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CIIMCOK UCIOJIb3YEMbBIX COKPAIIIEHUI

ACVR2B — Activin A receptor type 2B

ACVRLI1 — Activin A receptor like type 1

AMHR?2 — Anti-Mullerian hormone receptor type 2

BMPRI1A — tpancdopmupyromuii ¢paktop pocta anbha perentop 1

BMPR?2 - penienitop ¢ cepuH/TpeOHUHKUHA3HOW aKTHBHOCTHIO

DKK — 6e10K, KogupyeMblii 0 JTHOMMEHHBIM T€HOM, PACIIOI0KEHHBIM Y JIFOeH
Ha KOpoTkoM mieue 10-it xpomocomsl. [1o pyHKIMHM OTHOCHTCS K O€KaM pa3BUTHSL.
3a/1eficTBOBaH B TAKOM OMOJIOTUYECKOM IIPOLIECCE, KaK CUTHAJIBHBINA MyTh Wnt.

ESC — DMmOpuroHanbHbIE CTBOJIOBBIE KIIETKH

IVF — DkcrpakopriopaibHOE OIIIOAOTBOPEHHE

PGR — nporecrepon

PRL — nponaktun

SMAD — ceMeHCTBO CTPYKTYpHO NOXOXXHX O€JIKOB, KOTOpBIE SIBIISIOTCS
OCHOBHBIMHU TpeoOpazoBaTeIsIMM CUTHAJIOB ISl PELENTOpPOB CynepceMeicTBa
Tpancopmupyromiero gpakropa pocta 6eta (TGF-B)

TGFBR1, ALKS — bera-penientop I Tpancpopmupyromiero dakropa pocra
(kuHa3a, mogoOHas perenTopy aktuBuHa A tuma II)

TGFBR2 — tpancdopmupyromuii paktop pocta 6eta peentop 2

TGFp — tpanchopmupytromue hakTopsl pocTa 3

uNK — KJIETKM €CTECTBEHHbIE KUIIJIEPHI MAaTKU

WNT —reH, peryimpyroriuii S3MOpruOHAIIBHOE Pa3BUTHE

BPT — BcnoMoraresnbHble penpO1yKTUBHBIE TEXHOJIOTUI

NKCH — nHTparmroniasMaTuieckasi MHbEKIUS CIIepMaTo30uaa

NUMT — unaekc Maccel Tena

ITL{P — ITommmmepasHas LenHas peakiuus

V31 — ynbTpa3ByKOBOE UCCIETIOBAHUE

XI'H — XOprnOHNYECKUHM TOHAIOTPOIIMH Y€EJIOBEKA



BBEJIEHUE

AKTYaJIbHOCTh  TeMbl  HcciieqoBaHusi. COBpPEMEHHOE  COCTOSIHHE
PENPOIYKTUBHOIO 3/10POBbsSI HACEJIIEHHSI ONPEAEIISIETCS KOMIUIEKCOM COLUAIbHBIX,
HKOHOMHUYECKUX U MEIUIMHCKUX ACIEKTOB U XapaKTEPU3YETCS POCTOM YaCTOTHI
oecruionust B Opake ot 10-15 % no 18-20 % B pasnbix ctpanax mupa [23]. Ilo
JTAHHBIM OT€UECTBEHHBIX aBTOPOB Kax/as msTas ceMeliHas nmapa B Poccuu He MoxeT
uMeth aeteit [48]. Jns cynpyXeckux map, KOTOpbI€ CTOJIKHYJIUCH C MpoOsieMoi
Oecruioiusi, 4acTO €IMHCTBEHHOM BO3MOXKHOCTBIO CTaTh POJUTEISIMU SIBJISACTCS
MIPUMEHEHUE BCIIOMOTATEIbHBIX PENpPOAyKTUBHBIX TexHosoruii (BPT) - meronos
Tepanuu OecIuionusi, KOTOpbIe paccMaTpUBAIOTCAd Kak OJIHM U3 HauOoliee
MEPCIEKTUBHBIX METOJOB, AKTUBHOE BHEAPEHUE KOTOPHIX B KIMHUYECKYIO
MPAKTUKY JeNlaeT aKTyaJlbHbIM MOBBINMICHUE UX 3(DPEKTUBHOCTU M 0E30MaCHOCTH
JUIs1 3I0POBBS MaTepu U Oyayiiero peoenka [49].

B 10 e BpeMs, pe3yabTaThl MHOTOYMCIEHHBIX UCCIICIOBAHUHN YKa3bIBAIOT Ha
OTSTOIICHHOE TEYEHUE OEPEeMEHHOCTH IIOCJI€ MPUMEHEHUS BCIIOMOTATEIbHBIX
PENPOAYKTUBHBIX  TEXHOJOTHUM, a TakXKe BBICOKUM  ypOBEHb  pPaHHHUX
PENPOIYKTUBHBIX TIOTEPh, UYTO MPEAOIpEAeNseT NpodseMy oOecrnedeHus ux
Muaumuzarun - [45].  Ilo madHBIM  JguTepaTypbl, OEpEeMEHHOCTh  TOCIIC
OIUIOJIOTBOPEHUST 1n Vitro, cpaBHUBas C (U3UOJOTHYECKUM TECTAIMOHHBIM
MIPOIIECCOM COTIPOBOXKIAETCSI BRBICOKMM PUCKOM HEBBIHAIIMBaHUS (26-66 %) [57].

[Tatorenes pa3BUTHS paHHUX PENPOTYKTUBHBIX MOTEPh HA CETOHS SABIISETCS
JTUCKYTAaOCIbHOW M HEPEIIEHHON MPOOIeMOi, KOTOPYIO CUYWUTAIOT CJICJICTBUEM
SHJOTEINONATHH, UMMYHOJIOTUYECKUX, reMOCTa3MO0JIOTMYECKUX W
TOPMOHAJIBHBIX HapyIIEHUM, /A€ (PakTopaMu pHCKa SIBJISIIOTCS BOCHAIUTEIIbHBIC
3a00IeBaHUS ~ OpPraHOB  MaJlOr0  Tasza, JUCMEHOpPEs, BHYTPUMATOUYHBIE
BMEIIATEIbCTBA, MPEAbIAYIINE TOTEPU OEPEMEHHOCTH, aHATOMUYECKHUE aHOMAJTUU
MaTKM M TpuoOpeTeHHbIe Je(eKThl (MHUOMBI, CHAKW, MOJIMIBI), KOTOpbIE B
KOMILIEKCE YBEJIMUMBAIOT PUCK Pa3BUTHUSI PAHHUX PEMPOAYKTUBHBIX OTEPH B 2,0 U

oosee pas [39].



Cmusucras o0o0J0YKa MaTKH, Ha3blBaeMas 3HJOMETPHEM, JIOJDKHA
IpeTepreTb 3HAYUTENbHBbIE M3MEHEHHUs, 4YTOObl CTaThb BOCHPUMMYUBONA K
UMITIAaHTAITUHU 0J1aCTOIUCTHI. DHIOMETPHUA COCTOUT U3 )KEJIE3UCTOTO U MMPOCBETHOTO
AIUTENHS U CTPOMBI, U KOT/Ia SHAOMETPUH SIBIISIETCS BOCIPUUMYUBBIM, SMOPHUOHBI
MOTYT TPUKPEIUIATHCS K SMUTENHNI0 dHAOMETPUS] U BTOPTaThCsi B CTPOMAJIbHBIN
KOMIapTMEHT.

CtpomanbHble KJIETKA OTBEYAIOT Ha BTOpXKEHHUE SMOpPHOHA BOJIHOU
nposudepanuu ¢ nocieaywmei auddepeHuUupoBKoil; 3T0 MOP(HOIOTUUECKOE U
byHKIMOHATBFHOE MpeoOpa3oBaHue Ha3bIBaeTCA Aenuayaiu3anueii [71]. OTu maru
ABJIAIOTCS  (YHAAMEHTAIBHBIMU I TIpollecca UMIUIAHTAIlMd M 3aBUCSAT OT
JEUCTBUSL SIMYHUKOBOTO TIPOTeCTEpOHA, NEPEJAIoIIer0 CHUTHAJIbl 4Yepe3 €ro
pPOJACTBEHHBIN penenTop. JlenuayanbHol 000JI0YKE MPUITKHCHIBAIOT HECKOJIBKO
GyHKLIMIA: oOecrieunBaeT pacTyluid ASMOPHOH (haKTOpaMu POCTa U LUTOKMHAMU;
peryJiupyeT MECTHbIi HMMMYHHBIH OTBET Ha TpaHUIe IUI0Jla W MaTepu;
MOJJICP)KMBAET TOMEOCTa3 TKaHEeW Mpu HHBA3uU TpohoOIaACTOB; 3alIMUINACT
0JIaCTOLIMCTBI OT BOCHAJICHUS U AKTUBHBIX (POPM KHUCIOPOHa; TMOIACPKUBACT
AHTMOTEHHBIC TMPOIECChl, HEOOXOMUMBIE JMJIS CO3JaHUS HOBBIX COCYIOB JIJIs
nepdy3un U TUTaHUsI IMOPUOHA.

JI1s UMIUTaHTaluy HEOOXOAMMO CHHXPOHM3UPOBATH PA3BUTHE AMOpPHOHA U
IUKIBI MaTKH. JTa CHUHXPOHHOCTh TpeOyeT CJOXKHBIX MEXKICTOYHBIX
MEePEKPECTHBIX MPOIECCOB, U HECMOTPS HA TO, YTO ObLJIA PACKPHITA POJIb YUACTHS B
UMITIAHTAIIUU MHOTUX (DaKTOPOB, /IO CUX MOP HESACHO, KaK 3T (DaKTOPHI JCHCTBYIOT
¥ B3aUMOICHCTBYIOT. OTHA TPYIINa CUTHAILHBIX OE€IIKOB, KOTOPask SKCIIPECCUPYETCS
B MaTKe Ha paHHHUX CPOKax OEpEeMEHHOCTH, MPEJCTaBIISIET CO00M CynepceMeincTBO
Tpanchopmupyromux gpakropos pocta f (TGFp).

BrisiBnienue curHaiabHBIX TporieccoB, perynupyembix TGFB Bo Bpewms
UMIUIAHTAIlUd  OMOpPHUOHA, BAaXXHO JUIsI TOHUMAaHUS 3J0POBbS DHIOMETPHSI.
B3aumojeiicTBue JHMraH-pelenTop BhI3bIBAET KAacKaJl MEpeladyd CUrHajia, Mpu
kotopom penentopel thna II (1. e. TGFBR2, ACVR2, ACVR2B, BMPR2 u

AMHR?2) aktuBupyroT (yHKUMOHAIBHO CBsA3aHHbIE perentopsl tuma [ (1. E.



ACVRLI1 / ALK1, ACVR1 / ALK2, BMPR1A / ALK3, ACVRIB / ALKA4,
TGFBR1 / ALKS5, BMPRIB / ALK6 u ACVRIC / ALK7) mnocpeactBom
dbocopmiupoBanus. AKTUBHpPOBaHHbIE pelenTopHbie  KoMmiwiekcel  TGFf
B3aMMOJICHCTBYIOT C PETyJHPYEMbIMH BHYTPHUKJIETOUYHBIMHU penentopamu SMAD
(R-SMAD), kotopsie 3atem cBsi3biBatoTcsi ¢ SMAD4, 4TO0BI MOMYyYUTh AOCTYM K
AJICPHOMY TPAHCKPHUIIIIMOHHOMY aIlapary ¥ MOAYyJIUPOBATh TPAHCKPUIIIUIO TEHOB.

VYcaosHoe yctpanenue peuentopa 1 TGFB (TGFBRI, uzBectHoro kak
ALKS) npuBomuT K 3aMETHbIM JAeeKkTaM B KEHCKUMX MOJOBBIX MyTsaX. llpu
orcytctBun TGFBR1 oOHnapyxkuBaroTcsi nedekThl B COOBITHAX, CBSI3aHHBIX C
OEpEeMEHHOCThI0, BKJIIOYas WMIUIAHTAIMIO, pa3BUTHE KIETOK Tpodobiacrta,
pekpytupoBanre uNK u Backynsipuzanuio Matku [ 79]. JlanpHenme ncciaeaqoBanus
BbIIBUIM  ydyacthe SMAD-3aBucumbix u  SMAD-He3aBUCMMBIX TIyTEH B
unrnoupoBanun TGFB1 skcnpeccun PRL u IGFBP-1 coorBercTBenHo [83]. Boiee
toro, TGFB1 unrubupyer skcnpeccuto PGR u antaronucra WNT Dickkopf-1
(DKK) B muddepennupoBannbix ESC nocpeactBom cootBercTByromux SMAD-
3aBUCUMBIX W SMAD-He3aBUCHUMBIX MexaHu3MoB [79]. B otiamuue ot
uarubupyromeir ponu TGFB1 B nmenmayanuzanuu, JIpyrae HCCIeI0BaTENd
npoaeMoHcTpupoBanu, urto cekperus TGFB1 yBenuumBaeTcss BO  Bpems
neuuayanusainuu in vitro venoBedeckux ESC, um uto pekomOunantHbiii TGFf1
crocoOCTBYET mpolieccy aenumyanusanuu [102].

[Tpuunna npotuBopeunBbix 3@dexkroB TGFP1 na neumayanuzanuio ESC ne
W3BECTHA, HO MOKET OBITh CBSI3aHA C PA3IMUUSIMHU B SKCIIEPUMEHTAIBHBIX yCIIOBUSX,
UCIIOJIb3YeMBbIX B Pa3HBIX HUCCIEAOBaHMSIX. Takum 00pa3oM, HEOOXOAMMO
JagbHEWIlee TMOHUMAHUE KJIETOYHBIX, MOJEKYISPHBIX M DIUTCHETUYECKHUX
MEXaHU3MOB, CBSI3aHHBIX ¢ Tiepenauei curHayioB cynepcemeiictsa TGFp, mexarux
B OCHOBE Jeuuayaiu3anuu. B dacTHOCTH, pacmin@poBKa B3aMMOCBSI3ZH MEXKIY
curHanbHbiMU  1emsiMd - TGFB M MX MNOTEHUMAIbHBIX B3aUMOJCUCTBUNA €
SMUreHeTHYeckuMu Moaupukanusmu / Hekoaupytommmu PHK moxeT okazarbes
MOJIE3HOM TpU pa3pabOTKe HOBBIX TEPANEBTUUYECKUX CTPATErHil i JICUEHUS

3a001€BaHHI MAaTKH, CBA3aHHBIX C HCAOCTATOYHOCTBIO ACTTUAY AJIN3AITHN.



CTtouT OTMETUTb, YTO YTOYHEHHME MEXAHM3MOB pa3BUTHS PaHHHUX
PENpPOAYKTUBHBIX MOTEPHh MO3BOJIUT BBIOpPATh MATOI€HETUYECKHM OOOCHOBAHHBIN
NOAXO0J K peadWINTallMOHHBIM MEpPONPHUATHSAM B cilydae HeOJIaronpusTHBIX
HOCNEACTBUM  OEpEMEHHOCTH. YUWThIBas  BBIINIECKa3aHHOE, AaKTyaJIbHOCTh
IIPOBEJCHNsI HACTOALIETO MCCIENOBAaHUS M €ro  KJIMHUYECKAs] 3HAYUMOCTH
00yCIIOBJIEHa OTCYTCTBHEM HAay4YHO-OOOCHOBAaHHBIX MOJXOJOB K BBISBICHUIO
IIPEAUKTOPOB PAHHUX PENPOMYKTHUBHBIX IOTEPH Y JKECHIIWH C MHIyLUUPOBAHHON
OEpEeMEHHOCTHIO.

Heans uccaenoBanusi: M3yuntsb ¢daktopsl U onpeneiauth poiab ALKS B
npo¢uie paHHUX PENpOLyKTUBHBIX OTEPh NpU puMeHeHuu BPT.

3axayu uccie10BaHUA:

1. IIpoBecTH peTPOCIEKTUBHBIN KIIMHUKO-CTATUCTUYECKAN aHAJIN3 JaHHBIX Y
YKEHUIUH C OECIJIOIUEM U PENPOAYKTUBHBIMU nIoTepsamHu nocie IKO.

2. BbisiBUTH BeAylME 3THOJOrO-MaTOreHeTU4YecKue (aKTOphl paHHUX
PENPOAYKTUBHBIX IIOTEPh y JKEHIIMH IIOCJIE BCIIOMOTIATENbHBIX PENPOAYKTUBHBIX
TE€XHOJIOTUH, WMEIOIINE MPOrHOCTUYECKOE 3HAYEHUE OCJIOKHEHHOTO TedeHHs |
TPUMECTpA FECTALUH.

3. IIpoBECT NMMYHOTHCTOXMMHUYECKOE HCCIEA0BAHUE IEIHU1yAIbHON TKAHH
a0OpPTUBHOTO Marepuana MpU PaHHUX PENPOAYKTHBHBIX MOTEPSX, BBISIBUTH
3aKOHOMEPHBIE YPOBHHU 3KcIipeccun nportenHa ALKS.

4. YTOYHUTH NPOTHOCTHYECKOE M KIMHUYECKOE 3HAYEHUE DKCIPECCUU
nporenHa ALKS B pa3BuTuM paHHHX penpoayKTUBHBIX OTeph B Iukiax JKO.

O0bekT mHccaen0BaHUsl: OEPEMEHHOCTh Y JKEHIIMH, BKJIIOYEHHBIX B
porpamMmy OIUIOJJOTBOPEHHUS 1n Vitro.

IIpenmer wucciegoBaHMA: STHOJOTHYECKHE (DAKTOPBI pHCKAa paHHUX
PENPOAYKTUBHBIX NOTEPh Yy KEHIIMH M YPOBEHb 3Kcrpeccun nporenHa ALKS B
a0OPTUBHOM TKaHU MOCJI€ BCIIOMOTaTENbHBIX PEPOAYKTUBHBIX TEXHOJIOTHH.

Hay4Hasi HOBH3HA.

ITomyyenHbple pe3yapTaThl HAYYHOTO IIOMCKAa IIO3BOJIMIM  JIOIIOJIHHUTH

MNaTOrCHCTUYCCKYKD KOHICIIIUIO pa3sBUTUA AC3aJAIITAlIMOHHBIX IIPOLHCCCOB B



deToruTaeHTapHoOil  CUCTEME JKEHIMH C HWHIYIIUPOBAHHONW OEpeMEHHOCTHIO,
KOTOpasi OCJIOKHWJIACh PENPOAYKTUBHOM MOTEPEN Ha PAHHUX CPOKax TrecTaluu, U
MPEIOKUTh dTUOMATOTCHETUICCKUN TPO(HUIIh paHHUX PENPOAYKTHBHBIX TOTEPh
IIpU MPUMEHEHUU BCIOMOTATEIbHBIX PENPOAYKTHUBHBIX TEXHOJOTHI C Y4YE€TOM
CHUCTEMHBIX MPENOCHIUTIOK (BoCTIATUTEIBHBII dakTtop, aAKTUBALUS
MPOBOCHATUTEIbHBIX IIMTOKUHOB U SHOTEINONATHS).

BrnepBrie ycTaHOBIEHO, YTO MOTEPsi OEPEMEHHOCTH B MEPBOM TPUMECTpPE
aCCOLMUPYETCA C HAPYWIEHHWEM IIPOLIECCOB MEXKKIETOYHOTO B3aUMOICHCTBHUS,
OPOAYKIMA TOPMOHOB M crnenuduueckux OeaKkoB OepeMEHHOCTH, KOTOphIE
SBJIAIOTCS. MHAMKATOPAMU CTAHOBJICHUS U (DYHKIIMOHUPOBAHUS IUIAIICHTAPHOIO
KOMIUIEKCA, SHJOTEIUATBLHON JTUCPYHKIUM M HECOCTOSATEIbHOCTU PETYJISIUN
IIPOBOCHAIUTEIBHBIX MEXAHU3MOB, B TOM YMCJIE U HU3KUH YPOBEHb 3KCIPECCUU
ALKS B nenuayanbHON TKaHU.

[Io pesynbraTaM NIPOBEACHHOTO MCCIEAOBAHUSA BIIEPBBIE ONIPEACIICHBI
HamOoJiee BECOMble KOMOWHAIIMM OCHOBHBIX (DaKTOPOB pPHUCKA PAHHHUX
PENPOIYKTUBHBIX MOTEPH MOCJIE BCIIOMOTATEIbHBIX PEMNPOAYKTUBHBIX TEXHOIOTH,
a MMEHHO: COYEeTaHHE BO3PACTHOrO (PaKTopa, TMHEKOJOTHMYECKUX 3a00JIeBaHUMU,
TpyOHO-TIEPUTOHEATHHOTO OECIUIONMs, MPUMEHEHHE OIMPENeNIEHHON MPOrpaMMBbI
OIUIOJOTBOPEHHUSI 1n Vitro TO3BOJUJIO TMPOTHO3UPOBATH BEPOSITHBIE pPAHHUE
PENPOIYKTUBHBIE TOTEPU Y SKEHIIUH C WHIYIUPOBAHHOW OEpEeMEHHOCTHIO.
YcTraHoBIIeHO, 4TO ypoBeHb 3kcnpeccun ALKS B nenuayanbHONM TKaHU SIBISETCS
MPEAUKTOPOM IMOPHOHAIBHBIX MOTEPH TOCIIE BCIIOMOTATEIBHBIX PETPOTYKTHBHBIX
TEXHOJIOTUH.

BnepBbie ycTaHOBJIEH (paKTOp BEPOSTHOTO TMOBBIIICHUS TposiidepaTUBHON
aktTuBHOCTA Thl-muMoOIUTOB MO mNpUYUHE KPUTHUECKH HHU3ZKOTO YPOBHS
nonoxutenbHo  skcnpeccun  TGFBR1,  Hapymaromero — dopmupoBaHue
COCYJIUCTOTO pycina, MTOBPEKIAIOIIETO MJIALEHTAPHY IO TKaHb u
MEPEOPUEHTUPYIOMIETO HWMMYHHBIH oTBeT ¢ Th2-tmma ©Ha Thl axTuBanum

NUTOTOKCHUYCCKOIO 3BC€HA, UYTO IIPOABIACTCA B I/IMMYHOJIOI“I/IIIGCKOI\/’I arpeccumn
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MAaTEpUHCKOTO OpPraHMW3Ma MO OTHOWICHWIO K IUIOLY KaK BO3MOXKHBIX MapKepOB
IIPOTHO3UPOBAHUS HETATUBHBIX NIEPUHATAIBHBIX OCIEACTBUM.

Teopernyeckasi M IpaKTUHYecKasi 3HAYUMOCTb.

ObocHoBaHa 11€1€c000pa3HOCTh YCTAHOBIEHUS (PaKTOPOB pUCKA pPaHHUX
PENpPOAYKTUBHBIX TOTEPh Y JKEHIIMH C HWHIYLHUPOBAHHONW OEPEeMEHHOCTHIO, UYTO
NO3BOJIWIO (OPMUPOBATh TPYIIIBI PHUCKA OCJIOKHEHHOI'O TEUEHHS pPAHHETO
reCTallMOHHOrOo  mepuoja. lIpennokeHHbId ~ aJIrOpUTM  IIPOTHO3UPOBAHUS
HapylIeHUH B CIlydae pa3BUTUS PAHHUX PENPOAYKTHUBHBIX IIOTEPHh IIOCIE
BCIIOMOTATEIIbHBIX PEINPONYKTUBHBIX TEXHOJIOTMH IO3BOJIWIO CBOEBPEMEHHO
BBIICJIUTh KPUTEPUM MOHUTOPUHIA U  TMPOJIOHTHUPOBAHUS OEPEMEHHOCTH.
[Ipennoxxensl NPEAUKTOPHI MPOTHO3UPOBAHUS HEKEJATEIbHBIX IEPHUHATAIBHBIX
nocneACTBUM (MOBbIIEHUs NpoiaudepatuBHOi aktTuBHOCTH Thl-mumdonuroB no
IMPUYUHE KPUTHYECKH HU3KOIO YPOBHS MOJ0KUTENbHOM 3Kkcnipeccu TGFBR1).

Ha ocnoBe ouenkn ypoHs skcnpeccun TGFBRI B menmayanbHOM TKaHH,
KOTOpBIE SIBJISIFOTCSI MHJIMKATOPAMM CKpPBITOIO TeCTAllMOHHOTO HEOJaromoyuus
(noBblieHUs1 nponudeparuBHOW akTUBHOCTU Thl-nuM@ouHUTOB) B COYETaHHM C
KJIMHUKO-aHaMHECTHYECKOU XapaKTEepUCTUKOM, OIIPENICIICHHbIE paHHue
OPOrHOCTUYECKHE  KPUTEPUM  MATOJOTMYECKOro  TEeYeHHs OepeMEeHHOCTH,
000CHOBaHbl KpUTEpUU (POPMHUPOBAHUS TPYIIl PUCKA PAHHHUX PENPOAYKTHBHBIX
IOTEePh Yy JKEHIIMH C OEeCIUIOAMEM, MPOJEUYEHHBIM C MOMOUIbIO MPOrpaMMbI
OIUIOZIOTBOPEHMS In VItro, YTO TMO3BOJUT B JlaJbHEHIIEM CHHU3UTh YacCTOTY
OCJIO)KHEHUII OEepeMEHHOCTH M TMepUHATaJbHBIX TOTEPh Yy OJTOM KaTeropuu
NALUEHTOK.

JIMYHBINA BKJIAJ COUCKATEJIA.

CoBMeCTHO C HAyYHBIM PyKOBOJUTENIEM H30paHa TeMa, ONpEeNICHbI 1IeJIb U
3a/layu, pa3paboTaHa TAaKTUKA KIMHUYECKOro oO0cienoBaHus U (POpMUpOBaHUS
UCCIIEAYEMBIX TPYIII, CAMOCTOSTENBHO IPOBEAECH aHAJIN3 HAYYHOM JIUTEPATYypHI 10
TeMe  JHUCCepTalli, TMPOBEACHO  KOMIUIEKCHOE  KIMHUKO-1a00paTopHOe

06CJI6I[OB3HI/I€ JKCHIIIKMH, IIPOaHAIIM3UPOBAHbI PE3YJILTATHI 06IHGKJII/IHI/I‘ICCKI/IX,
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UMMYHOJIOTHUECKUX HCCIEIOBaHUM, MpOBEJeHa CTaTHCTUYecKas oO0padoTka u
000011IeH1Ee PE3YILTATOB.
Anpobauusi 4 BHeIpeHHUe Pe3yJbTaTOB UCCJIEJ0BAHUS B IPAKTHKY.
pe3yabTaThl UCCIEAOBaHUS JOJIOKEHBI U 00cyxaeHbl Ha V HanuonaasHOM
KOHTPECCE C MEXIyHAPOIHBIM Y4YacTHEM «3I0pOBbIE JETU - Oyaylee CTpaHbD)
®I'BOY BO CIIGITIMY M3 P® (Cankr-IletepOypr, 2021).

BHEJIDEHHE  pE3YyJbTaTOB B  MPAKTUKY  OCYIIECTBISAJIOCH B XOJE
HKCIIEPUMEHTAJILHON pabOThl HAa 0a3e TMHEKOJIOTMYECKOr0 OTEICHUS U OTIEICHUS
BCIIOMOIaTEJIbHBIX PENPOAYKTUBHBIX TeXHOJOTuM IlepuHaranpHOro ueHTpa
denepaibHOTO TOCYJIAPCTBEHHOTIO OIO/HPKETHOTO 00pa30BaTENIbHOIO YUPEXKICHUS
BBICILIETO oOpa3oBaHus «Cankr-IlerepOyprckuit rOCy/1apCTBEHHBIN
MeIUaTPUYECKUN MEIUIMHCKAN YHUBEPCUTET» MUHHCTEpPCTBA 31paBOOXPAHEHUS
Poccuiickon ®@enepanum.

