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MaToreHeTn4yHe O6rpyHTYyBaHHA BUKOPUCTaHHSA
npo6ioTukiB y nporpamMmax nigrotoBku Ao
AOMOMIXKHUX PEeNnpPoOAYKTUBHUX TEXHOJIOTIN Yy
XKIiHOK 3 eqOMEeTpPio30M Ha OCHOBI BUBYEHHS
nokKkasHUKiIB piBHA Me3oTeniny, MPHK IL1,
HMGB1, NLRP3- INFLAMMASOME
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BcTtyn. JlikyBaHHA 6e3nnigas y XiHOK 3 eHAOMEeTPio30M € Bax-
NNBOIO | HEBUMpIWEHO Npobnemoto Ak B YKpaiHi, Tak i y CBiTi.
BoagHouac y nauieHTok i3 6e3nnigasM npoCTeXY€ETbCS | HU3b-
Ka edeKTUBHICTb BUKOPUCTAHHSA AOMOMDKHUX pPenpoayKTUBHUX
TexHonorin (APT). OnTuManbHUM NigAXo40M y nporpami niaro-
TOBJSIeHHSA A0 APT XiHOK 3 eHOOMETpPiOo30M, Ha AYyMKY aBTOpiB
LbOro AOCNIAXEHHS, € CaMe BUKOPUCTaHHSA nNpobioTukis i3 BMic-
TOM naktobakTepiin, 9K NOTEHUINHMUX (PaKTOPiB 3HUXKEHHS Npo-
AYKYBaHHS NMPOBOKYKUYMX MeaiaTopiB eHAoMeTpiody Ta 36inb-
LIEeHHS LWaHCiB ycnilWwHOT BariTHOCTI.

MeTa: 06rpyHTyBaTV AOUiNbHICTL iHKOpnopauii npobioTukis A0
nporpaMm nigroToBNeHHsA 4OAOMIKHUX PENPOAYKTUBHUX TEXHOJIO-
riri y XiHOK, XBOpPMX Ha eHAO0METPI03, acouinoBaHuii i3 6e3nnigaam.

MeTtoau Ta martepianu. [Jo gocnigxeHHs 3anydmnu 88 Xi-
HOK 3 eHAOMeTpio30M, acouirioBaHuM i3 6e3nnigasam (OCHOBHA

rpyna) ta 68 xiHok i3 6e3nniaaam TpybHoro reHesy (KOHTponbHa rpyna). [nsa aHanisy ekcrnpe-
cii reHy NLRP3-iHdnamacomm, HMGB1, IL1B i BU3HAYeHHS BiAHOCHOI HOpMani3oBaHOi ekcnpecii
MPHK NLRP3, HMGB1, IL1B BMKOpUCTOBYBa/iM MeTOA MosiiMepa3Hoi NaHLUOroBoi peakuii 3i 3B0-
POTHOK TPAHCKPUMUIE B pexuMmi peanbHoro vacy (3T-MJ1P). Bu3HavyeHHS piBHA Me30TeNiHy B
cupoBaTLi KpOBi NOBOAMAN METOAOM TBepaodasHoro iMmyHodepMeHTHOro aHanisy (ELISA).

Pesynbtatn. OUiHIOOYM AOCAIAXKYBaHI MOKa3HWUKK 3anexHo Biad Tvny 6e3nnigas (NnepBuHHE uu
BTOPUHHE), TEX OTpMManu pesynbTaTh, SKi CBig4aThb, WO Y XIHOK i3 eHAOMETPIO30M Ta NePBUHHUM
6e3nnigasam npocrexysBanucs BipOrigHO BWLLI MOKA3HWKKW Me30TesliHy, akTUBHOCTI iHdnamacomum
NLRP3, IL-1B Ta HMGB1. 30KkpemMa, piBeHb Me30TeNiHy Yy >XiHOK OCHOBHOi rpynu 3 NepBUHHUM
6e3nnigasam 6yB BiporigHO BULLMM MOPIBHAHO 3 XiHKaMu 3 BTOpUHHUM 6e3nnigasam sk B cMpoBa-
TUi KPOBIi, TaK i B NepuTOHanbHil pianHi, BianosigHo: (0.86+0.001 Hr/mn Ta 0.69+0.001 Hr/mn)
(p<0.01) po (0.67+£0.001 Hr/mn Tta 0.42+0.001 Hr/mn) (p<0.001).

BucHoBKM.

1. JocnipxeHHs nigTBepanno, wo pisHi ekcnpecii MPHK NLRP3, IL-13, HMGB1 Ta Me30TeniHy Ko-
pentolTb 3 TAXKICTIO eHAOMETPIO3Yy i MOXYTb 6YTW NOTEHUINHUMM MapKepaMn NporpecyBaHHs
3axBOploBaHHS. Lli Monekynu Hagani € NnepcnekTUBHUMM UiNsSMU AN TepaneBTUYHUX CTpaTerin
y NiKyBaHHi eHAOMeTpio3y, acouiioBaHoro 3 6e3nnigasm.
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Introduction: At the same time, the low efficiency of the use
of assisted reproductive technologies (ART). The optimal ap-
proach in the program of preparation for ART of women with
endometriosis is precisely probiotics with the content of lacto-
bacilli as potential factors for reducing the production of pro-
voking mediators of endometriosis and increasing the chances
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of a successful pregnancy.

Aim: To justify the feasibility of including probiotics in the pro-
gram of preparation for intrauterine reproductive technologies
in women with endometriosis-associated infertility.

Methods and materials: The study included 88 women with

endometriosis associated with infertility (the main group) and

68 women with tubal infertility (the control group). To analyze the expression of the NLPP3-in-
flammasome gene, HMGB1, IL1B and determine the relative normalized expression of NLRP3,
HMGB1, IL1 mRNA, we used the polymerase chain reaction with reverse transcription in re-
al-time (RT-PCR). The mesothelin level in blood serum was determined using the solid-phase
enzyme-linked immunosorbent assay (ELISA).

Results: Evaluating the studied indicators depending on the type of infertility (primary or sec-
ondary), results were also obtained, which indicate that women with endometriosis and primary
infertility had significantly higher levels of mesothelin, NLRP3, IL-13, and HMGB1 inflammasome
activity. In particular, the level of mesothelin in women of the main group with primary infer-
tility was significantly higher compared to women with secondary infertility both in blood se-
rum and peritoneal fluid, respectively (0,86+0,001 ng/ml and 0,69+0,001 ng/ ml) (p<0,01) to
(0,67+0,001 ng/ml and 0,42+0,001 ng/ml) (p<0,001).

Conclusions

1.The study confirmed that the mRNA expression levels of NLRP3, IL-13, HMGB1 and mesothelin
correlate with the severity of endometriosis and can be potential markers of disease progres-
sion. These molecules are promising targets for further therapeutic strategies in the treatment
of infertility-associated endometriosis.

2.The study showed that the level of mesothelin in blood serum is 1,25 times higher in women with
primary infertility than with secondary infertility and correlates with the severity of the disease,
which indicates its possibility to be an independent marker for the diagnosis of endometriosis.
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. JocnigxeHHs 3acBigumno, Wo piBeHb Me30TeNiHy B CMpOBaTUi KpoBi B 1.25 pasiB BULLKI Y XIiHOK

i3 NnepBMHHMM 6e3nniaasam, NOPiBHAHO i3 BTOPUHHUM, | KOPESIOE 3 TAXKICTIO 3aXBOPIOBAHHS, WO
CBiAYNTb MPO MOro MOXNMBICTb 6YTU CaMOCTIiHUM MapKepoM AiarHOCTUKW eHA0OMeTPio3y.

. BukopuctaHHa npobioTukiB y nporpamMax MiaroToBKM A0 AOMOMDKHUX PEenpoAyKTUBHUX Tex-

Honorin (OPT) y XiHOK 3 eHAOMETPIO30M € AOUIMIbHUM, NpO WO CBiAYaTb TAKOX NiTepaTypHi

oxepena.

KnrouoBi cnoBa: 6e3nnigas, eHaoMeTpios, eHAoOMeTpil, iHpnamacoma, UMTOKIHK, nakTobakTepii,

NpobioTMKKN, AOMNOMIXHI penpoAyKTUBHI TEXHOOrII.

