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Pe3tome

Llenb: cuctemHas ougHka 0C06EHHOCTE TAKCOHOMUYECKOr0 COCTaBa MUKPOOMOThI KULLIEYHIKA BO B3aMMOCBA3M C NOKasaTessamm
rOPMOHAJTLHOTO M UMMYHHOTO CTaTyCca y NaLUWEHTOK C HAPYXXHbIM FeHUTaNIbHbIM 3HAOMETPMo30M (HI3).

Martepuanbl U MeTofbl. B cpaBHNTENBHOE OLHOMOMEHTHOE UCCNeA0BaHNE ObInN BKKOYEHbI 33 naumeHTkm ¢ HI'9, KoTopble cocTa-
BUIU OCHOBHYIO rpynny, u 30 340POBbIX XEHLLMH, COCTABUBLUMX KOHTPOMBHYIO rpynny. BCem XeHLiMHam npou3BOAuIU OLEHKY
rOPMOHANILHOTO CTaTyca W OMnpefeNieHne YPOBHE 3KCNPeccui LUTOKUHOB B nepudiepuyeckoil Kposu. Ismepenue copepxaHus
rOPMOHOB — acTpaguona (E2), dhonnmkynoctumynupytowiero ropmoHa (®OCI), notemHuanpyowero ropmona (J1r), nponaktuHa
(MPIT) oCyLLeCcTBAANN C NOMOLLbIO UMMYHOCEPMEHTHOIO 1 XEMUSTIOMUHECLIEHTHOrO aHann3a. Onpeaenexne ypoBHER KCNpeccui
LMTOKUHOB — UHTEPIeinknHOB (aHrm. interleukin, IL) IL-6, IL-8, dhakTopa Hekpo3sa onyxonu anba (aHrn. tumor necrosis factor alpha,
TNF-0) npoussBogunu ¢ MCMonb30BaHMEM WMMYHOCEPMEHTHOro aHanusa. 3y4yeHne TaKCOHOMUYECKOr0 COCTaBa KULUEYHOU
MUKPOOUOTHI HA YpOBHE (UM U POLOB MPOBOAWMAN METOAOM CEKBeHWpoBaHus reHa 16S pubocomansHon PHK. Onsg oueHkn
anb@a-pa3Hoo6bpasmus coobLlecTBa Ucnonb3osann nHaekcsl Chao1, ACE, Sobs.

PesynbTtatbl. KoHueHTpauus E2 B KpoBu nauueHTOK OCHOBHOI rpynmnbl 6bina CTaTUCTUHECKU 3HAYUMO BbILLE MO CPABHEHMIO
C XKEHLLMHAMI KOHTPOMbHOI rpynnbl. TakXe Y XeHLWKUH ¢ HI'D Obinn 0TMeYeHbl 60nee BbICOKME Ma3MeHHbIe KOHLEHTPaLMK
IL-6, IL-8, IL-17 n TNF-o no CpaBHEHWO C aHANOrM4YHbIMWU MoKasaTenamu rpynnbl KoHTponsa (p < 0,001). Mpn aHanuse
anba-pazHoobpasns 6akTepmanbHOro coo6LLecTBa B OCHOBHOW rpynne 6b10 YCTaHOB/IEHO AOCTOBEPHOE CHUXKEHME UHAEKCa
Chao1. Ha ypoBHe chunymoB cooTHOLWEHWe Firmicutes/Bacteroidetes y nauneHTok ¢ HI'Q 6bIN0 yBENMYEHO MO CPABHEHMIO
C TaKoBbIM B rpynne koHTpons. Cpefu 20 KpynHeiwunx poLoB y NauneHTok ¢ HIMD 6bI10 OTMEYEHO CTATUCTUHECKN 3HAYMMOE
NOBbILIEHNE YUCNEeHHOCTN Lachnospira, Blautia, Dorea, Streptococcus, Eubacterium hallii_group w LOCTOBEPHOE CHUDKEHUE
Bifidobacterium w Eubacterium eligens_group. Tlony4yeHa nonoXxutenbHas KOppensuns ypoBHA 3CTPOreHa C YUC/IEHHOCTbHO
npencrasuteneinl pogos Eubacterium hallii_group w Streptococcus, 1L-8 — co Streptococcus, TNF-o. — co Streptococcus
n Lachnospira, a Takxe otpuuatensHas koppenauus mexagy TNF-o v Bifidobacterium.

3akntoyeHue. YcTaHoBeHa CBA3b AMCOMOTUYECKMX U3MEHEHNIA KNLLIEYHWUKA C pa3BUTUEM 3HAOMETPMO3a. BbIsBMEHHbIE KOppens-
LMW HapYLLUEHUA TAaKCOHOMWYECKOTO COCTaBa KWLIEYHON MUKPOIOPbI C NOKa3aTensMi ropMOHanbHOrO W UMMYHHOrO cTatyca
Yy NaumeHToK ¢ HIJ yKasbiBaKOT HA BOBEYEHHOCTb MUKPOOMOTbI KMLLIEYHWUKA B NAaTOGM3MONOrMI0 SHLOMETPMO3a.
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Abstract

Aim: systemically assessed characteristics of intestinal microbiota taxonomic composition in relation to parameters of hormonal
and immune status in patients with external genital endometriosis (EGE).

Materials and Methods. The controlled cross-sectional study included 33 patients with EGE comprising main group, and 30 healthy
women enrolled to control group. All women underwent assessment of hormonal status and cytokine expression levels in peripheral
blood. Level of blood hormones estradiol (E2), follicle-stimulating hormone (FSH), luteinizing hormone (LH), prolactin (PRL) was
carried out using enzyme-linked immunosorbent and chemiluminescent assays. Expression levels of cytokines such as interleukin
(IL) IL-6, IL-8, tumor necrosis factor alpha (TNF-a) were analyzed by an enzyme-linked immunosorbent assay. Taxonomic
composition of intestinal microbiota at the level of phyla and genera was carried out by 16S ribosomal RNA gene sequencing.
Microbial community a-diversity, the Chao1, ACE, and Sobs indices were used.

Results. The concentration of blood E2 in main group was significantly higher compared to control group. Also, women with EGE
had higher plasma concentrations for IL-6, IL-8, IL-17 and TNF-o compared to those in control group (p < 0.001). While analyzing
bacterial community a-diversity in main group, Chao1 index was found to be significantly decreased. At the phylum level, the
Firmicutes/Bacteroidetes ratio was increased in patients with EGE compared with that in control group. Among the 20 largest
genera in patients with EGE, significant abundance was observed for Lachnospira, Blautia, Dorea, Streptococcus, Eubacterium
hallii_group paralleled with significant decline in Bifidobacterium and Eubacterium eligens_group. A positive correlation was
obtained between estrogen levels and the number of representatives from the genera Eubacterium hallii_group and Streptococcus,
IL-8 and Streptococcus, TNF-o and Streptococcus and Lachnospira, as well as a negative correlation between TNF-a and
Bifidobacterium.

Conclusion. A relation between dysbiotic intestinal alterations and developing endometriosis was found. The identified correlations
between altered taxonomic composition of the intestinal microflora and parameters of hormonal and immune status in patients
with EGE suggest that intestinal microbiota is involved in pathophysiology of endometriosis.

Keywords: external genital endometriosis, EGE, intestinal microbiota, hormonal status, estrogens, cytokines, interleukins, IL, tumor
necrosis factor alpha, TNF-a
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113y4eHne 0C06EHHOCTEN TAKCOHOMMYECKOr0 COCTaBa MUKPOOUOTbI KMLLEYHIKA U UX CBA3U C TOPMOHANbHbLIM
N UMMYHHbIM CTaTyCOM Y X€HLIWNH C HAPYXXHbIM Fr€HUTaNbHbIM 3HAOMETPNO30OM

OCHOBHbIE MOMEHTbI

Y10 yXe u3BecTHo 06 aToin Teme?

» HapyXHblil reHUTanbHbIA aHgomeTpro3 (HIM3) npeacrasnser
€000/ UMMYHHOBOCMAJIUTESIbHBIA 3CTPOreH3aBUCUMbIA NaTo-
NOTUYECKIUI NpoLecc.

» lIvMeroTcs JaHHble 0 CBA3W AMCOM03a KLLIEYHUKA C HapyLle-
HMeM MeTabonMamMa 3CTPOreHoB, [AWUCGANAHCOM CUCTEM
BPOX/EHHOr0 M aanTUBHOTO MMMYHWTETA W (hOPMUPOBa-
HMEM XPOHMYECKOro BOCManeHus npn psae natonorui.

» PaHee NpoBefeHHbIe WUCCNeA0BaHMS NPeaocTaBnaoT yoean-
TeNbHble A0KA3aTeNbCTBA U3MEHEHNIT KNLLIEYHOro 61oLeH03a
npu passutim HIS.

Y70 HOBOrO 1a€T CTATLA?

» [loKa3aHo, 4T0 Ans nauneHTok ¢ HMD no cpaBHeHNo €O 340P0-
BbIMU XEHLLHAM XapaKTepHO 6osiee HU3K0e 6akTepuanbHoe
a-pasHoobpasme.

P VT04HEH XapakTep TakCOHOMWYECKOro coCTaBa MUKPOOMOTbI
KNLIEYHMKA Y naumneHTok ¢ HI3 Ha ypoBHe chun 1 poJos.

» YCTaHOB/EHbI CTATUCTUYECKN 3HAYNMbIE KOPPEeNsSLmMU HEeKOTO-
pbIX POLOB GAKTEPUIA C CUCTEMHBIMW YPOBHAMMW 3CTPOreHa
1N npoBoCNannTeNnbHbIX LUTOKUHOB.

Kak aTo MOXET noBaMATb Ha KNUHUYECKYH0 NPaKTUKY
B 0603pumom 6yayem?

» [lokasaHa posib AMco103a KMLLIEYHMKA KaK 3HaYMMOro (pakTtopa
B natoreHese HI3.

» [IpuiensHoe BO3AECTBINE HA MUKPOOUOTY KMLLIEYHUKA MOXET
Cnoco6CTBOBATL MOBbILIEHNIO 3PMEKTUBHOCTN TepaneBTnye-
CKMX N0JX0/0B B NeveHumn HI3.