Myoaukanuu.llo Marepuaniam BBITIIOJTHEHHOT O MCCJIEIOBAHUS
OImyOJIMKOBAaHO 4 TieYaTHbIE PabOThI, B TOM YHUCIE 3 B XypHajax, BXOJAIIUX B
MEPEUCHb PELEH3UPYEMbIX HAyYHBIX M3IaHUM, pekoMeHaoBaHHbIX BAK mnpu
MunucrepcTBe Haykd U Bbiciiero oOpasoBanusi Poccuiickoit ®deneparuu; 1 B

KypHaiax, UHJIEKCUPYEMBIX B Scopus.

IHonoxeHus1, BLIHOCUMBbIE HA 3ALLUTY.

1. Pannmue penpoayktuBHble notepu mnocine BPT saBmstores cnenctBuem
NEeHCTBUSL OOJBIIOrO KOJMYECTBAa MATOJIOMYECKUX MPUYMH C peanu3alnuen
Pa3HOOOpa3HBIX YACTO MEPEKPECTHBIX, MAaTO(U3MOJOTUYECKUX MYTEH, MOITOMY
BBIICTIUTH TOMUHUPYIOUINM 3THONOTHYECKUN (DAKTOP CYLIECTBYIOIIMMU METOAaMU
JMAarHOCTUKM HE Bceraa BO3MOXHO. OJIHUM M3 BaKHBIX 3THONATOT€HETUYECKHUX
3BEHbEB PA3BUTUs PAHHUX pPENPOAYKTUBHBIX mnoreph Iociae BPT sasisercs
noHmxeHHas skcnpeccust ALKS.

2. K naunbonee BeCOMbIM KOMOMHAIMSIM BEIyIIHUX (DPAKTOPOB BEPOATHOTO
pa3BUTHS paHHUX PENPOAYKTUBHBIX moteph nocie BPT oTHocsTCs: koMOMHALusA

cpoka Oecrmonus U (pakTopoM OecTuioAus, a TaKkke KoJIndecTBOM mombiTok BPT;
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BUJ OCCIUIONUS ®  HWCXOJ TMPEABIAYMNUX OEpPEeMEHHOCTEH; TMPUBBIYHOEC
HEBBIHAIIIMBAHUE, BBICOKAs JOJIS BHYTPUMATOYHBIX BMEIIATEIbCTB
(TECTEepPOCKOMHS, METUKAMEHTO3HBIC U MHCTPYMEHTAJIbHBIE a00PTHI) U BHYTPECHHUI
SHAOMETPHUO3 MOBBIIAIN PUCK PAHHUX PENPOAYKTUBHBIX TOTEPH; BEICOKUM UHIEKC
Macchl Tea U 0oJee Tpex HeyaauHbIX nonbITok BPT B aHamHe3e yBennunBaeT puck
PaHHUX PENPOAYKTUBHBIX TMOTEPh; COUETAHUE TMO3JHEr0 PEMPOJTYKTUBHOIO
BO3pacTa ¢ MpOJOJIKUTEIBHOCTHIO Oectutoaus 6onee 10 ner, HanuneM Ooliee Tpex
HEyJIauHbIX NONBITOK BPT 1 onepaTuBHBIX BMEIIATENBCTB HA OPraHax MaJIOro Tasza
YBEJINYMBAET PUCK BO3HUKHOBEHHUSI PAHHUX PENPOAYKTUBHBIX MTOTEPD.

3. B rpynme KeHImIMH, Yy KOTOpPbIX OEpPEMEHHOCTh IIpepBaiach
CaMOITPOU3BOJIBHO, UMEET MECTO 3HAYUTENBHOE CHIKEHUE YPOBHS MOJIOKUTEIBHON
skcnpeccun  TGFBRI1, koropoe B KOMOMHAIMM C TMOKa3aTesIMU BO3pacra
YBEJIMUMBAET PHUCK CAMOIMPOU3BOJIBHOTO  BBIKUABIINIA, YTO MOXET OBbITh
JIOTIOJTHUTEJIbHBIM (dakTopom, KOTOPBIN CIIOCOOCTBYET Pa3BUTHIO
MUKPOIUPKYJISITOPHBIX U TEMOAMHAMUYECKUX HAPYIIEHUN U BHOCUT COOCTBEHHBIN
BKJIaJl B YBEJIMYECHHUE KOATYJSIIMOHHOTO MOTEHIMaja, BbI3bIBas B TOM YHUCIE U
HapylIEHUS TPOIIECCOB UMILIAHTALINY.

4. T'ucTosiorndecky moATBEpKIACHHAs TIIalleHTapHast AMCPYHKIUS CBsI3aHa C
NOBBIIICHUEM MnponudepaTuBHON akTuBHOCTH Thl-muMdounToB mo npuunHe
KPUTHYECKH HU3KOTO YpOBHS  mojoxutenbHoM  skcnpeccun  TGFBRI,
Hapylawimux  (OpMUpPOBaHME  COCYAMCTOIO  pycia,  MOBPEXIAIOMIMX
TJIAIICHTapHYIO0 TKaHb U MEPEOPUCHTUPYIOT UMMYHHBIN OTBeT ¢ Th2-tumna na Thl
aKTHUBAallUM LUTOTOKCHUYECKOIO 3BEHA, YTO MPOSIBISETCS B HMMMYHOJOTMYECKON
arpeccuy MaTepUHCKOr0 OpraHu3Ma IO OTHOLICHHIO K IUIOAY.

O0beM U CTPYKTYpa AUCCEPTALMH.

Juccepranus uznoxkeHa Ha 151 crpanunax nedatHoro tekcra. COCTOUT U3
BBeJcHUs, 4 TJaB, BBIBOJOB, IMPAKTUYECKUX pekoMeHaanuii. Crnucok
HCIIOJIB30BAaHHBIX HMCTOYHHUKOB cocTOMT u3 230 HauMeHOBaHWii, W3 HHUX 09 -
OT€YEeCTBEHHBIX U 161 - 3apyOexxkHbIx. PaboTa numroctpupoBana 16 Tabnumamu u 8

PUCYHKaMHU.
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I'TABA 1. COBPEMEHHBIE ACIIEKTHI BJIUAHUA ®AKTOPOB
PA3JIMMHOI'O T'EHE3A HA BO3HUKHOBEHHE PAHHHUX
PEITPOAYKTUBHbBIX IHHOTEPH P HNPUMEHEHUUN
BCIIOMOT' ATEJIBHBIX PENTPOJYKTHUBHBIX TEXHOJIOTUH (OB30P
JIMTEPATYPHI)

1.1. CoBpeMeHHBbIIl B3IVl HA NMP00JeMy PAHHUX PeNpPOJAYKTHBHBIX
norepb

HestHocThie TOI XX BEKa OCTABUJIM HEOJArONMPUSITHYIO JIeMOrpaduuecKyto
CUTYALMIO U HU3KHE NTOKA3aTeIN 3J0POBbs HACEIICHHUSI: ceroHs xuresm crpad CHI'
JKUBYT B CpeIHEM Ha 14 5ieT MeHbllIe, 4eM )urtenu 3anaaHoi EBponsl. Tak, cpennsis
MPOAOJLKUTENBHOCT )KU3HU B Poccuu Ha S et Huke, yeM B EBpOIEiCKOM perHoHe
1 Ha 9 neT HUxe, 4yeM B crpaHax EBpomneiickoro Coro3a, a MOKOJIEHUE eTel JTUIIb
Ha 60% 3amemaer mnokonenwe poautenen  [44;  95].  Oxwmpaemas
IIPOIOJKUTEIBLHOCTD 310p0BOM ku3HU B Poccuu B 2019 roxy cocraBuia 63,7 roga
— HauMeHbIas mudpa Cpear eBPONEHCKUX CTpPaH, TOTJA KaK CaMblii BBICOKWN
nokazarenb B 71,9 ropa nmpunamnmexutr Mcnanguu. K coxanenuro mokasaresnb
€CTECTBEHHOTO MpPUPOCTa HacelieHuss B P® ocraercs OTpULATEIbHBIM, a
CYMMapHbIH KO3()(PULIUEHT POKAAEMOCTH SBISETCS JOCTaTOUYHO HU3KUM U Poccus
enle JajeKa OT JOCTUKEHUSI €CTECTBEHHOIO YPOBHS 3aMelieHus [S8].

310pOBbE UEI0BEKA, €ro (POPMUPOBAHUE, COXPAHEHHUE U YKPEIUICHUE SIBISETCS
LHEHTpaJIbHOM MpoOsieMoil (hakTHUecku Bcex crpaH mupa. CtpaTerus coxpaHeHUs
3I0POBbS YEJIOBEKAa HaXOAuTca noja mnpuctanbHbiM BHUManuemM OOH u BO3, u
OTpa)K€Ha B TAKUX JOKYMEHTaX Kak «BcemupHas [leknapainus no oxpaHe 3710pOBbsH)
[141], «3mopoBbe-21. OCHOBBI TOJIUTUKU JIOCTHXKEHHUS 3I0POBbSl i1 BCEX B
EBponerickom pernone BO3» [128].

HopmatuBHO-paBoBoe oOecnieyeHre Ciay>KObl TUIaHUPOBAHMUS CEMbH U
COXpaHEHUs! PENpPOAYKTUBHOTO 370p0Bbi B PD mMeer MexayHapoOaHbIE MCTOKH,
BEb IMpaBO Ha OXpaHy pEMNPOIYKTUBHOTO 3/I0pOBbS OBUIO OTMEYEHO Ha
koH(pepenunu OOH no BonpocaM HapoOHACETIEHUS U Pa3BUTHS, COCTOSBILIECICS B

ceatsiOpe 1994 romy B Kampe c¢ yuactuem mnpezncraButeneit 188 crtpan mwupa.
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NMeHHO Torma ObUT cleflaH aKUEHT Ha HEOOXOAMMOCTH YCHJIEHHWS BHHUMAHMS
MPaBUTEIBCTB K BOIIPOCAM PEMPOTYKTUBHOIO 3I0POBBSI.

[lo omnpenenenutro BceemupHoil opranuzanuu 3apaBooxpanenus (BO3),
PENpOlyKTUBHOE 37J0POBBE — 3TO COCTOSHUE TOJIHOTO (PU3UYECKOT0, YMCTBEHHOIO
¥ COLIMATILHOTO OJIarOnoyyus, a He IPOCTO OTCYTCTBUE 00JIe3HEN PENPOAYKTUBHOMN
CUCTeMBbI WM HapymieHus ee (yukuwmii [48]. [lpuHIMIIaNIbHONH 0COOCHHOCTHIO
PENpOlyKTUBHOIO TpOIecca SBIAETCS €ro OuYeBHAHAs JeMorpaduyeckas
3HAYMMOCTb Kak Mpouecca, ((opMUpyoIero oOUECTBEHHOE 310POBbE B HACTOSAILEM
u OyaymieMm [64].

OueBUIHO, YTO JUIS YJYYIIEHHUsS OOILIECTBEHHOTO 370pPOBbSl HEOOXOAMMO
YMEHBIIINTh HETAaTUBHBIE TEHJCHIUU PENpPOAYKTUBHOTO IMpolecca 3a Cuer
YIy4IICHUs] OOIIEr0 W PEeNpOAYKTUBHOTO 3/I0pPOBbsl KCHIIUH. TeM HE MeHee
cnoxuBmasica B Poccum HeOnarompusiTHas JeMorpaduueckas cuUTyanus,
XapaKTEPU3YIOLIAsCA €CTECTBEHHON yObUIbIO M YXYAIICHUEM 3/10POBbsl HACEIEHUS
(ra Hayaso 2020 roga poxaaeMoCTh CHU3WIACH Ha 5,4%, a CMEPTHOCTD BBIpOCIIa Ha
3,1%) [49], ompenenser 0coOyl COLUUAIBHYI) U MOJUTHYECKYH0 3HAYMMOCTh
POOJIEMBI TTOBBIIICHUS POKIAEMOCTH U CHIDKEHHS PETIPOTYKTUBHBIX TTOTEPb.

[ToHATHE «pPENPOAYKTUBHBIE MOTEPH» O3HAYAET MOTEPIO MPOAYKTOB 3a4yaTusi
Ha BCEX JdTamax pa3BUTHS IUIOJAa — B pe3yJibTaTe CaMONPOU3BOJIBHOTO U
BBIHY)KJIEHHOTO (TI0 MEAMIIMHCKAM U COIMAJIbHBIM TOKAa3aHUSM) TPEPbIBAaHUS
OepeMEHHOCTH, MEPTBOPOK/ICHHUSI, & TAK)KE CMEPTh JIeTeH MepBOro rojaa *u3Hu [11;
44].

[ToTepss OGepeMEeHHOCTH — OJHA W3 CaMbIX PACHPOCTPAHCHHBIX MPOOIIEM
COBpPEMEHHOU penpoaykronoruu. Yactora sToit maronoruu konedsercs ot 10% o
30% u He uMeeT TeHaeHIuH K cHbkeHuo [138]. ITo nanubiM nuTepatypsl, 75-80%
noTeph NpoucxoasT B I Tpumectpe OepeMeHHOCTH, TpudeM 38% U3 HUX B NIEpPBbIE
7-8 Henens [148].

Cunraerca, uyrto 15-25 9% Bcex OepeMeHHOCTEH 3aKaHUYMBAIOTCS
CaMOMPOU3BOJIbHBIM  BBIKUABIIEM B | TpuMmecTpe U SBISIOTCS pPAHHUMHU

pPENpOaYKTUBHBIMU NIOTEpsiMH [ 16].
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[IpoGnema paHHUX PENPOMYKTUBHBIX MOTEPh HA MPOTSHKCHUM MHOTHX JIET
OCTaeTcs O4YeHb aKTyalbHOW. PaHHUME penpoAyKTUBHBIE TOTEPH SBISIOTCS
MIOJIMATUOJIOTUYECKOM  MATOJIOTUEN, COOTBETCTBEHHO IIATOIEHE3 €€  TOXKE
MHOTOTPaHEH, HO HECMOTPSI Ha MHOTOUYUCJICHHBIEC UCCIEAOBAHMS, HA CETOAHSIIHUMI
JICHb HE CYIIECTBYET €IMHOW KOHIEMIIUU MaTorexnesa [22].

B o0wmem npumepHo 25% JKEHIIMH Tepsiud MO KpalHEed Mepe OAHY
OEpEeMEHHOCTh. JTO OYEPUYMBAETCS IMOHSATUEM CIOPATUYECKUE PENpPOAYKTHUBHBIC
notepu (CPII). IlpuBsiunbie penpoayktuBHbie norepu (IIPIT) — moreps Tpex u
6onee 6epemennocteit. [1PI1 nabmrogatorcsa y 1-8% >keHIUH penpoayKTUBHOTO
BO3pacta [33; 42].

AHatomuyeckne aHoManuu cocTaBisitoT oT 10% no 15% ciydaes I1PII u, kax
MpaBUJIO, CUUTAIOTCS MPUYMHOW BBIKWJBIINIA TE€ AHOMAJIMH, KOTOpPHIE MOTYT
HapyIIUTh KPOBOCHAOXKeHWE HHAoOMETpUs. K HHUM OTHOCATCS BpPOXKICHHBIC
aHOMaJIMM MaTKWU, BHYTPUMATOYHBIC CHAWKH, MHOMAa WJIM TOJUIMbl MATKU. XOTs
BpPOKJEHHBIE aHOMAJIMU MATKH Yallle CBSI3aHBI C MOTEPSIMH BO BTOPOM TPUMECTPE
WJTU MIPEKIEBPEMEHHBIMU POJIaMU, OHU TAKXKE UTPAIOT onpeaesieHHy o poib B [TPII.

Cpeny BO3MOXHBIX MHPEANOCHUIOK PENPOAYKTUBHBIX MOTEPh MPUCYTCTBYIOT
TeHETHYECKUE aHOMAIMU y POAMTENIW WM Yy TUIoja, aHTU(HOCHOIUITHIHBIN
CUHIPOM, aHATOMHYECKUE U DHIOKPUHHBIC (DAKTOPBI, yHACJIEIOBAHHBIC
TpoMOOGUINN U UMMYHHBIE (akTophl [19; 63; 67]. YueHble CUUTAIOT, UTO BKJIa]
XPOMOCOMHBIX aHOMAJIMK B MaTepuaje paHHUX PENPOIYKTHUBHBIX MOTEPh B T'eHE3
MOCJEAHUX OAHO3HAYHO HE oyepueH. [lo MaHHBIM HEKOTOPBIX HCCIEIOBAHUM,
4acTOTa XPOMOCOMHBIX aHOMauil coctasisgeTr 51-60%, no ApyruM IaHHBIM — 5-
29%.

[Ipennonaraercs, 4YTO C  yBEJIMYEHUEM  KOJIMYECTBA  IMOTEPSIHHBIX
OepeMeHHOCTEN Yy JKEHIIMHBI BEPOSTHOCTh HAJIMYMS XPOMOCOMHOM aHOMAJUU Y
mmoga ymeneiaercs [31; 62; 70]. Takxke aBTOpamMu yCTaHOBJIEHO, YTO 4YacTOTa
XPOMOCOMHBIX AHOMAQJIMA TPU CIOPATUYECKUX MOTEPSIX OEPEMEHHOCTH BBIIIE
(39,9%) no cpaBHeHUIO ¢ peryisipHbiMu otepsmu (27,1%) B 1,47 pasza.

Hedexr morennoBoi ¢asel (JIDJI), cuHAPOM MONIMKUCTO3HBIX SUYHUKOB
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(CIIKS), caxapuwiii guaber, 3a0ojeBaHWE  IIMTOBHIHON  JKENE3bl U
TUIEPIPOIAKTUHEMUS OTHOCSATCS K DHJIOKPUHOJIIOTMYECKUM HAPYIICHUSIM, KOTOPbIE
cocTaBisAlOT npumepHo ot 17% npo 20% IIPII. OanuM U3 OCHOBHBIX
ATUOJIOTUYECKUX  (DAaKTOPOB PAHHUX PENPOAYKTUBHBIX TMOTEPh  SIBISIOTCA
TOPMOHAJbHBIE HApPYWIIEHWH, CPEAH KOTOPBIX KIIOYEBOE MECTO 3aHUMAET
IPOreCcTEPOHOBA HEAOCTATOYHOCTD [47].

[To naHHBIM AUTEPATYPHI, IPUUUHON PAa3BUTHUS aKylIepCKOW nmarojoruu B 70-
75% ciy4aeB SIBISIIOTCS HACJIEICTBEHHbBIE U PUOOPETEHHBIE AaHOMAJINHU TeMOCTa3a
[88.]. B mocneanue roapl MOSBHIOCH 3HAYUTEIHLHOE KOJIMYECTBO ITyOJIMKAIUH,
MOCBSIIEHHBIX HAJIMYUIO AaCCOLMALMM MEXIY pa3BUTHEM HEBBIHAIIUBAHUS
OEpEeMEHHOCTH U TPOMOOPUIHEN, KaK HACIEACTBEHHOM, TaK U MPUOOPETEHHOM, TPH
sToM Oosee 15% Oenoro HaceneHUss UMEIOT HACJIEACTBEHHYIO TPOMOODHUIHLHYIO
MyTanuio. Hanbosee pacnpocTpaHEHHBIMU U3 HUX ABJISIFOTCS J€HICHCKas MyTalus
dbakTopa V, MyTanus B MPOMOTOPHON OOJACTH T€Ha MPOTPOMOWHA U MYTAallMU B
re’e, Kogupyromem metuieHteTparuapodonarpenykrasy (MTHFR). Otu obmue
MYTallU{ CBSI3aHBI C YMEPEHHBIM PHCKOM TPOMOOB, U OCTAETCsl CIIOPHBIM BOIIPOC,
cBs3aHbl i Tomo3urotHeie MyTaruu MTHFR ¢ cocynucteimu 3aboneBaHusmMu
BooOme. Hamportus, Ooisiee cephe3Hbie TpOMOOUIbHBIE NEeDUIMTHI, TaKue Kak
neUuIUT aHTUTPOMOMHA W TPOTEMHA S, TOpa3lo peke BCTpedaroTcs B oOien
nonyJsinuu. Bo3morxknas cBsa3b mexay [1PI1 u nacnencrseHHbIME TpoMOODUIUIMU
OCHOBaHA Ha TEOPHUH, COTJIACHO KOTOPOW HapyUIEHUE pa3BUTHUS U (DYHKIHMH
MJIAIIeHTHI, BTOPUYHOE MO OTHOIICHUIO K BEHO3HOMY WM / WIH apTEePHAIBHOMY
TpoMOO3y, MOXKET TPHUBECTH K BBIKUAGINY. HacnencTtBeHHbie TpomMOodwmn,
HauOosnee dacto cBsizaHHble ¢ [IPII, BkiIOYalOT TUIIEPrOMOIMCTEUHEMHUIO,
BO3HUKAWIy0 B pesyaprare Mmyrtaud MTHFR, pesucrentHocTth K
aKTUBHPOBAHHOMY MpoTerHY C, CBSA3aHHYIO C JCHACHCKUMU MyTalUsaMu (GakTopa
V, neduuur nporenna C u npoTenHa S, MyTaluyd NPOTPOMOMHOBOTO IPOMOTOpa U
myTauun a"HtutpomOuHa. [IpumoOperennsie TpomOodumuu, ceazanusie ¢ [1PII,
BKJIIOYAIOT TUNEPTOMOIIMCTEMHEMUIO M PE3UCTEHTHOCTh K AKTUBUPOBAHHOMY

npoteuny C. Ilo gaHHbIM psa aBTOPOB, yIEIbHBINA BeC TPOMOODUINN B CTPYKTYpe
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INPUYMH CUHIPOMA MOoTepH miroaa coctasiser 40-75 % [13; 30].

YcTaHOBIEHO, YTO HACIEACTBEHHAss TPOMOOGUINS — O3TO TEHETUYECKH
OOyCIIOBJIGHHAsl CKJIIOHHOCTh K OOpa30BaHHUIO BEHO3HBIX TPOMOO30B, HUTO
HaO0IaeTcsl y JIMIl MOJIOKe 45 JIeT ¢ CeMEWHOM HCTopuer TpoMOO030B U
HETUIIMYHOW JIOKaM3auen TpoMOooOpa3oBanus. [lo naHHBIM JHTEpaTyphl,
BpOXeHHBIE Te(heKThl reMocTasza Habmonatores B 0,1— 0,5% nonynsauuu. B Hopme
CUCTEMa T'eMOCTa3a HAXOJUTCS B COCTOSIHUM PaBHOBECHS, KOTOPOE 0OECTIeUnBaET
cnabasg aKTUBaLMsS KOAryJsIIMOHHOIO KacKajla M €CTECTBEHHAas aKTHBHOCTb
AHTUKOATYJITHTHOW U (PUOPUHONIUTUYECKON CUCTEM, UTO PEJOTBpAIIAET Pa3BUTHE
CIIOHTaHHBIX TpoMO030B [14; 53].

VY4yeHble HCCIEIOBANIM, YTO NPHU TPOMOODHINK CO3MAIOTCS YCIOBUSA IS
HapyILIEHUsl ITPOLIECCOB MMIUIAHTALMM, IUIALICHTAIMU, POCTa IUIOAA, Pa3BUBACTCSA
CUCTEMHasl SHAOTeNnuanbHas AUCPYHKUUA. Kpome TOro, KOMIOHEHTBI CUCTEMBI
reMocTa3a y4dacTBYIOT HE TOJBKO B PEryJISiIIMU CBEPTHIBAEMOCTH KpPOBU, HO U
ABIIAIOTCA ~ MeauaTopamMu  BocnajeHus. ['eHeTndyecku OOYCIOBJIEHHbIE U
pUOOpETEHHbIE U3MEHEHHUS T€eMOCTa3a aKTUBUPYIOT MPOBOCHAIUTENbHBINA OTBET U
bopMupyIOT IIPOKOATryJIALIMOHHBIN NOTEHIMAIL, KOTOPBII SIBIISIETCS
ATUOMATOTCHETHYECKUM (HaKTOPOM, OOYCIIOBJIMBAIOIIUM OECIUIOANE, HEYIauHbIe
NOMBITKK 3KCTPAKOPHOPATBHOTO OIUIOJOTBOPEHUS, paHHUE MNpPeeMOPHUOHAIbHbIE
NOTEPU U MIPUBOJST K MO3AHUM aKyLIEPCKUM OCIIOKHEHUSM.

Hanuune  nonosHUTENbHBIX  (DaKTOPOB  pHUCKAa  TPOMOO30B  MOXKET
NOTeHIPOBaTh 3D PexThl TpomMOoPrnu y 6epeMeHHbIX [ 12].

CorylacHO COBPEMEHHBIM IMPEACTABICHUSAM, K CaMblM paclpOCTPAHEHHBIM
TPOMOOJUTHUYECKUM COCTOSIHUSIM, KOTOpBbIE€ MPUBOJAT K PEMNpOTyKTUBHBIM
MOTEPSIM, OTHOCATCSA: aHTU(HOCHONUITHIHBIN CUHIIPOM, AeGuiuT anturpomdbuna 11,
nedunut nporenHa C, nepuuut nporeuna S, mytaus V ¢gakropa G1691A (FV
Leiden), wmyrtauus rena  nporpomOuna  G20210A (I  dakrop) wu
METHJICHTETPAaruApoPoIaTpeIyKTa3bl (MTHFR C677T) [41]. C
aHTU(GOCHONIUNHUIHBIM CUHJIPOMOM YYEHBIE CBSA3BIBAIOT CIEAYIONIME aKyLIEPCKUE

OCJIO)KHEHMs, KaK NpHUBbIYHOE HeBblHamMBaHue OepemeHHoct (IIHB) —
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pEIUINBHBIC CIIOHTAHHBIE BBIKH/IBIIIIH, IIPEKICBPEMEHHBIE POJIBI,
BHYTPUYTPOOHYIO THOENb TUI0Ja, 3aJEPKKy YTpPOOHOrO pa3BUTHS IUIOJA,
npeskinamicuto U np. [lpuw  Hamwmumm  aHTUGOCHONMIHIHOTO  CHHIPOMA
pPEeNpOlyKTUBHBIE TMOTEPU 3HAYMTENbHO 4Yalle MpoucxXxoasT B [ Tpumectpe
oepemennoctu [36]. Yactora aHTH(dOCHOMMIUIAHOTO CHHApOMA Yy OOIIEH
MOMYJISILIUK COCTaBIISAET 5-6%; pU HEeBbIHAIIMBaHUU OepemeHHocTH — 50-75% [2].

HexoTopreie undekiuu, Britoyas Listeria monocytogenes, Toxoplasma gondii,
KpacHyxy, Bupyc npocrtoro repreca (BIII'), kopp, nuTOMEraoBupyc 1 BUPYCHI
Kokcaku MOryT urpaTth posib B CIIOPAJIMYECKUX CIHOHTAHHBIX BBIKUABIIIAX. POb
uHpexkmonHbix areHtoB B [IPII Menee sichHa, mnpenmosaraemasi dacTtoTa
Bcrpeuaemoct [IPII mpu kotopeix cocrasistet 0,5% ot 2 1o 5% [56].

[Io maHHBIM JHUTEpPaTypbl, HEMAIYIO POJIb B STHUOJIOTHU CHOPATUYECKOTO
TIpEephIBaHUS OCPEMEHHOCTH M MPUBBIYHOTO HEBBIHAIMBAHUS UTPAIOT MATOJOTHS
TIarieHTAlMM, TeHUTaIbHbIe WH(EKIINKA, B YaCTHOCTH AMcOWMO3 Biaranumia. [1o
JAHHBIM ~ PA3JIMYHBIX AaBTOPOB YacTOTa JAUCOMOTHYECKUX HAPYUICHUH TIpH
OEpEeMEHHOCTH Y JKEHIIUH gocTturaet oT 48,6% mno 84,3% [55]. U3BecTHO, 4TO
IUCcOMO3 Biarajauila SBISIFOTCA (aKTOPOM pHUCKa CIOPAJANMUYECKUX BBIKHIBIIICH U
MIPYUBBIYHOTO HEBBIHAILIUBAHUS [56].