BcTtyn

NikyBaHHs 6e3nnigas y XiHOK 3 eHAOMeTpio-
30M € BaXNMBOK i HeBUpiweHo npobnemoto
AK B YKpaiHi, Tak i y CBiTi. Y ui€l koroptn na-
LIEHTOK MPOCTEXYETbCA HU3bKA €PEKTUBHICTb
BCiX BiAOMMX MeToaiB NikyBaHHA 6e3nnigas,
30KpeMa, i 3 BUKOPUCTAHHAM AOMOMDKHUX pe-
NpOAYKTUBHUX TexHonorin (APT) [1-5]. bepy-
UM [0 yBaru AaHi YNCNEHHUX HAaYKOBUX A0CHi-
J)XEHb, OAHUMU 3 MPOBIAHMX NATOrEHETUYHNX
UMHHUKIB PO3BUTKY €HAOMETPIO3Y € rinepakTn-
Bauisd IMyYHHUX KJITUH 3 NiABULLEHUM NPOAYKY-
BaHHSIM pocToBMX (aKTopiB Ta npo3anasbHUX
LUMTOKIHIB [5-9]. JlIoriyHO MOXHa NpuNycTuTH,
WO MNOTEHUIMHMMW NAaTOreHeTUYHO O6rpyHTO-
BaHMMWM 3acobamMu niKkyBaHHS €eHAOMeTpio3y
MOXYTb 6yTW npenapaTun, 34aTHi CUCTEMHO YK
JIOKanbHO NPUrHivyBaTW rinepakTUBaLito iMyH-
HUX (akTopiB. MpoTe KnacuyHi nigxoan iMy-
HOCynpecii, AKi BAKOPUCTOBYIOTb AN KOpeKLii
IHWWNX HEepernpoAyKTUBHUX TiNepiMyHHUX BaA,
HENPUIHATHI ANS NikyBaHHSA 6e3nnigaa yepes
HM3KY NO6iYHMX edeKTiB Ta MMOBIPHOro Hera-
TUBHOIO BMJIUBY Ha AUTUHY.

YNpoAoOBX OCTaHHIX pOKiB Hakonuuuniocs 6a-
raTto AaHUX, AKi 3aCBiAYYHOTb BaXXJIMBY iIMYHO-
MoAyNnto4Yy posib MikpobioTn, 3 ogHoro 6oky,
Ta BNJMBY 3MiHM MiKpobioMy nixBu Ta eHaOMe-
TPpit0 Ha pe3ynbTaTu NiKyBaHHSA 6e3nniaasa sk
3arasiom, Tak i 3a eHAOMeTpio3y — 3 iHLWOoro.
ToMy HaykoBa CrisibHOTa 3 0cobnMBOKO yBa-
rol po3rnsga€ B3aEMO3B'A3KM MiX iMyHOOMNO-
cepefKoBaHMMM peakuisMm Ta MikpobioMoM,
MOXNMBOCTI MoAynsAuii MikpobioMy €K YWH-
HWKa, 34aTHOM0 3MEHWMUTU rinepiMyHHI peak-
uii Ta noninWwWuUTU penpoayKTUBHI MOKa3HUKMK
[10-13].

AK BiAOMO, XiHOUYMW CTATEBWUIA TPaKT MICTUTb
BU3HAYEHUN MIKpOBHWI chnekTp, a eHaoMme-
Tpin, 30Kpema, MaE YyHiKanbHUI Mikpobiom,
He3BaXkalun Ha Te, WO BNPOAOBX 6araTbox
OecaTuniTe Moro BBaxxanu crepufibHuUM [10;
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11]. BignosigHo [0 6araTtbOX AOC/iAXEHb,
HaMMNOLWNPEHIWIMM MpeacTaBHUKOM Mikpobio-
My eHaoMmeTpito € pig Lactobacillus [11-15].
€ pocnigxeHHs, Wwo naktobakTepii mMoaynto-
IOTb iIMyHHWIA roMeocTa3 pi3HUMM cnocobamu,
BKJIIOYHO 3 MPUrHIYEHHSAM CUrHanNiB A4epHOro
dakTopa kB (NF-kB) Ta CMHTE30M HM3KK NpO-
3ananbHUX LUTOKIHIB, 3HAaYHO nocnabntoym
3ananeHHsd. BigoMi TakoX MepekoHNMBI AaHi,
L0 MOJIOYHA KUC/10Ta, AIKa NPOAYKYETbCA NaK-
TobaKTepigAMKn, MOXe CNpUATU CNPUNHSATINBO-
CTi eHgoMeTpito Ta iHBas3ii 6rnacTouncTu, a ue
03Ha4ae, WO KiNbKiCTb NakTobakTepin y XiHo-
YMX CTaTEBMX LINSAXaX Ma€E 3HAYeHHHA AN Ha-
CTaHHSA BariTHOCTi. CMHXPOHI3YIOTbCSA 3 LUUMU
OAHVMW JOCMIAXKEHHS NPOo Te, WO HanycniwHi-
WKMM ANns nepeHeceHHsa eMbpioHa € BariHasnb-
HUA MikpobioMm 3 gomiHytoummn Lactobacillus
[1-14].

TwvM 4acoM YNCEeHHI AOCNIAXKEHHA AEMOHCTPY-
I0Tb, WO iHWIi 6akTepii Ta 6akTepianbHi dpar-
MEHTU MOXYTb CMPUUYMHATU 3anasibHi IMYHHI
BianoBiai (onocepeakoBaHi npo3ananbHUMKU
UMTOKIiHaMM) y npeimnnaHTauiiHoMy nepioai,
noripwytumn pesynbTatn penpoaykuii [8; 9;
13; 16; 17; 18]. OcTtaHHsa Te3a - onocepea-
KOBaHICTb npo3ananbHUMU LUTOKIHAMWN MOBHiI-
CTH0 36iraeTbCcs 3 NaTOreHe30M eHAOMeTPio3y —
oTxe, noTpeba moaynauii MikpobioMy 3 MeTo
mMoAaynAuii npo3anasbHOro iMyHHOro npointo
Y XIiHOK i3 eHaoOMeTpio3oM Ta 6e3nnigasam npo-
AVKTOBaHa oboMa cTaHamu.

ToMy pO3yMiHHA WASXiB MoAynsAuii Mikpobiomy
Moxe 6yTW OAHMM i3 KAKOYIB AN pO3B'A3aHHS
npobnemMun NoninweHHs yCnilWHOCTI SiKyBaHHS
6e3nnigas y XiHoK, 30KpeMa, fKi CTpaxaatoTb
Ha eHAOMeTpio3.

BpaxoBytoun HaBedeHi AoKa3M, Ha Haw no-
rnag, OnNTUManbHMM NiAXOAOM Yy Mporpai
nigrotosku ao APT XiHOK 3 eHAOMEeTpio30M €
came npobioTnkKM 3 yMicToM naktobakTepin sk
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3.The literature data indicates that the use of probiotics in programs of preparation for assisted
reproductive technologies (ART) in women with endometriosis is appropriate.
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Introduction

The treatment of infertility in women with
endometriosis is an important and unsolved
problem both in Ukraine and in the world. In
this cohort of patients, the efficiency of all
known infertility treatment methods, including
the use of assisted reproductive technologies
(ART), remains low [1-5]. Considering the
data from numerous scientific studies, one of
the leading pathogenetic factors in the devel-
opment of endometriosis is the hyperactiva-
tion of immune cells with increased production
of growth factors and pro-inflammatory cyto-
kines [5-9]. Logically, it can be assumed that
drugs capable of systemically or locally inhib-
iting the hyperactivation of immune factors
can act as potential pathogenetically justified
means of treating endometriosis. However,
classical approaches of immunosuppression,
which are used to correct other non-reproduc-
tive hyperimmune disorders, are unacceptable
in the case of infertility treatment due to some
side effects and possible negative impact on
the child.

In recent years, a lot of data have been ac-
cumulated that indicate the important immu-
nomodulatory role of the microbiota, on the
one hand, and the influence of changes in
the microbiome of the vagina and endome-
trium on the results of infertility treatment,
both in general and for endometriosis, on the
other hand. Therefore, the scientific commu-
nity paid special attention to the relationship
between immune-mediated reactions and the
microbiome and the possibilities of modulat-
ing the microbiome as a factor capable of re-
ducing hyperimmune reactions and improving
reproductive performance [10-13].

As is known, the female genital tract contains
a defined microbial spectrum, and the endo-
metrium, in particular, has a unique microbi-
ome, although, for many decades, it was con-
sidered sterile [10; 11]. According to many
studies, the predominant representative of
the microbiome of the endometrium is the ge-

223

nus Lactobacillus [11-15]. Studies show that
lactobacilli modulate immune homeostasis in
various ways, including inhibition of nuclear
factor kB (NF-kB) signaling and the synthesis
of several pro-inflammatory cytokines, there-
by significantly reducing inflammation. Also,
there is convincing evidence that lactic acid
produced by lactobacilli can promote endome-
trial receptivity and blastocyst invasion, which
means that the number of lactobacilli in the
female genital tract is essential for pregnancy.
Synchronized with these data are studies that
the most successful for embryo transfer is the
vaginal microbiome, with dominant Lactoba-
cillus [12-14].