Beegenue / Introduction

CornacHo coBpPEMEHHbIM MpPeACTaBNEHUAM, 3HAOMET-
pUO3 PaccMaTpuBaeTCcs Kak MMMYHHOBOCMAMNTENbHbIA
3CTPOreH3aBUCUMBIN  NATONOrMYECKNIA NpoLece, CBf-
3aHHbIN C PacnpoCTpaHeHWeM BHE CNM3UCTON 060/104-
KW Tena mMaTku TKaHu, MOpgOYHKLNOHANIbHO CXOLHOM
¢ aHpometpuem [1]. Meamko-coumanbHas 3Ha4MMOCTb
npoo6sieMbl 06YC/IOBNEHA WNUPOKUM PacnpoCTpaHeHnem
naTonornu, ee CyLIEeCTBEHHbIM HEraTUBHbIM BAUSHUEM
Ha >KEHCKOe penpoaykTWBHOE 3[0POBbe, MCUXOSOru-
YecKoe COCTOSIHME U KA4yeCTBO XXW3HWU. PacnpocTpaHéH-
HOCTb HapYy)XHOro reHuTanbHoOro aHgomerpuosa (HI3)
B 06LLER NonynaLny XXeHLWUH penpoayKTUBHOro BO3pac-
Ta gocturaetr 6-10 %, npy 3TOM yKa3aHHble AaHHble HO-
CAT annpOKCKUMATUBHBbII XapakTep, 4T0 06YCMOBMEHO MO-
NUMOPHOCTBH KNUHWUYECKOW KApTUHbI 1 OTCYTCTBUEM
BbICOKOMH(OPMATUBHbIX HEUHBA3MBHLIX METO[OB AMna-
FHOCTMKM 3a6oneBaHna [2]. Bo3HuKkaiowme TPYAHOCTH
Ha ANarHOCTUYECKOM 3Tarne 4acTo NPUBOAAT K YCTAHOBKE
OLIMO0YHOrO [MarHo3a u/unu 3afepXxke ero nocraHoB-
Ku [3, 4], 4T0 B mocnenytoLLeM BeeT K Nporpeccuposa-
HUIK NATONOMKN 11 Pa3BUTMIO TSKESbIX HEBNAroNPUATHbIX
nocnenctsui [5]. MMomMnumo 3T0ro, CyLLECTBYIOLLUE Ha Ce-
FOAHA CTPATErum NIeYeHns 3HA0METPMO3a TakXKe BCe LLle
0CTaKTCA HEL0CTATOYHO AP EKTUBHBIMI U CONPSKEHDI
C BbICOKMM MPOLEHTOM pasBuUTUS peuniusos [3].

What is already known about this subject?

» External genital endometriosis (EGE) is an immune-
inflammatory estrogen-dependent pathological process.

» It is evidenced about a relation between intestinal dysbiosis
and impaired estrogen metabolism, an imbalance in innate
and adaptive immune arms, as well as formation of chronic
inflammation in specific pathologies.

» Previous studies provide convincing evidence about changes
in intestinal biocenosis during developing NGE.

What are the new findings?

» It has been shown that patients with EGE, compared to healthy
women, are characterized by lower bacterial a-diversity.

» The pattern of the taxonomic composition for intestinal
microbiota in patients with EGE at the level of phylum and
genera was clarified.

» Significant correlations between specific bacterial genera and
systemic levels of estrogen and proinflammatory cytokines
have been identified.

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

» The role for intestinal dysbiosis as a crucial factor in EGE
pathogenesis has been proven.

» Targeting the intestinal microbiota may help improve
effectiveness of therapeutic approaches in EGE treatment.

[Mpn 3TOM KIIHOH4EBbIM ACMeKTOM, 00YyCnaBinBaOLLNUM
HEeMOJTHYI0 Pe3ynbTaTUBHOCTb ANArHOCTUYECKUX U N1e4e6-
HbIX MEpPONpPUATUNA, SBASETCH HEAOCTaTOK 3HAHMA B BO-
npocax aTuonartoreHesa HI3.

OuyeBnaHas  MyNbTUDAKTOPUANIBHOCTE  MATOMOMAK
onpedensieT Hainyme pasfnyHbIX TEOPUA BO3HUKHOBE-
HUsA 3a6oneBaHns. OTMEYEHHOE 3Ha4YUMOe YBeNu4eHune
KOHLIEHTpaLmMN 3CTPOreHOB B MEHCTPYanbHOW KPOBW
11 B NEPUHEanbHOM XUAKOCTY Y NALNEHTOK C 3HAOMETPN-
030M M03BOMAET OTHECTM PAcCMaTpPMBAEMYIO NATONOTUIO
K TOpMOHO3aBuCKUMbIM 3abonieBaHuam [6]. [lokasaHo,
4TO 9CTPOreHbl MrparoT Kito4eBOe 3HaYeHWe B noanep-
XKaHum BocnaneHus n 6011, cBasaHHoi ¢ HIMA [7].

B nononHeHue K aucbanaHcy HelnporymopanbHom pery-
AAUNAM NPY 3HAOMETPUO3E UMEET MECTO TaKXe [eBmaLms
VMMYHHOTO 0TBeTa. ViccnefoBaHNA UMMYHHbIX aCMeKTOB
HI'3 yKa3biBaOT Ha aKTUBALMIO BPOXXAEHHOTO KOMMOHEH-
Ta UIMMYHUTETA, a TaKxe runepgyHKumuo B-numdouutap-
HOro 3BeHa Ha (POHe pas3BuTus T-KNETOYHOro aedouumTa
[8, 9]. B atom acnekte 0c060 CTOMT MOA4YEPKHYTb POJib
LMTOKMHOB, BbINONHAOLLMX DYHKLMIO MEANATOPOB MEX-
KNETOYHbIX CUTHAMNOB U ABMAIOLINXCA OCHOBHbIMU Pery-
NATOPAMM aKTUBHOCTU UMMYHHBbIX KNETOK.

CerofiHs 0fiHOW M3 Hamboee LWMPOKO NMPUHATBIX TEO-
PUA PA3BUTWUA IKTOMUYECKUX TKAHEN 3HAOMETpUs CTa-
HOBMTCS rUnoTe3a peTporpagHoi MeHCTpyauun, Ha oc-
HOBaHUM Kotopoi B 2008 r. Bnepsbie ObINO BbILBUHY-

m http://www.gynecology.su
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Ta KOHUENnuma o BKnage 6akTepuanbHOil KOHTaMUHALUK
B natoreHe3 HI'3 [10]. B nutepartype Habntogaetcs aKc-
MOHEHUMANbHbIA POCT UCCNEJ0BAHUI, CBA3AHHbIX C U3Y-
YEHUEM BNUSHUA KWNLLEYHOW MUKPOOMOTHI HA pa3BUTUE
9HAOMETpno3a. VI3BeCTHO, YTO MUKPOGNOpa KULLIEYHN-
Ka UrpaeT He TONMbKO BAXKHYK POfib B CUCTEMHbIX MeTa-
60N1YEeCKNX NPOLIECCaX, HO U ABMAETCH KITHOYEBbIM pery-
NIATOPOM HEApOryMopasnbHbIX 0CeA M UMMYHHbIX peak-
uuin. MHOro4mncreHHble UCCIef0BaHNsA LEMOHCTPUPYIOT
CBA3b AMUCOMO3a KULLIEYHMKA C HapylleHnem MeTabo-
n3ma 3CTPOreHoBs, Anc6anaHcoM CUCTEM BPOXOEHHOr0
11 aAanTUBHOIO UMMYHUTETA U (DOPMUPOBAHNEM XPOHU-
4eCcKOro BocnaneHms npu psage naronorui [10, 11].

HakoHel, MMerTCA (PyHOAMEHTasbHbIe W KWHUYe-
CKWe MccrefoBaHns, npejoctasnsoLme yoeantenbHble
[10Ka3aTenbCcTBa M3MEHEHNIA KULWEeYHOro 61oLieHo3a npu
passutum HI3 [10, 12]. B T0 e Bpems Hay4Hble CBeje-
HbSl O TAKCOHOMMYECKOM COCTaBe MUKPOOWOTbI KuMLLEY-
HUKa Yy NALWEHTOK C 3HAOMETPMO30M XapakTepuayoTcs
(bparMeHTapHOCTbIO U MPOTUBOPEYMBOCTbIO. B pocTyn-
HOM nuTepaType MMEKTCA NIUWb efUHNYHble Ny6JnKa-
LMK, paccmaTtpuBatoLLne BepOATHbIE MaTOreHeTNYecKune
MeXaHW3Mbl B3aUMOCBS3N HapYLUEHWA KULWEYHOro 6mo-
LleH03a C 3HAOMETPMO3OM.

Mexxay Tem yrny6neHHoe usyveHue npouns MUKpo-
O6WOTbl KMWEYHMKa y nauueHtok ¢ HID moTeHumanbHO
MOXET OTKPbIBAaTb HOBbIE TOPU30OHTbI B OTHOLIEHUN pas-
PaboTKM MHHOBALMOHHbIX LMAarHOCTUHECKUX W Tepanes-
TWYECKNUX CTPATeruin JaHHOW NaTonoruu.

Llenb: cuctemHasn oueHka 0COGEHHOCTEli TakCOHOMMYe-
CKOro coctaBa MUKpOGMOTbI KWLIEYHMKA BO B3aMMOCBA3M
C NOKa3aTensimMn ropMOHaNbHOM0 1 UMMYHHOTO CTaTyca y na-
LMeHTOK ¢ HIMD.

Marepuansl 1 MmeToabl / Materials
and Methods

Nn3aitn uccneposanus / Study design

B nepnop 2023-2024 rr. npoBefeHO 0JJHOMOMEHTHOE
KOHTPONIMpyeMoe WCCNnefoBaHne ¢ yd4actnem 63 KeH-
LWKH, Habnoaaswmnxcs B KNMHNYECKOM MeANLMHCKOM
MHoronpoduibHom LeHTpe Ceatutens Jiyku ®rAQY BO
K®VY um. B.I. Bepragckoro (Cumdpeponosnb). CornacHo
AN3ainHy UCCea0BaHns, BCe Y4acTHULbI UCCNef0BaHms
ObIlIN paHAOMMU3MPOBAHbLI B 2 rpynnbl. OCHOBHYO rpyn-
ny (OI) coctaBunu 33 NaUMEHTKN C YCTAHOBEHHbIM [1-
arHo3om HI'3, B KOHTpOMbHYW rpynny Bownun 30 340po-
BbIX XEHLLWH, MPOXOANBLUMX AUCMAHCEPU3aLno Ha 6a3e
MeOULMHCKOr0 LieHTpa.

Kputepuu BkntoueHus u ucknroyenus / Inclusion
and exclusion criteria

Kputepun BK/IHOYEHNSI B OCHOBHYHO PYMMY. XEeHLNHbI
penpofyKTMBHOro Bo3pacra (18-45 net); nanapockonuye-
CKN W TUCTONOrMYecKn BepuuumnpoBaHHbin auardo3 HIM
[1]; noanMcaHHOe cornacue Ha y4acTie B UCCEA0BaHMMN.

Kputepun BKIIHOYEHNS B KOHTPOJbHYIO TPYIY: YeHLN-
Hbl penpoayKTUBHOro Bospacta (18-45 nert); otcyTCcTBME
aKYLLEePCKO-TMHEKOOrNYeCcKOo NaTonorn B aHaMHese;
NOANNUCAHHOE COrnacke Ha yyacTue B MCCNeLOBaHNN.