[To paHHBIM JUTEpATyphl, OJHUM W3 HambOOJIee PACTIPOCTPAHCHHBIX
3a00JIeBaHUN KEHCKHUX TIOJIOBBIX OPraHoB, KOTOpPHIE BJIUSIOT Ha TEUYCHUE
OCpeMEHHOCTH, SBIsAEeTCS OaKTepHalbHBI BarmHOo3. YacroTa OOHApYKCHHS
OaKTEepHAIIbHOTO BAarvHO3a BO MHOTOM 3aBHUCUT OT KOHTHHIEHTa OOCJIETyeMbIX
KEHIINH, cocTaBiisia 17-19% cpenu manueHToK Cay>K0 TUIaHMpOBaHUS ceMbH, 15-
37% cpenu OepeMeHHBIX W 61-87% cpeau NAMEHTOK C MATOJIOTHYECKUMU
BoiiesicHus MU [40].  Ilo JgaHHBIM  ANMAEMHUOJOTHMYECKUX  HCCIIEIOBAHUM,
pacrnpoCcTpaHEHHOCTh OaKTEpUAILHOTO BarHO3a Cpe/id OEpEeMEHHBIX Pa3HbIX CTPaH
mupa kosieoaercs ot 10% mo 40% [46].

VY4eHbie OTMEYAIOT, YTO AKTyaJbHOCTh MPOOJEMBbI BIUSHHUS WH(PEKIINHA Ha
TeyeHue OepemeHHOcTH B | TpuMecTpe OOBICHSIETCS BBICOKMUM YpPOBHEM

WH()EKITMOHHON 3a00JIeBaEMOCTH OCPEMEHHBIX, MPEANICCTBYIONMICH U MPUBOISIIEH
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K Pa3BUTHIO PA3IUMYHOM  AKYIIEPCKOW MATOJIOTUU. Y CTAHOBJIEHO, YTO
MH(pEKINOHHbIE 3a00JIEBaHUSI M HAapyLIEHHUS MHUKPOOMOLIEHO3a POJOBBIX ITyTeH
INPUBOJST K YBEIMYEHHUIO YaCTOThI CAMOIIPOU3BOJIBHBIX BbIKHIbIIIEH B 13 pa3 [17].
OpnHako, HE y Bcex OEpEMEHHBIX C HaJM4ueM BO30YyIUTENEN ypOTreHUTAIbHOM
UHPEKIUM TPOUCXOAUT  CaMOMNPOM3BOJIILHOE TpepblBaHHE OEpeMEHHOCTH.
HexoTopbiMu aBTOpaMM yCTaHOBJIEHA BaXKHAsl POJIb B Pa3BUTUU JAHHOM NTATOJIOTUH
MMMYHHBIX MEXaHU3MOB Ha YPOBHE CIM3UCTBIX OO0OJOYEK HUKHETO OTAela
TEHUTAJIBHOIO TpakTa [24].

bbuin BbICKa3aHbl MPEATIONOKEHHUS O CBSI3U MEXAY CIIOPATUYECKUM U / WM
[TPII u npodeccHoHaIbHBIM M 3KOJOTUYECKUM BO3JEHCTBUEM OPraHUYECKHX
pPacTBOpUTENEH, JIEKAPCTB, MOHU3UPYIOLIErO0 H3IYYECHHS] U TOKCHUHOB, XOTS W3
IPOBEJCHHBIX UCCIIEJOBAHUN TPYJIHO CAENaTh YOEAUTENbHBIE BBIBObI, TOCKOJIBKY
OHM HMEIOT TEHACHIHIO OBbITh PETPOCHEKTHUBHBIMH M CMEIIMBAIOTCA C
aNbTEPHATUBHBIMU WJIM JTOMOJHUTEIBHBIMU BO3AEHCTBUSAMH OKPYKAIOLIEH CPENIbI
[183].

Tpu KOHKpETHBIX (paKTOpa BO3ACHCTBUS — KypEHHE, aJKOTrojdb U KOPEUH —
3aCIy>KMBalOT 0COOOr0 BHUMAHUS, YUUTHIBAs X IIMPOKOE paclpocTpaHeHne. XoTs
MaTEPUHCKUI aJKOTOJIM3M (MM YacToe YHOTpeOJIEHHE alKOrojsl) HEU3MEHHO
accouuupyercsi ¢ Oojee BBICOKMMH  MOKa3aTeasiMM  CaMOIIPOM3BOJIBHOTO
npepbIBaHUsI OEPEMEHHOCTH, CBSI3b PEMPOAYKTHUBHBIX MOTEPH C O0Jiee YMEPEHHBIM
MIPUEMOM AJIKOTOJISl OCTaeTCs HE3HAUMUTENbHOW. lccnenoBaHus, CBS3bIBAIOIINE
yMEpeHHOe NOTpeOIeHHE aJIKOTOJIsl C HEBbIHAIIMBAHUEM OE€PEMEHHOCTH, MOKa3aJIn
yBEJIMUEHUE PHUCKa BBIKUIBIIIA TPU YIOTpeOsieHuu Oojiee 3 MOPIMl B HEENIO B
TEUEHHE MEePBOro TpuMmecTpa (OTHOIIEHHE IIaHCOB 2,3), mpu Oosee 5 mopruii B
HEJEJII0 OTHOLICHHWE INAaHCOB yBenuuuBaercs 1o 4,8. Kaxercs JIOrMYHBIM, 4YTO
KypEHUE CHUTapeT MOXET YBEIMYUTh PUCK CaMOMNPOM3BOJILHOIO adopTa H3-3a
IpUEMa HHUKOTWMHA, KOTOPBIM, KaK M3BECTHO, YMEHBIIAET MATOYHBIA H
IIJTALEHTAPHBIA KPOBOTOK.

Tem He MeHee, CBSI3b MEXKIY KypEeHUEM U MOTepell OEpEMEHHOCTH OCTaeTCs

CHOpHOﬁ B CBA3KM C TEM, YTO TOJIbBKO 4YaCTb HIPOBCACHHBIX I/ICCJ'ICI[OBaHI/II\/II
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OOHapYXUJU ATy CBA3b. [[OABISIOTCS JOKA3aTeNbCTBA TOTO, YTO KOPEHH, TaKEe B
HU3KHUX KoJindecTBax (OT 3 ;1o 5 yamiek Kode B JICHb), MOXKET YBEJIMYUTh PUCK
CaMOTIPOU3BOJILHOTO BBIKUJIBIIIA C J0303aBUCUMBIM OTBETOM. CBsI3b TOTPEOICHHUS
kodeuna, ankorojiss 1 HukotuHa ¢ [IPII cnabee, yemM uX CBS3b CO CIIOPAAMUECKOMN
notepeir O0epemenHoctu [229]. B 50 % cnyuyaeB mpuuuna IIPII saBnsercs He
YCTQHOBJICHHOW U ONPEAENSIeTCS TOHSATUEM «UJIUONATUYECKOE TPUBBIYHOE
HEBBIHAIIIMBaHUE OepeMeHHOCTHY [38].

K Bompocy jedeHus: HEBbIHAIIMBAHUS OCPEMEHHOCTH Ha PAHHUX CPOKax,
ClIeAyeT OTMETHTh, YTO Ha CETrOAHSUIHEE BpEMsl CTaHAAPTOB TEpalmuud STOH
MATOJIOTUHM HE CyIecTBYyeT. HO HaKoIUIeH NOCTAaTOYHBIN MEXIYHAPOJHBIN OIBIT,
00OOIIEHHBIN B COOTBETCTBYIOIIUX PEKOMEHALUSIX M0 BEICHUIO OepeMeHHbIX. 1
MOBBIIIEHNE Ka4eCTBAa MEAUIIMHCKOM MOMOIIY HApSAAY € YJIYUYIIEHUEM COIUATIBLHOTO
cTaTyca HaCEJICHUsI, OMPEIEIAIONIMX PENPOAYKTUBHOE 3/I0POBhE HACEJICHUS U
YPOBEHb PENPOAYKTUBHBIX TMOTEPb, HMMEET TEPBOCTEIICHHOE 3HAYEHHUE B

neMorpaduueckoM pa3BuTHu Poccum.

1.2. IIpobaema PaHHUX penpoayKTUBHBIX noTrepb nocJje
BCIIOMOIaTeIbHBIX PENPOAYKTUBHBIX TEXHOJOruid B (OKyce COBpPEeMEHHBIX
HAYYHBIX HCCJIeI0BAHUI

Heb6maronpusitHas nemorpadudeckas curyaius B PO, npexae Bcero peskoe
naJieHue POKIaeMOCTH, CBSA3aHO C OOOCTpeHHEM MpolieM (yHKIIMOHUPOBAHUS
ceMell KaK MCTOYHMKAa BOCIIPOM3BOJCTBAa HACEJIEHUS CTPAHbl, CHU)KECHUEM HX
neMorpaduueckoro TMOTEHIHaNa, o0ycioBieHHOro OecmuioaueM. [lo maHHBIM
MexayHapoIHOTO KOMHUTETA o MOHUTOPUHTY BCIIOMOTaTeJIbHbIX
PENPOAYKTUBHBIX TEXHOJOTHMM KW BceMuUpHOW oOpraHuszanuu 31paBOOXpPAHEHUS,
Oecriogne — 3TO «3a00JIEBaHHE PENPOJYKTUBHOM CHUCTEMBI, OMpEIeIsieMoe
HEBO3MOKHOCTBIO HACTYIUICHUSI KIMHUYECKONM OepeMeHHOCTH mocie 12 mecsies
wi OoJiee PeryssapHBbIX HE3aUMIIEHHBIX MOJOBBIX akToB» [189]. Omnako 3TO
ONpENICICHNE HE NMPU3HAET BAXXKHOCTh BO3pACTa >KCHIIMHBI U HE MPUHUMAET BO

BHUMaHuE TpeOOBaHUE PETYJSAPHOW OBYJSLMHU A ONTHMHU3ALMU IIAHCOB Ha
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3ayatue.

Bonee noaxondmmm onpeneneHueM ObUIo Obl «HECTIOCOOHOCTDH 3a0€pEMEHETh
nocie 12 MecsAleB HE3aUIUIICHHBIX M YacCThIX MOJIOBBIX KOHTAKTOB B KOHTEKCTE
PETYJISIpHON OBYJISIIMM Y JKEHIIUHBI B Bo3pacTe MeHee 37 net. K Oonee paHHemy
00CIIeTOBaHUIO CIIeTyeT 00palaThCs, eciiv xKeHIuHe 37 neT u 6onee, ecTh (HakToOpbl
pucka Oecruiogus (BKJIKOYAsh HEPETYJSPHYIO OBYJSLHUIO, MATOJIOTMIO Ta30BBIX
OpPraHoB, MIPEKIECBPEMEHHYIO MEHOIIAy3y B CEMEHHOM aHAMHE3€) WIN CYIIECTBYET
puUCK MyKckoro Oecmmonus. B 3Tux o0OCTOSTENbCTBAX MOMKET OKa3aThCs
1esnecoo0pa3HbIM HAIPABIICHUE K CIIELUAIUCTY Yepe3 6 MEecsLEeB WIN JaXKe cpaszy
[127].

YacToTa OeCIUIOAHBIX OPaKOB B TPETHEM ThICSUYEIETHH YBeIUUmiach 10 18% u
UMEET TEHACHIIMIO K AalbHeleMy pocty. [lo rimobanbHeiM onieHKkam, noutu 72,4
MWJUIMOHA Map HUCHBITBIBAIOT MpoOaeMbl ¢ ¢epTtribHOcThIO [209]. Poccus mo
coctostHuto Ha 2017 rox 3anumaer 179-e mecto u3 224 B MUPOBOM PEUTHHIE IO
nokasarento gpeprunbHOCcTH (1,61), 10 15% cemeit B Poccun He MOTYT UMETh JIeTeH
10 MpUYUHE OECIUIOAMS, B CBA3U C YEM MpoOiieMa JiedeHUs] OecIIoAns Mpu3HaHa
IIPUOPUTETHBIM HAIIPABJICHUEM I'OCYJapCTBEHHBIX [IPOTrpaMM 3ApaBooXpaHeHus PO
[48].

[Tyt pemeHuss mpoOiembl OeCIUIOAWS 3aBUCIT OT €ro THIA, KOTOPBIA
ONpENENsIeTCs MPUYMHAMH, €ro NoBJIEKIMMH. OTpacib penpoAyKTOJOTHHA Kak
HayKH HE SIBJISIETCSI HOBOM, €€ aKTUBHOE pa3BUTHE Hadasloch B 70-x rogax XX Beka,
Korjna ObUIM CO3/IaHbl M WCIBITaHbI MEpBbIE IpemapaTsl IS MeIUKaMEHTO3HOU
CTUMYJISILIUM SIMYHUKOB. llepBble MOMBITKM IepeHoca 3MOPHOHOB YEJIOBEKa U
pa3pabOTKu METOJa BCIOMOTAaTENIbHbIX PENpPOAYKTUBHBIX TEXHOJOTUM, KOTOpPbIE
3aBEpUIMIIMCh POXKJIECHUEM pebeHka, ObuiM BbIModHeHbl [. DnBapacom u I
Crpenroy B 1978 roay (Anrmms). C Tex mop TEXHOJIOTHSI Havajla CTPEMUTEIBLHO
pa3BUBATbCAd M €€ CTalM HKCIOJb30BaTh JIs JICUEHUS TPYOHO-IEPUTOHEATHHOTO
oecroaus. [lepBrlil B Mupe «pebeHOK 13 MpoOupku» poauicsa B BenukoObpuranuu
B 1978 rony (Jlyusza bpayn), a B Poccun — B 1986 r. K 2000 roay ycnemniHo

MOSIBWJIMCH Ha CBET yxe 0K010 900 Thicau MuaaeHues [4].
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JlocTrKeHns: COBPEMEHHOM HAayKH AKTUBHO MCIOJIB3YIOT HEMAJBIA apCeHAI
METOJMK JUIsl PEIIeHUs MpoOJIeMbl HU3KOTO PEIPOYKTUBHOIO MOTEHIIMANA HAIIUH,
CpeAu KOTOPBIX MOXHO OTMETUTH Pa3BUTUEC MHUHUMHBA3UBHBIX XUPYPTUUECKUX
METO/IOB KOPPEKIHH OECIUIONUs, TeHETUUYECKUX CKPUHUHTOB M BBICOKOTOYHBIX
MPULIETBHBIX HAHOCUCTEM B PENPOAYKTUBHOU MEAUIMHE.

Metonbl  BCIIOMOTraTelNbHBIX  PENpPOAYKTHBHBIX  TexHojoruid  (BPT)
COBEPUIECHCTBYIOTCSI C Ka)XIbIM JHEM, IMpECIeays JIMIIb E€IWHCTBEHHYIO LIENIb —
JIOCTUKEHUE JKEJIIAHHOU W JOJITOKIaHHOU OEpEMEHHOCTH U POXKIACHUS 3JJ0POBOTO
pebeHKa y poauTeNeid, He UMEIOIIUX BO3MOKHOCTH 3a4aTHsi €CTECTBEHHBIM ITyTEM
[37]. Ha cerogHsimiHuil JIeHb HEYKJIOHHO PacTeT YMCIIO Map, OOpallaromuxcs 3a
nomonisio K BPT, Takum kak skctpakopnopaibHoe omiogorBopenue (OKO) unu
WHTpaIMUTOIIa3MaThueckass uHbeknus crnepmarozousoB (MKCU), 3auatue u, B
KOHEUYHOM UTOTe, COOCTBEHHOE POKJICHHE 3JJ0POBOT0 KMBOTO pPEOCHKA.

MexayHapoaHbIA ~ KOMUTET TIO  HCCIAEJOBAHUIO  BCIIOMOTATEJIbHBIX
penponyktuBHbX TexHoioruit (ICMART) mnpemoctaBuna CTaTUCTHKY pocTa
BOCTPEOOBAHHOCTU U PE3yJIbTATUBHOCTH BCIOMOTATENIbHBIX PENPOIYKTUBHBIX
TEXHOJIOTUH. DKCHEpThl Ha3bIBalOT TexHosoruio KO mpopblBOM B MEAMIIMHE U
MPOTHO3UPYIOT OoJibllioe OyAylliee pa3BUTHUIO BCEM OTpaciv PEnpOayKTHUBHBIX
texHoJiorui. [1o nanneim cratuctuku ICMART, 9KO, npoBeaeHHOE MaliMEHTKaAM
10 35 net, NpUBOJUT K JOJITOKIaHHOM 6epeMeHHOCTH B 32% ciydaes.

[Ipu oOparenuu xeHIMH B Bo3pacte ot 35 10 37 net adgdextuBHOoCTh KO
MokeT Jocturath 28%, B 38-39 net —21%, a B 40-42 rona — 14%. Ha ceromasmumii
JICHb KOJIN4eCTBO LUKIOB BPT yBenmumBaeTcs BO BCEM MUPE B T€OMETPUUECKOU
nporpeccun. KonmdecTBo aereid, poxxaeHHbIX ¢ nmomolibio BPT no cocrosiuuio Ha
2020 rom, mpeBHICKIIO MATUMUIUTHOHHBIN pyOex [141]. IIpu atom Poccust BXxonut B
necarky auaepos no nukiaaMm BPT. K 2020 r. peructp pacnonaraer CBEICHUSIMHU O
902 578 muknax BPT, npoBenennsix B Poccuu, u 225 354 poxaeHHbIX gerei [23].

Onnako crieayer 3aMeTUTh, 4YTO BCIOMOTAaTelbHbIE PENPOAYKTUBHBIC
TEXHOJIOTUHU HE SIBJISIFOTCS €IMHCTBEHHOW albTEPHATUBOU TPAJULIMOHHBIM METOAaM

JICUCHUA 6ecnnozm;1, HO HMCHKOT OINPCACICHHLIC MPHUOPUTCTBI 3a CYUCT
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BBICOKOTOYHBIX, IPULIETbHBIX MUHUUHBA3UBHBIX TEXHOJIOTHM, aKKyMYJIUpPYs B ceOe
NepeIoBbIe IOCTHKEHUSI MUPOBOM MeIULIUHBI. D(H(HEKTUBHOCTH KOHCEPBATUBHOTO
JedeHus: UHPEePTHIBHOCTH TPYyOHO-TIEPUTOHEATFHOTO MPOUCXOXKICHUSI TOCTUTACT
37% B cBsi3U ¢ HU3KOM A(PPEKTUBHOCTHIO, B MOJABISAIONIEM KOJTUYECTBE MAI[IEHTOK
MOKa3aHO MPUMEHEHHE JIeYeOHBIX MPOTPaMM BCIIOMOTATEIbHBIX PETPOTyKTUBHBIX
TeXHoJIoTul [45].

CoBpeMEHHBIE METOJIHMKU BCIIOMOTATEIbHBIX PEMPOAYKTUBHBIX TEXHOJOTHI
Bkmovator B cebs  GIFT, ZIFT, ICSI (MESA, TESA, TESE, PESE),
OIJIOJOTBOPEHMS 1N Vitro ¥ METOIbl METUKAMEHTO3HON KOPPEKIIMU TOPMOHAIIBHOTO
(GoHa, MHAYKLIMIO OBYJIALMU C HEMOCPEICTBEHHBIM BO3JICHCTBUEM Ha IOJIOBBIE
KJIeTKH. MHorouncieHnble kKoMOnHauuu metoauk BPT mpuBenu kK ycnemHomy
HACTYIUICHHIO JOJTOXKJIAHHBIX OEpEeMEHHOCTEM, a caM METOJ OTHECIH K
OOILIETIPUHITOMY CTaHAAPTY JedeHus: oecroaus [39].

Kaxnasa mporpamma BPT cOCTOMT M3 BaKHBIX NOCHEAOBATENBHBIX 3TaroB,
OJIHUM M3 KOTOPBIX SABJISETCA MHAYKLUA OBYJISILMHA JUIS TIOJIyYEHUs JOCTATOYHOIO
KOJIMYECTBA  3pEJIBIX  IPEOBYJSATOPHBIX  OOLMTOB  JUI  JAJbHEHIIETrO
OIUTIOIOTBOPEHHS. DTOT 3Tam 00s3aTeNIbHO MPUCYTCTBYET BO Bcex mukiax BPT.
Crenyrolye 3Tamnbl OTIMYAIOTCA MEXIY COOON M 3aBUCIT OT BbIOOpa MPOTpamMMbl
BPT. Pesynprar ycnexa mukina BPT npsMo nponopuyoHaIbHO 3aBHCUT OT
XapakTepa OBapUaJbHOIO OTBETA NALMEHTKM Ha MHIAYKLIMIO OBYJALMH. Hacrora
HeyAauHbIX nonbITOK BPT y manmeHTok ¢ HeqoCcTaTOUHBIM OBapUalbHBIM OTBETOM
coctaBisieT 22% [81]. OTHOCHTENBHO 0COOBIX TpeOOBaHU MEpe]] NCTIOIL30BAHIEM
meromuk BPT, MoxHO cdhopmynupoBarh KIHOUEBbIE MOMEHTHI: HE CIEIyeT
no0UBaThCSl HACTYIJICHUSI OEpEeMEHHOCTH IEHOM HAHECEHMs] Bpella OpraHu3My
MALIMEHTKHU 34 CYET IIPOBEAECHUS HENPEPHIBHBIX LIUKJIOB CTUMYJISILUU IIPU YCIIOBUH,
YTO MPEAbIAYIINE LHKJIbl 3aKOHUWIIMCh HEYJayHO, BEAb IPOLIEHT HACTYIUICHUS
OepEeMEHHOCTH HauOOJIBIINHI MTPU NEPBBIX MOMbITKaX ucnoiab3oBanus BPT u numeer
YETKYIO0 TEHJEHLMIO K CHIDKEHUIO IIPH KaX 101 cienyromei mpouexype [102].

Crnenyet HOMHUTB, YTO HENb34 yIIydlllaTh okaszarenb 3¢ dexktruBHocTr BPT 3a

cuet nepeHoca 3-4 sMOPHUOHOB C LENbIO MOy4YEeHH MHOTOIIJIOTHOM OepeMEHHOCTH,
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MOTOMY YTO PHUCKH MPEBBIMIAIOT MOJIb3Y MOJIYUYECHHBIX PE3YJbTATOB U MOBBIIIAIOT
YaCTOTY BO3HUKHOBEHHS aKyLIEPCKUX OCJIOKHEHUM, CBSI3aHHBIX C MHOTOIUIOJHOMN
O0epeMeHHOCThI0. [ 10 MHEHUIO BEyIINX PENPOAYKTOJIOTOB, ONTUMAIBHOU TAKTUKON
JedeHus] OecruIonus sIBJISETCS BHIOOp CTpaTeruu TpaHcdepa OgHOTO AMOpHOHA —
«Single Embryo Transfer Strategy» (SETS) [158].

[TpoGiema ycrenHoro edeHust OECIUIOANs C MOCIEAYIOIUM HACTYTIJICHUEM
JIOJITO’KJJAHHON OEpEMEHHOCTH SBIISIETCS JIMIIb MEPBOM CTYNEHBKOM Ha IMyTH K
CYACTIIMBOMY MATEPUHCTBY, 3a KOTOPOM HAXOJATCS IBEPU B CAMBIU CIOKHBIN ATall
— obecrieueHre BBIHAIIMBAHUS OCPEMEHHOCTH M POXKIACHUS 3JI0POBOIO peOEHKA.
BPT sBasiercst neueOHOM MpoIeaypoid, KOTOpasi MPAKTHUECKH Ha Ka)XJIOM dTare
CBSI3aHa C BO3MOXHBIMH OCJIOKHEHUSIMU, KOTOPBIE YIPOKAIOT 3I0POBBIO0 U JaXe
KW3HU TMAlMEHTKU. B mpouecce mpoBeAeHUs KOHTPOJIHMpPYyEMash OBapUajbHAs
ctumyisiniust  (KOC) wnaubornee TpoO3HBIM OCIIOXKHEHHEM SIBISICTCS  CHUHAPOM
runepctTumyisiuun sudHukoB (I'CH) [114]. bonblyo ponb cpenyd OCI0KHEHUN
BPT umeroT ncuxosMoimoHaabHbie paccTpoiicTba [176].

N3BeCTHO, YTO y KEHIIMH C OTATOIICHHBIM PENPOAYKTUBHBIM aHAMHE30M
JIOCTAaTOYHO OOJBIION MPOIEHT Pa3BUTHS OCIOXKHEHUN BO BpeMsi OEpPEMEHHOCTH.
bepemennoctu, HactynuBiiue B pesynbrare BPT, umeror 0ornee BBHICOKYIO 10O
HEBBIHAIIMBAHUS, MHOTOBOJAMS, a Takxke (OpMUpPOBAHME IUIALICHTApPHOU
HEJIOCTaTOYHOCTHU, BIIUSIONICH Ha MEepUHATaIbHOE OJiaromojydyue, a Mmepexons B
OCTPYI0 KIMHUYECKYI0 (opMy yrpoxass XuU3HM Marepu U peOenka [105].
3HAYUTEIBHON  ABJSIETCA O  PENPOAYKTUBHBIX IOTEPb, SKTOMUYECKOU
o6epemenHoctd u mnpexaeBpeMeHHbIX poaoB (III1). OcHoBHBIMM TpUYMHAMU
HEOJIaronpusITHBIX TEPUHATAIBHBIX TMOCIAEJACTBUM SBISETCS HEBBIHAIIMBAHUE
6epemenHocty Ha (oHe TutanieHTapHoit aucynkiuu (I1J1) u npexaeBpeMeHHOTO
paspsiBa mioaHbIX obonouek (ITPI1O) [155].

Yacrora HeBbiHammBanus nociie BPT konebnercs B mpenenax 10-27% ot
o0miero uyuciaa OEpeMEHHOCTEeW Yy JKEHIIMH, BCTABIIUX HA YYe€T B IKEHCKYIO
KOHCyJbTanuio. Tak, mo nanHeiM uccnenoBanus Winter E. et al. oOmuii ypoBeHb

notepu GepeMeHHOCTH, Mpousonieniieit 10 6-7 Henenb cocraBun 16% [116]. U3
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1200 ogHOTUIIOAHBIX OepeMeHHOCTeN 1Mo JaHHBIM HccaenoBanuss Tummers P. et al.
[188] oOmiasi yactora camMONpOU3BOJBHBIX abopToB coctaBuia 21,8% (262
CaMOIIPOU3BOJBHBIX a0opTa). O0IIas yacToTa paHHUX PENPOTYKTUBHBIX MOTEPD IO
JAHHBIM PETPOCIEKTUBHOIO KOTOPTHOI'O HMCCJIEAOBAHUSA PHUCKA PENPOTyKTHBHBIX
NOTEPh Ha MPOTSHKEHUHU BCe OepeMeHHOCTH, monydeHHoi mocine APT, Bkioyano
5485 knuHMYEeCKMX OEpeMEHHOCTEH, HacTynuBIIMX B pe3yiasrate BPT,
npoBenenHoro Hu L. et al. [134] cocraBuma 12,5%. W3 685 1mukios
HEBBIHAIIMBAHUS OepeMeHHOCTH 460 3aKOHUWJIUCh PAHHUM  BBIKUJBIIIEM,
ocTajbHbIE ObUIM 3aUKCUPOBaHbI Ha OOJIEe MO3JHUX CPOKaX.