On the other hand, numerous studies demon-
strate that other bacteria and bacterial frag-
ments can cause inflammatory immune
responses (mediated by pro-inflammatory cy-
tokines) in the peri-implantation period, wors-
ening reproductive outcomes [8; 9; 13; 16;
17; 18]. The final thesis is that pro-inflamma-
tory cytokine-mediated endometriosis patho-
genesis is fully congruent. Thus, the need to
modulate the microbiome to modulate the
pro- inflammatory immune profile in women
with endometriosis and infertility is dictated
by both conditions.

Therefore, understanding the ways of modu-
lating the microbiome may be one of the keys
to solving the problem of improving the suc-
cess of infertility treatment in women, includ-
ing those suffering from endometriosis.

Taking into account the above, in our opin-
ion, the optimal approach in the program of
preparation for ART for women with endome-
triosis is precisely probiotics containing lac-
tobacilli as potential factors for reducing the
production of provoking mediators of endo-
metriosis and increasing the chances of suc-
cessful pregnancy.

The purpose of the study: To justify the fea-
sibility of including probiotics in the program
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NOTEHLUiNHI haKTopu 3HUXEHHSA NPOAYKYBaH-
HS NMPOBOKYOUYMX MeAiaTopiB €eHAOMETPIo3y Ta
36iNbLlUEHHS WaHCIB YCNiWHOI BariTHOCTI.

MeTta pocnipg)xeHHsA: o6rpyHTYBaTW AOUINb-
HICTb 3aHeceHHs npobioTukiB A0 nporpamu
NiAroToBAEHHA A0 AOAOMIDKHUX PENpPOAYKTUB-
HUX TEXHOSOrIN XIHOK, XBOPUX Ha eHAOMETpi-
03, acouinoBaHui i3 6e3nnigasam.

MaTepianu Ta meToamn

JocnigxeHHa npoBoAnan B ByKOBMHCbKOMY
Aep>XaBHOMY MeaMYHOMY YHiBEpCUTETI Ta, BiA-
NoBiAHO A0 Yroauv Npo chiBnpawto, Ha KNiHiYHIn
6a3i K303 «MegnyHuin LeHTp NikyBaHHA 6e3-
nnigas» (YepHisui, YkpaiHa). Yci pocnigxysa-
Hi nmauieHTkn nepebyBanu Ha ambynaTopHOMY
Ta CTauioHapHOMY 0b6CTeXeHHi Ta NikyBaHHi B
K303 «MegunyHuii ueHTp nikyBaHHa 6e3nnig-
Aa» B nepiog i3 2017 no 2023 poku.

3abe3neyeHHs1 BUMOr 6ioeTukm
JocnigxeHHa NpoBOAMNU 3 ypaxXyBaHHAM OC-
HOBHMX nonoxeHb GCP ICH Ta lenbCiHCbKOI
Aeknapaudii woao 6iomeanuyHux [o0CNiAXKEHD,
Ta HactynHux ii nepernsaais (Ceyn, 2008),
npotokony KoHseHUii Pagn €sponu npo npasa
noanHu Tta 6iomeanunHy (Big 4 KBiTHA 1997
poOKy), pekomeHAauin KomiteTy 3 6ioeTnku
npu lMpe3unaii AMH YkpaiHn (2002), 3rigHo 3
NO3UTUBHUM BWUCHOBKOM KOMiCii 3 6ioeTnku
BYKOBMHCBKOrO Aep>XaBHOMO MeAUYHOro YHi-
BEPCUTETY Ta NIOKa/bHOI KOMicii 3 6ioMmeanyHOI
eTukn npm K303 «MeanyHui LeHTp NikyBaHHSA
6e3nnigaos (npotokon cxsaneHHs N2 8 Big 16
TpaBHsa 2024 poky).

Lle nepenbayano AoTpuMMaHHA KoHUenuii iH-
¢dopMOBaHOI 3roaM MNauieHTa Ha MpPOBEAEHHS
JOCNiAXEeHb, YypaxXyBaHHS nepeBar KOPUCTI
Ha4 PM3MKOM LIKOAWN, MPUHLMNY KOH@IiaeHLUi-
MHOCTI Ta noBarn A0 0COOUCTOCTi NauieHTa Ta
IHLWMX eTUYHMX MPUHLUMIB CTOCOBHO 0OCIi6, SKi
€ 06'EKTOM AOCNIAXEHHS.

OCHOBHY rpyny gocnigkeHHsa cknanu 88 XiHoK
3 BepudikoBaHMM eHAOMETpPio30M, acouilioBa-
HMM i3 6e3nnigasm (Bikom Big 21 no 44 pokis,
cepefHin Bik — 29.65 pokiB). MNepBuHHe 6e3-
nnigaa suaBMnn y 74 xiHok (84 %), BTOpUH-
He 6e3nnigaa - y 14 nauieHtok (16 %). OTxe,
KiNbKiCTb NALUIEHTOK, Y AKUX BUABUIN NEPBUHHE
6e3nnigas, 3HadHO NepeBaXkasa Hag MauieHT-
Kamu i3 BTopuHHUM 6e3nnigaam (p < 0.001).
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YciM XiHKaM BUKOHaNAW AiarHOCTUYHY fianapo-
ckonito. Cragii eHgomeTpio3y knacudikysanu
BiANOBiAHO A0 3acap knacudikauii eHoomeTpi-
anbHUX 3axBopltoBaHb AMepukaHcbKkoi Cniskm
penpoayKkTuBHOI MeauuuHu, 1997 (American
Fertility Society Revised Classification of
Endometriosis, r-AFS-97). MNMauieHTOK OCHOBHOI
rpynu po3nojinuian BignoBiAHO A0 Takoi Kna-
cudikauii: ctagia 1 (1 - 5 6aniB) BusiBneHa y
48 % nauieHToK; cTagia 2 (6 — 15 6aniB) -y
23 %; ctapia 3 (16 — 40 6aniB) -y 25 % i cta-
4is 4 (40 6anis i 6inbwe) — y 4 % nauieHToOK.

MauieHTKM OCHOBHOI rpynun 6ynu po3noineHi
Ha ABi nigrpynu: niarpyna-1 (48 XiHOK, SIKUM
BMKOHaNM TpaguuinHy nigrotoBky ao [APT
(BianoBigHO A0 HakasiB MO3 YkpaiHu N° 787
Big 09.09.2013 «[lpo 3aTBepaxeHHs opsaa-
Ky 3aCTOCyBaHHSA AOMOMIDKHUX penpoayKTUB-
HUX TexHonorin B Ykpaini» Ta N° 1030/102 Big
29.11.2013 «[lpo yAOCKOHaNEHHS CUCTEMU
naaHyBaHHA CiMT Ta OXOPOHW PenpoayKTUB-
HOro 340poB’sa B YKpaiHi») Ta niarpyna - 2 (40
XIHOK, IKMM BUKOHas M 3anponoHOBaHy HaMu
nigrotoeky Ao APT i3 BMicTOM npobioTuka).

MauieHTkam nigrpynu-2 npusHadanu tabnero-
BaHMM npobioTnk BmpobHMuTBa Unic Biotech
Ltd (IHgig) no 1 TabneTui ABiYi Ha AeHb, KOX-
Ha 3 akmx Mmictuna 10x 109 Lactobacillus.

[o KOHTpONbHOI rpynu 3apaxysanu 68 340po-
BUX XIHOK 3 TpybHMM (bakTOpOM B aHaMHesi.
OnepaTuBHI BTpy4aHHs (rictepo- Ta nanapocko-
Nit0) y Naui€EHTOK KOHTPOSbHOI rpynu BUKOHY-
Ba/M y 3B'A3KY 3i ckapramu Ha 6e3nnigas Ta 3a
BiACYTHOCTI )XOAHOI naTonorii y 060x napTHepiB.

[na 3apaxyBaHHA A0 OCHOBHOI rpynu KepyBsa-
JIUCb TAKUMN KPUTEPIAMK:

6e3nnigas TpuBanicTio He MeHLle ABOX POKIB;
iHdbopMOBaHa 3roaa;

HasBHICTb Bepu@ikOBaHOro eHAOMETpPIo3y;
NpOXiAHICTb MaTKOBUX TPY6.

[na 3apaxyBaHHA A0 KOHTPOJIbHOI Fpynun Ke-

pyBasnCb TaKNMU KpUTEPISIMA:

e TpybHe 6e3nninns;

e BiICYTHICTb O3HAK roCTpOro rigpocanbriHKCy;

e nob6poBinbHa iHhopMoBaHa 3roga Ha obcTe-
XKEHHS.

