkina E.V., Malyshkina A.l., Sotnikova N.Yu. et al. Pathogenetic 2021;9(8):980. https://doi.org/10.3390/biomedicines9080980.

m aspects of habitual miscarriage. [Patogeneticheskie aspekty privychnogo 15. Sandyk R., Anastasiadis P.G., Anninos P.A., Tsagas N. The pineal gland

N nevynashivaniya beremennosti]. Vestnik lvanovskoj gosudarstvennoj and spontaneous abortions: Implications for therapy with melatonin and

medicinskoj akademii. 2021;26(2):30-6. (In Russ.). https://doi. magnetic field. /nt J Neurosci. 1992;62(3-4):243-50. https://doi.

] 0rg/10.52246/1606-8157_2021_26_2_30. 0rg/10.3109/00207459108999775.

N 4. DaiF.-F., Hu M., Zhang Y.-W. et al. TNF-o/anti-TNF-a drugs and its effect 16. Jin M., LiD., Ji R. et al. Changes in gut microorganism in patients with
o on pregnancy outcomes. Expert Rev Mol Med. 2022;24:¢26. https://doi. positive immune antibody-associated recurrent abortion. Biomed Res Int.
@) org/10.1017/erm.2022.18. 2020;2020:4673250. https://doi.org/10.1155/2020/4673250.
< 5. Saifi B., Rezaee S.A., Tajik N. et al. Th17 cells and related cytokines 17. CuiY., Zou L., Ye Q. et al. Gut microbiota composition and functional
@) in unexplained recurrent spontaneous miscarriage at the implantation prediction in recurrent spontaneous abortion. Research Square. 2021;1:1—
M window. Reprod Biomed Online. 2014;29(4):481-9. https://doi. 22. https://doi.org/10.21203/rs.3.rs-906730/v1.

) 0rg/10.1016/j.rbmo.2014.06.008. 18. Liu'Y., Chen H., Feng L., Zhang J. Interactions between gut microbiota and
m 6. Piccinni M.P., Raghupathy R., Saito S., Szekeres-Bartho J. Cytokines, metabolites modulate cytokine network imbalances in women with
N hormones and cellular regulatory mechanisms favoring successful unexplained miscarriage. NPJ Biofilms Microbiomes. 2021;7(1):24.

L‘ reproduction. Front Immunol. 2021;12:717808. https://doi.org/10.3389/ https://doi.org/10.1038/s41522-021-00199-3.
- fimmu.2021.717808. 19. Henke M.T, Kenny D.J., Cassilly C.D. et al. Ruminococcus gnavus,

(@) 7. Yang S.-L, Tan H.-X., Niu T.-T. et al. Kynurenine promotes the cytotoxicity a member of the human gut microbiome associated with Crohn’s disease,
M of NK cells through aryl hydrocarbon receptor in early pregnancy. produces an inflammatory polysaccharide. Proc Natl Acad Sci U S A.
1= J Reprod Immunol. 2021;143:103270. https://doi.org/10.1016/}. 2019;116(26):12672—7. https://doi.org/10.1073/pnas.1904099116.

0 jri.2020.103270. 20. Bromberg J.S., Hittle L, Xiong Y. et al. Gut microbiota-dependent
Q_‘ 8. ShalJ., LiuF., Zhai J. et al. Alteration of Th17 and Foxp3+ regulatory modulation of innate immunity and lymph node remodeling affects cardiac
Q T cells in patients with unexplained recurrent spontaneous abortion before allograft outcomes. JCI Insight. 2018;3(19):¢121045. https:/doi.

E and after the therapy of hCG combined with immunoglobulin. Exp Ther org/10.1172/jci.insight.1210452672-12677.

Med. 2017;14(2):1114-18. https://doi.org/10.3892/etm.2017.4574. 21. Ziegler D.R., Herman J.P. Neurocircuitry of stress integration: anatomical

) 9. Sheng J.A., Bales N.J., Myers S.A. et al. The hypothalamic-pituitary- pathways regulating the hypothalamo-pituitary-adrenocortical axis of the
! adrenal axis: development, programming actions of hormones, and rat. Integr Comp Biol. 2002;42(3):541-51. https://doi.org/10.1093/

< maternal-fetal interactions. Front Behav Neurosci. 2021;14:601939. ich/42.3.541.

https://doi.org/10.3389/fnbeh.2020.601939. 22. Porosyuk M.V., Klementyev D.D., Khodov N.A. et al. Gut microbiota

10. McCarthy R., Jungheim E.S, Fay J.C. et al. Riding the rhythm of melatonin alterations in patients with juvenile idiopathic arthritis. [Izmeneniya
through pregnancy to deliver on time. Front Endocrinol (Lausanne). mikrobioty kishechnika u bol'nyh yuvenil'nym idiopaticheskim artritom].
2019;13(10):616. https://doi.org/10.3389/fend0.2019.00616. Vestnik RGMU. 2022;(6):13-9. (In Russ.). https://doi.org/10.24075/

11. Nepomnaschy P.A., Welch K.B., McConnell D.S. et al. Cortisol levels and vrgmu.2022.060.
very early pregnancy loss in humans. Proc Natl Acad Sci U S A. 23. Huang X., Qiu Y., Gao Y. et al. Gut microbiota mediate melatonin signalling
2006;103(10):3938-42. https://doi.org/10.1073/pnas.0511183103. in association with type 2 diabetes. Diabetologia. 2022;65(10):1627-41.