Urak, npopsiB B o6nactu BPT B HOBeliiel HCTOpUM HAYKHU MTO3BOJIWII MapaM,
paHee HECIOCOOHBIM 3a4aTh peOeHKa, TOCTHYb KU3HECTIOCOOHOM OEpEMEHHOCTH, U
B TO € BpEMsA OTKPBUIO HOBOE HAINPABICHHE B MNPEIUKTOPAX PaHHUX
penpoOAyKTUBHBIX ITOTeph. X0Ta BPT yiydmmna pe3ynbTaThl AJ11 UCIIBITHIBAIOIINX

3aTPYJAHCHHUA B 3a49aTHU I1ap, BOSHHUKJIA HOBAs np06neMa: HEydauHas UMILJIaHTalu.

1.3. @akTopbl pUCKA PAHHHUX PENPOAYKTUBHBIX MOTEPb y KEHIIUH
MOCJe BCIIOMOIaTeJbHBIX PENPOAYKTHBHbBIX T€XHOJIOT UM

Cpeny OCHOBHBIX MPUYUH PENPOAYKTUBHBIX NoTeph nocie BPT Bemymumu
BBICTYTAIOT UH(EKIIMOHHBIE, YHIOKPUHHBIE, AHATOMUYECKHE, TICUXOJOTHUYECKUE U
reHeTH4eckue (HaKTopbl, KOTOpPhIE NPUBOIAT K (HOPMUPOBAHUIO AHOMAJIHLHOTO
AMOpPHOHA WM MOPOKOB PAa3BUTHUS MJIOAA C TMOCIEAYIOIIUM MPOTPECCUPOBAHUEM
NaTOJIOTHYECKONH OepeMEeHHOCTH.

J10CTOBEPHBIX JaHHBIX JJIsl CPABHEHUS YaCTOTHI BBIKUBIIIEH ITPU CIIOHTAHHOU
oepemennoctu u ipu BPT Het, HO OOIIENPUHATO CYUTATh, YTO YACTOTA BHIKHUIBIIIA
HecKoJbKo Bhime nocie BPT. OcHoBHas mpruymHa 6oJiee BBICOKOTO pUCKa — BO3PAcT
NAIMEHTOK, KOTOPHIM B CpeTHEM Ha 3-5 JIeT BbILIE, YeM Y (PepTUIIbHON NOMYJIsINN
Ha MOMEHT TMepBol OepeMeHHOCTH. JIeMCTBUTENIBHO, HCCICIOBAHUS PHUCKa
CaMOIPOU3BOJIBHOTO BBIKUBIIIA IMOKA3bIBAKOT, YTO BO3PACT MAaTEPU SBIISIETCA
BOXHBIM (haKTOpPOM pHCKa pernpoayKTUBHBIX notTeph nocie BPT. EcrectBeHHoe

CHWXCHHNC PCIPOAYKTUBHOI'O INOTCHIHMAJIA KCHIMWUHBI ¢ TCHCHUCM BPEMCHU UMCECT
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JIBE OCHOBHBIC TPHWYMHBI: YMEHBIICHUE KOJMYECTBA OOIUTOB B SUYHUKE U
CHI)KEHME MX KayecTBa. AHTUMIOIJIEPOB TOPMOH, IIMKOMPOTEHHOBBIM TOPMOH,
CEKPETUPYEMBIH KJIIETKaMU TpaHyJIe3bl MPEaHTPATBHBIX U AaHTPATBHBIX (POJITUKYIIOB
SUYHUKOB, JOCTUTAeT MuKa B 20 JIET U MOCTENEHHO CHMXKAETCA J0 HACTYIUICHUS
MeHomay3bl. [IporpaMMbl TOHOPCTBA OOIMTOB SICHO CBUIETEIHCTBYIOT O TOM, UTO
PUCK HEBBIHAIIMBAHMS CBSI3aH UMEHHO CO CTAPEHHEM OOIUTOB, & HE CO CTApECHUEM
MaTku. boiiee TOro, uccienoBaHus OOIMTOB M 3MOPHUOHOB C HMCHOJb30BAaHHUEM
Merona ¢uayopecueHTHo rubpuauzanuu in-situ (FISH) noxazamu, yto wacrora
aHEYTUIOUINH B YEJIOBEYECKUX OOLUTAX YBEIUYMBACTCS C BO3PACTOM, BO3pacTas y
JKEHILIMH B Bo3pacTe™> 35 jeT u naxke B Oombie creneHun™> 40 net [226].

Salumets et al. 0OHapyX uiaKM, YTO OCHOBHBIM NMPOTHOCTUYECKUM (DAKTOPOM,
BIIUSIIOIIUM Ha UCXO0JI OEPEMEHHOCTH TPHU MEPEHOCE 3aMOPOKEHHBIX AMOPHUOHOB,
OCOOCHHO TPH HCIOIB30BAHUHA METOJa HHTPAIMUTOIIA3MATUYECKOW WHBEKIHH
cnepmaro3zousioB (MKCH), Ob11 Bo3pact Marepu. Bo3pacT maneHTKU HA MOMEHT
cbopa 1 3aMOpaKUBAHUS OOLIUTOB OBLT €MHCTBEHHBIM ONPEACISIONINM (HaKTOPOM
JUIsT OMOXMMHUYECKOro ucxoja OepeMeHHocTH. Hauwnas npumepno ¢ 39 iner,
yacToTa OMOXMMHUYECKUX OepeMeHHOCTel Oblia 3HauMTeabHO BhINIe. Ha wactoty
POJIOB TaK>Ke BIUSET BO3PACT MAaTEPH U KauecTBO SMOproHa [199].

Shapiro B.S. et al. oOHapyxuiu, 4TO C YBEIMYEHHEM BO3pacTa MarTepu
MOBBIIIAIOTCS  TIOKA3aTeIM ACMHXPOHHOCTH AMOpuoHa u sHAoMerpus. 50%
MIEPEBOIOB OBUTM ACHHXPOHHBIMHM Yy JKCHIIMH MJaamie 35 JIeT MO CPaBHCHHIO C
68,1%, KoTOophle ObUTM aCHHXPOHHBIMH Yy KeHIUH ctapiie 35 netr. Kpome Toro,
4acTOTa WMIUIAHTAIIMKA, KOTOpasi pPacCUMUTHIBANIACh JUIsl KaXJOro TEepeHoca
OJACTOLMCTHI M, CIIEJIOBATEILHO, paccMaTprBaIach Kak YUCIOBOE 3HAUYCHHE, ObLIa
3HAYUTENBHO HUXKE B ukiIax DKO y :keHIuH B Bo3pacte crapiie 35 jeT (B cpelHeEM
24,5 + 36,8) 1o cpaBHEHHUIO € )KeHIIMHAMHU MoJioxke 35 set (B cpenneM 41,1 +42.1),
a 9acToTa OMOXMMHUYECKHX OCpEeMEHHOCTEH Oblja 3HAYUTEIHHO BBINIC Y KCHIIMH
crapuie 35 Mo cpaBHEHUIO C >KeHIMHamu MmoJoxke 35 (28,1% nportus 14,9%
COOTBETCTBEHHO).

YpoBeHB KUBOPOKACHUS OBbLIT 3HAUUTEITHHO BBIIIE Y KEHIITMH MOJIOKE 35 JieT
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(50,7%), uem y xenmuu crapiie 35 net (28,5%). Y nmauuveHTok crtapiie 35 ner
TaKk)ke HaOJI0JaJI0Ch CHIKEHHE BBIXOJA OOIMTOB, OOpa3oBaHUs OJacTOLUCT U
TONIIUHBI d3HI0MeTpus [201].

YacToTa MMIUIAHTAIIMM KaK MPU MEPECATKE CBEXKHUX, TaK U 3aMOPOKEHHBIX
SMOPHUOHOB y AIMEHTOK B Bo3pacte Mosioxe 35 net (41,3% u 47,1%) 3HauntesnbHO
BBIIIIE, YEM Y KEHIIMH B Bo3pacte crapuie 44 net (1,9% u 16,2%). MUuTepecHo
OTMETUTh, YTO YACTOTA MMILUIAHTAIIMU TIPHU KCIIOJIb30BAHUHU JOHOPCKUX OOIUTOB,
MPEJICTABISIONINX BCE BO3PACTHBIE KaTeropuu, coctaBmwia 53,6% mnpu mepeHoce
cBexux daMOpuoHOB U 40,2% mpu nmepeHoce 3aMOPOKEHHBIX SMOPHOHOB [94]. D10
TaK)K€ IMOATBEPKIAaeT HUAC0 O TOM, 4YTO KauecTBO 53MOpHOHA, BKIIOYas
T€HETUYECKUE XapaKTEPUCTUKH, CHUKAETCS C YBEJIMYEHHEM BO3pacTa MaTepu.
Bonkos B.I'. u AxunbroBa 3.C. 0TMEUaroT, 4TO JIOCTaTOYHO BBICOKHE LHUDPHI
BO3pacTa OEpEeMEHHBIX MO3BOJSIOT yOEAUThCA B Oojiee MO3AHEH peau3aluu
PENPOIYKTUBHBIX (DYHKIMIA COBPEMEHHOW >KEHIIWHON. AHAlu3 JaHHBIX MOKa3all,
YTO  BEAYUIUMH  MEIUKO-COIMAIbHBIMUA  (PAKTOpaMH  CaMOMPOU3BOJIBLHOTO
npepbIBaHus OEpeMEHHOCTH B paHHHUE cpoku nocie BPT MoxHO cuutath BO3pact
JKEHILMHBl W TIapTHEpa cTapiie 35 JeT, KypeHue NapTHEpa, HEepa3BUBAIOIIASCS
OepeMEeHHOCTh B aHaMHE3€ U IepEeHECEHHbIE THHEKOJIOTnYecKue 3aboneBanus. Puck
HEBBIHAIIMBAHUSA OEPEMEHHOCTH HECKOJBKO BBIIIE Yy JKEHIIMH C XPOHUYECKUM
CAIBITMHTO0(OPUTOM, HAPYIIEHUEM MEHCTPYyaIbHOW (DYHKIIMM W TATOJIOTHEH
menKn MaTku [21].

Winter et al. uzyumiu QakTtoppl pucka OEpeMEHHOCTH, BKJIOYas BO3PACT
matepu, UMT, kypenne, CITIKS, sTnonoruro 6ecrioaus, peakiyo Ha CTUMYJISIIHIO,
KaueCTBO M KOJIMYECTBO 3aMEHEHHBIX AMOPHOHOB W TN JedyeHuss Ha 1196
OepeMeHHBIX KeHIMHaX, nony4atomux BPT. Onu mokazanm, 4To mMOKa3aTenb
BBIKH IbIIIA COCTaBIIs 16 % 10 6-7 Henenu 6epemenHoctu. Kpome toro, KypeHnue u
HU3KO€ KaueCTBO NIEPEHECEHHOT0 YMOPHOHA ObUTH CBSI3aHbI C YBEJIMUYEHUEM PAaHHUX
pPEeNpOAYKTUBHBIX MOTEPh. B TO BpeMst Kak Bo3pacT, OKUpPEHHE U ApyTrue (PakTopsl
CTATUCTUYECKHU HE MOKAa3aJId YBEJIIMUYCHHS PUCKA PAHHHUX PENPOAYKTUBHBIX MTOTEPD.

Xota xeHIUHbl ctapiie 40 JeT uUMeNnu NOBBIIMIEHHBIM PHUCK, 3TO HE OBLIO
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3HAYUTENbHBIM TIOCIIE MOMpPaBKH Ha Apyrue ¢akrtopbl. Puck mns xyneix (UMT
<18,5) u crpangarommx oxupenuem (MUMT> 35) sxkeHIIUH Takxke HE ObLI
3HAYUTENILHO BBIIIE B MPOBEJCHHOM aBTOpaMu MHOTO¢akTopHOM aHanuze. [116].
Torna xak mo maHasIM Moragianni V. A. et al. y manmeHTok, mojasepraromuxcs BPT,
nauueHTku ¢ oxupenuem I, II u Il knaccoB (MMT> 30) umenu cambiii BEICOKUN
[IAHC HEYJaYHOW HMMIUIAHTAllUM, MPOJIEMOHCTPUPOBAHHBIM COOTBETCTBYIONIUMU
oTHomeHusmMu 1mancos: 0,69 (0,53-0,90), 0,52 (0,36-0,74), u 0,58 (0,35-0,96) no
CPABHEHUIO € MAMEHTKaMH ¢ HopMaibHbIM BecoM (MMT 18,5-24,99).

XO0Ts He OBUIO 3apPETUCTPUPOBAHO PA3IMYUN MKy pa3HbIMU Tpynnamu UMT
B otHomeHnu BPT, marmenTs! ¢ oxxupenuem kiacca [ (MMT> 40) umenu camble
BBICOKHME OOIIIKE MTOKa3aTeNId paHHUX PENpoayKTUBHBIX noTeps [173]. Kpome Toro,
YKEHIIUHBI ¢ U30BITOYHBIM BecoM U oxkupenueM (MMT> 25) npu npoeaenuu BPT,
y KOTOPBIX OBLJIO COOpaHO MEHbIIEE KOJUYECTBO OOLMUTOB, ObLT 00Jiee BHICOKUMH
PHUCK HEYJaYHOW UMILUIAHTAIIMYU U BBIKUJIBIIIA, YEM Y KCHIIIMH C HOPMaJIbHBIM BECOM
U C TaKUM K€ KOJIMYEeCTBOM COOpaHHBIX 0o1UTOB [181]. XKenmunam ¢ oxxupenneM
noTpeOOBaAIOCH OOJIbIIE IIUKIOB CTUMYJISIIMM TOHAAOTPONIMHAMU, HO TIPHU 3TOM Yy
HUX OBLJIO CTATUCTUYECKHW MEHBIIIE OOLMTOB I cOopa (B cpeaHeM 8 mpotuB 10 y
xeHH Oe3 oxupenus, P=0,03). Dto mnpenmonaraer, 4ro OXUPEHUE MOXKET
NOBJMATh Ha KadecTBO OOLMTOB U pa3Butue (ommukynoB [118]. Xors ITIPII
OTJIMYAIOTCA OT IIOBTOPHOM HEYJAaYHOW HWMIUIAHTalUuW, MOBbIIEHHbI HMMT
cCUMTaeTCsd HamboJiee BaXHBIM (PAKTOPOM pHUCKAa BBIKUIBIINIA Y TAIUEHTOK,
ctpaaatomux ot [TPI1, mocne yBenuuenust Bo3pacra [155].

Camorpon3BoibHBIE a00PTHl B OYKBaJIbHOM CMBICIIE 3allpOrPaMMHUPOBAHbBI B
OpraHu3Me KEHIIMHBI B OOJIBIIOM IPOIIEHTE CIIYy4aeB M TOJIBKO HEOIHOKpATHBHIE
nonbITku iporpamMm KO mMoryT npeooniets NporeHT Heyaad [73]. B monb3y 3Toro
(dakTa TOBOPUT KYyMYJSTUBHBIA 3(PQEKT, TO €CTh, OAHAXKIBI MPEOA0JeB Oapbep
PEeLMIUBUPYIONTUX CAMOMPOU3BOJBHBIX BBIKHIBIIICH, IIaHCHI HA YyCHeX B
nporpamme  OKO  3HaumtenbHO  Bo3pactatoT. OO0 3TOM  yOeAWTEIbHO
cBuzieTenbcTByeT uccienosanue Cameron N.J. et al. [107], rae B cBoeM mepBoM

nosHoM 1wmkiae 'y 9321 (8,3%) okeHmmH ObUT KaK MUHUMYM OJWH
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CaMOIPOU3BOJIbHBIA a00pT U HE ObLI0 pooB; 33 152 (29,5%) umenu no kpaiinei
Mepe OJIHO JKUBOpoXkaeHue, a 70 076 (62,3%) He umenu OepeMeHHOCTEH.

[Tocne nByx AaJibHEMIIMX MOJIHBIX LHUKJIOB KoHcepBaThBHBIE CLBR (koTOpBIE
MPEANOJIAral0T, YTO KEHIIWHBI, KOTOPBIE BIOCJIEACTBUU MNPEKPATHIA JICUCHHUE,
HUKOTJIa HE UMENIU XKUBOpoxkaeHul), cocraunu 40,9, 49,0 u 30,1%, Torma xax
ontumasibible CLBR  (koTopble mpeamnosiaratoT, YTO JKEHUIUHBI, KOTOpHIE
MPEKPAIAIOT JICYCHUE, UMEIOT TAaKOW JK€ IIAHC Ha XKUBOPOXKICHHUE, KaK U TeE,
npoJieueHHbie) coctaBuiu 49,5; 57,9 u 38,4% B rpymnmax ¢ HEBbIHAIIMBAaHUEM
OEepeMEHHOCTH, KUBOPOXKJICHUEM U OTCYTCTBHEM OEPEMEHHOCTU COOTBETCTBEHHO.
KoadduimeHTsl COBOKYIMHOTO >KHUBOPOXKACHUS JJIsl KEHIIWH, KOTOPbIE HMETH
CaMOITPOU3BOJIbHBIA a0OPT B MEPBOM MOJHOM HUKJIE ObutH Ha 42% BbIIIE, YEM Y
TeX, KTO HE uMen OepeMeHHOCTH [oTHOmIeHue mancoB (95% JU) = 1,42 (1,34,
1,50)], u BaBoe BbINIE IJs1 KUBOPOXKIECHUW IO CPAaBHEHHIO C OTCYTCTBHEM
oepemennoctu [2,04 (1,89, 2,20)].

CornacHo naHHbpIM uccienoBanus Shen J.D. et al. [99], xpomocomHas
aHOMaJIUSl ABJISIETCS] BEAYLIEH MPUYMHON CaMONMPOM3BOJIBHBIX a0OPTOB HA PAHHUX
Cpokax OEpeMEHHOCTH, a 4YacTOTa XPOMOCOMHBIX AHOMAJUN YBEITUYUBACTCS C
yBEIUYCHHEM MaTepuHckoro Bo3pacta. Zhang Y.F. et al. [113] uzyyanu BnusHue
YyHucila NpeablAyIuX CaMOIPOU3BOJIBHBIX a00PTOB HA YCHEIIHOCTh MEPBOIO UK
OKO wuinyM MHTPalMTOILIa3MAaTUYECKONM HWHBEKIIMU CIEPMAaTO30UI0B. ABTOpAMHU
MOJIyYEeHbI JIaHHBIE O TOM, YTO OJAHOKPATHBIN CAMOIIPOU3BOJIbHBIN a0OPT B aHAMHE3E
HE OKa3bIBACT OYEBUIHOTO BIHSHUS HA YCIEIIHOCTH (HOPMHUPOBAHUS SMOPHOHA, HO
OKa3bIBAaeT HETATMBHOE BIMSHUE HA YaCTOTY yCIeXa KIMHUYECKIX OEpEeMEHHOCTEH,
YacTOTY PAaHHUX CAMOIIPOU3BOJILHBIX A00PTOB M YAaCTOTY KUBOPOKACHHUI B IEPBOM
nukiie OKO / UKCH; ¢ yBenndeHneM 4uciia caMOIPOU3BOJIBHBIX a00PTOB, PUCKHU
HEBBIHAIIIMBAHUS PACTYT.

Meng J. et al. [142] mokazanu, 4YTO DHIAOMETPUN MAaTKU MPU KaXKIOM
NOCNEAYIOEM IMKJIE€ TMepeHoca HMOPHOHOB B TpyNIe MAlHUEHTOK C
MPEAIIECTBYIONIEH XUPYPrUYECKOM »HBakyaluued ObUT HAMHOTO TOHBIIE IO

CPaBHEHHIO ¢ rpymnmnoii 0e3 xupyprudyeckoit spakyauuu (9,0 + 1,6 mm npotus 9,4 +
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1,9 mm, P =0,01). Ograko, aBTopaMu He OBUTO BBISIBJICHO 3HAYUTEIIBHBIX Pa3IAIUi
B YacTOTE MMIUIAHTALIMM, KIMHUYECKOH OEpEMEHHOCTH, YACTOTE KUBOPOKICHUMN
WM JaThHEUIINX BBIKUABIIIAX MEXAY TPYNIOW XUPYPTrHYECKON HBaKyald M
rpynmnoit 6e3 xupyprudeckoit sBakyauuu (P> 0,05). YpoBeHb poxxaaeMocTH ObLI
BBILIE B IPYMIE C TOJIIUHONW SHIOMETPHUS = 8 MM 110 CPAaBHEHMIO € IPYNION <8 MM
y MAlMEHTOB, NEPEHECIINX XUPYpPrudecKyto 3Bakyauuto (43,0% nporus 17,4%, P
<0,05).

Wang Y. et al. [77] uccnenoBaiivi B3auMOCBS3b CaMOIIPOU3BOJIBHBIX aDOPTOB U
UCKYCCTBEHHBIX a0OPTOB B aHAMHE3€ KEHILMH, y4acTBYIOLMX B mporpammax IKO.
CoriacHO MOJYyYEHHBIM UMH JIaHHBIM 4acTOTa CaMOIIPOU3BOJIBHBIX a00PTOB ObLIa
3HaunTenbHO Bhime (30/170 [17,6%] mpotuB 41/420 [9,8%]; P = 0,002), a
SHIOMETpHUH ObLI 3HaUNTEIbHO TOHBIIE (8,8 + 1,8 mpotus 9,7 = 1,8 cm; P =0,001)
Cpelli MAMEHTOB C UICKYCCTBEHHBIM a0OPTOM B aHAMHE3€ IO CPABHEHHUIO C TEMHU, Y
KOI0 €ro He ObU10. B aHanu3e moArpymnn nanqueHToB ¢ UICKYCCTBEHHBIM a0OpTOM B
aHaMHe3€ y )KCHILUH, IePEHECIINX XUPYyPTruuecKuii abopT, YaCTOTa KUBOPOXKICHU I
OblJIa HUKE MO CPABHEHUIO C MEIMKAMEHTO3HBIM abopToMm (29/76 [38%] npotus
101/378 [27%]; P = 0,039). Kpome Tor0, )XCHIMHBI, y KOTOPHIX B aHAMHE3¢ OBLIO
OoJiee IBYX XUPYPTHUECKHUX aOOpPTOB, MMeNN Oojiee HU3KHE IMOKa3aTelIn POJOB B
peaJbHOM BPEMEHU U KIIMHUYECKYI0 OepeMeHHOoCcTh (00e P <0,05).

Kypenue npuBOIUT K 3HAYUTEIILHOMY YBEIIMUEHUIO PUCKA PEIPOTYKTUBHBIX
NoTepb ISl KaK10H OEpEMEHHOCTH MO CPABHEHUIO C HEKYPSIIMMH MAlMEHTKaMHU,
nonyyatomumu BPT [69; 217]. beuio oOHapykeHO, YTO y KypsIIUX >XEHIIWH,
noasepratomuxcsi BPT, Bo BpeMst CTUMYIISIIAK SUYHUKOB YPOBEHB ACTPaNOa ObLIT
HUKe. TOKCUHBI CUTapeT MOTYT UTPaTh pOjib B HAPYIIEHUH (POPMUPOBAHUS JKEITOTO
Tesna u uMmIuianTanuu dmopuona [101]. Fuentes A. et al. mpogeMoHCTpUpOBaIH, YTO
y KypsIIMX XKEHIIUH ¢ 00siee BBICOKMM YPOBHEM KOTUHHUHA (METa0O0JIUT HUKOTHUHA)
B CBIBOPOTKE BO BpeMs LMKIOB BPT wu3BiIekanoch 3HAYUTEIBHO MEHBIIIE
SULEKJIETOK, XOTsS YPOBHH KOTMHMHA HE OKA3bIBAJM 3HAUYUTEIHHOTO BIMSIHHS Ha
4aCcTOTY MUMIUIAHTALMK B Iukiax [119].

MartepuHcKoe KypeHue daiie ObUTO CBS3aHO CO CITIOHTAHHBIM BBIKHIBIIIEM C
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HOPMAaJIbHBIM KapUOTHUIIOM IJIOJIA, YEM C aHOMAIbHBIM KAPUOTHUIIOM, UTO IMO3BOJISET
MPEANOJIOKUTh, YTO TOKCHYECKHE d(PPEKTh OKUCH yTiepoJla 1 HUKOTHUHA MOTYT
OBITh OCHOBHBIMHU (haKTOpaMu, MPUUIUHSIOMUME Bpen. OKHUCh yriiepoaa MOXKET
BbI3BaTh MCTOIIEHUE 3aM1acOB KUCJIOPOJa y TI0AA, a HUKOTUH MOXET MPUBECTH K
CY’KEHHUIO COCYI0B U CHMKEHUIO KOJMYECTBA MUTATENIbHBIX BEIIECTB JIJIS TUIOA U3-
3a mojAaBieHuda anmnerutra matepu [69; 74]. IlokazaHo, 4TO 4YacTOTa HACTYIUICHUS
OEpEMEHHOCTU CpelHd KypAIIUX SJKCHIIMH B I1I€JIOM HHUXKE MO CPaBHEHUIO C
HEKYpSIIUMH, OJHAKO pPa3iMuvsg B YacTOTE 3a4yaTUs MEXIy JBYMs TpynnamMu
MUHHUMAaJIBHEI [101].

Taxke HEOOXOIMMO YYUTHIBaTh BIUSHHUE KypeHHS Ha  MYXKCKYIO
depTribHOCTh. Kunzle R. et al. oOHapyxuiu, 4T0 y KypUIBbIIMKOB MYKCKOTO 10OJ1a
3HAYUTENBHO YMEHBIIWIOCHh KOJIMYECTBO crniepmaTo3ouaoB (2294 + 251,5 x 10
6KJ1eTOK Mo cpaBHeHMIO ¢ 278,1 =264,2 x 10 6 knetok, P =0,0001), 6onee Bricokuit
MPOLIEHT aHOMabHOU Mopdosoruu (21,2 £+ 14,6% HopManbHBIX (GopM IpoTUB 23,7
+ 15,5% nopmanesubix hopm, P = 0,0007), camxenue nmoasuxuocTH (105,6 + 132,7
x 10 6 xknetok npotuB 126,6 = 136,8 % 10 6 knetok, P = 0,0016) 1 mOBBIIIIEHHOTO
ypoBHs1 pH, u3MepeHHoro no KoHueHTpauuu nurpara (86,7 + 57,3 npotus 111,7 £
303,1, P =0,0072) [153].

BbI10 TOKa3aHO, YTO MOBBIIEHHBIA YPOBEHb KOPTH30J1a, TAKXKE M3BECTHOIO
KaK «TOPMOH CTPECCa», YBEJIIMUUBAET BEPOSITHOCTh BhIKUbIIIA B 2,7 paza (95% AU
=1,2-6,2) B TeueHHE NEePBHIX 3 HEACIb MOCIIE 3a4aTHs 10 CPABHEHHUIO C KEHITUHAMU
C HHU3KUM ypOBHEM KopTuzojia. I[Ipou3BOJICTBO KOpTHU30Jia B OpraHU3MeE
MOBBIIIAETCA B OTBET HAa ICUXOJOTHMYECKHWE, WMMYHOJOTHUYECKHE U JpyTrue
CTPECCOPBI, ATO TO3BOJIAET MPEANOJOXKUTb, YTO OH CIYXUT MapKepoM,
CUTHAJIM3UPYIOMIUM O HEOJIArOMPUATHOM COCTOSIHMHM JKEHCKOTO OpraHu3Ma s
3a4yaTud U BbIHamMBaHug [180]. DT0 roBOpUT O TOM, YTO MPEIOTBPAIICHUE WUIIU
yMEHbIIEHUE (PAKTOPOB MATEPUHCKOTO CTPECCa MOKET MOJIOKUTEIbHO CKa3aThCs
Ha OEPEMEHHOCTH.