KpuTtepii BUIYYEHHSA: 3aroCTpeHHsA CYnyTHIX
3axBOpPKOBaHb, HASABHICTb iH(MEKLiINHOro npo-
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of preparation for intrauterine reproductive
technologies in women with endometriosis as-
sociated with infertility.

Materials and Methods

The study was conducted at the Bukovynian
State Medical University and, following the co-
operation agreement, at the clinical base of the
Medical Center for the Treatment of Infertility
(Chernivtsi, Ukraine). All studied patients un-
derwent outpatient and inpatient examination
and treatment at the Medical Center “Medical
Center for Infertility Treatment” (Chernivtsi)
from 2017 to 2023.

Ensuring the requirements of bioethics

The study was conducted taking into account
the main provisions of the GCP ICH and the
Declaration of Helsinki on biomedical research
and its subsequent revisions (Seoul, 2008) and
the protocol of the Council of Europe Conven-
tion on Human Rights and Biomedicine (April 4,
1997), recommendations of the Committee on
Bioethics under the Presidium Academy of Med-
ical Sciences of Ukraine (2002) according to the
favorable opinion of the Bioethics Committee
of the Bukovynian State Medical University and
the local Biomedical Ethics Committee at the
Medical Center for the Treatment of Infertility.

This required compliance with the concept of
the patient’s informed consent for conducting
research, taking into account the advantages
of benefit over the risk of harm, the principle
of confidentiality and respect for the patient’s
personality, and other ethical principles regard-
ing persons who are the object of research.

The main group of the study consisted of 88
women with verified endometriosis associated
with infertility (aged 21 to 44, average age
- 29.65). Primary infertility was noted in 74
women (84%), and secondary infertility in 14
patients (16%). Therefore, the number of pa-
tients with primary infertility significantly out-
numbered patients with secondary infertility
(p < 0,001). All women underwent diagnos-
tic laparoscopy. The stages of endometriosis
were classified according to the classification
of endometriosis of the American Society of
Reproductive Medicine, 1997 (American Fertil-
ity Society Revised Classification of Endome-
triosis, r-AFS-97). Patients of the main group
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were divided according to classification: stage
1 (1-5 points) was found in 48% of patients;
stage 2 (6-15 points) - in 23%; stage 3 (16-
40 points) - in 25% and stage 4 (40 points
and more) - in 4% of patients.

Patients of the main group were divided into
two subgroups: subgroup 1 (48 women who
underwent traditional preparation for ART, Or-
der of the Ministry of Health of Ukraine No.
787 dated September 9, 2013, “On Approving
the Procedure for Using Assisted Reproductive
Technologies in Ukraine” and No. 1030/102
dated November 29, 2013, “On Improvement
Systems of Family Planning and Reproductive
Healthcare in Ukraine”) and subgroup 2 (40
women who underwent our suggested prepa-
ration for ART using probiotics).

The patients of the two subgroups were pre-
scribed a tablet probiotic produced by Unic
Biotech Ltd, India, one tablet twice a day,
each containing 10x109 Lactobacillus.

The control group included 68 healthy women
with a history of tubal factor. Operative inter-
ventions (hysteroscopy and laparoscopy) in
patients of the control group were performed
in connection with complaints of infertility and
the absence of any pathology in both partners.

For inclusion in the main group, the following
criteria were used:

o infertility lasting at least 2 years;

¢ informed consent;

e presence of verified endometriosis;

e patency of fallopian tubes.

The following criteria were used for inclusion
in the control group:

e tubal infertility;

e lack of signs of acute hydrosalpinx;

e voluntary informed consent for examination.

Exclusion criteria: aggravation of concomitant
diseases, an infectious process, taking hor-
monal contraceptives, being dangerous, and a
positive test for COVID-19.

Research materials

Endometrial tissue material, endometrioid
heterotopias, peripheral blood and peritone-
al fluid, were collected for the study from the
women of the studied groups. To control the
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uecy, npuiMaHHS TrOPMOHaNbHUX KOHTpa-
LEenTUBIB, OMAcCUCTICTb, MO3UTUBHUI TECT Ha
Covid-19.

Martepianu gocnig)eHHs

Ona pocnigXeHHa y >KIHOK  A0C/iAXYyBaHUX
rpyn Habupanu MmaTepian TKaHWHU eHAoMe-
Tpito, eHAOMeTpioiaHi retepoTonii, nepude-
PUYHY KpPOB Ta NepuToHeanbHy piavHy. 3aansd
KoHTposito edekTmBHOCTI APT i3 BMiCTOM npo-
6ioTMka kpoB Bigbupanu 3a Micaub nicnsa Bu-
KOHAHOI NiAroToBKW (NiKyBaHHS).

Metoau pocnig>keHHs
MonekynapHO-reHeTuYHi A0CIIAXEHHS

[Ons aHanizy ekcnpecii reHy NLPP3-iHdnamaco-
mMn HMGB1, IL1B i BU3SHAUYEHHS BIAHOCHOI HOP-
ManizoBaHoi ekcnpecii MPHK NLPP3, HMGB1,
IL13 BukopucTOBYBanM MeTOA MOAiIMepasHol
JIAHUIOroBOI peakLii 3i 3BOPOTHOK TPAHCKPUN-
L€ B pexuMi peanbHoro yacy (3T-TJ1P).

O6’ekTOM AN MONEKYNApHO-reHeTUYHUX [A0-
cnipxeHb metogom 3T-MJIP 6yna dpakuisa mo-
HOHYK/IeapHUX KNITUH, BUAINEHUX 3 UinbHOI
KpOBi XBOpMX Ha eHAOMETpio3.

IMyHOGEePpMEHTHUI aHai3

Brv3HayeHHA piBHA Me30TesliHy B KpOBi Ta
nepuToHeanbHin piagWHI BWKOHYBanuM Me-
TOoAOM TBepAodasHOro iMyHOMEPMEHTHOro
aHanisy (ELISA) 3 BukopucTaHHSaM Habopis
dipmmn Fine Test BupobHuuTBa KuTtaw Ha
npunaai Wuhan Fine Biotech Co., Ltd, Bu-
KOPUCTOBYHOUM IHCTPYKLUIiO ANd NpoBeAeHHSA
pocnigxeHHs. Habip 6asyBaBcs Ha TeXHOMO-
rii caHaBiu-3B’A3aHOro0 iMyHOMEPMEHTHOrO
aHanisy.

CratuctnyHa 06pobKa oTpuMaHux pe3yibTaTis
CTaTUCTUYHUI aHani3 BUKOHYBaIM 3 BUKOPUC-

TaHHAM nporpamHoro 3abesneyeHHs Medcalc,
Statistica, Excel.

Original research: Clinical sciences

KaTeropianbHi AaHi onucysanu abCcontoTHUMU
Ta BiAHOCHMMM 4acToTamu. [pynu nopiBHIO-
Ba/in 3a KpuUTepieM Xi- KBaApaAT Ta KPUTEPIEM
Qiwepa.

KinbKiCcHi 3MiHHI onuCcyBasin 3 BUKOPUCTAHHAM
cepeaHboro (M) i craHpaptHoro (SD) Biaxu-
NEeHHsa ANa HOpMasbHO pO3noAineHnx Bubipok
Ta 3 BUKOPUCTAHHAM MepdiaHn (Me) Ta iHTep-
KkBapTuabHoro posmaxy (IQR), sakuwo posnoain
BiApi3HABCA Bi4 HOpManbHOro. Posnoain sMnaa-
KOBOI BE/IMYNHWN HA HOPMAJIbHICTb NepeBipsanu,
BUKOPUCTOBYHOUM KpuTepin LLanipo-Binka.

Ona nopiBHAHHA HernepepBHUX 3MiHHUX, WO
Manu HopManbHUN PO3NOAIS, BUKOPUCTOBYBA-
NN NapHWI Ta HenapHuin t-kpuTtepin CTbloaeH-
Ta; ANa 3MiIHHUX, PO3MoAisl AKUX BiApi3HABCS
Bi4 HOpMasbHOro, BUKOpucTOBYBanu U-Kkpu-
Tepin MaHHa-YiTHi Ta ABOCTOPOHHI paHroBui
KpuTepii BinkokcoHa. Pe3ynbTaTu BBaxanu
CTaTUCTUYHO 3Hauywmmu npu p < 0.05.