12. Palmer K.T., Bonzini M., Harris E.C. et al. Work activities and risk of https://doi.org/10.1007/s00125-022-05747-w.

Csepnenus 06 asTopax / About the authors:

Topmo3oBa Apuna Buktoposha / Arina V. Tormozova. ORCID: https://orcid.org/0009-0006-8664-027X.

Jpakaesa AnbbuHa AmetosHa / Albina A. Erakaeva. ORCID: https://orcid.org/0009-0007-7094-1702.

W6anynnaesa MNynbHap A3u3osHa / Gulnar A. Ibadullaeva. ORCID: https://orcid.org/0009-0000-2930-2342.

l'anata Anactacus CepreesHa / Anastasia S. Galata. ORCID: https://orcid.org/0009-0002-1009-6427.

AcuHosckas Anekcangpa CepreesHa / Alexandra S. Asinovskaya. ORCID: https://orcid.org/0009-0001-0327-3392.

Kystopa [lnana 3useposna / Diana E. Kuzyura. ORCID: https://orcid.org/0009-0006-8854-6543.

EcppemoBa Kpuctuna Hukonaesna / Kristina N. Efremova. ORCID: https://orcid.org/0009-0004-8799-8236.

Yoc Banepus MakcumosHa / Valeria M. Chos. ORCID: https://orcid.org/0009-0004-8975-5545.

CsapHuk YnbsiHa Bnagumuposna / Ulyana V. Svarnik. ORCID: https://orcid.org/0009-0000-9151-9868.

Nbsayenko Anvna AnekcanpposHa / Alina A. Dyachenko. ORCID: https://orcid.org/0009-0005-3054-2630.

MasntotoBa Aiile Hapumanosna / Ayshe N. Mavlyutova. ORCID: https://orcid.org/0000-0001-7236-9569.

Mykocwit lrogmuna AuppeesHa / Lyudmila A. Mukosiy. ORCID: https://orcid.org/0009-0002-8383-9970.

Kapnycsb HOnusa Cepreesna / Yulia S. Karpus. ORCID: https://orcid.org/0009-0006-6327-4641.

Mupoxkosa Esrenus [imutpuesna / Evgeniya D. Pirozhkova. ORCID: https://orcid.org/0009-0007-9587-8762.

Anb6exosa ®epupe AiinaposHa / Fedire A. Albekova. ORCID: https://orcid.org/0009-0006-9160-0416.

CopokuHa Jles EBrenbesHa / Leya E. Sorokina, MD. E-mail: leya.sorokina@mail.ru. ORCID: https://orcid.org/0000-0002-1862-6816.

m hitps://www.gynecology.su



https://disuria.ru/_ld/12/1232_kr21O02O05MZ.pdf
https://disuria.ru/_ld/12/1232_kr21O02O05MZ.pdf
https://doi.org/10.21518/2079-701X-2020-3-74-77
https://doi.org/10.21518/2079-701X-2020-3-74-77
https://doi.org/10.52246/1606-8157_2021_26_2_30
https://doi.org/10.52246/1606-8157_2021_26_2_30
https://doi.org/10.1017/erm.2022.18
https://doi.org/10.1017/erm.2022.18
https://doi.org/10.1016/j.rbmo.2014.06.008
https://doi.org/10.1016/j.rbmo.2014.06.008
https://doi.org/10.3389/fimmu.2021.717808
https://doi.org/10.3389/fimmu.2021.717808
https://doi.org/10.1016/j.jri.2020.103270
https://doi.org/10.1016/j.jri.2020.103270
https://doi.org/10.1136/oemed-2012-101032
https://doi.org/10.1136/oemed-2012-101032
https://doi.org/10.3109/00207459108999775
https://doi.org/10.3109/00207459108999775
https://doi.org/10.1172/jci.insight.1210452672-12677
https://doi.org/10.1172/jci.insight.1210452672-12677
https://doi.org/10.1093/icb/42.3.541
https://doi.org/10.1093/icb/42.3.541
https://doi.org/10.24075/vrgmu.2022.060
https://doi.org/10.24075/vrgmu.2022.060
https://doi.org/10.1093/icb/42.3.541
https://doi.org/10.1093/icb/42.3.541
https://doi.org/10.24075/vrgmu.2022.060
https://doi.org/10.24075/vrgmu.2022.060