Kputepum NCKIOYEHNS: XEHLLMHbI B BO3PaCcTe MeHee
18 un cTapuwe 45 net; 6epeMeHHOCTb WM Nepuoj nakra-
uuu; obliecomaTtnyeckme 3a601eBaHns B CTagnu JeKOM-
neHcauum; 3noKa4ecTBeHHbIe HOBOOOPa30BaHUs MO0
NOKanM3aunn; OpraHu4eckne U yHKLUMOHabHble 3a60-
NeBaHMs OPraHoB XXeSly[04HO-KULLEYHOrO TpakTa B aHa-
MHe3e; npuem 3a 1 Mecsly 40 BKOYEHWUS B UCCNeoBa-
HUEe npenapatoB M3 Cheaylowmx apmakonornyecknx
rpynn — ropMoHarnbHble, UMMYHOMOLYNMPYIOLLAE, aHTU-
fakTepuanbHble, NPOTUBOBUPYCHbIE, NPOTUBOrPUOKOBbLIE
CpeacTBa, CPeacTsa, SBNALWMECH MCTOYHMKAMU MNpo-
OMOTUYHECKMX OAKTEPUIA U MONOYHOKUCIbIX MIUKPOOpra-
HM3MOB; 0TKA3 OT y4acTus B HAY4YHOM UCCNeL0BaHUN.

Metopb! uccneposanus / Study methods

OueHka ropmoHanbHoro craryca/ Assessment
of hormonal status

OnpegeneHune codepXaHWs rOPMOHOB — 3CTpaguo-
a (E2), donnukynoctumynupytowiero ropmoHa (@Cr),
notenHnsupytowero ropmona (1), nponakrtuxa (MPJ1)
B nepudepnyeckon KpoBu 00CNeayembiX OCYLLeCTBSA-
N C NOMOLBb0 UMMYHO(DEPMEHTHOTO U XEMUSTOMU-
HeCLIeHTHOro aHanusa. 0T6op Npo6 KpOBM U3 NIOKTEBOA
BEHbl OCYLLECTBSIANIN B YTPEHHME Yacbl, HaToLiaK, Ha
2-3-it 1IeHb MEHCTpyanbHOro umkna. immyHodepmeHT-
HbIA aHann3 NPOBOLUIN C NMOMOLLLI0 KOMMEDYECKMX Ha-
60poB komnaHuu «Ankop buo» (Poccus) Ha aHanusaro-
pe Labsystems Multiskan Ascent (Thermo Labsystems,
®OuUHNARAMA). XEMUTIOMUHECLLEHTHbIA aHanU3 OCYLLECT-
BNANU C WUCMONb30BAHMEM ABTOMATU3NPOBAHHON aHa-
nutuyeckoir cuctembl Immulite 2000 XPi (Siemens
Healthcare Diagnostics, CLLA).

OueHka nmmyHHoro cratyca / Assessment of immune
status

Onpeaenexne ypOBHS 3KCMPECCUN LUTOKMHOB — WH-
TepnenkuHos (aHrn. interleukin, IL) IL-6, IL-8, dhakTopa
Hekpo3a onyxonu anb@a (aHrn. tumor necrosis factor
alpha, TNF-o) npow3BOAWNIM C MCMONb30BAHWEM WUM-
MyHOGbepMeHTHOro aHanusa. 0T6op nNpo6 U3 NIOKTEBOK
BEHbl OCYLLECTBNANN B YTPEHHWE Yacbl, HATOLIAK, BHE
3aBUCUMOCTWN OT AHA MeHCTpyanbHoro umkna. Wccne-
[0BaHUA MPOBOAMAN C UCMONb30BAHMEM KOMMEpYe-
ckux Habopos komnaHuu 3A0 «BekTop-bect» (Poccus)
Ha aHanusatope Labsystems Multiskan Ascent (Thermo
Labsystems, ®uunangms).

OLieHKa TAKCOHOMUYECKOr0 COCTaBa MUKDOOUOTbI
KuweyHnka / Assessment of taxonomic intestinal
microbiota composition

[ns n3y4yeHns TaKCOHOMUYECKOro COCTaBa MMKpO-
6MOTbI KNLLEYHNKA Y BCEX MALMEHTOK OJHOKPATHO Npo-
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113y4eHne 0C06EHHOCTEN TAKCOHOMMYECKOr0 COCTaBa MUKPOOUOTbI KMLLEYHIKA U UX CBA3U C TOPMOHANbHbLIM
N UMMYHHbIM CTaTyCOM Y X€HLIWNH C HAPYXXHbIM Fr€HUTaNbHbIM 3HAOMETPNO30OM

BOAMUNM 3a6op kana. B geHb 3a6opa o6pasupl 3amopa-
XKNBANN U XpaHUNU npu TemnepatypHom pexume —20 °C
[0 NOCTaHOBKK peakunii. Boigenenune OHK n3 nonyyex-
HbIX 00pa3L0B MPOBOAWIN COMMACHO WHCTPYKLUM pup-
MbI-NPON3BOAUTENS C WCMONb30BAHNEM KOMMEPYECKO-
ro Habopa «[HK-cop6-B» (Poccus). KoHueHTpauuto
9KcTparuposaHHon AHK namepanu ¢ mcnonib3oBaHnem
Habopa peareHToB Qubit dsDNA HS Assay Kit (Thermo
Fisher Scientific, CLLA) Ha cneunannampoBaHHOM ¢hyo-
pumetpe Qubit Fluorimeter (Invitrogen, CLLA).

OLeHKY TakKCOHOMMYECKOro cocTaBa MpOBOAMAN Me-
TOLOM CEeKBEHMPOBaHUS reHa 16S pubocomanbHoi PHK
(pPHK).

Amnnudomkauus runepsapuabenbHbix obnactein V3-
V4 reHa 16S pPHK nposefeHa ¢ NOMOLLbIO NoNMMepas-
HOM uenHoi peakuwun (MLP). MogroToBky 6uMGnMoTEK
ocylecTBnsannM ¢ ucnosnb3osaHmem Habopos NEBNext
Multiplex Small RNA Library Prep Set for lllumina (New
England Biolabs, lepmanus). bubnuotekn cekBeHupoBsa-
nn Ha nnatgopme lllumina HiSeq 3000 (Illumina, CLUA)
NapHO-KOHLIEBbIM METOLOM.

06paboTKy MOMYYEHHbIX AaHHbIX OCYLLECTBNANM Mpu
ncronb3osaHun naketos M0 Trimmomatic [13] u QIIME
[14]. TakcoHOMMYeCKas NPUHALNEXHOCTb MPOYTEHMNA
OCYLIECTBAANACh C NomMouiblo 6a3 AaHHbIXx GosmosiD
Metagenomics (www.cosmosid.com) n KEGG Pathogen,
MicrobeNet (A CDC Virtual Reference Laboratory, https://
microbenet.cdc.gov). AHanu3 o-pasHoobpasng MUKPOGHO-
ro coo6LuecTsa NPOBOAMIIN NOCPEACTBOM pacyeTa MHAEK-
ca Chaot, 4ncna o6Hapy»eHHbIX TakCOHOB (+ SD; Sobs )
I noKasatens, JeMOHCTPUPYIOLLEr0 peanbHOe KONMYeCcTBO
TakcoHoB (aHrn. Abundance Coverage Estimator, AGE).

MeTopb! cTatucTH4eckoro aHanu3a / Statistic alanalysis

06paboTKa NOMY4YeHHbIX AaHHbIX MPOBOAMNACHL B NPO-
rpamme Statistica 6.0 (StatSoft Inc., CLUA). Pasnuyus
paccyuTbiBaNM Npu nomowy Kputepus MaHHa-YWUTHW.
MapameTpbl HOPMANTLHOrO pacnpeneneHns npeLcTass-
nn B hopmare cpejHee + CTaTUCTMYeCKas owmnbKa cpef-
Hero (M + m). [1aHHble C acCUMETPUYHbIM pacnpegene-
HMEM OMUCbIBANN B BMAE MeAnaHbl N BEPXHEr0 W HUX-

Tabnuua 1. KnuHuyeckas xapaktepucTuka.

Table 1. Clinical characteristics.

Hero kaptunei (Me [Qy; Q,]). PacueTt koadpdpuLmeHToB
KOppenauum npoBOAMNM, MCMOSb3ys HenapameTpuye-
CKNit KoadhpuumeHT CnnpmeHa. 3Ha4UMOCTb passnyunii
ycTaHasnusanace npu p < 0,05.

Pe3ynbrarsl / Results

KnuHuyeckas xapakTepucTuka 06cne0BaHHbIX
xeHwwuH / Clinical characteristics of the women examined

KnuHnyeckass xapaktepuctuka naumeHtok ¢ HIQ
11 300POBbIX XEHLLUWUH NpeacTasneHa B Tabnuue 1. XKeH-
LLIMHBI OCHOBHOWM rPynnbl U rPynnbl KOHTPONS 6bin CO-
nocrasumbl no sospacty (37,0 £ 1,6 net npotus 37,7 +
2,1 net; p =0,89) n nHpexcy macesl Tena (23,0 + 3,3 Kr/m?
npotus 22,06 + 2,9 kr/m% p = 0,062). Cpean nauuex-
TOK 0CHOBHOM rpynnbl y 11 13 35 (31,4 %) ycTaHoBneH
HI3 |-l cTeneHu pacnpoCTPaHEHHOCTH, Y OCTalbHbIX 24
(68,6 %) — HI'3 llI-IV cTenenu.

Oco6eHHOCTH rOPMOHANbLHOro cTaTyca 06cNe0BaHHbIX
XeHuwuH / Features of hormonal status in the women
examined

lpoBeeHHbIN aHann3 CoAepXaHns ropMoHOB B Nnas-
Me KPOBU 06C/1eA0BaAHHbIX XXEHLLUWUH NO3BOSIN BbIAENUTb
pag oTAnYnin (Taén. 2).

Tak, KoHUeHTpaumsa E2 y naumeHTOK OCHOBHOW Tpyn-
nbl ¢ HI'3 6bina AOCTOBEPHO Bbille MO CPABHEHWIO C NiA-
LlaMy KOHTPONbHOW rpynnbl — 75,6 = 17,2 nr/n npoTtus
49,8 + 15,26 nr/n (p < 0,001). Mo copepxanuto ®CI, NI
1 MPJT 3HaYMMbIX pas3nnyuin Mexay rpynnamu rnoay4yeHo
He 66110 (p > 0,05).

Oco6eHHOCTH MMMYHHOrO cTaTyca 06cnef0BaHHbIX
XeHwwuH / Features of immune status in the women
examined

KoHueHTtpaumn IL-6, IL-8, IL-17 n TNF-o0. B nnasme
KPOBU NALWNEHTOK OCHOBHOW rPYnMbl CTATUCTUYECKM 3Ha-
4MO MPEBbIANK AHANOMMYHbIE NOKa3aTenn y 340po-
BbIX XXEHLLWH 13 rpynnbl koHTpons (p < 0,001).