Pe3synbTatn

Ha nonepepHix eTanax poboTn y XiHOK 3 eHA0-
MeTpio30M, acouiioBaHuM i3 6e3nnigaam, ao-
cnigunu piBHi Taknmx nposananbHUX MapKepis,
AK MapKep MOLWKOMAXEHHA OYEepeEBUHU Me30oTe-
niH Ta ekcnpecito NLRP3, IL-1B8 Ta HMGB1 y cn-
poBaTLi KPOBi Ta NOKa/bHO B NEPUTOHeasbHil
piouvHI Ta oTpMManwW pesysbTaTu, WO CBigyaTb
npo BiporigHe MiABULLEHHA YCiX nepeniyeHux
rnokasHukiB. [aHi HaBeaeHi B Tabnuui 1.

BuKOHanun focnigXXeHHsa NokKasHUKIiB piBHA Me-
30TeniHy, ekcrnipecii reHis MPHK NLRP3, IL-1,
HMGB1 y cupoBaTuUi KpOBi XiHOK A0- Ta nicng
NiAroTyBaHHA iX A0 AOMOMDKHUX Ppenpoayk-
TUBHUX TEXHONOTIiNM, WO HaBeAeHi B Tabnuui 2.

BpaxoByloun MMOBipHe naToreHeTu4yHe 3Ha-
UeHHSA A0C/iAXYyBaHMUX MNpo3ananibHUX YUH-
HWKIB Y PO3BUTKY €HAOMETpio3y, AOCNiANN

Tabanys 1
PiBeHb Me3o0TeniHy, ekcnpecia NLRP3, IL-18 , HMGB1
Yy cupoBaTui KpoBi gocnig>kyBaHuX »iHok (M+m)
MoKasHMK OCHOB’_I;ia rpyna _()KiHKVl 3 €HAOMETPio30M, KoHTposbHa p
acouiroBaHum i3 6e3nnigaam) (n = 88) rpyna (n = 68)

KoHueHTpauis mesoTeniHy (Hr/mn) 0.73+0.01 0.49+£0.01 <0.05
Excnpecis MPHK NLRP3-iHdnamacomu (y.o.) 44.43+£3.72 0.85+0.03 <0.001
Ekcnpecia MPHK IL- 1B (y.0.) 26.47+0.01 0.45+0.01 <0.001
Excnpeciga MPHK HMGB1 (y.o.) 11.91+0.01 1.00+0.01 <0.001
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effectiveness of ART with the inclusion of pro-
biotics, blood was collected one month after
the preparation (treatment).

Research methods

Molecular genetic studies

To analyze the expression of the gene
NLPP3-inflammasome HMGB1, IL1B and de-
termine the relative normalized expression of
mRNA NLPP3, HMGB1, IL1B, the polymerase
chain reaction with reverse transcription in re-
al-time (RT-PCR) was used.

The object of molecular genetic studies using
the RT-PCR method was the fraction of mono-
nuclear cells isolated from the whole blood of
patients with endometriosis.

Enzyme immunoassay
The mesothelin level in blood and peritoneal

fluid were determined by the method of sol-
id-phase enzyme-linked

immunosorbent assay (ELISA) using Fine Test
kits manufactured in China and “Wuhan Fine
Biotech Co., Ltd"” device, based on the instruc-
tions for conducting the study. The kit was
based on the technology of sandwich immu-
noenzymatic analysis.

Statistical processing of the obtained results
Statistical analysis was performed using Med-
calc, Statistica, and Excel software.

Absolute and relative frequencies described
categorical data. Groups were compared us-
ing the Chi-square test and Fisher’s test.

Quantitative variables were described by mean
(M) and standard deviation (SD) for normally
distributed samples and by median (Me) and
interquartile range (IQR) when the distribu-
tion was non-normal. Checking the distribu-

Original research: Clinical sciences

tion of a random variable for normality was
carried out using the Shapiro-Wilk test.

A paired and unpaired Student’s t-test was
used to compare continuous variables with a
normal distribution. The Mann-Whitney U-test
and two-sided Wilcoxon rank test were used
for variables whose distribution differed from
normal. The results were considered statisti-
cally significant at p < 0,05.

Results

In earlier stages of the work, the levels of
pro-inflammatory markers such as the peri-
toneal damage marker mesothelin and the
expression of NLRP3, IL-1f and HMGB1 in se-
rum and locally in the peritoneal fluid were
investigated in women with endometriosis as-
sociated with infertility, and results were ob-
tained indicating a probable increase all the
indicators listed above. The data are shown in
Table 1.

A study of mesothelin level indicators, NLRP3,
IL-18, and HMGB1 mRNA gene expression in
the blood serum of women before and after
preparation for assisted reproductive technolo-
gies was carried out, which is shown in Table 2.

Considering the probable pathogenetic signifi-
cance of the studied pro-inflammatory factors in
developing endometriosis, their dynamic chang-
es were investigated depending on the severity
of endometriotic lesions. When evaluating the
level of mesothelin, the expression of NLRP3, IL-
1B, and HMGB1 depending on the stage of en-
dometriosis, the results of an increase in these
indicators were also obtained in women with
moderate and severe endometriosis compared
to the mild course of the disease, which indi-
cates the role of these factors in the progression
of the disease as markers and possible pathoge-
netic factors (Figure 1).

Table 1.

Level of mesothelin, expression of NLRP3, IL-13, HMGB1 in blood serum
of the studied women (Mxtm)

Indicator Main group (wqme_n wit_h_ endometriosis | Control group b
associated with infertility) (n = 88) (n = 68)
Mesothelin concentration (ng/ml) 0,73+0,01 0,49+0,01 <0,05
NLRP3-inflammasome mRNA expression (c.u.) 44,43+3,72 0,85+0,03 <0,001
IL-18 mRNA expression (c.u.) 26,47+0,01 0,45+0,01 <0,001
Expression of HMGB1 mRNA (c.u.) 11,91+0,01 1,00+0,01 <0,001




Mpaui HTLW MeanyHi Hayku
2024, Tom 76, N2 2 ISSN 2708-8634 (print)

Proc Shevchenko Sci Soc Med Sci  www.mspsss.org.ua
ISSN 2708-8642 (online) 2024, Vol. 76, 2

OpwuriHanbHi 4OCAIAXEHHS: KNIHIYHI HayKKn

Original research: Clinical sciences

Tabanys 2

PiBeHb Me30TeniHy, ekcnpecia NLRP3, IL-18 , HMGB1 y cupoBaTLUi KpOBi >XiHOK
[O- Ta Nic/aA NiAroToBKM A0 AOMNOMIDKHMUX penpoayKTUBHUX TexHosorin (Mtm)

OcHoBHa rpyna (kiHKM 3 eHAOMETPio30M, acouinoBaHUM i3

MokasHMK 6e3nnigasm) (n = 88) p
[o nigrotoenenHs go APT nicnsa niagrotoBneHHsa ao APT
KoHueHTpauis mesoTeniHy (Hr/mn) 0.73+0.01 0.59+0.01 <0.05
Ekcnpeciga MPHK NLRP3-iHdnamacomm (y.o.) 44.43+3.72 0.70+0.01 <0.001
Ekcnpecia MPHK IL- 1B (y.0.) 26.47+0.01 0.45+0.01 <0.001
Ekcnpecia MPHK HMGB1 (y.o.) 11.91+0.01 0.28+0.01 <0.001

IXHi AWMHaMiYHI 3MiHW 3aNeXHOo Big BuUpaxe-
HOCTi €HAOMETPIO3HUX ypaxeHb. lNMpu ouiHui
piBHA Me30TeniHy, ekcnpecii NLRP3, IL-18,
HMGB1 3anexHo Big cTaaii eHooMeTpiosy
TeX OTpuUMann pesynbTaTh 3pOCTaHHA UUX
MOKa3HUKIB Yy XIHOK i3 cepefHiM Ta TAXKUM
€HAOMETPIiO30M MOPIBHAHO 3 JIerkKUM rnepe-
6irom xBopobu, WO CBiAYMUTL MPO POnb LUX
daKTopiB Yy nporpecyBaHHi 3axBOPIOBAHHSA
AK MapKepiB Ta MOXJ/IMBUX MATOreHETUYHUX
YMHHUKIB (puc. 1).