B ornuume ot sroro uccnepoanusi Pasch L.A. et al. oOnapyxumu, 4to

TICUXOJOTHYCCKUM CcTpeCC, TaKOM KakK KJIMHUYECKas TpCBOra WK ACIIPECCHUA, HC
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OKa3bIBAET 3HAYWTENIBHOTO BiMAHUA Ha ucxon BPT y xeHmwmH, BOepsbie
npoxoasmux JedeHue oecroaus. OgHako umeHHo Heyaada BPT moxeTt npuBectu
K ©Oojee BBICOKOMY YPOBHIO TPEBOXKHOCTH M JACTIPECCHH Cpazy MOCTe
OTPHULIATENBHOTO pe3yibTaTa. bosee BbIcOKHE Moka3aTenu aenpeccuu nocie BPT y
JKEHILMH C PENpOAYKTUBHOM TMOTeped HaONIoAaluCh dYaille, YeM Yy >KCHIIUH,
JOCTUTIIHNX ycnenHoit 0epemenHocTH (44% npotus 30%, P <0,001). Heynaua BPT
Takke ObUIa CBsi3aHa ¢ 0oJyiee BBICOKMM YpPOBHEM TpeBokHOCTH mocie DKO mo
CPABHEHUIO C KEHIIMHAMU, KOTOPBIE CMOTJIM YCIeHO 3a0epeMeneTh (60% npoTus
50%, P <0,001) [184]. BayxHO y4UTBIBAaTh, YTO ITO UCCIEAOBAHNE KACAIOCh TOJIBKO
T€X, KTO BIEPBBIC MTPOXOIUII JICUCHUE OCCIUIOUSI.

Hur et al. nokasasnu, 4To %&€HCKHI1 BO3PACT, TOBBIIICHHBIN 0a3aIbHbI YPOBEHb
ACTPaJIKoiia, TOBBINICHHBIN Oa3anbHbil ypoBeHb DOCI', TOHKHI SHIOMETpUI
3HAQYMMO CBSI3aHBI C MOBBIIICHHBIM PUCKOM JOKIMHUYECKOU MOTepU OEPEMEHHOCTH
nocie BPT [140]. Hanpotus, uccienoBanue Zargar M. et al. He moka3ano Kakoii-
JM00 CYHIECTBEHHON KOPPENAIMH MEXAYy IMOTepel OEPeMEHHOCTH MU >KEHCKUM
BO3pacToM, AMA0ETOM, KypEeHHUEM U OXUPEHHEM, 4YTO YKa3blBaeT Ha 3(pPexT
BEPOSITHOCTH JTHX TEPEMEHHBIX W HE TMojapasyMmeBaeT UX A(P(PEKTUBHOCTH B
OTHOIIICHHHM Yycrexa OepemMeHHOCTH [164]. DTm pe3ynbTaThl MOATBEPXKIAOT
pe3yJbTaThl MPEABIAYIINX HCCIETOBAHUM, TMOKAa3bIBAIOIIUME 3HAYUTENIBHO OoJiee
BBICOKUH ypoBeHb noTepu 6epemenHoctH nocie KO cpean manuentok ¢ TPO-Ab
1o cpaBHeHMIO ¢ manueHTamu 6e3 TPO-Ab [192; 228].

[To manabiM Tummers P. u3 1200 omHomoaubix 6epeMennocteit mociae BPT
938 (78,2%) mpomoKamuch, B pe3yJbTare dYero oOmas  YacTtoTa
CaMOITPOU3BOJIbLHBIX a00pTOB cocTaBmia 21,8% (262 camonpous3BOILHBIX a00pTa).
Pe3ynbTar ¢ TOUKM 3peHUs] BEIKMBAEMOCTH MPU OEPEMEHHOCTH JBOWHEH OKa3aJcs
Jydiiie, 4eM MpU OJHOTUIOHON OepeMEHHOCTU. XOTS KCHIIMHBI ¢ 0EPEMEHHOCTHIO
NIBOMHEH OBUIM HECKOJBKO MOJIOKE, 4YEM JKEHINMHBI C  OJHOILJIOJHOM
OEpEeMEHHOCTBI0, ATy Pa3HUILy HEIb3sl OOBSICHUTH pa3inuusiMu B Bo3pacTte. [locne
YCTaHOBJICHUSI CEPACUHOMN JEeATENBHOCTH TUIOAA PUCK abopTa mpu OEpeMEeHHOCTU

OKO cHmwxkaercs BaBO€. BeposSTHOCTh BBDKMBAaHUS 3HAYUTEIBHO BBIIIE Y
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OEpeMEHHBIX JIBOMHEH Ha BCEX CTAWAX NEPBOrO TPUMECTPA, YTO YKA3bIBAET Ha
KOropTHbINA peHomen [188].

Mills et al. mpogemMoHCTpHpOBaNIM, YTO PUCK BBIKUBIINIA YBETUUHBAICA Y
MAIMEHTOK C MJI0X0 KOHTPOJIUPYEMBbIM HHCYJIMHO3aBUCUMBIM CaxapHbIM 1HA0ETOM,
B TO BpeMs Kak He ObLJIO OOHApy>KEHO 3HAYUTEIILHOTO TMOBBIIICHUS PUCKA CPEIu
NAlMEHTOK C XOpOLIO KOHTPOJUpyeMbIM auadberoM. bornee Ttoro, apyrue
WHTEPTEKIIMOHHBIEC 3200JIEBAHUSI MOTYT 3HAYUTEIBHO YBEJIMYUTH PUCK BBIKUBIIIA,
BKJIIOYAsl CUHAPOM TOJIMKUCTO3HBIX SIMYHUKOB, THUIOTHPEO3, HEKOTOPbIE
nH(MEKIMOHHbIC 3a00JI€BaHUs U Ay TOMMMYHHBIE 3a00JieBanus [ 168].

Zargar M. et al. He ObUTIO OOHAPYKEHO KAKON-IM00 3HAUUTEILHON KOPPEIISIIIUU
MEXIy MaTEPUHCKMMU NIEPEMEHHBIMU ArabeTa, nHaekcoM Maccehl Tena (MUMT> 30),
¢dakropom My:xckoro 6ecrnonusi, CIIKS u ncxonamu 6epemennoctu [P-3Hauenne™>
0,05]. bosiee Toro, He OBLJIO HUKAKOW KOPPENSALUU JUIsl APYTUX (PAaKTOPOB PHCKA,
BKimovast Bozpact marepu, tun APT (MKCH / DKO / FET), snaomerpuomy,
KypeHue Mmarepu, Heynaun OKO B aHamHe3e, aHOMajJuu MAaTKH., [I€pPBUKaJbHas
HEJJ0OCTATOYHOCTh, MHOTOIUIOJHAsE OEPEMEHHOCTh M KOJUYECTBO HMJIM KadyeCTBO
nepeHoca 3mMopuoHoB [P-Value> 0,05]. OTcyTcTBHE CBSA3M MEXKAY YCHCITHOCTHIO
o6epemenHoctu u TuroM APT o3Hawaer, 4To mpuUMEeHEHHE pa3IuyHbIX BUI0B APT
(BMU wn KO u UKCH) mano noBnusiio Ha ucxoa 0epeMeHHocTH [164].

Mera-ananmu3, mpoBefcHHbIH Hornstein et al. mpomeMoHCTpUpOBald, YTO
JTAHHBIE CEMU HCCIIEIOBAHUN HE BBIIBWIN CTATUCTUYECKH 3HAYMMOM CBSI3U MEXKIY
HaTM4YreM aHTU(GOCHOIUNUIHBIX aHTUTEN W KIMHUYECKOW OEpEeMEHHOCTHIO WITU
4acTOTOW KUBOPOXKIeHUH B Oyaymux uukiax BPT, xota Tounbsle ypoBHU HE ObUIH
ykazanbl [133]. HakaniauBaroTCs JaHHbIE O HEKPUTEPHUAIBHBIX KIMHUYECKHUX W
naboparopHbix nposiBieHUsIX ADC, 0IHUM U3 KPUTEPUEB KOTOPBIX SIBISIETCS JIBA
uin 6osnee HeoObACHMMBIX HeyaauHbix mukiaa OKO. Kpome Toro, HexkoTopsie
UCCJIEIOBAHMS TOKA3aIM, YTO TUM >KEHILIMHAM I[MOMOTaeT CTaHAAPTHOE JIEUEHUE
ADC [76].

EcTte HekoTOpble [aHHbBIE, MpENoJiaralolue, YTO HAacleJCTBEHHbIE

TpOMOO(HUINU MOTYT OBITH BOBIICYEHBI B MOATPYMITY KEHIIMH C HEOOBSICHUMOU
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peruanBUpYIONIeH Heyaadyer wmmrutantanmuu. Azem F. et al. oOHapyxwmm, 9To
4acToTa HACJIEICTBEHHBIX TpoMOoduIuii, TaKHX KaK AePUIUT
metuneHTeTparuapodonarpenykrassl (MTHFR), neiinenckuii paxrop V, aedunur
npotpoMOMHa M jaedpuuuT aHTuTpomMOuHa III, BblIE y JKEHIIMH C paHHUMHU
PENPOAYKTUBHBIMU TOTEPSAMH [0 CPaBHEHUIO C KOHTpOJIbHOW rpymmoi (44%
npotuB 18,2%, P =0,012) [78].

[Tocne uckitoueHus: ykasaHHBIX Bbllle (akTOpoB, B ocHOBe 70% ciydaes
PaHHUX  PENPONYKTHBHBIX IOTEph y JKeHmMH 1nocie BPT  nexar
UMMYHOJIOTHUECKHE  HApyLIeHMsl, KOTOpble HE  ObUIM  CBOEBPEMEHHO
JUAarHOCTUPOBAHBI.

[Io naHHBIM HCCIIENOBAaHHM, HOPMAJIBHOE BBINOJHEHHUE PENPOAYKTUBHOM
(GYHKIUM Y AKEHIIUH IPOUCXOAUT Oaroaapsi FTapMOHUYHOMY (YHKIIMOHUPOBAHUIO
MMMYHOJIOTHYECKMX MEXaHu3MOB. CaMO OIUIOAOTBOPEHUE SBIAECTCS PEaKLUen
AHTUT€H-aHTUTEJIO, TOTOMY UTO IJIOA-3TO AJTIOTPAHCILIAHTAT, KOTOPhIN umeeT 50%
Yy’>KEPOJHBIX AHTUTCHOB POAMUTEIBCKOTO IMPOUCXOXKACHHS. DU3NONIOrHYEeCKUi
TeUyeHue OEpEeMEHHOCTH OO0EClEeYMBalOT MHOrME (aKTOpbl, CBA3aHHBIE C
O0COOCHHOCTSIMU UMMYHHBIX PEaKIuii MAaTEPUHCKOTO OpraHu3Ma, KOTOpbIE, C OAHOMN
CTOpPOHBI, COXPAHSIOT TOJEPAHTHOCTh K AJUIOT€HHOMY IUIOAY, @ C JAPYyTrOro-rOTOBBI
3aIyCTUTh BCE HEOOXOAMMBIE WENU 3alUThl MPOTHUB BEPOSTHBIX UYKEPOIHBIX
areHToB [27; 32].

[lo nuTeparypHblM JaHHBIM, OCHOBHBIM MEXaHU3MOM COXPaHEHHs
OEpEeMEHHOCTH SABIIETCS MUMMYHOCYIPECCHsS, KOTOpas peaju3yeTcs C MOMOUIbIO
IUTOKMHOB. OCHOBHasi Macca IIUTOKMHOB cUHTe3upyercs aumdountamu. Korna
O0OHapy>KHUBAIOTCS MECTHBIE 3aIIUTHBIC PEAKIIUN HECOCTOATENbHBIMH, TO IIATOKUHBI
JEUCTBYIOT Ha CUCTEMHOM YPOBHE, @ UMEHHO — BIIMSIOT Ha BCE OPraHbl U CUCTEMBI,
y4acTBYIOIIME B MOJAEpKaHUU romeoctasza. [loa ux BiIMsSHUEM Ha EHTPAIbHYIO
HEPBHYIO CUCTEMY MEHSETCSA BECh KOMILJIEKC TOBEACHUYECKUX PEaKUd, MPOUCXOISAT
M3MEHEHUS B MPOAYIUPOBAHUH OOJIBIINHCTBA TOPMOHOB, CHHTE3€ OCJIKOB M COCTaBe
ma3Mbl. [[UTOKMHBI OCYIIECTBISIIOT CBA3b MEXKIY DSHIOKPUHHOH, HEPBHOW,

KpOBGHOCHOfI u HMMYHHOﬁ CUCTCMaMH, TIPUBJICKAKOT O3TU CHUCTCMbI K
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(bopMHPOBAHNIO KOMITJIEKCHOM 3aIIMTHOM peakiuu opranuima [28].

VY4eHble YyCTAaHOBWIM, YTO HUTOKUHBI PETYJIUPYIOT MPAKTUUYECKU BCE ATArlbl
TeCTallMOHHOTO  TpoIecca: HMIUIAHTALUIO  OJacTOUMCTHI,  (OPMUPOBAHHE
IUIAIleHThI, Pa3BUTHE MJIOAQ, MPOAYKIIMIO TOPMOHOB IUIAIICHTOM, alonTo3 KIETOK,
«CO3peBaHME» IIEHKM MaTKu W MexaHusM pojoB [75]. Cuumraercs, dTO
busnonornyeckast 0epeMeHHOCTh 3aBUCHUT OT MpeAnouTeHus T-xenmnepos 2-ro Tuma
(Th 2) — murokunoB (unrtepaeiikuna (IL) - 4, IL-5, ML-10, WUL-15), xoTopsie
SBJISIIOTCSL TTPOTUBOBOCHIAIUTEIbHBIMUA, HEITUTOTOKCUYHBIMUA. OHHM CIOCOOCTBYIOT
pa3BuTHio TpodoOacTa, KOHTPOJIUPYIOT AHTHOTEHE3, MOBBIMIAIOT MPOIAYKIUIO
XOPUOHUYECKOTO TOHAJIOTPONMHA YEJIOBEKA, OCYIIECTBIISIIOT MMMYHOCYIPECCHUIO
[72; 83; 130].

VYcra"oBneHo, uTo mUTOKKMHBI T-xenmepoB 1-ro tuma(Thl) — (dbakTop HEKpo3a
omyxonu anb(a, IL-2, -6, -8, -12) — npoBoCHAIUTENbHBIC, ITUTOTOKCUYECKHUE,
AMOPHUOTOKCUYECKHE, CIIOCOOHBIE pa3pylIaTh KJIETKH TpododiaacTa, CTUMYIUPYIOT
NESATEeIbHOCTh HATYPAJIbHBIX KWJUIEPOB W AKTUBUPYIOT KacKaJl KOaryJsiHH.
Ype3mepHOe KOTUIECTBO MPOBOCTANMTEILHBIX IIMTOKWHOB IMPUBOIUT K aKTUBAIIAN
MpPOTPOMOUHA3BI, YTO OOYCIOBIMBAET TPOMOO3bl, UHPAPKTHI TpodobiacTa, €ro
OTCJIOCHHUIO Y, HAKOHEII, — BRIKUJIBIII B IEPBOM TpumecTpe [83].

CnoxxHbli TpoliecC MMIUIAHTalMM W HWHBa3uu TpodoOnacToB HMEET
periaroriee 3Ha4€HHWE ISl YCIEIIHOTO YCTaHOBJIEHUS OepeMeHHOCTU. OOBIYHO
AMOPHOH MMIUTIAHTUPYETCS B SHAOMETPUN BO BpPEMS MMILJIAHTAIIMOHHOTO OKHA, U
BOCIIPUMMYHMBOCTh MATKM K WMIUIAHTAllMA B OTOT TMEPUOJ MaKCHMalbHa.
BocnpuuM4YnBOCTE 2HIOMETPHS BKITFOUAET IKCIIPECCUIO0 MOJICKYIIIPHBIX (DAKTOPOB,
KOTOpPBIC YIPABJISIIOT TUAJIOTOM MaTEpH U IIJI0/1a M HUHULIMUPYIOT JACIUIY JTU3AIIUI0
ctpoMmbl sHAOMeTpust [106]. Monekynabl-KaHIUIaThl, BKJIOYas LUTOKUHBI U
bakTopel  pOCTa,  CEKPETUPYIOTCS  DHAOMETPHAIBHBIMH W TPYOHBIMHU
SMUTEIHATBHBIMIA KJIETKAaMW W ObUIM OINHMCAaHBl HaMH paHee KaK OCHOBHBIC
peryJiaTOpbl UMILIAHTAIIMH OJacTOIUCTHI [ 144].

C undekueit Bo BpeMsi 0epeMEHHOCTH ACCOLUUPYIOT TAKUE OCIOKHEHHUS, KaK

CaMOTIPOU3BOJILHOE MPEPHIBAHKE U 3aMUpaHue OepeMeHHOCTH. CaMbIMH OTIAaCHBIMHU
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cpeau MHQEKIUHA OTHOCHUTENIBHO JIOCPOYHOTO MpPEphIBaHUA OEPEeMEHHOCTH
CUMTAIOTCS YPOI€HUTAIBHBIE (XJIAMUIM03, MUKOIUIa3MO3, ypearuazmo3) 1 TORCH-
uHpekuuu. [lo maHHBIM JHUTEpaTyphl, WHBa3Hs Tpodobiacta B ACHUIyATbHYIO
000JIOYKY MaTKU U BHYTPEHHIOIO TpPEThb MHUOMETPHS SIBISIOTCS Ba)KHEHIINM
MOMEHTOM B yCHEIHOM (HOpMHUpOBaHUH TUTalleHThl. OAHUM U3 OTBETCTBEHHBIX 32
ATOT IPOLIECC ABIIAETCS UMEHHO 1L-8, KOTOPBIN BIUsAET HA UHAYKLIHIO aHTMOTEHE3A
B MecTe npukpervieHus: amopuona. [lossimenue cexpenuu 1L-8 B cucreme Math—
IJTALEHTA—TUIO A CBUAETEIBCTBYET O €r0 POJIM B OAJIEPKAHUA UMMYHOJIOTHYECKON
TOJICPAHTHOCTH BO BpeMsi OepeMeHHOCTH [6; 72].

CrocoOHOCTh IMTOKHMHA BBI3BIBATH MUTPALUIO0 KJIETOK M YCHIMBATh HX
aJre3uBHBbIE CBOWCTBA OMpPENEISET €ro Kak MocpeaHnKa B (POPMUPOBAHUU OCTPOM
BOCHAJIMTENBHON peakuuu. IL-8, KOTOphIM NpOAYUUPYIOT KIETKH ILIALEHTHI,
NOTEHIUPYET HMMMYHHYIO KOMIIETEHTHOCTh IUTIALEHTAPHBIX KJIETOK MPOTHUB
OakTepuii, aTakyromux (heTorialeHTapHbIi KoMIUIeKe [224].

Ha ceronHs nokasaHa pojb SHAOTEHHOTO IIPOreCTEPOHA B MPEAYNPEKICHUN
peakluu OTTOPKEHUSI IUI0JA, & HMMEHHO: JHAOTEHHBIM MNPOreCTEPOH MOXKET
noAaByATh NMpoAykiui Thl-nimrokuHoB u cMmemars 6amanc Thl / Th2 B cropony
npeumyiectsa Th2 [224]. Eie 10 omiog0TBOPEHUS MTPOTECTEPOH 00YCIOBINBACT
CEKPETOPHYIO TPAaHCPOPMALIUIO SHAOMETPUS, TOATOTABIMBAET €0 K UMILJIAHTAIUH,
CHOCOOCTBYET POCTY, Pa3BUTHUS M BacCKyJSIpU3allUd MHOMETpPHUS, HEUTpalu3yeT
JIEWCTBUE OKCHUTOLIMHA, CHMKA€T CHHTE3 MNpOCTarjaHAuHOB. ONOCPEIOBAHHO, C
nomouibio T-TuM(pOLUTOB, TPOrecTEpOH TOPMO3UT PEAKIIMIO OTTOPKEHUS II0/IA.
Bo BpeMst B3auMOIEHCTBHS TPOTECTEPOHA C PEUENTOPAMU T-KJIETOK NMPOAYLUUAPYIOT
MPOreCTEPOHUHTYIIUPOBAHHBIA  OJOKUPYIOMUN (AKTOpP, KOTOPBIA BIMAET Ha
€CTECTBEHHBIE KHJIJIEPBI, @ UMEHHO HAaIpaBJISIET UMMYHHYIO PEAKIUI0 MaTepHu Ha
AMOPHOH B CTOPOHY MEHEE AKTUBHBIX €CTECTBEHHBIX KUJUIEPOB.

NMMyHHBII OTBET MaTepu peanusyercs 3a cueT Th2, KoTopble CUHTE3UPYIOT
perynaropHbie uuTokuHbI (IL-4, IL-10, IL-13). [Ipu HegocTaTOUHON KOHIEHTPALIUH
MIPOreCTEPOHA B CHIBOPOTKE KPOBH WJIM MPHU MOBPEKIECHUU €r0 PEUENTOPOB OyIeT

HEJOCTAaTOYHO MPOU3BOJAUTHCS TMPOTECTEPOHUHIYIIUPOBAHHBIA  OJIOKUPYIOIIUN
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dakTop. B 3THX yClIOBUSX UIMMYHHBINH OTBET MaTepH Ha Tpodobiact cszan ¢ Thl,
KOTOPBIE POy IIUPYIOT IPOBOCIATUTENbHBIC IMTOKUHBI ((DAKTOP HEKPO3a OITyXO0JIU
anmbda, IL-1, IL-6). DHAOTEHHBIN MPOTECTEPOH TaKKE CTHUMYJIUPYET MECTHYIO
MPOAYKIUIO TPOTEUHOB, CBA3BIBAIOIINX IPUPOIHBIE KAJIJIEPHI, BBI3bIBASI UX AIIOINITO3
[83]. B osnmomeTrpun HaOIIOAAETCS HEIOPA3BUTHE >KEJE€3, CTPOMBI, COCYJIOB,
HEJI0OCTATOYHOE HAKOIICHUE TJIWKOTeHa, OelKoB, (haKTOPOB pOCTa, YPE3MEPHOE
KOJIMYECTBO MPOBOCHAJIUTEIBHBIX IMTOKMHOB, YTO MNPHUBOAUT K HEaJCKBAaTHOU
PEaKINM TJIOHOTO AiIA, U B pe3yJbTaTe MPOUCXOAUT BIKU b [ 123].

Y MHOTHX JKEHIIWH, NEPEHECIINX PAaHHHE PENpPOIYyKTHBHBIE MOTEPHU IMOCIE
BPT, Taxke ObUT YCTAaHOBJIICH XPOHHUYECKHH 3HAOMETpHUT (X3) B pe3yibTare
OakTepualbHOW  KOJIOHM3allMM, YacTO C MHUHUMAJIbHBIMU  KJIMHUYECKUMU
npusHakamMu wuHbpeknuu wm 60e3 Hux [100]. Bouet et al. moarBepaumna
pacnpocTpaHeHHOCTh 14% XD ¢ MOMOIIBIO THCTOJIOTUYECKOTO HUCCIEIOBAHUSA Y
JKEHILMH, TEPEeHECHINX paHHUE penpoaAyKTUBHbIe moTtepu. Kpome Toro,
ructepockonuss umena 40% 4YyBCTBUTEIBHOCTH g OOHapyxkeHus X0,
BU3yaIM3UPYysl OTEKa CIU3UCTOM OOOJOUKH, TUIEPEMUU DHIOMETPUS U HAIUYUS
MUKPOIOJIUIIOB [85].

Cicinelli et al. o6HapyxwIH, 9TO Y 66% KEHIIHUH IUarao3 X ObLI MOCTaBJICH
C TIOMOIIIbIO TUCTEPOCKOUHU, 57,5% - ¢ MOMOIIBIO TUCTOJIOTHH, a 45% Takxke ObUIH
MOJIOKHUTEIIBHBIMU TI0 KYJIbTYpE. BOIBIIMHCTBO 00HAPYKEHHBIX TATOT€HOB COCTOSIT
U3 OOBIUHBIX OakTepuil, Takux Kak Streptococcus rpynnel B, Escheria Coli,
Enterococcus Faecalis unmu Mycoplasma.

B HekoTophIX ciydasx TPUYUHONW MOTYT OBITh MH(EKINH, Tepeaaromuecs
MOJIOBBIM ITyTEM, Takue Kak xjamuano3 [ 100]. MonekyisipHbIil METO JUAarHOCTUKH
XD mokazan MHOToOOemIarone pe3yabTaThl, peacTaBieHasie Moreno 1. et al..
[TonumepasHass uenHass peakuuss B peanbHoM Bpemenu (OT-IILP) wmoxer
unentuduiponars O0akrepuaibuyo JJHK ¢ Tounocteio 76,92%, xorma oOpasibl
MOKa3aJId COOTBETCTBUE IMPU TMCTEPOCKONMH, THCTOJIOrMU U KyhbType. OT-ITLP
nokazasnia 75% wuyBcTBUTENbHOCTL U 100% cneuuduuHoCTh. DTO MO3BOJISET

OOHapyXKUBaTh KYJIbTUBUPYEMBIE u HEKYJIbTUBAPYEMBIE OaxTepuu,
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KOJIOHU3UPYIOIINE SHIOMETPHH, Aake 0€3 THCTONOTHUECKHUX MPU3HAKOB HHPEKIIUU
[175].

bakTepuu, NTPHUCYTCTBYIOIIME B 3HIOMETPUHM, NPUBOAIT K aHOMAIbHOMY
KOJMYECTBY JUMGOIUMTOB M, KaK CIEJICTBHE, K Cpele, KOTopas Hapyllaer
HOPMAJIBHYIO BOCIIPUMMYHMBOCTb 3HJIOMETPHSL. Y POBEHb UMIUIAHTALIMN CPEIU TEX,
KTO U3JIeUmiIcs oT uHpekuu, coctaBui 37% 1o cpaBHeHuto ¢ 17% cpeau Tex, KTo
HE JICUMJICSA, OJTHAKO ATHU IOKA3aTeNId HE JTOCTUIJIM CTaTUCTHYECKON 3HAYMMOCTH.
TeM He MeHee, YpOBEHb KMBOPOXKICHHMU mpu cienyromeM nukie 9KO mocie
H3JIeUeHHS UHQEKIMU ObLT 3HAUUTENIbHBIM: 61% 1o cpaBHeHuio ¢ 13% cpenu tex,
KTO He MoT ObITh BbuTeueH [100].

B HeKOTOpBIX cilydasx He 00s3aTeNIbHO XpOHUUYECKass MH(PEKIMS MPUBOIUT K
CHIDKEHHUIO YaCTOThI UMIUIAHTAIlUH, & CKOPEe KOMIIOHEHThI OakTepuaibHOU QIIopsl,
INPUCYTCTBYIOIIME B SHAOMETPUHU. XOTS KOIJIa-TO CUUTAJIOCh, YTO SHIAOMETPUI
ABJIIETCSI CTEPUJIBHOM CpenoH, Temepb NpHUHIATO cuuTaTh, 4yTo Lactobacillus
KOJIOHM3UPYIOT 3Ty 00JacTh B JIOMOJHEHHE K Biaranumty [174].