Mpu aHanm3e KMLIEYHOrO MUKPOBMOMA METOA0M
16S pPHK cekBeHMpOBaHUA 6bIIO0 WAEHTUULMPOBAHO

OcHoBHas rpynna KoHTponbHas rpynna
lMoka3zarenb .
Parameter Main group Control group
n= 33 n= 30

Bospacr, net, M+ m 37016 37,7+21
Age, years, M+ m
NHaeke maccebl Tena, kr/m2, M+ m
Body mass index, kg/m?, M + m 230233 22,06 +2,9
HI3 |-l cTeneHu pacnpocTpaHeHHocTy, n (%) 11 (31.4) _
EGE |1l degree of prevalence, n (%) ’
HI3 HlI-IV cTeneHu pacnpocTpaHeHHOCTK, n (%) 24 (68.6) B
EGE IlI-IV degree of prevalence, n (%) ’

Tpumeyanmne: HI3 — HapyXHbIN FeHNTAaNbHbIA IHFOMETPUOS.
Note: EGE - external genital endometriosis.
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Ta6nuua 2. NokasaTteny ropMoHans5Horo Npoduns B nnasme KPoBu.

Table 2. Parameters of blood plasma hormonal profile.

OcHoBHas rpynna KoHTponbHas rpynna
Moka3zarenb .
Parameter Main group Control group p
n= 33 n= 30

dctpaawon, nr/mn, M = m/ Estradiol, pg/ml, M £ m 756172 49,8 + 15,26 < 0,001
qJOJI'IJ'II/IKyJI'IOCTVIIYIyJ'IVIpyIOU.I,VIVI ropmoH, MME/mn, M £ m/ 83+05 7605 0,419
Follicle stimulating hormone, miU/ml, M + m
JlloTenHnamnpytowwmint ropmod, MME/mn, M £ m/ Luteinizing 53403 6105 0,447
hormone, mlU/ml, M +m
Mponaktud, MKME/mn, M £ m/ Prolactin, plU/ml, M + m 290,6 £ 14,4 286,8 £ 18,2 0,089

Ta6nuua 3. [okazarenu UMTOKNHOBOrO Npodhuns B nna3me KPoBW.

Table 3. Parameters of blood plasma cytokine profile.

OcHoBHas rpynna KoHTponbHas rpynna
Mokasartenb -
Parameter Main group Control group p
n=33 n=30

HTepnenknH-6, nr/mn, M £ m/ Interleukin-6, pg/ml, M £ m 10,7+1,6 6,5+0,8 < 0,001
WNHTtepnenkuH-8, nr/mn, M £ m / Interleukin-8, pg/ml, M £ m 146+21 22+07 < 0,001
WHtepnenknu-17, nr/mn, M £ m / Interleukin-17, pg/ml, M + m 53,9+3,2 752+49 < 0,001
tDaKTop Hekposa onyxonu anbga, nr/mn, M £ m/ Tumor 99+18 52+07 <0,001
necrosis factor alpha, pg/ml, M £+ m

1 463 557 nocnenoBaTesibHOCTEN C O6LMM YUCIIOM OC-
HoBaHWi 633 820 566 1 cpeaHen anuHon 433,1, npuyem
JJIMHA B OCHOBHOM pacnpefensnacb mexay 421 n 460.
Mpn aHanuse a-pa3Hoo6pasns 6GakTepuanbHOro coo6-
LLiecTBa B OCHOBHOW rpynmne 6bIf10 YCTAHOBNEHO AOCTO-
BepHOe CHWKeHne uHgekca Chaol (p = 0,020). Kpome
TOro, y nauneHTok ¢ HIM3 obpailaeT Ha cebs BHUMAHNE
TeHAeHUUs K CHuKeHuto nHaekcos ACE n Sobs (pue. 1),
O[HAaKO He [OCTWratoLwas CTaTUCTUYECKOW 3HA4YMMOCTM
(p =0,060; p = 0,064 COOTBETCTBEHHO).

Ha ypoBHe (punymoB COOTHOWeHUe Firmicutes/
Bacteroidetes y naumeHTok ¢ HIJ 6bIf0 yBEIMYEHO MO
CpaBHEHWO C TakoBbIM B rpynne koHTpons (p < 0,001).
B x04e CpaBHMTENbHOIO aHanm3a TakCOHOMMUYECKOro CO-
cTaBa MuUKpo6moTbl cpeau 20 KpynHemwmx pojaos B 0C-
HOBHOIA rpynne 6b1710 3apMKCMPOBAHO [OCTOBEPHOE MO-
BblLLEHWe yucneHHoctn Lachnospira (p = 0,001), Blautia
(p =0,008), Dorea (p = 0,041), Streptococcus (p < 0,001),
Eubacterium hallii_group (p = 0,009) u gocToBepHoe
CHWXeHune Bifidobacterium (p = 0,001) n Eubacterium
eligens_group (p = 0,008) (puc. 2).

AccouuaLm TaKCOHOMUYECKOro COCTaBa KULLEYHOI
MUKpPO6MOTbI C NOKAa3aTeNiMU rOPMOHaNbHOIO
M UMMYHHOT0 CTaTyCca NALUMEHTOK C HAPYXHbIM
reHuTanbHbIiM 3HgomeTpuo3om / Associations between
taxonomic intestinal microbiota composition and
parameters of hormonal and immune status in patients
with external genital endometriosis

Mpn 13y4eHnn B3aUMOCBA3N TaKCOHOMUYECKUX 0OCO-
OEHHOCTEN KULLIEYHOrO 6UOLEHO3A C BUOXMMUYECKUMU
noKazaTensaMu naumeHTok ¢ HI3 6bina nony4eHa nono-

XKNUTENbHAs KOPPenauus ypoBHS 9CTPOreHa ¢ YMCMEHHO-
CTbl0 MpefcTaBuTenen popos Eubacterium hallii_group
(r=0,69; p=0,001) n Streptococcus(r = 0,61; p < 0,001).
YpoBeHb nnasmeHHoro TNF-o MMen nonoXuTenbHyHo
CBA3b C YUCNEHHOCTbIO popa Streptococcus (r = 0,89;
p < 0,05) u Lachnospira (r = 0,76; p < 0,05), a Takxe
oTpuuarenbHyto ¢ Bifidobacterium (r = -0,89; p = 0,020).
Takxxe NpoAEMOHCTPUPOBAHA AOCTOBEPHARA OTPULLATENb-
Has KOppenauus mexay KoHueHtpauwen IL-8 B nnas-
Me KPOBW 1 MPeACTaBNEHHOCTbIO popaa Streptococcus
(r=-0,95; p <0,001).

O6cy:xknenue / Discussion

JTnonatoreHe3 3HAOMETPUO3a UMEET MySbTU(AKTO-
puanbHbIi xapakTtep. lMpyn 3TOM Ha CErofHALWHWIA [eHb
He BbI3blBAET COMHEHUI COMPSXXEHHOCTb AAHHOr0 naro-
NOTMYECKOro npolecca C HapyLeHuaMN MUKpPodIiopsl
KWLIEYHNKA, 4TO TaKXXe NMOATBEPXKAAETCA pesynbraTamu
HACTOSALLEro UCCNeaoBaHus.

YCTaHOBNEHO, 4TO AN XeHWUH ¢ HI3 xapakTepHo
CHWXEHME o-pa3Hoobpasns MUKPOOGHOro COO0G6LLECTBa,
4TO MPUCYLLE LUMPOKOMY CMEKTPY Martosiornii, ConpoBso-
XKAAKLWNXCA XPOHUYECKON BOCMANUTENBHON peakuueil
[15]. VKasaHHble pe3ynstatbl MOMHOCTBID COOTHOCAT-
cA C 60see paHHUMU Ny6IMKALMAMM 3apyBeXHbIX KO-
ner, roe 0TMEYeHO BbIPAKEHHOE CHUDKEHUE KaK o-, TaK
1 B-pa3Hoo6pasns KULWEYHON MUKPOOUOTBI Y XKEHLLUH
C 3HAOMETPUOMIHbIMM 04aramu [16].

B pamkax Tekyulen paboTbl ObIfIN TaKXe YTOYHEHbI
NPefCcTaBNeHns 0 TaKCOHOMMUYECKUX W (DYHKLMOHANb-
HbIX O0COOEHHOCTAX COCTaBa MUKPOMNOPbI KULIEYHUKA
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13y4eHne 0COBEHHOCTEN TaKCOHOMUYECKOrO COCTaBa MUKPOOMOTbI KMLLEYHIUKA U UX CBA3M C TOPMOHAMbHbIM
N UMMYHHbIM CTaTyCOM Y XXEHLUWUH C HAPY>XHbIM reHUTaIbHbIM 3HAOMETPUO30M
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PucyHok 1. dunoreHeTn4ecknii COCTaBs MUKPOBUOTBI KMLLIEYHUKA
006CNeJ0BAHHbIX XKEHLLIMH.

Figure 1. Phylogenetic intestinal microbiota composition in the
women examined.
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PucyHok 2. PooBoii COCTaB MUKPOOMOTbI KNLLIEYHINKA 06CNEA0BAHHbIX XXEHLLWH (MHEAHbIA SUCKPUMUHAHTHBIA aHann3, J10A).
Mpumeyanne: *p< 0,05; **p = 0,01, ***p < 0,01 — 3HAYUMOCTb PA3INYMII 110 CPABHEHNIO C KOHTPOSIbHOU rpynmnoi.

Figure 2. Generic intestinal microbiota composition in the women examined (linear discriminative analysis, LDA).
Note: *p < 0.05; **p = 0.01, ***p < 0.07 - significance of differences compared to control group.
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Ha ypoBHe (hunymoB u pofos. [lpofemMoHCTpUpoBa-
HO YBenW4YeHue COOTHOWEHUA Firmicutes/Bacteroidetes
y naumeHTok ¢ HI3, 4T0 cornacyetcsa ¢ pe3ynsratamu pa-
Hee BbIMOMHEeHHbIX paboT [17]. CornacHo nutepaTypHbIM
JlaHHbIM, COOTHOLUEeHWe Firmicutes/Bacteroidetes onpe-
JensfeTcs Kak BaXKHbIA MPOTrHOCTUYECKWUIA (hakTop psaa
MeTabonn4ecknx N BOCNanUTeSIbHbIX NATONOrUIA, B YacT-
HOCTM TaknX, Kak oxupenue [18], caxapHblit Anabet 2-ro
Tvna [19] n cuHAPOM pasfpaxeHHoro KuwevHuka [20].