Ekcnpecia mesoteniHy, NLRP3, IL-13 Ta HMGB1

MesoteniH (H/mn) r

HMGB1 (y.o0.) -
IL-1B (y.0.) F
NLRP3 (y.0.) —

0 10 20 30 40 50 60 70

Taxkka mCepeaHa mJlerka

PucyHok 1. PiBeHb Me30TeniHy Ta ekcnpecii reHis MPHK
NLRP3, IL1B, HMGB1 3anexHo Bia cTajin eHaoOMeTpio3y

NoriyHumM 6yno gocnianTn, Yn BNAMBAKOTb 3Mi-
HW piBHA Me3oTeniHy, ekcnpecii MPHK renis
NLRP3, IL-13, HMGB1 Ha 6e3nnigas y XiHOK
3 eHAOMETPIo30M. 3 UIEI0 MEeTo BUKOHaIu
OUiHKY 3a3HayeHMX MOKA3HMUKIB 3aNeXHOo BiA
Buay 6esnnigas (nepBMHHE 4UYM BTOPUHHE).
OTpuMaHi pesynbTaT CBigyaTtb, WO Y XIHOK
3 eHAOMETpPio30M Ta MNepBUHHUM 6e3nnigasm
BUSABMAM BIipOriAHO BULLI MOKa3HUKW Me30Te-
NiHy, akTUBHOCTI iHpnamacomn NLRP3, IL- 18
Ta HMGB1 nopiBHAHO 3 XiHKaMU i3 BTOPUHHUM
6e3nnigasam. 3okpema, piBeHb Me30TeSiHY Y Xi-
HOK OCHOBHOI rpynu 3 NnepBuHHMM 6e3nnigasam
6yB BiporigHO BULLMM MOPIBHSAHO 3 XiHKaMM i3
BTOPUHHMM 6e3nniaasM K B CMpoBaTLi Kpo-

228

Bi, TaK i B NepuTOHeasnbHin pignHi, BiANOBIAHO
(0.86+0.001 Hr/mn Ta 0.69+0.001 Hr/mn) (p
< 0.01) po (0.67£0.001 Hr/mn Ta 0.42+0.001
Hr/mn) (p < 0.001).

O6roBopeHHA

Ak BiAOMO, Me30TeNliH € aHTUIFeHOM KJIiTUH-
HOI MOBEpPXHi, AKM BMOBIPKOBO eKCrnpecyeTbCs
caMe B Me30TeniaNbHUX KNiTUHaxX, Wo BKpUBa-
IOTb CEPO3Hi MOPOXHWHU, BKJIKOYHO 3 ouyepe-
BMHO [19-20]. A eHOOMETpPIO3 — Le 3axBo-
pOBaHHSA, siKe Bpaxae€ rnepeayciMm o4epeBUHY.
3Baxkaloun Ha Te, WO aHaToMis Me3oTenito 0b6-
MeXeHa OYepeBUHOlD, nepukapaoMm Ta njeB-
polo, @ AOCAIAXYBaHi XiHKM MPONLWAM KOMM-
neKcHe 06CTeXeHHS 3 BiAXWUIEHHSAM ypaXKeHHS
naeBpasibHOI Ta MepuKapaiasbHOI MOPOXHUH
Ta IHWWNX NPUYNH YPAXKEHHA OYEPEBUHUN, OKPIM
€HAO0MEeTpio3y, TO Me30TesliH MOXHa po3rnaaa-
TN 9K cneundiyHMN MapKep ypaXeHHs oyepe-
BMHW CaMe eHAOMEeTPio30M. Halwi gocniaXeHHs
BUSIBUIN BipOrigHO NiABULLEHWNI piBEHb ME30-
TeniHy y XiHOK 3 eHAOMETPIiOo30M i3 TeHAeHUi-
€10 A0 3pPOCTaHHS MNpuK MOro NporpecyBaHHi Ta
BULLMMM MOKA3HMKAMKM Npu NepBUHHOMY 6e3-
nnigai y XiHOK 3 eHAOMETPIO30M MOPIBHAHO i3
BTOPUHHUM. Lle HalWTOBXY€E Ha AYMKY, WO Me-
30TesliH MoXxe 6yTn Ik CaMOCTIMHWUM MapKepoM
nporpecyBaHHs eHAOMEeTPio3y Ta MOro ycknaa-
HeHb (6e3nnigas) BHacnigok 6esnocepeaHbO-
ro BMBIIbHEHHA 3 Me30TenianbHUX KITUH nig
yac IXHbOro Yypa)keHHHa €eHAOMETPIO3HOK eK-
TONi€, TaK i YAHHUKOM, LLO NIATPUMYE 3ana-
NeHHA. SKWo npoaHanizysBaTtu OCTaHHIO Te3y,
TO BapTO BKa3aTW Ha ToW (paKT, WO KAITUHMK
Me30TesNit0 € BaX/IMBUMN peryndaropamm iMyH-
HUX peakuil i BigirpaoTb BUpiLLaNbHY posb Y
TK@HWHHOMY rOMeOoCTa3i CEpPO3HUX MOPOXHUH,
30kpeMa oyepeBuHM [20-21]. Ak BigoMo, us
B/1IACTUBICTb Me30Teslia/ibHUX KAITUHWU [aBHO
BWKOPUCTOBYETbCS B TapreTHin Tepanii HU3Ku
conigHux nyxnuH [22].
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Table 2.

Level of mesothelin, expression of NLRP3, IL-18, HMGB1 in blood serum
of women before and after preparation for assisted reproductive technologies (Mtm)

Main group (women with endometriosis associated
Indicator with infertility) (n = 88) p
to prepare for ART after preparing for ART
Mesothelin concentration (ng/ml) 0,73+0,01 0,59+0,01 <0,05
NLRP3-inflammasome mRNA expression (c.u.) 44,43+3,72 0,70+0,01 <0,001
IL-18 mRNA expression (c.u.) 26,47+0,01 0,45+0,01 <0,001
Expression of HMGB1 mRNA (c.u.) 11,91+0,01 0,28+0,01 <0,001

Mesothelin (ng/m\)r

HMGB1 (c‘u.)-
1-1p (c.) [
NuRes c..)

0 10 20 30 40 50 60 70

Severe M Moderate B Mild

Figure 1. The level of mesothelin and gene expression of
mRNA NLRP3, IL1B, HMGB1 depending on the stages of
endometriosis

It was logical to investigate whether chang-
es in the level of mesothelin, mMRNA expres-
sion of genes NLRP3, IL-1B, and HMGB1 af-
fect infertility in women with endometriosis.
For this aim, these indicators were assessed
depending on the type of infertility (primary
or secondary). The obtained results indicate
that women with endometriosis and prima-
ry infertility had significantly higher levels
of mesothelin, NLRP3 inflammasome activ-
ity, IL-1B and HMGB1 compared to women
with secondary infertility. In particular, the
level of mesothelin in women of the main
group with primary infertility was significant-
ly higher compared to women with second-
ary infertility both in blood serum and peri-
toneal fluid, respectively (0,86+0,001 ng/
ml and 0,69+0,001 ng/ml) (p < 0,01) to
(0,67£0,001 ng/ml and 0,42+0,001 ng/ml)
(p < 0,001).

Discussion

As is known, mesothelin is a cell surface an-
tigen selectively expressed in mesothelial
cells covering serous cavities, including the
peritoneum [19-20]. Endometriosis is a dis-
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ease that primarily affects the peritoneum.
Given that the anatomy of the mesothelium
is limited to the peritoneum, pericardium and
pleura, and the studied women underwent
a comprehensive examination excluding the
impression of the pleural and pericardial
cavities and other causes of the peritoneum
impression, except endometriosis, mesothe-
lin can be considered as a specific marker of
damage to the peritoneum caused by endo-
metriosis. Our studies revealed a likely ele-
vated level of mesothelin in women with en-
dometriosis with a tendency to increase with
its progression and higher rates of primary
infertility in women with endometriosis com-
pared to secondary. This suggests that me-
sothelin can be both an independent mark-
er of the progression of endometriosis and
its complications (infertility) as a result of
direct release from mesothelial cells during
their damage by endometriotic ectopy and a
factor that supports inflammation. If we ana-
lyze the last thesis, we should point out that
mesothelium cells are important regulators
of immune reactions and play a decisive role
in the tissue homeostasis of serous cavities,
particularly the peritoneum [20-21]. As is
known, this property of mesothelial cells has
long been used in targeted therapy of some
solid tumors [22].

Since endometriosis involves the disruption
of tissue homeostasis, which occurs with the
participation of immune mechanisms, we in-
vestigated the main factors leading to the ini-
tiation of the pro-inflammatory cascade.

The NLRP3 inflammasome plays a special
role in this cascade, a complex that includes
Nod-like receptor (NLR) family proteins that
perceive molecular patterns associated with
pathogens and molecular processes that al-
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OcCKifNlbkn Npun eHAOoMeTpio3i NopyLeHHSA TKa-
HMHHOro romMeocTtasy BiAbyBaeTbCca 3a y4acTi
IMYHHUX MexaHi3MiB, MW pocniannu nposigHi
UMHHMKM 3aMyCKy npo3anajibHOro Kackaay.