CyuiecTByeT HECKOJIbKO THIIOB MATOJIOTM MaTKH, BKJIIOYAs MOJMITbI, MUOMBI
U CIalK{, KOTOPbIE MOTYT MOBJIMUSATH HA YAaCTOTy MMILIAHTALlMM Yy MAlMEHTOB,
neperecimx BPT. B 6oibpmMHCTBE CiTyyaeB y MallueHTOK HET CAMIITOMOB, @ UHOTIA
3TU MpoOJEeMbl MOTYT J1a’)kK€ OCTaThCS HE3aMEUYEHHBIMU MPU TPAHCBAIrMHAIBHOM
Y31, 3T0 MNO3BOJSET NPEANONOXKUTh, YTO TpeOyeTcs Ipyrol MeToj OLEHKU
MOJIOCTH MaTKH, TaKoW Kak rucrepockonuss [93]. Mwuombl MOTyT BBI3BaTh
nedopMaIuio NoJ0CTH YHIOMETPHS, a CIIalKH, KOTOPbIE 4aCTO Pa3BUBAIOTCS MOCIIE
onepanyu Wik UHPEKIUH, MOTYT NPENATCTBOBaTh MPHUKPEILICHUI0 SMOpHOHA K
noBepxHocTH mnpocBera. Kodaman P.H. et al. cooOmiaroT, 4T0 ruapocaIbuHTH
TaKK€ MOTYT OKa3blBaThb HETAaTHMBHOE BIUSHHE HA HMMIUIAHTALUIO Yy >KCHIIMH,
noagsepraromuxcss IKO. XoTs 3T0 HE COBCEM MOHSITHO, HEKOTOPHIE MEXAaHU3MBbI
OBLIIM PACCMOTPEHBI, TAKUE KaK JUIICHHE HOPMAJILHOTO Pa3BUTHUSI SMOpPHUOHA U3-32
HEJ0CTaTKa NMUTATENbHBIX BEUIECTB M AHEpruu B kuuakoctu [152]. Kpome Toro,
KUIKOCTb MOET OTPHUILATEIBHO BIIMATH HA BOCHPUMMYHUBOCTD SHAOMETpHS, a

TaKOKC MOXKCT Cl)I/ISI/I‘-IeCKI/I BbIMBIBATb 3M6pI/IOH, npeaorppamas MMIUIAHTAIUIO
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[198].

MiosepoBbl aHOMaJMK, TaKUe Kak MEeperopojka MaTKd M JIByporas maTka,
TaKke JOJDKHBl MPUHUMAThCA BO BHHMAaHUE Y TMAIMEHTOK C pPaHHUMU
pPEenpoyKTUBHBIMU TOTepsiMU. [leperopojgka MaTKM MOXKET CHOCOOCTBOBATH
BBIKHU/IBIIIAM, IOCKOJIBKY Y MAIMEHTOK C HEJICUCHBIMU eperopoakamu nociie KO
pPE3YIbTATHI XyKE, YEM Y T€X, KTO MEPEHEC TUCTEPOCKOMNYECKYI0 METPOILJIACTUKY.
OpnHako y KEHIIUH ¢ JIBYCTBOPYATONM MAaTKOW MMILIaHTAIUsl OOBIYHO HOpMaJibHas,
HO y TaKUX MAIMEHTOK PUCK MOTEepU OEPEMEHHOCTU B CEPEAMHE TPUMECTpPA BBIIIIEC
[105].

CaM »HIOMETpUHN TaKKe MOXKET ObITh MCTOYHHUKOM HEyJad WMILIAHTAIUH.
[Ipenpiayimas TpaBMa SHIOMETPHUS, JIWTEIbHBIA TMPUEM IPOTHUBO3a4aTOYHBIX
Ta0JIETOK U HApYIIEHHUE MATOYHOTO KPOBOTOKA — BCE ATO MOTEHIIMAJIbHBIE PUYNHBI
TOHKOTO 3HA0METpuA [156].

O1eHKa KpOBOTOKA B JIYUEBBIX apTEPUSX MATKH MOJIe3HA JJIsl OLICHKU CTETICHU
MPUTOKA KPOBHU K 3HIOMeTpHI0. Korja Habmo1aeTcs yMeHbIIIEHHE KPOBOTOKA, POCT
AIUTENHAIIBHBIX KJIETOK U Ipoaykuus Gakropa pocra s3unotenus cocynoB (VEGF)
MOTYT OBITh CHUKEHBI, UTO B KOHEYHOM UTOTE JIUIIACT SHTOMETPHUM HEOOXOTUMBIX
(baKkTOpOB aHTMOTEHE3a U POCTA TSl IOCTHHKEHUST HEOOXOIMMOM TOJIIIIMHBI C IIEJIBIO
yCIelHoN uMIuianTanuu. Miwa et al. mpoBenu TpaHCBaruHAJILHOE JIOMIIIIEPOBCKOE
yJIBTPa3BYKOBOE HUCCJIEAOBAHUE, KOTOPOE MOKA3aJI0, YTO UHJIEKC COMPOTHUBJICHUS
Jy4eBOM apTepur MaTKW ObLI 3HAYUTENbHO BBIINIE y MAIMEHTOK C TOHKUM
SHAOMETPUEM <8 MM, YEM C IHAOMETPUEM HOPMAIbHOUN TOMIMHBI > 8 MM (0,852
(0,826-0,955) mpotus 0,751 (0,549-0,840), P <.05) [171] Bbu1o ycTaHOBIIEHO, YTO
TOJIIIIMHA SHIOMETPHUS BIUSIET Ha 4aCTOTy UMIUIaHTanuu. [Ipu Tomue ot 9 MM 10
16 MM BEpOSITHOCTh HACTYILJICHUS OCPEeMEHHOCTH yBenumuuBaetcs ¢ 53 mo 77%,
MOKa3bIBasl, YTO CYIIECTBYET 3HAUUTEIIbHAS pa3HUIIA B UACTOTE UMILIaHTaIuu [ 193].

Takum 00pa3om, ycTaHOBJIeHUE (DAKTOPOB PHUCKAa PAHHUX PEMPOTYKTHBHBIX
MOTEPh UMEET BAXXKHOE KIMHUYECKOE 3HAYCHHE IS MOBBIMICHUS d()PEKTUBHOCTH
BPT, a Takske AJi qy4Iiero NOHUMaHKs BO3MOKHBIX MEXaHU3MOB paHHEN HEy1auu

OEpEeMEHHOCTH.
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1.4. Poab ALKS B pennpoayKTHBHOM OCH

VY nroieit u Apyrux MpUMaTOB MPOIECC UMIUTAHTAIIMN SMOPHOHA 3aKITI0YAETCS
B Ppa3BUTUU OIUIOJIOTBOPEHHOM SIMIIEKJIETKH JO CTaauud OjacTolucra U
MOCTEAYIONEH HMIUIAaHTAllMM B SHAOMETpuid MaTku. Mwmruiantamust smOpHoHa
IpearnoiaraeT, Kak B3aUMOJCHCTBHE MEXAY 3MOPHOHOM M MAaTepblo, TaKu U
y4acTHE B 3TOM MIPOIIECCE IpyIIbl HUTOKUHOB [145; 166]. Tak, mocne psga craauit
pa3BUTHs, TaKUX Kak JApoOsieHne, oOpa3oBaHHE MOPYJIbl W OJIACTOLUCTHI,
OILTIOIOTBOPEHHAS SMIEKIETKA JTOCTUTAET IIOJIOCTH MAaTKH. DNUTEINAIbHBIE KIIETKH
DHAOMETpPUS BHE MECTa HUMIUIAHTAlUU SHLEKIECTKM HA4YMHAKT IOJBEPraThCs
amomnTo3y, rOTOBbIE MPUHATH AAr€3UI0 U MUHBA3UIO TPO(PIKTOIEPMATIBHBIX KIETOK
OJJIACTOLUCTBI, 4YTO CIIOCOOCTBYET YCTAHOBJIEHHMIO TECHOTO KOHTAaKTa MEXIy
SMOPHOHOM M MAaTepbl0. ITOT TMPOLECC OYEeHb NOX0X Ha (EeHOMEH
METaCTa3upOBaHUS U PACIPOCTPAHEHUS OMYXOJIEBBIX KJIETOK, HO OJHUM U3 CaMbIX
OO0JBIINX OTIUYUNA MPOIIEcca aroNTo3a YHAOMETPUATIBHBIX KJIETOK SIBJISIETCS TO, UTO
npolecc MMIUIAHTallMM A3MOpHOHAa B SHIOMETPUA HE HEOrPAaHWYEH, HO
OJTHOBPEMEHHO HAa HEro BIHWAET JEUUAYyaIu3alMs CTPOMAIBHBIX KJIETOK
SHIOMETPUS I JOCTUKEHUS TajbHEeHIIero coaJsaHCUpOBaHHOIO COCTOSHUSI.

[Io naHHBIM HCCIIENOBAaHMM, HOPMAJIBHOE BBINOJHEHHUE PENPOAYKTUBHOM
GyHKINY y KEHIIUH MPOUCXOIUT OJIaroapsi rapMOHUYHOMY (PYHKITMOHHUPOBAHUIO
MMMYHOJIOTHYECKMX MeXaHu3MoB. (CaMo OIUIOJOTBOPEHHUE SBIIAETCS peaKiuei
AHTUT€H-aHTUTEJI0, TOTOMY YTO IJIOJ — ATO AJUIOTPAHCIUIAHTAT, KOTOPBIM UMEET
50% 4y>KepOIHBIX aHTUT€HOB POJUTEIBCKOTO MPOUCXOKACHUSA. DU3NOTOTHUECKUIA
TeyeHue OEpEeMEHHOCTH O0EeCleYuBalOT MHOTUE (AKTOpbl, CBA3aHHBIE C
0COOCHHOCTSIMU UMMYHHBIX PEaKIUil MAaTEPUHCKOTO OpraHu3Ma, KOTOpbIE, C OJJHON
CTOPOHBI, COXPAHSAIOT TOJEPAHTHOCTD K aJUIOT€HHOMY IJIONY, @ C APYroid — FOTOBBI
3aIyCTUTh BCE HEOOXOAMMBIE IENU 3alIUThl MPOTUB BEPOSTHBIX UYKEPOIHBIX
areHToB [27; 32].

Bo Bpemst HopMmalibHOM OepeMeHHOCTH Tpoaudepalus U IOCTOSHHBIN aronTo3

ACTUAYAJIBHBIX KIICTOK OSHIAOMCETPUA BCCrJa HAXOAATCA B C6aHaHCI/IpOBaHHOM
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cocTostHMH. MexX 1y TpaHHIIeH pa3zesia MaTepy U TI0/1a MMOCTETIEHHO POPMHUPYETCs
MUKpPOCpEa, B KOTOPOW OpraHU3M MaTepu MOXKET HE TOJbKO MPUHATH U
NOAJACPKUBATh HEMPEPHIBHOE Pa3BUTHE SMOPHUOHA, HO TaK)X€ KOHTPOJIUPOBATH U
n3berath OGCKOHEUHOE BTOpXKeHHE TpodobmacToB. 310  00ycraBIUBaeT
BO3MO>XHOCTh IPUHSITUSI OPraHU3MOM MaTEPU UYKEPOIHBIX TPAHCIIJIAHTATOB, B TOM
Yyuciae MNEPeHOoC SMOpPHOHA C OIUIOJIOTBOPEHUEM JIOHOPCKOM sinekyneTku. B
nojaJiep>kaHu  OajaHca MHKpOCpeabl (MUKPOOKPYKEHHUS) YYacCTBYIOT TOMHMO
XOPOIIO U3BECTHHIX CTEPOUTHBIX TOPMOHOB, TAKMX KaK MPOTECTEPOH U ACTPOTEH U
WX PELENTOPhI, OOJIBIIOE KOJTHMYECTBO INTOKMHOB, UMMYHHBIX ()aKTOPOB, MOJICKYJI
KJICTOYHOM aAre3uu, IIUKOKOHBIOrAaTOB U T. 1. [204].

[lo nuTepaTypHbIM JaHHBIM, OCHOBHBIM MEXaHU3MOM  COXPaHCHHS
OEepeMEHHOCTH ABIIIETCS MMMYHOCYIPECCHUs, KOTOpas peaqu3yercs ¢ MOMOIIbBIO
HUTOKMHOB. OCHOBHasg macca LIMTOKHWHOB cHUHTe3upyercs nuMpountamu. Korma
OOHapyUBAIOTCSI MECTHBIC 3aIIUTHBIC PEAKIIMN HECOCTOSITEILHBIMU, TO IIMTOKUHBI
JIEUCTBYIOT Ha CHCTEMHOM YPOBHE,  HUMEHHO — BJIMSIIOT HA BCE OPTaHbl U CUCTEMBI,
YYaCTBYIOIIME B MOJAEPKAHUU romeocrtasza. Ilog ux BIMSHUEM Ha LIEHTPAJIbHYIO
HEPBHYIO CUCTEMY MEHSIETCS BECh KOMILJIEKC MOBEACHYECKUX PEAKIIH, TPOUCXOIAT
W3MEHEHUS B MPOAYIIUPOBAHUH OOJIBIIMHCTBA TOPMOHOB, CUHTE3€ OCJIKOB M COCTaBE
mia3mbl. [IUTOKMHBI OCYIIECTBISIOT CBSI3b MEXAY OJHAOKPUHHOM, HEPBHOW,
KPOBEHOCHOM W HWMMYHHOM CHCTEMaMH, [PUBIIEKAIOT JTU CHUCTEMBl K
bhopMUPOBAHNIO KOMILIEKCHOM 3aIlIUTHOM peakiuy opranusma [28].

VYueHble yCTaHOBUJIM, YTO LIMUTOKUHBI PETYIUPYIOT MPAKTUUECKU BCE ATallbl
TeCTAIllMOHHOTO  TpoIlecca: HMIUIAHTAlUI0  OJacTONMCTHI,  (OPMHUPOBAHUE
IUIAlleHThI, Pa3BUTHE MJI0/A, MPOAYKIMIO TOPMOHOB IUIALIEHTOM, aloNTo3 KIETOK,
«CO3peBaHME» IWIEHKHM MaTKu ©W MeXaHusM pojoB [75]. Cuumraercs, dTO
busnonoruyeckast 6epeMeHHOCTb 3aBUCUT OT MpeAnoyTeHus: T-xenamnepos 2-ro Tuna
(Th 2) — murokunoB (unrtepneiikuna (IL) - 4, IL-5, UL-10, WUL-15), koropsie
SIBJISFOTCSI TTPOTHBOBOCTIAIUTEILHBIMH, HEIIMTOTOKCUYHBIMH. OHH CHOCOOCTBYIOT
pa3BuTHio Tpodo0OacTa, KOHTPOJUPYIOT AHTHOTEHE3, MOBBIAIOT MPOIYKIUIO

XOPHUOHHUYCCKOI0 IOHAaAOTPOIIMHA YCJIOBCKA, OCYHICCTBIIAIOT MMMYHOCYIIPCCCHUIO
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[72; 83; 130]. Ycranosneno, yto utokunbl T-xenmnepoB 1-ro tuma(Thl) — (paxTop
Hekpo3a omnyxoiu anbda, IL-2, -6, -8, -12) — m§OpoBocHaIUTEIbHBIC,
IIUTOTOKCUYECKUE, IMOPHOTOKCHYECKHE, CIIOCOOHBIE  pa3pymarh  KJICTKU
TpodobaacTa, CTUMYJIHUPYIOT AESITEIILHOCTh HATYPAIbHBIX KUIJIEPOB U AKTUBUPYIOT
KacKaJl Koaryasiuuud. Ype3sMepHOoe KOIMYECTBO MPOBOCHAIUTEIBHBIX ITUTOKMHOB
OPUBOJUT K aKTUBALIMM MPOTPOMOMHA3bI, UYTO OOYCJIOBIMBAaET TPOMOO3HI,
uH(papkTel TpodoObiacTa, ero OTCIOCHUIO U, HAKOHEI, — BBIKUABIII B IEPBOM
Tpumectpe [83].

CnoxxHpli TIpollecC MMIUIAHTAlMA W HWHBa3uu TpodoOracToB HMEET
pemaroniee 3Ha4eHHE JUIsl YCIENIHOrO YCTaHOBJIEHUS OepeMeHHOCTH. OOBIYHO
AMOPUOH UMIUIAHTUPYETCSI B DHIOMETPUM BO BpEeMsl UMILUIAHTAIIMOHHOTO OKHA, U
BOCIIPUMMYHMBOCTh MATKM K HWMIUIAHTAlMA B OTOT MEpPUOJ MaKCHMalbHa.
BocnpurM4nBOCTb SHIOMETPUS BKIIOUAET SIKCIIPECCUIO MOJIEKYJIIPHBIX (PaKTOPOB,
KOTOPBIC YNPABJISIIOT TUAJIOTOM MaTEpH U IJI0/1a U UHULIMUPYIOT AUy TU3ALUI0
ctpoMbl sHAOMeTpuss [106]. Moekyabl-kaHAUAATHI, BKJIIOYas IMTOKUHBI MU
(dakTopbl  pOCTa,  CEKPETUPYIOTCS  DHAOMETPUATIBHBIMU U TPYOHBIMHU
AMUTEINAILHBIMU KJIIETKAMU U OBbUIM ONHUCAaHBl HaMHU paHee KaK OCHOBHBIE
PEryJIATOpPhl UMIUTAHTAIMK OJlacTouucThl [144]. AHOManMs B JIFO00# 4acTh ITOM
OTPOMHOM IIETIOYKE COOBITUH MOXKET CIHPOBOIMPOBATH pa3BUTHE (PAKTOPOB,
KOTOpblE B KOHEYHOM WTOT€ MPHUBEAET K BO3ZHHUKHOBEHHUIO CAMOIIPOW3BOJIBHOTO
abopra [178].

Kpome toro, moanmepikanue OajaHca MEXIy MaTepbi0 M dSMOPHOHOM TaKKe
TpeOyeT aKTHBHOTO YydYacThs WMMMYHHOTO OTBeTa. Hekotopeie ydeHble
NPEANoJIOXKUIN, 4YTO  CaMOINpPOU3BOJIBHBIA ~ a0OpPT, OCOOEHHO  paHHUU
CaMOTIPOU3BOJILHBIN  a0OpT ©  OMOXUMHUYECKas OCPEeMEHHOCTb, MOXKHO
paccMmaTpuBaTh Kak pe3yJbTaT MMMYHHOro oTTopxkeHus. Korga sta ocobas u
CJIO’KHAs UMMYHHAsl PEryJiATOpHas CeThb MEXJy MaTephl0 U IIJIOJOM CTaHOBHUTCS
HEHOPMAJIbHOW, HaApyIIEHWe COCTOSHUS  OajaHca MOXET TPUBECTH K
narojoruueckoi 6epemennoctu [160].

B HoCIaCAHuUEC 1roAbl HMCCICAOBAHUA IIOKa3aJlM, 4YTO BO3HHUKHOBCHHC
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CaMONPOU3BOJBHOIO abopTa CBSI3aHO C  aHOMAJbHOM  Jeluayaln3anueit
sHAOMETpUsA. Tak, B €CTECTBEHHOM COCTOSSHUU CYILIECTBYET MHOKECTBO
OMOJIOTMYECKUX [IUTOKMHOB, CBA3aHHBIX C JICIIUAyau3alueld CTPOMaIbHBIX KIETOK
HHAOMETPHS YEJIOBEKa, BKIIOYasi MHOTHE WICHBI CEMeNCTBa TPaHCHOPMUPYIOIIETO
daktopa pocta-f, Takue xkak TGF-B, gakropsr nuddepenmuanuu pocta (growth
differentiation factors, GDFs, aktuBun (activin) u T. 1. OTU (QakTOpbl UTPAIOT
BaXKHYIO POJIb B peTyJIMpoBaHuu nposimdepanuu u qudpepeHunpoBku kietok [150;
202].

CewmetlicTBo TpaHchopmupyromiero gakropa pocta-b — 3T0 HOBBIM HETABHO
OTKPBITHIN (haKTOp pOCTa M €ro OCHOBHAs (PYHKIMS 3aKIIOYAETCA B PETYJISIUU
pocta u nuddepenunpoBku kietok [195]. CynepcemeiictBo TGF-B nuranmos
npeacraBisger  Oonbiryro  rpynny  (>60)  mpOTEMHOB,  SIBIISIOIIUXCS
nouGyHKIIMOHANIBHBIMU (pakTopaMu pocta. JlaHHOe cynepceMeicTBO BKIIIOYAET B
ceost Tpu uzopopmel TGF-B (TGF- b 1, TGF- b 2 u TGF- b 3), nate uzodopm
aKTUBHHOB, KOCTHBIE MOpdoreneTnueckue 6eiaku (BMP-1/rommonn, BMP-2, BMP-
3/ocreorennn, BMP-3 b /daktop pocta u nuddepenmporku 10, BMP-5, BMP-6/
VG 1-cBs3anHas mocinenoBarelbHOCTh, BMP-7/ocTeorennsiii nmporenn-1, BMP-
8/octeorennbiit mporenH-1, BMP-8 b /octeorennsiii npoteun-3, BMP-9/dakrop
pocta u audpdepenuupoku-2, BMP-10, BMP-11/pakrop pocta wu
muddepennupoku-11, BMP-15/bakrop pocra u muddepeHupoBku-9 b) wu
mukoctatul. U3odpopmel TGF - b u nexkotopsie BMP (BMP -2, BMP -4, BMP -6 u
BMP-7) skcrpeccupyroTcsl 3HAOTETUOUUTAMH M TIaAKOMBIIICYHBIMU KJIE€TKaMU
cocynos [202].

Vike B 1985 roy HayuHbIE UCCIIEA0OBATENM JOOWIHCH yCIieXa B KIOHUPOBAHUHU
reHa TGF-f, koTopslii MOXeT OBITH XOPOIIO BBIPAXKEH (IPKCIPECCUPOBATHCS) B
kumieyHoi manouke. TGF-B mpeacrtaBiser coO0l IMUTOKMH ¢ MHOXKE€CTBEHHBIMU
GyHKIUAMH 1 007a7aeT MIUPOKUM CIIEKTPOM OHOJOTUYECKOW akTUBHOCTH [159;
220]. Hacrosimee ucciieqoBaHUE MOKAa3bIBAE€T, YTO CYIIECTBYET ISATh MOJATHUIIOB
TGF-B. ¥ muekonuTaromumx, BKJIt0Yasi 4eJIoBeKa, Obuth 0OHapykeHbI ToJIbko TGF-

B1, TGF-B2 u TGF-B3, u skcrpeccus TGF-B1 6pma camoil Beicokoi. B 1enom,
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TGF-B B OCHOBHOM 3KCHpecCHUpyeTcsl B TKaHIX ¢ aKTHUBHOU U depeHITnpoBKoit
KJIETOK B OpraHu3Me, a UMEHHO B MEYEHU, KOCTHOM MOo3re u ocreobnacrax [103].
Cpean Hux TGF-Bl1 B OCHOBHOM 3KCHpecCHpPYETCSl B KOCTHBIX TPOMOOLIATax
YyelloBeKa M KOCTSIX uenoBeka, B TO BpeMss kak TGF-B2 rmaBHeiM oOpazom
AKCIIPECCUPYETCS B KOCTAX MIIEKOIMUTAIOMUX U B TpoMOonwmTax cBuHbM; TGF-B3 B
OCHOBHOM IPOJYLUPYETCA KIETKAMH ME3EHXUMAIbHOTO MpoucxoxaeHus [112].
MHorue KJIETKM B OpraHM3Me 4elioBeKa 00JaJaloT CHOCOOHOCTHIO
cekpetupoBath TGF-B, Ho 3T TGF- Haxoa4TCsl B HEAKTUBHOM COCTOSIHUU, HO TIPH
ornpesenieHHbIx ycloBuax HeakTuBHbIM TGF-f moxer axtuBupoBathes. TGF-3
MOKET OKa3bIBaTh 3HAYUTEIHLHOE OWOJIOTMYECKOE BO3CHCTBHME HA PA3IUYHbBIC
TKaHW, U BbIpAXaThbCsl B Mpoaudepanuu, 1uppepeHupoBKe KIETOK 1 HMMYHHON
peryisiiuy, B ayTOKpUHHOM nin napakpuHHout ¢dopme [110; 218]. Penenrrop TGF-

B (TGF- receptor, TPR) mpencrasnsier co00il BeicokoahGUHHBINA CBA3BIBAIOIIMIA

OesIoK Ha MOBEPXHOCTH KieTouHoi MeMOpanbl TGF-3, cocTosimumii u3 HECKOIBKUX
amuHOKHuCHOT [148]. ¥V Bcex MiekonuTaromuyx, BKitodas yenoBeka, TGF-B moxer
CUHTE3UPOBATHCI M CEKPETHPOBATHCS IMOYTH BCEMU HOPMAJIbHBIMU TKAHEBBIMU
kietkamu. Ero cymecrtBoBaHue uMMeeT OOJBIIOE 3HAUCHUE I TOJICPKAHUS
nepuoaa O0epeMeHHocTH. Bo BpeMsi HOpManbHONW OEpEeMEHHOCTH ITUTOKUHBI Th2-
tuna (takue kak IL-4, IL-5, IL-10 u ap.) oka3pIBalOT 3alIUTHOE JCHCTBHUE Ha
OEpEeMEHHOCTb, TOT/1a KaK ITUTOKUHBI Th1-THTa UMEIOT TPOTHUBOIOIOKHBIHN D PeKT
[108; 216]. Thl / Th2 nBa Tuma UUTOKMHOB B3aWMOJIEHCTBYIOT, OOECHEUUBasI
MaTEePUHCKO-TUTAIICHTAPHBI UMMYHHBIA OaJlaHC MHKPOCPEIbl, U BOZHUKHOBEHHUE
CaMOITPOU3BOJILHOTO a0OpTa TECHO CBA3aHO C pa3pyIlIeHUEM AToro Oananca [221].
B 6onbmuncTBe cnyyaeB TGF-B1 MoxxHO paccMaTpuBaTh Kak MHTHOUTOP pocTa
KJIETOK, a TAK)KE OH MOYKET UHTUOMPOBATH JIM3UC PA3TUYHBIX KIETOK-KAJUIEPOB HA
AMOpHOHE, MpeaoTBpaliaTh UMMYHHOE OTTOpKEHHE JMOpHOHA y MaTepu U
n30eKaTh BOSHUKHOBEHUS BBIKUIBINIA. [103TOMY HEKOTOpBIE YUEHBIE CUUTAIOT, YTO
TGF-B npunamiexkuT K ogHOMY M3 4ieHOB UTOKMHOB Th2. B mocnemnue rombr
skcnpeccuss TGF-f y nanueHTok ¢ SMOpHOHAIbHBIM a00PTOM M3ydallaCb MHOTUMU

yuenbiMu. Tak, Linghui C. et al. ucciaemoBamu skcmpeccuto TGF-f1 u ero
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peuenropoB tvna | u tuna II B xopuonansHOM M aenuayanbHOM TKaHAX 20-Tu
NAlMEHTOK C PaHHUM CaMOIPOM3BOJIBHBIM a0OPTOM M OOHAPYXKUJIM, YTO TIO
CPaBHEHUIO C JIEIUyaIbHON U XOPUOHAIBHON TKaHBIO HOPMAJIEHON O€pEMEHHOCTH,
skcnpeccuss TGF-Bl m ero peuentopoB B TKaHSAX XOpHUOHA M JIEHUIyalIbHON
000JI0YKE TTAIIMEHTOB C CAMOTIPOU3BOJILHBIM a00PTOM CHHM3MIACh [98].

Kpome Toro, ucciaenoBanus mokaszaid, 4YTo, Oyaydd WIEHOM CylepceMeicTBa
TGF-B, ogauM u3 HeMHOTHX HMHTHOUTOpOB, reH Lefty moxker wHAyHHMpOBaTh
CEKPELHUI0 U AKCIPECCUI0 MATPUKCHBIX METALIONPOTENHA3 B MPOJIM(EepaTUBHBIX
KJIETKaX JHAOMETPUSA, U OH JKCIPECCUPYETCA IPU MEHCTpyaluu SHIOMETPHUS
yenoBeka. OnHako skcnpeccus reda Lefty He oOHapyxuBaeTcs B S3HIOMETPUU BO
BpeMsi UMIUTaHTanuu 3mMOoproHa [211]. TouHo Tak ke ucciieoBaHus ey aJTbHON
TKaHU MAlUEHTOK C PAaHHUM CaMONPOM3BOJIBHBIM a0OpPTOM MOKAa3ajliH, YTO y HHUX
oTHOcuTeNnbHbIe ypoBHU 3Kcnpeccun MPHK u Genka Lefty Obumn 3HauuTensHO
BBIIIIE, YEM IIPU HOPMAJIbHOU OEPEMEHHOCTH.