Mexay Tem B BOMpoce OCOGEHHOCTEN pPOAOBOroO
1 BMOOBOrO COCTaBa MWUKPOGMOTbI MpPU 3HAOMEPMO3e
[0 CUX MOP HeT efMHOr0 MHeHWsi. Psa aBTOpPOB YKa3bl-
BAlOT Ha YBeNnu4eHwe npencrasutenenn Proteobacteria,
Actinobacteria, Cyanobacteria, Saccharibacteria, Fusobacte-
ria, Acidobacteria w Patescibacteria [21, 22]. L. Huang
C COaBT. [AEMOHCTPUPYIOT MOBbILLIEHWE YUC/IEHHOCTU
Eggerthellalenta w Eubacteriumdolichum Ha ¢oHe yMeHb-
weHus Clostridia, Ruminococcus w Lachnospiraceae [23].
B. Ata ¢ COaBT. 0TMEYatOT 3HAYMMOE CHUKEHNe NpeLCcTaB-
neHHocTn poaoB Sneathia, Barnesella w Gardnerella [24].
B xome Hallero uccnegoBaHns y naumeHtok ¢ HIMI ycra-
HOBJIEHO CTaTMCTMYECKM 3HAYUMOE MOBbILIEHUE YUCIIEH-
HOCTU pofoB Lachnospira, Blautia, Dorea, Streptococcus,
Eubacterium pallii_group w [LOCTOBEPHOE CHUXEHUe
Bifidobacterium w Eubacterium eligens_group. YKa3aH-
Hble MWUKPOOPraHu3Mbl 06MaaaldT BbIPAKEHHbIM MMMY-
HOMOZYNVPYIOLLNM NMOTEHLMANIOM, PErynnpytoT NpoHuLa-
eMOCTb KMLIEYHOro 6apbepa, NpoayLMpYOT KOPOTKOLe-
MOYEYHbIE XNPHbIE KUCNOTbI 1 Apyrue MeTabonunTbl.

B KOHTEKCTe NonyYeHHbIX pe3ynbraTtoB 0c060e BHUMA-
HWe NPUBNEKaT 6akTepun poaa Streptococcus. B paHee
BbIMOJIHEHHOW pa6oTte J. Biarc ¢ coasT. 0TMEYaKOT yBe-
NYeHne NPeLCTaBNeHHOCTU YKAa3aHHOTO TakCoHa y na-
LMEHTOB C AaucbakTepno3om [25]. Kpome Toro, aBTopsl
LOEMOHCTPUPYIOT, YTO TOKCUYHbIA GENIOK, BblAENAEeMbll
HEKOTOpbIMI MpeacTaBuTensMn popa  Streptococcus,
o6nagaeT npoBoCnanuUTeNbHbIM [eiiCTBUEM, KOTOPOE
0NOCPeaoBaHO aKTMBALMEN LMKNOOKCUIeHa3bl BTOPOro
tuna (LOr-2) n ceepxakcnpeccueid npocrarnaHamHa E2
(MrE2) [26]. MocneaHniA, B CBOKO 04epefb, ABMIAETCA Me-
ANaTopOM TKAHEBOro BOCMAsieHuMs, MOBbILIAET YYBCTBU-
TENbHOCTb HOLMLENTUBHBLIX PELEnTOpoB W perynupyer
HanpasneHne UMMYHHbIX peakLui.

3Ha4MMbIM [JOCTMXKEHWEM MpPEeACTaBNEHHOr0 ucchne-
[0BaHNA ABNSETCA TAKXKE paclUNpeHue NpencTaBneHNi
0 B3aMMOCBA3N MUKPOMIIOPbI KULLIEYHWKA C MOKasaTens-
MW TOPMOHANbHOIO U UMMYHHOMO CTaTyca y NauneHToK
¢ HIM3. O6LIen3BECTHO, YTO ANS XKEHLINMH C SHAOMETPU-
030M XapakTepeH BbICOKWUA YPOBEHb 3CTPOreHOB B KPO-
BN [6]. 17B-actpaguon (E2) ABnseTcq KNo4esbIM ropmo-
HOM, KOTOpbIi 0NOCPeayeT pa3pacTaHue 3HAOMETPUON-
HOM TKaHW, a TaKXXe YCWJIMBAeT BocnaneHune n 6051esble
OLLYLLIEHMS, CBA3AHHbIe C Heli [27]. CyuTaeTcs, 4TO 3TO
NOKanbHOe HAKOMMeHWe 3CTPOreHa MrpaeT BaXKHYHO pob
B PasBMTUM W NPOrPEcCMPOBAHNM 3HAOMETPUOMIHBIX
04aroB MyTeM CBA3bIBAHWUS U aKTUBALMW 3CTPOrEHOBbIX

peuentopos (aHrn. estrogen receptors, ER) ERa u ERP.
MepekpecTHoe B3aumopericTeue ERa v IL-6 onocpeayet
paHHWiA fe6oT aHJomeTpmosa [28]. Moka3aHo, 41O Ma-
Kpodaru co cBepxakcnpeccueint ERP B 3KTONMYECKOM 3H-
LOMETPUM aKTUBHO CEKPETUPYIOT MPOBOCMANMTENbHbIE
umtokuHbl TNF-a 1 IL-8, koTOpbIe, B CBOK 04epefp, fiB-
NAOTCA MOLUHBIMW MHAYKTOPAMW aHrMOreHes3a u nposu-
(hepavmn o4ara nopaxeHus [29].

Mpenblayline MCCNefoBaHWA NOKa3anu, 410 MUKPO-
OM0Ta KWLIEYHMKA MOXXET BAWATb Ha CUCTEMHbIA Ypo-
BeHb acTporeHa [11]. YacTuyHO MeTab0sIM3MPOBAHHbIN
3CTPOTreH BbIBOAUTCA C XKES1Ybt0 U B KOHEYHOM UTOre MO-
nagaeTt B Kuwe4Huk. Mukpodpiiopa KuWeYHUKa urpaet
BXHYI0 POJib B peabcopbLmi akTUBHbIX TOPMOHOB doep-
MEeHTaTUBHbIMW U apyrumu nytamu [16]. B cBoeit pa6o-
Te M. Leonardi ¢ COaBT. yKa3bIBalOT, YTO psa GakTepui,
npoayunpys B-rniokypoHnaasy u B-rnokosngasy, cno-
COOCTBYIOT pacnagy 3CTporeHa, ycunusas peabcopoumto
ero CB060JHOM (POPMbI W MOBbILLIAA KOHLEHTPALMIO yKa-
3aHHoro ropmoHa B kposu [30]. B Hawewm uccneposa-
HUM TaKXXe OTMEYEHO, YTO YUCNEHHOCTb 6aKTepui PoLoB
Eubacterium hallii_group v Streptococcus noONoXnTenbHO
KOPPEenmpyeT C YPOBHEM 3CTPOreHa y nauneHTok ¢ HII,
4TO KOCBEHHO YKa3bIBAET Ha BOBJIEYEHHOCTb ANCONOTUYE-
CKMX U3MEHEHUI KMNLLEYHNKA B PAa3BUTUE SHAOMETPUO3A.

CornacHo [aHHbIM WMEKLLMXCA ny6auKauui, MIUKpo-
(hropa KuweyHuka cnocobHa BCTynatb B MeTabomnnye-
CKWe B3aUMOLENCTBUA C LMTOKUHAMM, CEKPETUPYEMbIMU
B 3HLOMETPMOUAHbLIX 04arax, nepudepuyeckoinn Kposu
1 nepuToHeanbHoM xuakoctn [31]. MokasaHo, 4T0 CBA3b
MEXAY KULLIEYHO MUKPOOUOTON U LNTOKUHOBBLIM NPOUn-
NeM — 1BYCTOPOHHWIA MPOLECC, TOYHbIE MEXAHU3Mbl KOTO-
POro HYX[AAKTCA B JOMOSHNUTENIbHOM M3ydeHun. Mexay
Tem J. Cai ¢ COaBT. OTMEYalOT, YTO MOBbILLEHHAA NPOHU-
LlaeMOCTb KMLLIEYHMKA W BbIXOA NPOLYKTOB MeTabonnama
6akKTepuii MOXXET Cnoco6CTBOBATL M3MEHEHUAM (DYHKLN-
OHanbHO aKTUBHOCTW MakKpogharos B GPHOLLIHOI NOMOCTU
[32]. Kpome TOro0, neputoHeanbHble Makpodars cnocob-
Hbl YCUNNBATL CEKPeLMto NMPOBOCMANUTENbHbIX LIUTOKMN-
HOB NpW CTUMYNALMW NMNONoNncaxapuaammu, onocpeays
pa3BMTIE BOCMANUTENbHON WHGUILTPALUK, Nponndepa-
LMK 1 HeoaHruoreHesaa, Habnogaemblx npu HIA [33].

Pe3ynbTaThl HAlIero WCCNeaoBaHUs MOKa3anu, 4To
ypoBeHb TNF-o. y naumeHTok ¢ HI'J 6bin MOBbILLEH, A TaK-
)K€ 3Ha4NMO OTpuuaATeNbHO KOppenuposan ¢ 06unun-
em Streptococcus w Lachnospira v uven MonoXuTesb-
HYI0 CBSI3b C YWCNEHHOCTbIO pofa Bifidobacterium. Tak-
)K€ YCTaHOBNEHA CTaTUCTUHECKU 3HA4YMMas KOppenauus
MeXIy KOHUeHTpauuen cbiBOpoTOYHOro IL-8 u npep-
CTaBJIEHHOCTbIO  Streptococcus. BbisiBNEHHbIE B3aUMO-
CBA3M YKa3bIBAKT HA TECHYIO CBA3b KMLLEYHOrO AMcono3a
C curHanbHbiM nytem RIG-I-nogo6Horo peuentopa (aHro.
RIG-I-like receptor, RLR). 310T nyTb nocne aktmsauum
MOXET WHULMMPOBATb TPAHCKPUMLMIO FeHOB-MULLEHEN
agepHoro dakrtopa NF-kB (aHrn. nuclear factor kappa-
light-chain-enhancer of activated B cells), Bknto4as
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113y4eHne 0C06EHHOCTEN TAKCOHOMMYECKOr0 COCTaBa MUKPOOUOTbI KMLLEYHIKA U UX CBA3U C TOPMOHANbHbLIM
N UMMYHHbIM CTaTyCOM Y X€HLIWNH C HAPYXXHbIM Fr€HUTaNbHbIM 3HAOMETPNO30OM

Te, KOTOPble CBA3aHbI C BOCManuUTeNibHoN peakuuen (IL-6,
IL-8 u TNFa) [34, 35].

Takum 06pa3om, NpencTaBieHHble pe3ynbTaTbl Teky-
LLero MccnefoBaHns NoATBEPXKAAIOT BaXHOE 3HA4YEHMe
MUKPOOMOTbI KMLLIEYHIKA B natodmamonorum HI3.