OcobnuBy Bary B LbOMY Kackaii Mae€ iHdna-
macomMa NLRP3 - koMniekc, Wo MicTuTb 6inku
cimerictea Nod-nogibHux peuentopis (NLR),
AKi CNpUIMaloTb MONEKYNSPHI NaTEPHU, NOB'SA-
3aHi 3 maToreHaMmu, i MOJIEKYNApPHI npouecy,
Lo 3MiHIOTbL roMeocTas. [llicna po3ni3HaHHA
natrepHy BiabyBaeTbcs akTmBauis TLRs Ta
NLRs, 3 HacTynHow akTMBaLi€ iHpNamacomm
NLRP3, aktuBauii MyD88-3a5eXHoro curHasnb-
HOro WAAXy i3 akTuBauieo TpaHckpunuil NF-
kB i cnHTe3y BenuKoi KinbKOCTi Npo3ananbHUX
LMTOKIHIB Ta pOCTOBMX (PaKTOpiB, 30KpeMa A0-
cnigxysaHoro y uin pobori IL-18 Ta iHWKX Bi-
OOMUX YNHHUKIB eHOOMeTpio3y, TakuXx sk HGF,
VEGF, IL-6 i TNF-a B ouepeBuHi [23; 24]. Y Ha-
LIOMY AOCNIAXEHHI OTpMMaHo BiporigHe niaoBu-
LWeHHsa aK ekcnpecii iHpnamacomm NLRP3, Tak
i piBHA iIHOYKOBAHOMoO KackazoM ii aktueauii IL-
1B, wo 36iraerbcsa 3 iHWWMK BIiAOMUMK AOCHi-
OOKEeHHAMW. BoaHoyac BapToO 3ayBaXXWTwW, LWO
3a aHasorielo 3 piBHEM Me30TeNiHYy, eKcrnpecia
NLRP3 y XiHOK 3 eHAOMETPIO30M 3pocTana He
NnLe MOPIBHSAHO 3 rPyrnot KOHTPOO, @ M npu
nporpecyBaHHi eHAOMeTpio3y.

Y KOHTeKCTi 3HauyeHHs iHdnamacomm NLRP3
Ta aKTMBOBAHOIO Hel Mpo3anasibHOro Kacka-
4y B NiKyBaHHI eHOOMETpio3y, HelwlodaBHi Ao-
CNifXXeHHS 3acBigumnn edeKTUBHICTb iHribi-
TopiB NLRP3 - y Muwauin mMomeni nikyBaHHSA
iHri6iTOpOM iH(NaMacoMm BUSBUNM 3MEHLUEH-
HA PO3MipiB eHAOMETPIOIAHUX YpaXKeHb MOopiB-
HAHO 3 KOHTposeMm (89 £ 15 nmpotm 49 £ 9.3
MM3 Ha sevHuk; p < 0.05); Takox Biabynocs
3HMXeHHS ekcnpecii IL-1B B eniTenii eHaome-
TPio3HMX BOrHuw, [24]. Toai sIK CBOEPIAHMMMU
NPUPOSHIMK perynaTopaMn akTUBHOCTI NLRP3
€ CTPYKTYpH, WO iNIOreHeTUYHO OCEeNSThCS
B PeENpoAYKTMBHUX LWsSxax — TO6TO npeacTas-
HUKM HOpManbHOI Mikpobiotn [25]. Ha poaa-
TOK, MpeACTaBHUKM HOpManbHOI MikpobioTu
3MeHLWYTb akTuBauito PRRs Ta akTnBoBaHuUi
HUMKW Kackag MyD88-3anexHoro CurHasbHOro
Wwnaxy 3 aktmeauieto TpaHckpunuii NF-kB. 3o-
KpeMa, € poboTu, sKi ceigyaTb, Wo 610KyBaHHS
PRRs HOpManbHOWO Mikpob6ioTol, SK-OT NaKTo-
6akTepisiMu, CNpUSIE 3HMXEHHIO Npo3ananbHUX
MefiaTopiB Ta aKTMBaLuil KinepHUX KNiTUH B 3a-
Ny4eHin 30Hi. OTXe, BiAOMI AOCNIAXEHHS BKa-
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3Yl0Tb Ha 3B'A30K eHAOMeTpio3y Ta 6e3nnigas
i3 mMpo3anasibHOKW BiANOBIAAKD 4epe3 aKTuBa-
uito Bici PRRs-MyD88-NF-kB Ta Ha MOX/MBICTb
BMNAIMBY Ha HEl BUKOPUCTAHHAM SK TepaneBTny-
HOro areHTa HOpMajibHUX MiKpPOOpraHiamie, a
came - naktobakTepin [25-28].

OaHoYyacHO 3pocCTa€E 3auikaBfieHiCTb A0 Ao-
CNifXeHHs [0AaTKOBUX (akTopiB, 34aTHUX
BMJIMHYTU Ha MNOKasHWKK ycniwHocTi AOPT. VY
LbOMY KOHTEKCTi Ma€e AOCTaTHi MepCcrnexkTusu
NOTeHUINHMIA BNAMB MikpobioTn. LlikaBo, wo
MOAY/HOKOYUO 34aTHICTIO, MMOBIpHO, BoOsoAi€
came MikpobioTa (nakTobakTepii), ocKinbku oo-
cnigXeHHs cBigyaTb Npo 3B'A30K HeBaad APT
K MiX 3MiHaMW MikpobioMy eHAOMeTpis, Tak
i BariHanbHOI MikpobioTn, NpUYOMy nepeBax-
HO 4epe3 nakTtobakTepii [27-30]. 3okpema,
Kyono et al. BUABUAN 3HUXKEHY YUCENbHICTb
71aKTObaKTEPiri Yy NOPIBHAHHI MiX XiHKaMU, SAKi
3aBariTHinn 3 APT i 6e3, 3aceigyytoumn, Wo Be-
JINKa KiNbKiCTb nauieHToK 3 noTtpeboto APT ma-
I0Tb ANCOIOTUYHMI MiIKPO6iOM Ha piBHI eHAOMe-
Tpis i WO BMCOKMI BMICT nakTtobakTepii Moxe
noninwuTn pesynbtat imnnanTauii [30-32].

BogHoyac Bax/iMBe 3HAUYeHHA ANng YycniwHol
iMnIaHTauil Ta ycnixy BariTHOCTI MA€E B3aEMO-
3B'A30K MiX 6nacTtoumcToro Ta peuenTUBHOK
MATKOl0, 30KpeMa, nepesaBaHHa CUrHasliB npo-
rectepoHy (P4) uyepes agepHuUii peuenTop npo-
rectepoHy (PR). CkaxiMo, AOCNIAXEHHS rpynu
Sudhansu K. Dey, 2020, BUSIBUAN pOSib Y LiIbOMY
npoueci HoBoro ¢dakTopa, a came - S4epHoro
6inka Bucokopyxnusoi rpynu 1 (high-mobility
group box-1, HMGB1). Y cBOEMY [OCAiAXKEHHI
BOHW HaJanu AoKasu Toro, wo saepHmuin HMGB1
CApusE YyCnilWHin iMnnaHTauii 6nacroumncry,
niagTpUMyOYM nepenaBaHHA curHanis P4 i 06-
MeXYyo4unM HaKomnmnyeHHs Makpodaris ans ocna-
6neHHs WKIigIMBUX 3ananbHMX peakuin. Lle
[OCNIAKEHHA HAAMXHY/I0 HAc MpoaHanisysaTu
3HayeHHa HMGB1 y uin poboTi i, oTpumaBsLum
pe3ynbTaTy NigsuweHoi ekcnpecii HMGB1 y xi-
HOK 3 eHAOMEeTPiOo30M, acoLioroBaHMM i3 6e3-
nniaaaM, 3 TeHAEHLUIEK A0 3pOCTAHHA Npu Npo-
rpecyBaHHi 3aXBOPIOBaHHS Ta NpU NEPBUHHOMY
6e3nnipgai, Mm niaTBEpPAMAKM CBOMO rinoTtesy. €
aokasn Toro, wo HMGB1 ¢yHKUIOHYE 5K MO-
neKyna, noe’sa3aHa 3 MOLWKOAXEHHAM, Yy KNTN-
Hax in vitro B ymoBax cTpecy abo y muwien, aKi
3a3Hanun snnuBy JIMC [33-34]. Micna cekpeduii
HMGB1 nogae 3anasibHi CUrHanM, akTUBYHOUM,
30KkpemMa, Tonn-noAibHuii peuentop 2 (TLR2)
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ter homeostasis. After pattern recognition,
activation of TLRs and NLRs occurs, followed
by activation of the NLRP3 inflammasome,
activation of the MyD88-dependent signaling
pathway with activation of NF-kB transcrip-
tion, and the synthesis of a large number of
pro-inflammatory cytokines and growth fac-
tors, in particular IL-1B, which was studied
in this work, and other known factors of en-
dometriosis as HGF, VEGF, IL-6 and TNF-a in
the peritoneum [23; 24]. In our study, we
obtained a probable increase in both the ex-
pression of the NLRP3 inflammasome and
the level of the IL-1B-induced cascade of its
activation, which coincides with known stud-
ies. Along with that, it is worth noting that
by analogy with the mesothelin level, the ex-
pression of NLRP3 in women with endome-
triosis increased not only compared to the
control group but also with the progression
of endometriosis.