IIporennsr cymnepcemeiictBa TGF-b B3auMoaelcTBYIOT C JBYMS THIIAMU
cnenu(pUYecKuX TPAaHCMEMOPAHHBIX PELENTOPHBIX CEPUH/TPEOHMHOBBIX KHHA3.
Pazmuuator 7 pasHOBUAHOCTEW perenTopoB [ THma (aKTMBUH-TIOJAOOHBIC
penentopubie kuHa3pl/ALK) u 5 pasnosuanocreit penentopos Il tuma (TbR - II:
BMPR 2, AMHR 2, TGFR 2, ActR 2 A, ActR 2 B). JlumepHsbie auraHabl
cynepcemeiictBa TGF-b cBs3piBatoTCs ¢ penenrtopamu 060oux THMoB. M30THITBI
TGF-b ces3piBatores ¢ penentopamu [ Tuna (ALK-1 u ALK-5) u Il Tuna, npotenHsl
BMP — ¢ penenropamu I tuma (ALK-1, ALK-2, ALK-3, ALK-6) u II Tuna (BMPR-
IT, ActR-IT A, ActR-II B), aktuBunsl — ¢ peuentopamu IIA tuna (ActRITA) u I1B
tuna (ALK4). BzaumoneiicTBue nuranjaa ¢ peuenTopaMmu BeleT K OpraHu3aluu
pPELENTOPHOTO TETPAMEPA.

TGF-B-peuentop  (TPR)  mnpencraBaser  coboit  BeIcOkOadPUHHBIN
CBSI3bIBAIOIINH O€JIOK Ha MOBEPXHOCTH KileTouHOM MemOpansl TGF-B u cymiectByer
B TpEéx ocHOBHBIX THMax, a uMeHHo TRR I, TPR II, TPR III. Cpenu nux TPR 111 we
y4acTBYET HaIpsMYI0 B IMPOLECCE IMEpelayd CUTHaja M OTBEYAET TOJIBKO 32

npencrasienne TGF-B monexymam penenrtopa [71]. Kak TPR I, Tak m TR II
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IPEJICTaBISIIOT CO0OW ceMeiCTBa TPAaHCMEMOPAHHBIX PELENTOPOB IITHKOMPOTEUHA
CEpPUH-TPEOHUHKHUHA3bI, KOTOPHIE IIUPOKO IKCIPECCUPYIOTCA B KIETKAaX M TKaHSX,
npu cBs3biBaHuu ¢ TGF-B oHn 00pa3yioT rerepoMepHbI KOMILIEKC M UTPAIOT
TJIABHYIO pOJb B Iepefaye curHaiga. B3anmmonaeicTBue JIMraHaa ¢ peuentopamu
NPUBOJUT K OPTaHU3ALUHU PELIENTOPHOrO TETpaMepa.

dopMHUpOBaHUE PEIIENITOPHOTO TETpamepa 00ycoBiIuBaeT GocPopmInpoBaHHE
peuentopa I tuna penentopom Il Tuma, 4T0 MPUBOAUT K MHAYKUHUH aKTUBHOCTH
KMHa3bl peuentopa [ tuna. B manpHelmeld BHYTPUKIETOYHOW INEpeladye CUTHAIIA
yuactBytoT npoteuHbl Smad. Cemp mnoatunoB TPR I (ALKI1-ALK7) Obumn
UJACHTUGUIMPOBAHBl W TOATBEPXKIEHBI y MIEKOMUTAIOMUX C Pa3IMYHBIMU
OMOJIOTUYECKUMHU CBOMCTBAMH, CHEHU(PUUECKUMM JUTaHAAMU U CUTHAIBHBIMHU
Iy TSIMU COOTBETCTBEHHO. B TeueHne BpeMeHH BU/IbI IIOCTOSIHHO 3BOJIIOLIMOHUPYIOT,
HO MHOTHE BaxkHbIe poJiu cynepcemerictBa TGF- u ero curHajibHbIe MyTH, TaKUE
Kak pocT U ¢ dHepeHIIPOBKa KIETOK, OCTAIOTCS HEU3MEHHBIMMU.

Monekynsl  cemeiictBa TGF-f  cBs3piBatoTcst co  cnenupuYecKUMU
peuenTopaMu Ha MOBEPXHOCTU NMPUHUMAIOMIEH KIETKH UM OOBEIUHSIOT UX. DTO
MO3BOJISIET PEILIEITOPaM aKTUBUPOBATh Tak HaszbiBaembie Oenku SMAD BHyTpu
KJIETKH. AKTUBUpOBaHHbIE SMAD nepemMeniatoTcs B A1p0 KJIETKH, T/I€ PeTyIupyroT
aKTUBHOCTb T'€HOB-MHILIEHEW. JTO, B CBOIO OY€pEdb, MEHSET MOBEACHUE KIIETKHU.
Tpanchopmupytonmit  pakrtop pocta-fp  (TGF-B) mnpencraBnser  coboii
MHOTO(YHKIIMOHAJIbHBIN CEKPETUPYEMBIN ITUTOKUH, KOTOPBIM UTPAET PEelIaollyIo
poiib B iposdepanuu, auddepeHImpoBKe U anonTo3e KieTok [179].

Kunasel, momobHbie penentopam aktuBuHa (ALK), mpemcraBisioT coboii
Ipyniny M3 CEMU PELEeNnTOpoB Tuma [, OTBETCTBEHHBIX 3a Mepenayy CUTHAJIOB
cemeiictBa TGFp, 1 ucnonp3yoTcss MHOTUMH JIUTaHIaMU BHYTPH CyllepCceMENCTRa.
Kpatko paccMoTpuM (GyHKUMM Ka)XJAOr0 M3 HUX U MOAPOOHEe OCTAHOBUMCS Ha
ALKS.

ALK1 (ACVLI1) xopoiiio u3y4yeH B CBSI3U C €ro poJibl0 B BacKyjoreHese. Bo
BpeMsl 3axuBiieHUs paH dkcnpeccuss ALK yBenuuuBaercs, BbI3bIBas BETBJICHUE

KPOBEHOCHBIX COCYJIOB, a TIOCJIE 3aKPBITHsI paHbl €ro 3kcnpeccus cHuxaercs [170;
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179].

NurubupoBanue sHpoTenuanbHol nepenaun curHaioB ALK mocpenctBom
UCIIOJIb30BaHusl HeWTpanusyroniero antutena ALK cymiecTtBeHHO MHruoupyer
BaCKYJIOT€HE3 U aHTHOTEHE3, J1a)Ke KOT/1a MPUCYTCTBYIOT (PAKTOPHI pOCTa, TAKHE KaK
daktop pocra sHmotenus cocyaoB (VEGF) u ocHoBHOW (dakTop pocTa
bubpobmactoB (bFGF) [139]. UnTEepecHO, 4TO HEKOTOPHIE UCCIICTOBAHUS TTIOKA3AIIH,
yro ALK1 / Smadl / 5/9 pabortaer cunepreruuecku ¢ myteM Notch ais peryiasiuu
anruoreHe3a. Rostama B. u ero xosiern oOHapyX uiH, 4TO AEJIbTA-MOJOOHBIN
murann 4 (D114) / Notch ¢ aktuBanueit BMP9 / ALK1 unnynupyer nokoii KieTok
nocpenctsoM p21 u TpomOocnoHAMHA-1, a TaK)Ke UHAYIUPYET IKCIPECCUIO TEHOB
Hey B sHnoTennanbHbIX KieTkax jerkux. Kpome toro, nocne norepu D114, ALK1 /
Smadl / 5/9 crtaHOBUTCS peryiupyembIM, TE€M CaMbiM KOMIICHCUPYS MOTEPIO
nepenayu curHaioB Notch [196].

CxoaHbIM 00pa3oM 00pabOTKa MEPBUYHBIX IHAOTEIUAIBHBIX KIETOK YeJIOBEKa
¢ nomoibto BMP9 nnayurpyer reast Heyl u Hey2 nocpeactsoM coTpyiHHuUecTBa
¢ Notch, ognako o0paboTtka pactBopuMbiM ALKI1 uHruOupyer skcmpeccuio,
JIEMOHCTPUPYS TECHYIO B3aMMOCBS3b 3THX JABYX myTted [219]. YTpata pyHKIINM
ALK1 sBnsiercss OCHOBHOM NPUYMHOM CHUHApPOMa ayTOCOMHO-IOMUHAHTHOM
COCYIUCTOM JMCIUIa3WU, WM3BECTHOTO KaK HACJEeACTBEHHAs TeMopparuyeckas
teneanrusktaszus 2 tuna (HHT2) [139].

ALK2 (ACVRI) — ato koctHblil peuentop BMP. beuio obHapykeHo, 4ToO
pasmuunbie JguraHael TGFB, Activin m BMP, takue xak BMP9 u Activin B,
MHAYyIUpyloT nepenauy curHainoB ALK?2 [90]. B nepByro ouepenp U3ydaeTcs: €ro
posib B octeoreHeze U xoHaporenese, ALK2 neoOxomum ans nponudepanuu u
muddepennupoBkr  XoHApouToB [194]. Baxknocte ALK2 B octeorenese
MOJIHOCTBIO ~ OCO3HAaeTCd B  Pa3BUTUM  MPOTPECCUPYIOIIEH  OCCHUKAIBHOMN
bubponucmnazun  (FOP), koTtopoe  XapakTepuzyeTrcss MNpOrpecCUpYIoIieit
occU(pUKAIMEH MBITIII, CYXOKUJINH, CBI30K U COSAMHUTEIBHBIX TKaHeH [182].

Xota Hekotopblie ¢ynkiuu ALK3 (BMPR1A) mpeamnonaratoT cXoJcTBO €

ALK2, stoT 06€mok HMeeT CyIIEeCTBEHHOE CXOJCTBO IOCIEI0BATEIbHOCTEH C
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npyrum uieHoMm cemeiictBa ALK, ALK6 [157]. I'mo6aneubiii nedext ALK3
MIPUBOJIUT K JICTAIBHOMY MCXOy 11l 3MOproHOB [169]. ALK3 skcnipeccupyercs B
KJIETKaX OCTEOJMHUMM M KOCTHOTO MO3ra M HEOOXOAMM [JIsi TMOCTHATaJIBHOTO
oOpa3oBaHusl KOCTH; MOATOMY MpeArnojaraercs, 4ro ocHoBHast pynkius ALK3 —
3TO ocTeoreHes [163].

ALK4 (ACVRI1B) — yHuBepCcaIbHBIN pelenTOp, UTPAIOIIUI PEIIAIONTYI0 POJIb
B pa3BuTuu. B Monensax wmbimei rinobanbHbii HOKayT Alk4 (Acvrlb) sBisercs
SMOpPUOHAIBHBIM  JIETAJbHBIM M3-32 HApPYLICHUS pa3BUTUsA JNUONacTa W
BHEOMOPHOHAJILHON AKTOAEPMBI, YTO TMPUBOJAUT K HEMPABUILHON TacTPYISIIUU
[125].

[lepemaua curnanoB akTuBHHa A, omocpenoBanHas udepe3 ALK4, wurpaer
BaXKHYIO poJib B penpoaykuuu [161]. YcnoBusiil negext Alk4 B MaTke npuBOIUT K
CHIKEHUIO (PEepTUIILHOCTH U3-3a Ae(eKTOB pa3BuTUA miaueHThl [186]. Ilepenaua
curHaioB uepe3 ALK4 / ALK7 B MyXCKUX MOJIOBBIX MYTSIX HEOOXOoauma st
Pa3BUTHS 3apOJIBIIIEBBIX KIETOK U mpoiudeparuu kietok Cepronu [167].

ALK6 (BMPRIB) peiictByer B mepByr ouepenb kak peuentop BMP, c
MpeUMyIIeCTBEHHbIM CBsi3biBanneM ¢ BMP2, BMP4, BMP6, BMP7, BMP15 u
GDF5, opHako Takke HaOmIOJaeTcsl CBs3bIBAaHHME JIMTAHAAQ  BEIECTBa,
uHrubupyromero Mrosuiepuan (MIS) [80]. B pa3BuTru mM03BOHOUYHBIX IKCIPECCHUS
ALK6 cTporo KoHTposmpyeTcss M B TIEpPBYIO ouepelb OOHapy>KHUBaeTCs B
ME3EHXUMAJIbHBIX TpeXpAlllax, XOHJAPOIMTax U ocTeobsactax. Bo Bpems
nuddepennupoBku octeobmacToB dkcmpeccuss ALK 6 nmoBbliaeTcsi, 9To yKa3pIBaeT
Ha poip dTOoro Oenka B (opmupoBannu kKoctedl [163]. OO0 »sTomM Takke
CBUJETENBbCTBYET accouuanus mytauuii ALK6 B pa3Butun OpaxuIakTHIMA TUMIA
Al u tuna A2.

JlonmoTHUTENBHBIM J10Ka3aTeNbCTBOM MpuuacTHOCTH ALK6 k oOpazoBaHuio
KOCTH SIBJIIETCSl Pa3BUTHUE CKEJICTHBIX HapylleHUW nauciuiazud ['peba wu
akpoMezomennueckoi aucruiazuu Ao [1ana [208]. C 3TuMu HapyIIEHUSIMU CBSI3aHbI
pa3IuyHbIe MyTalllM, BIUSIONIME Ha aKTUBHOCTh KMHa3HOTO AgomeHa ALK6 [207].

Okcnpeccusi ALK6 nHambosee BbICOKa B MO3re, JIETKHUX U SUYHUKAX BO 3PEJIBIX
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TkaHsax [169]. B smunumkax ALK6 HeoOxomum mis ¢oimkynoreHesa. Ero
AKCIIpECcCUsi KOJeOJieTcs Ha BCEX CTaAusX, OJHAKO CHIDKCHHME WM HapylICHUE
skcrpeccun ALK6 Ha MOBEpXHOCTH TpaHYJIE3HBIX KJIETOK OBLIO CBS3aHO CO
CHIKeHHeM pocta (osuukysos [190].

06 ALK7 (ACVRI1C) uzBectHo HEMHOTO. [0 HETaBHETO BPEMEHH PELIETITOP
tuna Il u murangel, B3aumonerictBytomue ¢ ALK7, 6putn HemsBecTHbI [146]. K
HACTOSIIIEMY BPEMEHH HJACHTU(PHUIIMPOBAHO HECKOJBKO JTUTaHI0B, BKItoyas GDF3,
Activin B u Activin AB [223]. ALK7 neMoHCTpUpyEeT BBICOKOE CXOJICTBO
nocnenoBarenbHocTed ¢ ALK4 u ALKS, onHako CTpyKTypa BHEKIETOYHOTO
JIOMEHa OTJIM4YaeTcss OT Apyrux peuentopoB | tuma [146]. B mocTtHataibHOM
pa3ButuHn U B 3penoMm Bo3pacte ALK7 B OCHOBHOM »JKCHpPECCUPYETCS B
LIEHTPaJIbHOM HEPBHOM CHUCTEME, TJI€ CUTHAJIBHBIN IyTh, KAaK MPEANOIAraeTcs,
ydyacTByeT B npoiudepaund U AUPEpeHUUpPOBKE HEUPOHOB, a TaKXKe B
MOJIKEITY JOYHOM JKEJIe3€ M TOJICTOM KUIIKe [84].

[Togo6HO panee paccmorpenHbiM penentopam, ALKS (TGFBRI1) wurpaer
pelIaloIyl0 poiab B pa3Butul U penpoaykuumn. ALKS mydme Bcero
OoXapaKkTepu30BaH Kak nepBuuHbIi perentop st aurannoB TGFB (TGFB1, TGFR2,
TGFB3), omnako pomomuuTenbHo coobmaercsa, uro GDF8 m GDF9 Tak ke
nepenaroT curuan uepes »tot peuentop. GDF8 mMoxker nepenaBaTe CUTHAI 4epes
ALKS nna aktmBanmm Smad3, ERK1 / 2 W cTepoMaoreHHOro ocTporo
peryisitopHoro Oenka (StAR) B kieTkax rpaHyisie3bl. OToT 3QPeKT MOKeT ObITh
3abnokupoBad mHruompoBannem ALKS [117]. GDF9 mepemaer curHambl uepes
BMPRII u ALKS, xomupys Smad2 wm Smad3 nns akTuBanuu KIETOK KOPBI
HaJMOYeYHUKOB U KJeTok Cepromnu [215]. O6a HeoOx0auMbI 1Sl (POJIITUKYJIOTeHE3a
[117]. ALKS urpaet kit04eBylO pojib B KAHOHMYECKOM MyTH MEPEIadyl CUTHAJIOB
TGF-B. ALKS wmoxer karamu3upoBaTh (ocPopuiiupoBaHue perenTopa-
peryiupyembie Smad 6enkoB (Smad2 u Smad3), koTopsie 00pa3yroT reTepoMeEPHbBIA
KOMIUIEKC C OOIIMM OIMOCPENOBaHHBIM Smad4 U TpaHCIOKAIHMIO B AP0, I/I€ OHU
peryaupyrot TpaHckpunuuio [179].

ALKS neoOxomum sl penpoAyKTUBHON (PyHKUMU. MBIIM C YCIOBHBIM
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HokayToM AlkS B maTtke Oecrmonnbl. [laxke mytanTHble AlkS Mbimm ¢ MyTarueit
D266A knock-in B merne 145, cnemosarenpHo, He mo3Boasgmomme AlkS
dbochopunupoBath Smad2, BepKHBalOT ToNbKO 1m0 E10.5 u3-3a medexroB B
dbopmupoBanun cocyauctor ceru [143]. Hamenennas npenenus AlkS B
KOMITAPTMEHTE HEPBHOTO CTBOJIA TMIPUBOAUT K JICTATLHOMY MCXOy IJIsi SMOpHOHA
U3-32 HEBO3MOXKHOCTH 3aKpBITUSI BepXHel ryos! u Heba [159].

Vnanenue AlkS Hapyiiaer pa3BuTHE NTUBEPTUKYJIOB SHIIEBOAA U MUOMETPHSL.
Kpome Toro, y 3TUX MBIIMIEH TrUnepnpoiudepaTuBHbIE MAaTKH W HEPETYISIPHBIC
xene3bl [121]. Drtor QeHOTUN JEMOHCTPUPYETCS BO BpeMsl HMMILIAHTALIUH,
MOCKOJIbKY Tpo¢oOJacThl HE HUMEIOT OpraHU3allMM, COKpAIaeTCs OIS
€CTECTBEHHBIX KJIIETOK-KIJLIEPOB MAaTKH M CHUXKACTCS PEMOJICTMPOBAHUE apTEPHMA
[186]. Ot pesynbTaThl npeamnonararT, uto ALKS HeoOxoauMm HE TOIBKO IS
TPaHCAYKIMKU Tiepefadyn curHaioB cemeiictBa TGFB, HO Takke HeoOXoauM st
OTIOCPEIOBAHMS YaCTH UIMMYHHOTO OTBETA MATKH.

Xots noteps skcnpeccun AlkS B MaTke mpuBOIUT K Je(hEKTHBIM MpOIIeccaM,
KOHCTUTYTHBHAsI DKCIIPECCUSI PpEIeNTopa TakkKe NpoOieMaTHdHa. Y CIOBHOE
yBenuueHne (yHKiun matodHoro AlkS mnpuBeno K yBEIWYCHHIO TOJIIMHBI
MUOMETpPHS, YTO TMPHUBEIO K TUIEPMYCKYJISpHU3allud MaTku. B sHIOMeTpun
KOHCTUTYTHBHass  akTuBHOCTHL  AlkS  cmocobctByeT — nuddepeHipoBKe
¢bubpo06IaCTOB ¥ CUTHATYPE reHa TNaakux M. MuatepecHo, uro nenenus AlkS B
MaTKe UMella CYIeCTBEHHBIE dMTUTEIHATbHBIC 3(D(PEKThI, TOT1a KaK KOHCTUTY THBHAS
aKTUBALUS CUJILHO U3MEHSsIa MUKPOOKpYKkeHue Matku [ 120].

B uccnenoBanuu Monsivais D. [172] aBTOpbl UCKYCCTBEHHO OJOKHUPOBAIN
ouomonekyisipubie nyth AlkS B MaTke, UCHONIB3ys MBIIIEH € PELENTOPOM
MporecTepoHa, 4YTOOBl  ompenenuTh  ¢Gusuosornmueckyro pomb AlkS B
PENpOIyKTUBHOM ITpOIIeCCe.

HecMmoTpst Ha HOpManbHBIE (YHKIUU SUYHHKOB M HMCKYCCTBECHHYIO
JeUTyaIu3alfio y Mblliei ¢ ycnoBHoM nHaktuanuen (cKO), orcyrctBue ALKS
B MaTKe MPUBOAMIIO K 3HAYUTEIHLHOMY CHUYKEHHUIO PETPOAYKTUBHBIX BO3MOKHOCTEN

U3-32 aHOMaJIMUW, HAOMIOJaeMBIX HAa PAa3HBIX CTAaUAX OEPEMEHHOCTH, BKIIOYas
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nedexTbl OIacTOUMCThI, MMIUIAHTALMU, AE30pTaHM3aIMi0 KIeTOK TpodobiacTa,
MEHbIIIee KOJIMYECTBO KJIETOK €CTeCTBEHHBIX KuiuiepoB MaTku (UNK) u Hapyiienue
PEMOIETMPOBAHUS CIUPAIBHON apTEPUU.

TGF-B neiictByer Ha nenuayaibHble KieTku uepe3 ALKS, Bbi3biBas
IKCIPECCUIO JIPYTUX (AKTOPOB poOCTa M LUTOKUHOB, KOTOpPBIE SIBISIOTCS
KIIOYEBBIMH ~ PETYJISITOpAaMU  MpoJudepalud MpPOCBETa JMUTEIUS, Pa3BUTHUS
Tpodobiacta u cozpeBanust UNK Bo BpeMsi OEpeMEHHOCTU. ABTOPHI OTMEUaIOT
CHIW)KEHME MHBA3MBHOCTH TPO(oOJacTa, CBA3aHHOE C MOBBIIIEHHBIM YPOBHEM €TI0
anontoTuyeckon rubenu. MccnemoBarenu mojarairT, 4TO HHAYKIMS aronTo3a
TpodoOiaacTa MOXKET OCYIIECTBISATHLCA MakpodaramMu JByMsl MyTSMHU: CEKpeIHen
TNFa u ero neiicteuem Ha ALKS, skcnpeccupyembie TpodoOiaacToMm, a Takke
co3ganuemM jgedurnmrTa TpunTodaHa 1MOJ ~ JEUCTBHEM  DKCIPECCUPYEMOM
Makpoaramu UHAOJAMUH-2,3-Au0Kcurenassl [191].

AHTMOTeHe3 COOTBETCTBYET 0OpPa30BAHMIO HOBBIX KPOBEHOCHBIX COCY/IOB U3
paHee CyHIECTBOBABUIEH COCYAHMCTOW CETH IyTE€M IMPOPAcCTaHUs, PACUIEIJICHUS U
PEMOICIMPOBAHUS IPUMUTHUBHOM COCYAMCTOM ceTU. M BaCKyJIOreHes3, U aHTMOreHE3
Y4acTBYIOT B Pa3BUTUU (PYHKIITMOHAIIBHON COCYIHUCTON CHUCTEMBI Y dSMOPHOHA, HO
TaK)ke BHOCST CBOM BKJIa/l B POPMUPOBAHHME TOCTHATAILHBIX KPOBEHOCHBIX COCY/IOB.
VY B3pOCHBIX HEOBACKYJISIPHBIN OTBET BO3HUKAET B PA3JMYHBIX (PU3UOTOTHUYECKUX U
MaTOJOTUYECKUX YCIOBUSAX, BKJIIOYAs 3aKUBIICEHUE PaH, BOCCTAHOBIICHHE IOCIIE
uH(papKkTa MHOKapja, 3a00JeBaHus, CBA3aHHBIE C BOCIAJIEHUEM, POCT COJIMIHON
OIyXOJIM M METACTa3UPOBAHHME OMYXOJIM. BacKyJloreHe3 M aHrMOreHEe3 CTPOro
perynupytorcst (aktopamMmu pocta. IOTH (AKTOPHI BKIIOYAIOT (PaKTOp pocTta
supotenus cocynoB (VEGF), dakrop pocra ¢ubpobdmactor-2 (FGF-2), daxrop
pocta TpoMOOIUTOB U Tpanchopmupyromuii pakrop pocra-fl (TGFB1) [211].

Bo Bpems sMOpHoOHanbHOTO (HOPMHUPOBAHUS YEIOBEUYECKOTO OpraHu3Ma
AMOPHUOH 3aBUCUT OT KPOBOCHAOKEHUS AJi pa3BUTHS U pocTa. [TocKonbKy KpoBb
MIOCTYIIa€T Yepe3 KPOBEHOCHBIE COCYZbl, 0Opa30BaHUE KPOBEHOCHBIX COCYIOB
SBJISIETCS] BYKHBIM MPOIIECCOM KaK BO BpeMs SMOPHOHAJILHOTO Pa3BUTHS YENIOBEKA,

TaK M Ha IIOCTHATAJBbHBIX JTallaX XXHM3HH. 3HI[OT€J'II/IaJII)HBIe KJICTKH BBICTHJIAIOT
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BHYTPEHHIOIO TOBEPXHOCTh KPOBEHOCHBIX COCYJOB, M OHHM HEOOXOIHUMBI IS
oOpa3oBaHUsI KPOBEHOCHBIX COCYZOB, TOCKOJbKY OHHU MpoJindepupyror,
MUTPUPYIOT M BTOpPraroTcsi BO BHekaeTouHbli Marpukc (BKM), dopmupys
COCYZUCTBIE CTPYKTYPHI IO BCEMY TeIy UeloBeka. B kauecTBe OCHOBHOIO MOTUIIA
penenropoB tuna I TGF-B, ALKS urpaet Baxxuyto posib B GOpMHUPOBAHUU COCYAOB
BO BpEMS YMOPHOHATIFHOTO Pa3BUTHA.

Crneunduueckuit 11 suporenuaibHbix kiaeTok (OK) ALKI yBenmumBaeT
nposudepanuio 1 murpanuio DK, Torma kak MOBCEMECTHO JKCIPECCUPYEMBbIN
ALKS wunrubupyer o6a stux mpornecca. [lockonbky ALKI1 Tpebyer kunazHoi
aktuBHOCTH ALKS nns ontumanbHOM akTuBanuu, orcyrctBue ALKS B OK
OpUBOAUT K JedekTHoMy ¢ochopunupoBanuo oboux mnyted Smad mpu
ctumyisiiuu TGF-6eta [220].