3axiarouenue / Conclusion

YcTaHoB/IEHA CBA3b AUCOMOTUYECKMX U3MEHEHUA Ki-
EeYHMKA C pasBUTMEM SHAOMETPMO3a. BbIfBIIEHHbIE

KOppPenauun HapyLeHin TaKCOHOMMYECKOro cocTaBa Ku-
LLIEYHOW MUKPOONIOPbI C NOKa3aTeNssMu ropMOHasbHO-
ro ¥ UMMYHHOrO cTaTtyca y naumeHTok ¢ HIJ ykasbiBatoT
Ha BOBJIEYEHHOCTb MMKPOOMOTBHI KULIEYHMKA B NaTodu-
3nonorni  aHgometpuosa. mewowasncs dgparmenTap-
HOCTb 3HAHMI MO JAHHOMY BOMPOCY YKa3bIBAET Ha aKTy-
aNbHOCTb NPOJIOMKEHMS UCCNeI0BaHNIA B HanpaBieHuN
YCTAHOBMEHUS TMNOTEHLWANbHbIX MEXaHW3MOB BAUSHUSA
MUKPOBUOTBI KULLIEYHNKA HA HENPO-TYMOpPanbHO-UMMYH-
HY0 OCb Y naumeHTok ¢ HI'3.

NHOOPMALINA 0 CTATBE

ARTICLE INFORMATION

Moctynuna: 03.06.2024.
B popa6otanHom Buge: 21.06.2024.
MpuusTta k nevatu: 01.07.2024.
Ony6nukosaHa oxnaitt: 03.07.2024.

Received: 03.06.2024.
Revision received: 21.06.2024.
Accepted: 01.07.2024.
Published online: 03.07.2024.

Bknap aBTOpOB

Author’s contribution

Bce aBTOpbI MpUHUMany paBHOE y4acTue B c60pe, aHann3e u UHTEpPRpeTa-
UMI IAHHBIX.

All authors participated equally in the collection, analysis and interpretation
of the data.

Bce aBTOpbI NPOYMTAIM U YTBEPANIN OKOHYATENbHBIN BAPUAHT PYKOMUCH.

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

KoHthnukT uiTepecos

Conflict of interests

ABTOPbI 3aABNAOT 06 OTCYTCTBUN KOH(NKTA UHTEPECOB.

The authors declare no conflict of interests.

®uHaHcupoBaHue

Funding

ABTOpbI 3aBASAIOT 06 OTCYTCTBUN (PUHAHCOBOW NOJJEPXKKM.

The authors declare no funding.

Orpanuyenus

Restrictions

Heob6xoanmbl AanbHenlwmne uccneaoBaHns Ha 6onee KpynHbiX Bbl6OPKax
C NPUMEHEHNEeM aNnbTePHATUBHbBIX MONEKYASPHO-6MONOrMYECKMX METOL0B.

Further studies with larger patient cohorts using alternative molecular
biological methods are needed.

Cornacvwe nauueHToB

Patient consent

Monyyexo.

Obtained.

JTHYecKHe acneKTbl

Ethics declarations

liccneposaqme npoBoOAMNOCL B COOTBETCTBUN C TPeGOBAHWAMMN Hadnexa-
LLei KNIMHUYECKOW NpakTUKK XeNbCUHCKOI Aeknapauuu BecemupHoi megn-
LMHCKOI accounaumu. MccnefoBaHne 0806PEHO NOKANbHBIM 3TU4ECKUM
KomuteTom OpgeHa Tpymosoro KpacHoro 3HameHn MeanLMHCKOro NHCTU-
TyTa umenu C.U. Teopruesckoro (CTpykTypHoe nogpasgenenve ®raQy BO
KOV um. B.I. BepHagckoro), npotokon Ne 5 ot 23.05.2023.

The study was conducted in accordance with Good Clinical Practice and 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. 5 dated of May 23, 2023.

PackpbITve AaHHbIX

Data sharing

[laHHble 06 OTAENbHbIX YYaCTHUKAX, Nexalle B OCHOBE Pe3yNnbTaToB,
MPOTOKON WCCNEAOBaHMA, MAaH CTaTUCTUYECKOr0 aHann3a, NpUHUMMbI
aHanu3a, npea- CTaBneHHble B 3TOI CTaTbe, OyOyT AOCTYMHbLI MOCne
LenaeHTudKaumm (TeKcT, Tabanubl, PUCYHKM 11 MPUNOXEHMs) N0 3anpocy
cnycta 3 mecaua u Jo 2 et nocne nybnukauyuu craton. ns atoro 6yger
HEo6Xxo4MM0 NpesocTaBUTb 060CHOBAHWE A8 OCYLLECTBNEHUS MeTaaHa-
Nn3a MHAMBUAYANbHbIX AAHHbIX Y4ACTHUKOB. [TpenoXKeHNs A0MKHbI ObiTb
HanpasJieHbl Ha NMOYTOBbINA AWK leya.sorokina@mail.ru. 410661 NOMYHUTL
J0CTYN, L, 3anpaLlmBatoLLne JaHHble, JOMKHbI ByLyT nognucarb corna-
LLEHKe 0 A0CTYNe 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

Copnepxalnecs B aTON Ny6nMKaLnn yTBEPXAEHNS, MHEHUS 11 JaHHble ObInn
co3faHbl ee asTopamu, a He nagarensctsom WPBWC (000 «MPBIUC»).
N3patenbctBo VIPBIC cHumaeT ¢ cebst 0TBETCTBEHHOCTL 3a Nt060N yLLepo,
HAHECEHHbIN NOAM U NMYLLECTBY B Pe3yNbTaTe MCMONb30BaHNS N06bIX
naeil, METOA0B, UHCTPYKLMIA UAN NpenapaTtos, yNOMAHYTbIX B Ny6anKauum.

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 nonHomouus

Rights and permissions

000 «MPBNC» obnafaet UCKMKYUTENBHBIMI NPaBaMi HA 3Ty CTaTbio N0
[lorosopy ¢ aBTopom (aBTopamu) unu Apyrum npasoobnagarenem (npaso-
obnagarensmu); lcnonb3oBaHne 3TOW CTaTbW PErynUpYeTcs MCKMYU-
TeNIbHO YCNoBUAMY 3TOr0 [loroBopa 1 [eNCTBYIOLMM 3aKOHOLATESIbCTBOM.

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.

http://www.gynecology.su




BenbyeHko V.M., iky6oBa 3.3., Monosuy T.C., Araesa 3.J1., Kasnuesa 3.3., Xynaii6epaues 3.-C.LL., Jn 4.P., lacaxos C.P.,
MepenepeHko H.W., Kagsipos 3.LU., Hosukos K.B., Octoxbes E.A., Mpaconos H.C., CopokuHa J1.E.

10.

11.

12.

13.

14.

15.

16.

17.

18.

JIureparypa:

. KnuHuyeckne pekomenpaumnm — dngometpnos — 2020 (02.11.2020).

M.: MnrnctepcTtso 3apaBooxpaHenns Poccniickon @egepavmm, 2020.

32 ¢. Pexxum goctyna: http://disuria.ru/_ld/10/1002_kr20N80mz.pdf.
[Hata o6pawienns: 20.05.2024].

Taylor H.S., Giudice L.C., Lessey B.A. et al. Treatment of endometriosis-
associated pain with elagolix, an oral GnRH antagonist. N Engl J Med.
2017;377(1):28-40. https://doi.org/10.1056/NEJMoa1700089.

Bao C., Wang H., Fang H. Genomic evidence supports the recognition of
endometriosis as an Inflammatory systemic disease and reveals disease-
specific therapeutic potentials of targeting neutrophil degranulation. Front
Immunol. 2022;13:758440. https://doi.org/10.3389/fimmu.2022.758440.
Greene R., Stratton P., Cleary S.D. et al. Diagnostic experience among
4,334 women reporting surgically diagnosed endometriosis. Fertil Steril.
2009;91(1):32-9. https://doi.org/10.1016/j.fertnstert.2007.11.020.
Greenbaum H., Galper B.L., Decter D.H., Eisenberg V.H. Endometriosis
and autoimmunity: Can autoantibodies be used as a non-invasive early
diagnostic tool? Autoimmun Rev. 2021;20(5):102795. https:/doi.
org/10.1016/j.autrev.2021.102795.

Chen P., Wang D.B., Liang Y.M. Evaluation of estrogen in endometriosis
patients: regulation of GATA-3 in endometrial cells and effects on Th2
cytokines. J Obstet Gynaecol Res. 2016;42(6):669-77. https://doi.
org/10.1111/jog.12957.

Tokushige N., Markham R., Russell P., Fraser |.S. Nerve fibres in
peritoneal endometriosis. Hum Reprod. 2006;21(11):3001-7. https://doi.
org/10.1093/humrep/del260.

Olkowska-Truchanowicz J., Bocian K., Maksym R.B. et al. CD4+ CD25+
FOXP3+ regulatory T cells in peripheral blood and peritoneal fluid of
patients with endometriosis. Hum Reprod. 2013;28(1):119-24. https://doi.
org/10.1093/humrep/des346.

Podgaec S., Barbeiro D.F., Gueuvoghlanian-Silva B.Y. et al. Foxp3
expression in deep rectosigmoid endometriosis lesions and its association
with chronic pelvic pain. J Reprod Immunol. 2014;104-105:96-9. https:/
doi.org/10.1016/j.jri.2014.05.002.

Khan K.N., Kitajima M., Imamura T. et al. Toll-like receptor 4-mediated
growth of endometriosis by human heat-shock protein 70. Hum Reprod.
2008;23(10):2210-9. https://doi.org/10.1093/humrep/den195.

Flores R., Shi J., Fuhrman B. et al. Fecal microbial determinants of fecal
and systemic estrogens and estrogen metabolites: a cross-sectional
study. J Trans/ Med. 2012;10(1):253. https://doi.org/10.1186/1479-5876-
10-253.

Chadchan S.B., Popli P., Ambati C.R. et al. Gut microbiota-derived
short-chain fatty acids protect against the progression of endometriosis.
Life Sci Alliance. 2021;30;4(12):¢202101224. https://doi.org/10.26508/
1sa.202101224.

Bolger A.M., Lohse M., Usadel B. Trimmomatic: a flexible trimmer for
lllumina sequence data. Bioinformatics, 2014;30(15):2114-20. https://doi.
org/10.1093/bioinformatics/btu170.

Caporaso J.G., Kuczynski J., Stombaugh J. et al. QIIME allows analysis

of high-throughput community sequencing data. Nat Methods.
2010;7(5):335-6. https://doi.org/10.1038/nmeth.f.303.

Vallejo V., llagan J.G. A postpartum death due to coronavirus disease
2019 (COVID-19) in the United States. Obstet Gynecol. 2020;136(1):52-5.
https://doi.org/10.1097/A0G.0000000000003950.