In the context of the importance of the NLRP3
inflammasome and the pro-inflammatory
cascade activated by it in the treatment of
endometriosis, recent studies have shown
the effectiveness of NLRP3 inhibitors
in a mouse model, treatment with an
inflammasome inhibitor reduced the size of
endometrioid lesions compared to the control
(89 £ 15 c.u. 49 £ 9,3 mm3 per ovary; p
< 0,05), a decrease in the expression of
IL-1B in the endometrial epithelium was
also obtained foci [24]. At the same time,
peculiar natural regulators of NLRP3 activity
are structures that phylogenetically live in
reproductive tracts, that is, representatives
of normal microbiota [25]. In addition,
representatives of the normal microbiota
reduce the activation of PRRs and the MyD88-
dependent signaling cascade they activate by
triggering NF-kB transcription. In particular,
some works indicate that blocking PRRs by
normal microbiota, particularly lactobacilli
contributes to reducing pro-inflammatory
mediators and activating killer cells in the
involved area. Thus, known studies reveal
the connection between endometriosis and
infertility with a pro- inflammatory response
through the activation of the PRRs-MyD88-
NF-kB axis and the possibility of influencing

it by using normal microorganisms as
a therapeutic agent, namely lactobacilli
[25-28].
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At the same time, there is growing interest in
the study of additional factors that can affect
the success rates of ART. In this context,
the potential influence of microbiota has
sufficient prospects. What is interesting, it is
probably the microbiota (lactobacteria) that
has the modulating ability since there are
studies that indicate the connection of ART
failures between changes in the endometrial
microbiome and vaginal microbiota, and
this is mainly due to lactobacteria [27-30].
In particular, Kyono et al. found reduced
numbers of Lactobacilli among women who
got pregnant with and without ART, showing
that a large number of patients requiring ART
have a dysbiotic microbiome at the level of the
endometrium and that a high Lactobacillus
content can improve implantation outcomes
[30-32].

At the same time, the relationship between
the blastocyst and the receptive uterus,
in particular, progesterone (P4) signaling
through the nuclear progesterone receptor
(PR), is important for successful implantation
and pregnancy success. In particular, research
groups Sudhansu K. Dey, 2020, showed the
role of a new factor in this process, namely
the nuclear protein high-mobility group box-
1 (HMGB1). Their study showed that nuclear
HMGB1 promotes successful blastocyst
implantation by supporting P4 signaling and
limiting macrophage accumulation to attenuate
deleterious inflammatory responses. This
study inspired us to investigate the significance
of HMGB1 in this work and, having obtained
the results of increased expression of HMGB1
in women with endometriosis associated with
infertility with a tendency to increase with
the progression of the disease and in primary
infertility, to confirm our hypothesis. There is
evidence that HMGB1 functions as a damage-
related molecule in cells in vitro under stress
conditions or in mice exposed to LPS [33-34].
After secretion, HMGB1 provides inflammatory
signals, including activation of toll-like receptor
2 (TLR2) or TLR4, which is in agreement with
our previous studies on endometriosis [35],
which also showed the role of activation, PRRs,
NLRs, and TLRs and was confirmed in our
work on the example of NLRP3 inflammasome
activation. Studies of the influence of microbial
molecules, in particular lipopolysaccharide, on
the secretion of HMGB1, which contributed to
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abo TLR4. Lle cniBnaga€ 3 HawmMmM nonepeaHi-
MW OOCMIAXKEHHSMU WOAO0 eHAaoMeTpiosy [35],
[e TaKoX 3acsigyeHa ponb akTtmsauii, PRRs,
NLRs, TLRs i wo niareBepaxeHe y Ui poboTi
Ha npuknaai aktmeauii iHdnamacomm NLRP3.
LlikaBnuMn BUABUINCA AOCNIAXEHHA BMNAUBY Mi-
KpPObHMX MOneKyn, 30Kkpema, ninononicaxapu-
Ay Ha cekpeduito HMGB1, wo crnpusanio po3BuTky
ayToimyHi3auii un cencucy [36-37]. HaBeaeHi
dakTn, a came woao snamesy HMGB1 Ha npoue-
cu iMniaHTauil nopaa i3 moaynsuieto PRRs nig
BMNJIMBOM MiKPOBHUX NaTTEpHIB, CMOHYKanu Hac
BUSABUTK Napasneni 3 eHOAOMETPIiO30M Ta Aony-
CTUTW TinoTe3y Npo MMOBIPHY MO3UTMBHY POJb
mMoaynsauii Mikpobiotn ansa perynauii HMGB1.

BpaxoBytoun pe3ynbTaTW HaWOro AOCNIAXEH-
HS, MPOMOHYEMO AK MOXJIMBY CTpaTerito nia-
BULLEHHSA edekTuBHOCTI APT y XiHOK 3 eH-
OOMETPOI3OM — CnpAMOBaHy MoAynduito 3a
aornomoroto npobioTukie y nporpamax nig-
rotoeneHHa o APT. 3aranoM y3sarajlibHeHHS

Original research: Clinical sciences

BucHoOBKM

1. docnigXeHHa niaTBepaAnno, WO piBHI ekc-
npecii MPHK NLRP3, IL-13, HMGB1 Tta me-
30TeNiHY KOpesilolTb 3 THAXKICTIO €eHAo-
MeTpio3y i MOXyTb OyTM MOTeHUinHUMU
MapKepamu rMporpecyBaHHs 3axBOpHOBAH-
HA. Lli MONneKkynn € nepcnekTMBHUMMU Lingamu
Ana ManbyTHiIX TepaneBTUYHUX CTpaTerin y
NiKyBaHHiI eHAOMETPio3y, acouilioBaHoOro i3
6e3nniaaam.

2. JocnigkeHHs 3acsBigunno, Wo piBeHb Me-

30TeniHy B cuposaTui Kposi y 1.25 pasa
BULLMNIA Yy XIHOK i3 MepBUMHHUM b6e3nnigaam,
aHIX i3 BTOPUHHWM, Ta KOPENIOE 3 TAXKKICTIO
3aXBOPIOBAHHS, L0 CBiAYMTb NPO MO0 MOX-
NuMBIiCTb 6yTM CaMOCTIMHMM MapkepoM paia-
FHOCTUKWN eHAOMETpio3y.

3.BukopuctaHHa npobioTukie y nporpamax

MiAroToBNEHHSA A0 AOMOMDKHUX penpoayK-
TUBHUX TexHonorin (APT) y xiHOK 3 eHAo-
MeTpio30M € AOouifibHMM, NpOo WO cBig4yaTb
TaKOX AaHi nitepaTypu.

pe3y/bTaTiB Haloi poboTU y3roaxyrTbCcs 3
BMCHOBKaMu 6aratbox iHWKUX AoCnigHUKIB [25;
26; 30; 31].
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the development of autoimmunity or sepsis,
turned out to be interesting [36-37]. The
above, namely the effect of HMGB1 on the
implantation process and the modulation of
PRRs under the influence of microbial patterns,
led us to see parallels with endometriosis
and hypothesize a possible positive role of
microbiota modulation for HMGB1 regulation.

Considering the above, directed modulation
with the help of probiotics in programs of
preparation for ART is proposed as a possible
strategy to improve the effectiveness of ART
in women with endometriosis. In general,
the generalizations of the results of our work
are consistent with the conclusions of other
researchers [25; 26; 30; 31].

Conclusions:
1.The study confirmed that the mRNA

Original research: Clinical sciences

and mesothelin correlate with the severity of
endometriosis and can be potential markers
of disease progression. These molecules are
promising targets for further therapeutic
strategies in the treatment of infertility-
associated endometriosis.

2.The study showed that the level of
mesothelin in blood serum is 1,25 times
higher in women with primary infertility
than with secondary infertility and
correlates with the severity of the disease,
which indicates its possibility to be an
independent marker for the diagnosis of
endometriosis.

3.The use of probiotics in programs of
preparation for assisted reproductive
technologies (ART) in women with
endometriosis is appropriate, which is also
indicated by the literature.

expression levels of NLRP3, IL-13, HMGB1

https://doi.org/10.3390/

https://doi.

endocrine-disrupting chemical pollutant
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