Svensson A, Brunkwall L., Roth B. et al. Associations between
endometriosis and gut microbiota. Reprod Sci. 2021;28(8):2367-77.
https://doi.org/10.1007/s43032-021-00506-5.

Shan J., Ni Z., Cheng W. et al. Gut microbiota imbalance and its
correlations with hormone and inflammatory factors in patients with stage
3/4 endometriosis. Arch Gynecol Obstet. 2021;304(5):1363—73. https://
doi.org/10.1007/s00404-021-06057-z.

Cani P.D., Possemiers S., Van de Wiele T. et al. Changes in gut microbiota
control inflammation in obese mice through a mechanism involving

References:

. Clinical guidelines — Endometriosis — 2020 (02.11.2020). [Klinicheskie

rekomendacii — Endometrioz — 2020 (02.11.2020)]. Moscow: Ministerstvo
zdravoohraneniya Rossijskoj Federacii, 2020. 32 p. (In Russ.). Available at:
http://disuria.ru/_Id/10/1002_kr20N80mz.pdf. [Accessed: 20.05.2024].
Taylor H.S., Giudice L.C., Lessey B.A. et al. Treatment of endometriosis-
associated pain with elagolix, an oral GnRH antagonist. N Engl J Med.
2017;377(1):28-40. https://doi.org/10.1056/NEJMoa1700089.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

GLP-2-driven improvement of gut permeability. Gut. 2009;58(8):1091-
103. https://doi.org/10.1136/gut.2008.16588.

Sohail M.U., Elrayess M.A., Al Thani A.A. et al. Profiling the oral
microbiome and plasma biochemistry of obese hyperglycemic subjects in
Qatar. Microorganisms. 2019;7(12):645. https://doi.org/10.3390/
microorganisms7120645.

Yang M., Bose S., Lim S.K., Kim H. Preventive effects of Pyungwi-san
against dextran sulfate sodium- and Clostridium difficile-induced
inflammatory bowel disease in mice. /nt J Mol Sci. 2019;20(24):6346.
https://doi.org/10.3390/ijms20246346.

Yuan M., Li D., Zhang Z. et al. Endometriosis induces gut microbiota
alterations in mice. Hum Reprod. 2018;33(4):607-16. https:/doi.
org/10.1093/humrep/dex372.

Ni Z.,Sun S., Bi Y. et al. Correlation of fecal metabolomics and gut
microbiota in mice with endometriosis. Am J Reprod Immunol.
2020;84(6):613307. https://doi.org/10.1111/aji.13307.

Huang L., Liu B., Liu Z. et al. Gut microbiota exceeds cervical microbiota
for early diagnosis of endometriosis. Front Cell Infect Microbiol.
2021;11:788836. https://doi.org/10.3389/fcimb.2021.788836.

Ata B., Yildiz S., Turkgeldi E. et al. The endobiota study: comparison of
vaginal, cervical and gut microbiota between women with stage 3/4
endometriosis and healthy controls. Sci Rep. 2019;9(1):2204. https://doi.
0rg/10.1038/s41598-019-39700-6.

Biarc J., Nguyen I.S., Pini A. et al. Carcinogenic properties of proteins with
pro-inflammatory activity from Streptococcus infantarius (formerly S.
bovis). Carcinogenesis. 2009;25(8):1477-84. https://doi.org/10.1093/
carcin/bgh091.

Abdulamir A.S., Hafidh R.R., Bakar F.A. Molecular detection,
quantification, and isolation of Streptococcus gallolyticus bacteria
colonizing colorectal tumors: inflammation-driven potential of
carcinogenesis via IL-1, COX-2, and IL-8. Mol Cancer. 2010;9:249. https://
doi.org/10.1186/1476-4598-9-249.

Chantalat E., Valera M.C., Vaysse C. et al. Estrogen receptors and
endometriosis. /nt J Mol Sci. 2020;21(8):2815. https://doi.org/10.3390/
ijms21082815.

Burns K.A., Thomas S.Y., Hamilton K.J. et al. Early endometriosis in
females is directed by immune-mediated estrogen receptor alpha and IL-6
cross-talk. Endocrinology. 2018;159(1):103-118.https://doi.org/10.1210/
en.2017-00562.

Symons L.K., Miller J.E., Kay V.R. et al. The immunopathophysiology

of endometriosis. Trends Mol Med. 2018;24(9):748-62. https://doi.
org/10.1016/j.molmed.2018.07.004.

Leonardi M., Hicks C., EI-Assaad F. et al. Endometriosis and the
microbiome: a systematic review. BJOG. 2020;127(2):239-49. https:/doi.
org/10.1111/1471-0528.15916.

Quaranta G., Sanguinetti M., Masucci L. Fecal microbiota transplantation:
a potential tool for treatment of human female reproductive tract diseases.
Front Immunol. 2019;10:2653. https://doi.org/10.3389/fimmu.2019.02653.
Cai J., Sun L., Gonzalez F.J. Gut microbiota-derived bile acids in intestinal
immunity, inflammation, and tumorigenesis. Cell Host Microbe.
2022;30(3):289-300. https://doi.org/10.1016/j.chom.2022.02.004.

Ni Z., Ding J., Zhao Q. et al. Alpha-linolenic acid regulates the gut
microbiota and the inflammatory environment in a mouse model of
endometriosis. Am J Reprod Immunol. 2021;86(4):e13471. https:/doi.
org/10.1111/aji.13471.

Belkaid Y., Hand T.W. Role of the microbiota in immunity and
inflammation. Cell. 2014;157(1):121-41. https://doi.org/10.1016/j.
cell.2014.03.011.

Tao X., Xie Y., Wang L. et al. The expression of Cox-2, NF-kappaB, and
VEGF in ectopic endometrial tissues within fallopian tubes suggests
different etiologies. Int J Gynecol Pathol. 2014;33(4):411-7. https://doi.
org/10.1097/PGP.000000000000008.

Bao C., Wang H., Fang H. Genomic evidence supports the recognition of
endometriosis as an Inflammatory systemic disease and reveals disease-
specific therapeutic potentials of targeting neutrophil degranulation. Front
Immunol. 2022;13:758440. https://doi.org/10.3389/fimmu.2022.758440.
Greene R., Stratton P., Cleary S.D. et al. Diagnostic experience among
4,334 women reporting surgically diagnosed endometriosis. Fertil Steril.
2009;91(1):32-9. https:/doi.org/10.1016/j.fertnstert.2007.11.020.

[\®)
(=
[\®)
N
[ ]
S
=
[EN
(0e)
[ ]
Z
-

poxdoy pue A301000uAix) ‘so111918qQ)

uonoNn

473



https://doi.org/10.1016/j.autrev.2021.102795
https://doi.org/10.1016/j.autrev.2021.102795
https://doi.org/10.1111/jog.12957
https://doi.org/10.1111/jog.12957
https://doi.org/10.1093/humrep/del260
https://doi.org/10.1093/humrep/del260
https://doi.org/10.1093/humrep/des346
https://doi.org/10.1093/humrep/des346
https://doi.org/10.1016/j.jri.2014.05.002
https://doi.org/10.1016/j.jri.2014.05.002
https://doi.org/10.1186/1479-5876-10-253
https://doi.org/10.1186/1479-5876-10-253
https://doi.org/10.26508/lsa.202101224
https://doi.org/10.26508/lsa.202101224
https://doi.org/10.1093/bioinformatics/btu170
https://doi.org/10.1093/bioinformatics/btu170
https://doi.org/10.1007/s00404-021-06057-z
https://doi.org/10.1007/s00404-021-06057-z
https://doi.org/10.3390/microorganisms7120645
https://doi.org/10.3390/microorganisms7120645
https://doi.org/10.1093/humrep/dex372
https://doi.org/10.1093/humrep/dex372
https://doi.org/10.1038/s41598-019-39700-6
https://doi.org/10.1038/s41598-019-39700-6
https://doi.org/10.1093/carcin/bgh091
https://doi.org/10.1093/carcin/bgh091
https://doi.org/10.1186/1476-4598-9-249
https://doi.org/10.1186/1476-4598-9-249
https://doi.org/10.3390/ijms21082815
https://doi.org/10.3390/ijms21082815
https://doi.org/10.1210/en.2017-00562
https://doi.org/10.1210/en.2017-00562
https://doi.org/10.1016/j.molmed.2018.07.004
https://doi.org/10.1016/j.molmed.2018.07.004
https://doi.org/10.1111/1471-0528.15916
https://doi.org/10.1111/1471-0528.15916
https://doi.org/10.1111/aji.13471
https://doi.org/10.1111/aji.13471
https://doi.org/10.1016/j.cell.2014.03.011
https://doi.org/10.1016/j.cell.2014.03.011
https://doi.org/10.1097/PGP.000000000000008
https://doi.org/10.1097/PGP.000000000000008

24

AxyuiepcTBo, I'mHekoAorusa u Pennpoaykiima [PArZESIve LR

474

113y4eHne 0C06EHHOCTEN TAKCOHOMMYECKOr0 COCTaBa MUKPOOUOTbI KMLLEYHIKA U UX CBA3U C TOPMOHANbHbLIM
N UMMYHHbIM CTaTyCOM Y X€HLIWNH C HAPYXXHbIM Fr€HUTaNbHbIM 3HAOMETPNO30OM

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Greenbaum H., Galper B.L., Decter D.H., Eisenberg V.H. Endometriosis
and autoimmunity: Can autoantibodies be used as a non-invasive early
diagnostic tool? Autoimmun Rev. 2021;20(5):102795. https://doi.
0rg/10.1016/j.autrev.2021.102795.

Chen P., Wang D.B., Liang Y.M. Evaluation of estrogen in endometriosis
patients: regulation of GATA-3 in endometrial cells and effects on Th2
cytokines. J Obstet Gynaecol Res. 2016;42(6):669-77. https://doi.
org/10.1111/jog.12957.

Tokushige N., Markham R., Russell P., Fraser I.S. Nerve fibres in
peritoneal endometriosis. Hum Reprod. 2006;21(11):3001-7. https:/doi.
0rg/10.1093/humrep/del260.

Olkowska-Truchanowicz J., Bocian K., Maksym R.B. et al. CD4+ CD25+
FOXP3+ regulatory T cells in peripheral blood and peritoneal fluid of
patients with endometriosis. Hum Reprod. 2013;28(1):119-24. https://doi.
0rg/10.1093/humrep/des346.

Podgaec S., Barbeiro D.F., Gueuvoghlanian-Silva B.Y. et al. Foxp3
expression in deep rectosigmoid endometriosis lesions and its association
with chronic pelvic pain. J Reprod Immunol. 2014;104-105:96-9. https:/
doi.org/10.1016/j.jri.2014.05.002.

Khan K.N., Kitajima M., Imamura T. et al. Toll-like receptor 4-mediated
growth of endometriosis by human heat-shock protein 70. Hum Reprod.
2008;23(10):2210-9. https://doi.org/10.1093/humrep/den195.

Flores R., Shi J., Fuhrman B. et al. Fecal microbial determinants of fecal
and systemic estrogens and estrogen metabolites: a cross-sectional
study. J Trans/ Med. 2012;10(1):253. https://doi.org/10.1186/1479-5876-
10-253.

Chadchan S.B., Popli P., Ambati C.R. et al. Gut microbiota-derived short-
chain fatty acids protect against the progression of endometriosis. Life Sci
Alliance. 2021;30;4(12):e202101224. https://doi.org/10.26508/
1sa.202101224.

Bolger A.M., Lohse M., Usadel B. Trimmomatic: a flexible trimmer for
lllumina sequence data. Bioinformatics, 2014;30(15):2114-20. https://doi.
0rg/10.1093/bioinformatics/btu170.

Caporaso J.G., Kuczynski J., Stombaugh J. et al. QIIME allows analysis of
high-throughput community sequencing data. Nat Methods.
2010;7(5):335-6. https://doi.org/10.1038/nmeth.f.303.

Vallejo V., llagan J.G. A postpartum death due to coronavirus disease
2019 (COVID-19) in the United States. Obstet Gynecol. 2020;136(1):52-5.
https://doi.org/10.1097/A0G.0000000000003950.

Svensson A, Brunkwall L., Roth B. et al. Associations between
endometriosis and gut microbiota. Reprod Sci. 2021;28(8):2367-77.
https://doi.org/10.1007/s43032-021-00506-5.

Shan J., Ni Z., Cheng W. et al. Gut microbiota imbalance and its
correlations with hormone and inflammatory factors in patients with stage
3/4 endometriosis. Arch Gynecol Obstet. 2021;304(5):1363-73. https:/
doi.org/10.1007/s00404-021-06057-z.

Cani P.D., Possemiers S., Van de Wiele T. et al. Changes in gut microbiota
control inflammation in obese mice through a mechanism involving
GLP-2-driven improvement of gut permeability. Gut. 2009;58(8):1091-
103. https://doi.org/10.1136/gut.2008.16588.

Sohail M.U., Elrayess M.A., Al Thani A.A. et al. Profiling the oral
microbiome and plasma biochemistry of obese hyperglycemic subjects in
Qatar. Microorganisms. 2019;7(12):645. https://doi.org/10.3390/
microorganisms7120645.

Yang M., Bose S., Lim S.K., Kim H. Preventive effects of Pyungwi-san

Csepenus 06 asTopax / About the authors:
Benbyenko Ynbaua [imutpuesna / Ulyana D. Belchenko. ORCID: https://orcid.org/0009-0001-0734-1583.

flky6oBa Ipue Ickenpeposra / Edie E. Yakubova. ORCID: https://orcid.org/0009-0006-5978-8658.

Monosuy TaTbsiHa CepreesHa / Tatyana S. Popovich. ORCID: https://orcid.org/0009-0001-7056-3672.

Araesa nbsupa JlenyposHa / Elvira L. Agaeva. ORCID: https://orcid.org/0009-0008-9026.

Kasnuesa 3nbma3 3esxeroBHa / Elmaz Z. Kayalieva. ORCID: https://orcid.org/0009-0002-6028-5952.

Xypaii6epaues Inbm-CyntaH Wapa6aunosuy / EIm-Sultan Sh. Khudaiberdiev. ORCID: https://orcid.org/0009-0006-7549-7914.

Jin flu Paguonosuy / Yan R. Li. ORCID: https://orcid.org/0009-0003-3397-1655.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

against dextran sulfate sodium- and Clostridium difficile-induced
inflammatory bowel disease in mice. Int J Mol Sci. 2019;20(24):6346.
https://doi.org/10.3390/ijms20246346.

Yuan M., Li D., Zhang Z. et al. Endometriosis induces gut microbiota
alterations in mice. Hum Reprod. 2018;33(4):607-16. https://doi.
org/10.1093/humrep/dex372.

NiZ.,SunS., Bi Y. et al. Correlation of fecal metabolomics and gut
microbiota in mice with endometriosis. Am J Reprod Immunol.
2020;84(6):13307. https://doi.org/10.1111/aji.13307.

Huang L., Liu B., Liu Z. et al. Gut microbiota exceeds cervical microbiota
for early diagnosis of endometriosis. Front Cell Infect Microbiol.
2021;11:788836. https://doi.org/10.3389/fcimb.2021.788836.

Ata B., Yildiz S., Turkgeldi E. et al. The endobiota study: comparison of
vaginal, cervical and gut microbiota between women with stage 3/4
endometriosis and healthy controls. Sci Rep. 2019;9(1):2204. https://doi.
org/10.1038/s41598-019-39700-6.

Biarc J., Nguyen LS., Pini A. et al. Carcinogenic properties of proteins with
pro-inflammatory activity from Streptococcus infantarius (formerly S.
bovis). Carcinogenesis. 2009;25(8):1477-84. https://doi.org/10.1093/
carcin/bgh091.

Abdulamir A.S., Hafidh R.R., Bakar F.A. Molecular detection,
quantification, and isolation of Streptococcus gallolyticus bacteria
colonizing colorectal tumors: inflammation-driven potential of
carcinogenesis via IL-1, COX-2, and IL-8. Mol Cancer. 2010;9:249. https:/
doi.org/10.1186/1476-4598-9-249.

Chantalat E., Valera M.C., Vaysse C. et al. Estrogen receptors and
endometriosis. Int J Mol Sci. 2020;21(8):2815. https://doi.org/10.3390/
ijms21082815.

Burns K.A., Thomas S.Y., Hamilton K.J. et al. Early endometriosis in
females is directed by immune-mediated estrogen receptor alpha and IL-6
cross-talk. Endocrinology. 2018;159(1):103-118. https://doi.org/10.1210/
en.2017-00562.

Symons L.K., Miller J.E., Kay V.R. et al. The immunopathophysiology of
endometriosis. Trends Mol Med. 2018;24(9):748-62. https://doi.
org/10.1016/j.molmed.2018.07.004.

Leonardi M., Hicks C., El-Assaad F. et al. Endometriosis and the
microbiome: a systematic review. BJOG. 2020;127(2):239-49. https://doi.
org/10.1111/1471-0528.15916.

Quaranta G., Sanguinetti M., Masucci L. Fecal microbiota transplantation: a
potential tool for treatment of human female reproductive tract diseases.
Front Immunol. 2019;10:2653. https://doi.org/10.3389/fimmu.2019.02653.
Cai J., Sun L., Gonzalez F.J. Gut microbiota-derived bile acids in intestinal
immunity, inflammation, and tumorigenesis. Cell Host Microbe.
2022;30(3):289-300. https://doi.org/10.1016/j.chom.2022.02.004.

Ni Z., Ding J., Zhao Q. et al. Alpha-linolenic acid regulates the gut
microbiota and the inflammatory environment in a mouse model of
endometriosis. Am J Reprod Immunol. 2021;86(4):e13471. https://doi.
org/10.1111/2ji.13471.

Belkaid Y., Hand T.W. Role of the microbiota in immunity and
inflammation. Cell. 2014;157(1):121-41. https://doi.org/10.1016/j.
cell.2014.03.011.

Tao X., Xie Y., Wang L. et al. The expression of Cox-2, NF-kappaB, and
VEGF in ectopic endometrial tissues within fallopian tubes suggests
different etiologies. Int J Gynecol Pathol. 2014;33(4):411-7. https://doi.
org/10.1097/PGP.000000000000008.

F'acanos Capxan Padhaun ornbi / Sarkhan R. Gasanov. ORCID: https://orcid.org/0009-0000-8333-9285.

Mepenepenko Hukuta Uropesuy / Nikita I. Perederenko. ORCID: https://orcid.org/0009-0000-9910-2952.

Kapbipos 3psun LLesketosuy / Ervin Sh. Kadyrov. ORCID: https://orcid.org/0009-002-6201-8671.

Hoeukos Kupunn Bacunbesuy / Kirill V. Novikov. ORCID: https://orcid.org/0009-0009-1103-7216.

OcTtoxbes Esrennit Anekcangposuy / Evgeniy A. Ostozhiev. ORCID: https://orcid.org/0009-0000-8349-2159.

Mpaconos Hukura Cepreesuy / Nikita S. Prasolov. ORCID: https://orcid.org/0000-0002-6436-8125.

CopokuHa Jles EBrenbesHa / Leya E. Sorokina, MD. E-mail: leya.sorokina@mail.ru. ORCID: https://orcid.org/0000-0002-1862-6816. eLibrary SPIN-kog: 5934-0679.

http://www.gynecology.su


https://doi.org/10.1016/j.autrev.2021.102795
https://doi.org/10.1016/j.autrev.2021.102795
https://doi.org/10.1111/jog.12957
https://doi.org/10.1111/jog.12957
https://doi.org/10.1093/humrep/del260
https://doi.org/10.1093/humrep/del260
https://doi.org/10.1093/humrep/des346
https://doi.org/10.1093/humrep/des346
https://doi.org/10.1016/j.jri.2014.05.002
https://doi.org/10.1016/j.jri.2014.05.002
https://doi.org/10.1186/1479-5876-10-253
https://doi.org/10.1186/1479-5876-10-253
https://doi.org/10.26508/lsa.202101224
https://doi.org/10.26508/lsa.202101224
https://doi.org/10.1093/bioinformatics/btu170
https://doi.org/10.1093/bioinformatics/btu170
https://doi.org/10.1007/s00404-021-06057-z
https://doi.org/10.1007/s00404-021-06057-z
https://doi.org/10.3390/microorganisms7120645
https://doi.org/10.3390/microorganisms7120645
https://doi.org/10.1093/humrep/dex372
https://doi.org/10.1093/humrep/dex372
https://doi.org/10.1038/s41598-019-39700-6
https://doi.org/10.1038/s41598-019-39700-6
https://doi.org/10.1093/carcin/bgh091
https://doi.org/10.1093/carcin/bgh091
https://doi.org/10.1186/1476-4598-9-249
https://doi.org/10.1186/1476-4598-9-249
https://doi.org/10.3390/ijms21082815
https://doi.org/10.3390/ijms21082815
https://doi.org/10.1210/en.2017-00562
https://doi.org/10.1210/en.2017-00562
https://doi.org/10.1016/j.molmed.2018.07.004
https://doi.org/10.1016/j.molmed.2018.07.004
https://doi.org/10.1111/1471-0528.15916
https://doi.org/10.1111/1471-0528.15916
https://doi.org/10.1111/aji.13471
https://doi.org/10.1111/aji.13471
https://doi.org/10.1016/j.cell.2014.03.011
https://doi.org/10.1016/j.cell.2014.03.011
https://doi.org/10.1097/PGP.000000000000008
https://doi.org/10.1097/PGP.000000000000008