YroOsl NOHATH, TOUueMy nepenava curHasioB TGF-0eta yepes ALK1 u ALKS
OKa3bIBa€T MPOTUBOMNOJIO0KHOE BiMsHUE Ha DK 1 umeeT au 310 MecTo in vivo, [toh
F. et al. [143] cpaBawmu denotun mermei ¢ Hokaytom ALKS (ALKS (KI / KI)), y
KOTOPBIX OCTaTOK aclapariHoBOM KUcioThl 266 B netie L45 ALKS 6bu1 3aMeHeH
ocTaTkoM ananuHa, ¢ peHorunamu Hokayta ALKS (ALKS (-/ -)) u mbiiieit AuKoro
tuna. Y wmbimed ALKS (KI / KI) oGuapykeHbl aHruoreHHnie JeheKThl C
aMOpuoHanbHOM JieTaibHOCThIO Ha E10,5-11,5. XoTsa dpenorun meimeit ALKS (KI /
K1) 6511 ouens moxoxx Ha perorun mbimeir ALKS (- / -), uepapxuueckasi CTpyKTypa
KPOBEHOCHBIX COCYAOB, chopmupoBaHHbIX y 3mMOpuoHoB ALKS (KI / KI), 6bi1a
6onee pazsuroit, uem y Mmbimeir ALKS (KI / KI). Myrtantet ALKS (- / -). Takum
obpazom, wmytanus netiu [45 B ALKS wactmuno cmacnma cambie paHHHE
cocynuctbie aedekTsl y aMmOproHoB ALKS (-/ -). D10 uccnenoBanue noarsepkaaet
HaIm 0oJiee paHHUE HAOIIOACHUS, YTO JIsl CO3PEBAHMSI COCYIOB 1n Vivo TpeOyroTCs
nytu TGF-beta / ALK1 / BMP-Smad u TGF-beta / ALKS / aktuBun-Smad aiis
HOPMAJIbHOTO Pa3BUTHSI COCY/IOB.

B uccnenoBanuu Rossant J., mocBsaménaoM ycinoBHoi uHakTuBarmu AlkS,
OBLJIO 0OHAPYKEHO PA3BUTHUE AICTPOTrE€H3ABUCUMOM aJIEHOKAPIIMHOMBI YHAOMETPHUSI C

OTIIaJICHHBIMH MeTacTa3zaMu B Jierkux. OaHaKo, OcIoxHseT monnManue posm AlkS
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B WMMIUIAHTAIlMOHHBIX  Mpoleccax  ToT  (akT, dYTo  MOPQOJIOoTHUs
NPEIUMIUTAHTAIIMOHHOTO SMOpPHOHA YeJOBeKa HE WJICHTUYHA C aHAJOTUYHBIM
MpoIeccoM y OSMOpHOHAa MBI, KOTOpas HaumOojiee dYacTo  SBISETCS
OKCIIEPUMEHTATHHON MOJENBI0O B KOHTEKCTE MCCIICOBaHMs JaHHOW Tembl. [locme
OIUIOJOTBOpPEHUsT 00a SMOpPHMOHA TOABEPTalOTCA MHUTOTUYECKUM KIIETOYHBIM
JIEJICHUSM, YIUIOTHEHHIO M KaBUTallUK ¢ 00Opa30BaHUEM OJIACTOLUCTHI, COCTOSILEH
u3 cnost TpodakroaepMmsel (TE) u BuyTpenneit kinerounoit maccel (ICM). Heemotps
Ha 3TO CXOJICTBO, CYIIECTBYET PSJI CYIIECTBEHHBIX PA3IWYHi, TAKUX KaK BpeMs
JICJIEHUs, pacLICIUIEHUs, oOOpa3oBaHMUsl OJACTOIMCTBI M  HEMOCPEICTBEHHO

uMmIuianTanuu [196].
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Pe3rome no 0030py Jureparypbl

JKeHIMHBI COCTaBISAIOT PACTYLIUH CETMEHT MAllMEHTOB, OOpAIAIOIIUXCS 32
ycayramMu 1o JiedeHuto Oecrutomms, Takumu kak BPT. Ilpu stom wactora
BBIKU/IBIIIEH cpequ 6epeMenHocTel mociie BPT, kak v mpu ClIOHTaHHBIX 3a4aTUsX,
yBEIUYHMBAETCS C Bo3pacToM. KoHkpeTHass mpuumHa CyO(GEpTHIBHOCTH TaKKe
MOXET TOBJMATh Ha YaCTOTY BBIKUBIIICH: HANpuUMep, >KCHIIUHBI HMEIOIIUE
BpEJHbIC TPUBBIUKH, W30BITOYHBIM WM HEIOCTATOYHBI BEC, C HAIUYUEM B
aHaMHe3¢ HMH(MEKIMOHHBIX 3a00JeBaHUN, C HEKOTOPHIMH BPOXKIACHHBIMU
aHOMAJIUSIMU MAaTKH, MHUOMaMHU W JHJIOKPUHHBIMU HApPYIICHUSIMU HMEIOT OoJee
BBICOKHI YPOBEHb PAHHUX PENPOAYKTUBHBIX MTOTEPH, YEM TE, Y KOTOPBIX UX HET.

B xenckom penponyktuBHoM TpakTte TGFB, AlkS m ero Hmxkecrosiue
curHaibHble (akTopel, SMAD2 u SMAD3, uMmeror pemiaroriee 3HaAYCHUE IS
CTPYKTYPHOU ILIEJIOCTHOCTA MHUOMETPHUS U ANIEBOAOB. DAKTUYECKH, YCIOBHAs
abmsauust TGFBR1/AIKS B Mbllax MaTku ¥ CTpPOMaJIbHBIX KOMIIAPTMEHTAX MAaTKH
¢ perientopoM Amhr2-cre MPUBOAUT K aHOMAJILHOMY Pa3BUTHUIO TJIAJIKUX MHBIIIIIL,
YTO MPUBOJUT K TUBEPTUKYJIAM SIUIIEBOIOB U HAPYIICHUIO TPAHCIIOPTa YMOPHUOHOB.
AnvrepHatuBHo, ynaieHue TGFBRI1/AIkS w3 maTouHo#l MBIIIIIBI, CTPOMBI U
SMUTENHSI C TOMOINBIO pEIEenTopa MpOTrecTepoHa MPHUBOAUT K JedexTam
SHJOMETPUS U TUIALICHTHI, YTO MPUBOJIUT K aHOMAJIbHOMY Pa3BUTHIO SMOpPHUOHA U
oecrutoanio. Moy nsius aKTUBHOCTH PEIICITOPOB SIBISETCS KPUTHUECKUM I11aroM
JUTst peryniauuu nepeaaun curHanos TGF-p.

beiio mokazano, urto uineHwsl cynepcemeiictBa TGFB wurparor ponas B
dbopMHpOBaHUN KPOBEHOCHBIX cocyZoB. B OompmmHcTBe THNOB KieTOK TGF[
nepeaeT CUrHaj yepe3 akTMBUHONOA00HYI0 kuHa3y 5 (ALKS) peuenropa TGF(
tuna [, HO »HAOTENMANbHBIC KIETKH SKCIPECCUPYIOT crenuuueckuit s
supotenus penentop TGFB tuma I ALKI. Takum o6pazom, TGFB wmoxer
nepenaBath curHaisl yepes peruentopbl ALK n ALKS B sHIOTENMHANIBHBIX KIETKAX.

HecMoTpst Ha TO, 4TO OBLIO MPUIOKEHO MHOTO YCHUJIWH IS TIOHMMAaHUS
PEeryJsiTOPHBIX MEXaHW3MOB aKTMBHOCTUM M cTabuibHOCTH penentopa AlkS, ero

3HaYeHHE B PA3BUTUU COCYJOB SMOpPHOHA C LEIbIO 00ECIEeYeHHs] COXPaHEHUs
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6CpeMeHHOCTI/I, MHOTHC BOIIPOCHI €IIIC HC PCIICHBI.
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I'JIABA I1. MATEPUAJIBI U METOIbI UCCJIEJOBAHUSA
2.1. Opranusanus UccJie10BaHMs
HccnenoBanue BBHIOTHEHO HA 0a3e THHEKOJIOTUYECKOTO OTHAETCHHs, Kadeapsl
MaTOJOTUYECKON aHATOMUU M OTIEJIEHHS BCIIOMOTAaTEIbHBIX PENPOAYKTUBHBIX
texHosiorui  I[lepunaranibHoro nentpa DenepaibHOTO  TOCYAAPCTBEHHOTO
OIOPKETHOIO 00pa30BaTENBHOIO YUPEKIAEHUS BbICHIEro oOpa3oBaHus «CaHKT-
[TerepOyprckuii rocy1apCTBEHHBIN MEANATPUUYCCKUN METUIIMHCKUM YHUBEPCUTET
MunucrepcTBa 3apaBooxpanenus Poccuiickoit @eneparuu. 3adop aeuuyaibHONU
TKaHW MPOBOJUJICS amMOyJaTopHO Ha 0aze kadeapbl aKylIepCcTBa U TMHEKOJIOTHUU
CIIb TTIMY, uMMyHOTHCTOXMMHMYECKOE HCCJIEIOBAaHUE IIPOBEICHO Ha 0ase
KaQeapbl MaToJI0rHYeCKO aHaTOMUHU ¢ KypcoM cynedHoit meauumnsl CI1b I'TIMY.

Komuccuss mno  Bompocam  Ouostuku npu  Cankr-IlerepOyprckom
rOCy/JapCTBEHHOM IME€IHATPUYECKOM MEIUIMHCKOM YHUBEPCUTETE CUMTAET, YTO
JaHHasi paboTa OTBEYAET BCEM 3TUYECKUM TpeOoBaHusM (mpoTokos Ne 1/6 ot 21
suBaps 2019 r). B 3aximodeHnn ykazaHo, 4To paboTa COOTBETCTBYET MPUHIIUIIAM
XenbCUHCKOW JeKyiapanuu, npuHiaTod ['eHepanbHOll accambiieeir BcemupHoi
Menuunnckoi Accouuanuu, KonBennuu Cosera EBporibl 0 mpaBax 4enoBeKa U
OuoMeaMIIMHEe, COOTBETCTBYIOMM MosoxeHnusM BO3, MexnyHapoaHoOro cosera
MEIUIMHCKUX HAYyYHBIX 00IECTB, MeXTyHapOAHOT0 KOJIeKCa METULIMHCKON ATUKU
1 3aKkoHaM P®, MONHOCTHIO HMCKIIOYAET YLIEMJICHUE HHTEPECOB IALMEHTOK HU
HaHECEHUE Bpeaa UX 340POBBIO.

B cootBeTcTBHHM € MOCTaBICHHOMN LEBIO U 33/1a4aMU UCCIIEA0BaHMNS, HAYYHbIE
ITIOMCKH OCYILECTBIBUIMNCH B HECKOJIBKO ITAIOB.

Ha nepBom 3Tare aHaau3upoBaIMCh HCTOYHUKHN HAYYHOM JTUTEPATYPHI 110 TEME
uccienoBanusi. GopMyIHUPOBAIUCH T€JIb, TUMOTE3a, 3a7a4l, OOBEKT W MpPeaMeT
UCCJIEIOBAHMS, TOAOMPATUCh METOJIbl MCCIEIOBaHUs, aJeKBaTHbIC 3ajadam
MCCIIEIOBAHMS.

Ha BTOpOoM »3Tame uccienoBaHHs NPOBEAEH PETPOCHEKTUBHBIN KIMHUKO-
cTaTucTuueckuit aHanmu3 120 MenumuHCKUX KapT OepemeHHbIX mocie BPT,

otoOpanHbIX 3a nepuoa ¢ 2018 mo 2020 roa. AHanu3 mMaTepuagoB NPOBOAUIICS C
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nomoniplo mporpammbl  Microsoft Exel 2016, B KOTOpyl0 BHOCHIIUCH
3aI0KyMEHTUPOBAHHBIE TaHHBIE U3 MEAUIMHCKUX KapT. [[okazarenu pe3yabTaToB B
JAHHOM HCCIEAOBaHUM ObLIM 00pabOTaHbl MYTEM BBIYMCIECHUS CpEIHEN
BbIOOpOYHOH (M), OLIEHKH CTaHJapTHOI'O OTKJIOHECHHS CpEeIHEH BBHIOOPOYHOM (m).
[Tomy4yeHHbIE TaHHBIE aHATM3UPOBAIKUCH C IIOMOIIBIO HEMAPAMETPUYECKHUX TECTOB.
Jlnsg  pacyera CTaTUCTMYECKM 3HAYMMBIX  pa3iMuUMil  MEXAy TIpynnamu
ucrosb3oBaics kputepuii Manna-Yutuu (U-kputepuii).

Ha tperpeM »3tame wuccieqoBaHUS MPOBEACHO HMMYHOTMCTOXUMHUYECKOE
UCCJICIOBAHUE JICUyaIbHOW TKaHU aOOpPTUBHOTO Marepuaia NpH PaHHUX
PENpPOAYKTUBHBIX MOTEPSX C Leibl0 BbIABICHUs skcnpeccun ALKS. OOpasipl
JNeUUAYaIbHOM TKaHW coOpaHbl B T'MHEKOJOTHYECKOM oTAeneHun CaHKT-
[TeTepOyprckoro roCcyJapCTBEHHOTO NeANaTPUYECKOrO MEIULMHCKOTO
yHuBepcuteta ¢ sHBaps 2018 mo ngexabps 2020 roma, B HCCIEAOBaHUU
uCroap30Banbl TKaHu 40 manueHTok B Bo3pacte 25-40 jier, ¢ MEHCTPYaJIbHBIM
nukiaoM 28-30 mgHel, ¢ HOpMOMl XPOMOCOMHOrO Kapuotuna mapsl. Kpome Toro,
MPOBOJMIACH OLEHKA MPOTHOCTHUYECKOr0 M KIMHUYECKOTO 3HAYEHUS IKCIPECCUU
ALKS B mpoduiie paHHUX penpoyKTUBHBIX oTeps nociie BPT.

Ha uerBeproM 3Tame ocyuiecTBisiach 00paOOTKa MOJYYEHHBIX JAHHBIX U
aHaJIU3 pe3yJbTaTOB MCCIIEN0BaHUs, (POPMYIUPOBAHUE BHIBOJAOB U PEKOMEH AL
N0 TPOBEACHHOMY HCCIEJOBaHMIO, TIOJrOTOBKAa TEKCTa M  OQOpMIIEHHE

JIMCCEPTAIMOHHON PaOOTHI.

2.2. O0mas KIMHMYECKAS XAPAKTEPUCTHKA SKEHIIUH, KOTOpPble ObLIU
BKJIIOYEHbI B HCCJIEA0BAHHUE

[IpoBenieH peTpOCIEKTUBHBIN KIMHUKO-CTATUCTUYECKU aHAJIU3, B YaCTHOCTH
otOop 344 MeIMIMHCKUX KapT OEpeMEHHBIX, KOTOpbIE COJEpkKald HaHHBIE O
paHHEM CaMOIIPOU3BOJILHOM abopTe u3 1274 MEIUIIMHCKUX KapT MallueHTOK
NEPUHATAIIBHOIO LIEHTPA, U3 KOTOPBIX HaMH B34TO 60 >KEHILHH B BO3pacTe OT 25 10
45 net ¢ uHIyUMpoBaHHOU OepemeHHOCTHIO nociie BPT ¢ 3aperucrpupoBaHHBIM

paHHUM CaMOIPOU3BOJIBHBIM a0OPTOM B TECTAIIMOHHOM CpOKe 6-8 Hemenb (Wim
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yepe3 4-6 Hemenb mocie nepeHoca AMOpUOHOB). B rpymmy cpaBHeHHs OBLIO
otoOpaHo 60 METUIIMHCKUX KapT MAIlMEHTOK B Bo3pacte oT 25 110 45 net nocie BPT,
y KOTOPBIX OEpEMEHHOCTD MpOTeKana 0€3 KaKUX-ITM00 OCIIOKHEHUH.

Cpeaun aByx rpynmn narueHTok nocie BPT Obuiv OlleHEHBI 3THOJIOTHYECKUE
(dakTOpbI pUCKa PAaHHUX PENPOAYKTHUBHBIX MOTEph mocyie BPT Ha ocHOBE KIMHUKO-
CTaTUCTUYECKOTO aHaIn3a. B pamkax aHanu3a OLICHUBAIW COLMUAJIBHBIA aHAMHE3!
BO3pACT, BEC, BUJ ACSATEIBHOCTU, 00pa3oBaHUE, BIUSHUE BPEIHBIX (AKTOPOB U
BPEIHBIX IPUBBIYEK; THHEKOJIOTMYECKU AaHAMHE3: IEPEHECEHHBIE BOCTIAJIMTEIIBHO-
UH(DEKITMOHHBIE, AKCTpareHUTAIbHBIC 3a00seBaHus u ONEPATUBHBIE
BMENIATENBCTBA, PETYJISIPHOCTh MEHCTPYAIBHOTO LIUKIIA, ITTUTEILHOCTD U XapaKTep
MEHCTpYalHnii; PENPOTYKTUBHBIN aHaMHeE3 (abopTHI, BBIKHUIBIIIIH,
MIPEXKIEBPEMEHHBIE POJIbI), TPOJOIIKUTEIBHOCTD OECIUIOMS, KOJIMYECTBO MOIMBITOK
BPT, tun Gecruiofusi, IPOTOKOJ KOHTPOJIUPYEMOW TMIIEPCTUMYIIALNHA STUYHUKOB,
METOJI OIJIOIOTBOPEHUSI, 00I11as 03a TOHaA0TPONMHA, ypoBeHb XI U B CHIBOPOTKE
yepes 14 nueit mocie nepenoca (ME / ).

Kpurepuem BKiItOUEHHS B TPYNIy HMMYHOTMCTOXUMUYECKOTO MCCIICTOBAHUS
JenUAyalbHONM TKaHU a0OpPTHBHOTO MaTepuaja MPU PAHHUX PENPOTYKTHBHBIX
MOTEPSIX C UEeNbl0 BbIsBICHHS HKkcnpeccun ALKS (20 naunumeHTOK 1eHTpa
PENPOAYKTUBHOM MEIULIMHBI) SIBJISLIICS] COCTOSIBIIIMIICS paHHUN CaMOITPOU3BOJIbHBIN
abopt nmocne BTP B recranmonnom cpoke 6-8 Henens (viin yepes 4-6 Henelnb mocie
nepeHoca >MOpuoHOB). [laneHTkaM 1IeHTpa PenpOAYKTUBHON MEIMIIMHBI TOCIE
npoueaypsl HepeHoca SMOpHoHa uepe3 3-4 Heneiau TMocie TpaHCIIaHTAlUU
BBHITIOJHSTA  a0IOMUHATIFHOE YJIBTPAa3BYKOBOE HCCIIEIOBAHUE, OATBEPIKIAIOIIEE
HaJW4yue BHYTpUMATOUYHOW OepeMeHHOCTH. IIpu OTCYTCTBMM TPU3HAKOB
nmporpeccupoBanus B TedeHue 7 cyTtok (pocta XI'Y, cepameOuenus 1uioga mpu
VY3U), mnpoBomunoch xupypruueckoe mpepbiBanue (20 mnauuentok). Ilocine
BHYTPUBEHHOM AHECTE3UMM MPOBOJWIACH BaKyyM-acClUpalus, IOJYYECHHBIN
MaTepral OTIPABIIAJICSA HA UCCIIETOBAHUE.

Kpurepuem BkitoueHus B rpyniy KOHTPOoJIs (20 370pOBBIX KEHILUH) SABIISLIOCH

BBITTOJIHCHHOC IIJ1aHOBOC XUPYPIru4cCKocC MMPpCPbIBAHUC OﬂHOHHOHHOﬁ
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Iporpeccupyroieii 6epeMeHHOCTH, HACTYMUBIIEH B €CTECTBEHHOM IUKJIIE, TI0 MX
JKEJIAHUIO B TECTALIMOHHOM CpOKe 6-8 Hesenb 0e3 TEHACHIINU K YTPO3€ IpephIBaHUs
OEpEeMEHHOCTH.

C 1menpro Mmosy4eHUsl JOCTOBEPHBIX JAHHBIX IPU ONPEIEICHUU SKCIIPECCUU
ALKS ocHOBHas rpynna naiieHTOK U Ipynna CpaBHEHHs MOAOUPATIUCH C yUETOM
WX UJICHTUYHOCTU N0 OCHOBHBIM MOKa3aTessiM: BO3pact (25-45 1ner), counaibHO-
PKOHOMUYECKOE,  CEMEMHOE  MOJIOKEHHE,  OCOOEHHOCTH  aKyIIEpPCKOro-
TMHEKOJIOTMYECKOTO aHAMHE3a, 3KCTpareHuTaidbHas marojorus u ap. llomywanu
UHPOPMHUPOBAHHOE COTJIaCHME€ KEHIIMH Ha HCIOJIb30BaHUE OHOJIOTHYECKOTO
MaTepuasia B HAyYHbIX LEJSIX.

KpurepueM uCKIIOUEHHS M3 HMMYHOTMCTOXMMHUYECKOIO HCCIIEIOBAaHUS
ABJIUIOCH ~ HAJM4YM€  COMAaTUYECKHX, AayTOMMMYHHBIX,  HAacCJEACTBEHHBIX
TEHETUYECKUX  3a00JieBaHMM M 3a00J€BaHUWM  SHIOKPUHHOM  CHCTEMBI,
MHOTOIUIO/IHAsA OEpEMEHHOCTb, CIydyad BBISBICHHBIX BPOXICHHBIX AHOMAJIUH,

OTKa3 XXCHIIINH Ha MCIIOJIb30BAaHHC OMOJIOTUYECKOTO MaTCpualia B HAay4YHbIX LCJIAX.

2.3. MeToab! UcCae10BAHUS

Jlnst monmyyeHus: OOBEKTUBHBIX PE3YJIBTATOB ObUT MPUMEHEH KOMIUIEKCHBIN
MOAXO0/I C UCTIOJIb30BAHUEM Psifia paHee MOA0OPaHHBIX METO/I0B UCCIEIOBAHUS.

beul  mpoBeneH  pPEeTPOCHEKTUBHBIM  KIIMHUKO-CTATUCTUYECKUM  aHAJIU3
MEIUIIMHCKUX KapT TMalMeHTOK TEePUHATAIBbHOIO IIEHTpa. AHAJIUTHYECKOE
MCCJICIOBAHNE OIICHKH dTUOJIOTHYECKUX (DAKTOPOB pHCKA PAHHUX PETPOTYKTHBHBIX
norepb nociae BPT mpoBeneHo ¢ 1HEnpl0 BBISIBICHUS NMPUYUH BO3HUKHOBEHHS U
pacnupocTpaHeHHOCTH mnocaeaHnx. OCHOBHOM 3ajayeld JAHHOTO MCCIEAOBAHUS
ABJISIETCSA BBISBICHUE MPUYMHHO-CJIEJACTBEHHBIX CBSI3€H MEXKIAY TUIIOTETUYECKOU
npuyuHON U cieactBueM. CpaBHEHHME YacTOTHl BO3HUKHOBEHHUS OTACIBHBIX
(hakTOpOB B OCHOBHOM M KOHTPOJILHOM I'PYIINE MO3BOJIUIO PACCUUTATH MOKA3aTelb
otHomeHus: mancoB (OR), mo BenmunHE KOTOPOTO MPHUOIUZUTEIBHO OIICHUBAIIH

HaJIHU4ue HpHQHHHO-CHGI[CTBeHHOﬁ CBJ3H.
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Ha »Tame KIMHUYECKOTO HCCIENOBaHHUS Yy OEPEMEHHBIX MPH MPOLEAype
nepeHoca SMOpuoHa uyepe3 3-4 Heenu MOociae TPAHCIUIAHTAIMK BBITOJIHSIN
a0JIOMUHAJIBHOE YJBTPa3BYKOBOE MCCIIEIOBAHUE, MOATBEPKIAIONIEE HAINYUE
BHyTpUMaTOuyHOW  OepemMeHHOCTH. Cepuio MpPOAONBHBIX M MONEPEYHBIX
CKaHUPOBAaHUN TPOBOAMUIN Ha yibTpa3BykoBoMm ammapaTte «Philips Clear Vue»
(I'epmanus) ¢ UCTIONB30BAHUEM MTAKETOB IPOrPAMMHOTO 0OECTICUEHUSI.

Y Bcex 0O0CJIENOBAHHBIX KEHIIMH HCCJIEAOBAIOCh  COJECpKAHUE B
nepupepruuecKoil KpOBH OTAEIbHBIX TOPMOHOB, B TOM unciie XI'H. ['opmoHaibHbIE
UCCJIEJOBaHMSI CBIBOPOTKU KPOBU MPOBOAWINCH HMMYHO(PEPMEHTHBIM METOJOM Ha
ananmuzatope Immulite 2000 (Siemens Healthcare Diagnostics Inc., CIIIA) c
nomoIpo TecT-cuctemsl Immulite 2000 HCG st onpeneneHuss XOpuoHUYECKOTO
rOHAJOTPONIMHA  YeloBeka. Bo  BpeMs  uccliejoBaHUS  NPUMEHSUIU
BBICOKOYYBCTBHUTEIHHBIC aHTHUTEA.

OOcnenoBaHne Ha YpPOTCHUTAIbHYIO HWH(MEKIUI0O TPOBOJWIOCH Yy BCEX
nainueHToK. TBepaodasHbiM UMMYHO(MEPMEHTHBIM aHAJIU30M ompeaesuiich [gM u
IgG B mmasme kpoBu K Bo30yautensiMm Chlamydia trachomatis. Ureaplasma
urealiticum u Mycoplasma hominis, Toxoplazma gondi, Rubella, Cytomegalovirus,
Herpes simplex (tum 1/2).

[TaruenTKaM  MPOBOAMIIOCH XUPYPTUYECKOE TMpephIBaHHE OEPEeMEHHOCTH
METOJIOM D3JIEKTPUYECKON BaKyyM-aclHMpaluy IOCJIe BHYTPUBEHHOM aHECTE3MH.
JlenyanbHble TKAaHU aOOPTUBHOTO MaTepHalia MpernapupoBain U PUKCUPOBATH B
10% dopmanuue ¢ HeWTpanbHbIM Oydepom B TeueHue 24 4YacoB W 3aauBajiu
napadunom. [lapadunoBbie cpe3nl AenapauHUZUPOBATHN, PETHIPATHPOBAIA U
KUTIATUAIIN TS U3BJICYCHUS aHTUTEHA C UCTIOJIB30BaHUEM CTAaHAAPTHBIX MPOILETYP.
[Tocne OmoxupoBanusi 3% (Bec / oO0bem) BSA B Tteuenme 1 wyaca cpesbl
WHKYOMpOBAJIM C TNEPBUYHBIMU aHTUTENaMu B TedeHue Houn npu 4 ° C.
NMMyHOpEaKTUBHBIE CUTHAJIBI MOJyYalid C MCIOJIb30BaHUEM Habopa cyOCTpaToB
3,3'-muamuaoOeH3uuHA (DAB).

Ha nocnenmneM »3rtanme nOpoBOAWIACH OLEHKA IMPOTHOCTUYECKOTO U

KJIMHUYECKOro 3HaueHus skcnpeccu ALKS B mpoduie paHHUX penpoyKTUBHBIX



61

noreps nocne BPT. MuddepenunansHo skcnpeccupyemMbie T€Hbl ONPEEIsia C
MOMOIIBI0 ABYCTOpOHHETO t-KpuTepusa (p <0,05) m kpatHoctn <0,5 m > 2 u
OTOOpa)kanu Ha TEIUIOBOM KapTe ¢ ucnoib3oBanueMm GenePattern. GSEA Oblna
npoBeieHa Ha ocHOoBe HaOopoB reHoB KEGG, u nnst ganbHeWiero u3BIeYeHUs
NEPEOBBIX  IMOJAMHOXXECTB  ObUIM  BbIOpaHbl  HAOOpBI T'€HOB, KOTOpPbHIE
COOTBETCTBOBAIIA KpUTEpHIo KoddurmenTa toxHoro ooHapyxkenus (FDR) <0,25.

JInsi  KOMMYECTBEHHOW OLEHKM pe3yJIbTaTOB MHKpOIpenapaTsl  ObUIA
choTtorpadupoBaHbl B MaKCUMAJIbHO BO3MOYKHOM KOJINYECTBE
HENEePEKPHhIBAIOUINXCS MOJEH 3peHus], MOJyYEHHBIX C UCIIOJIb30BAHUEM OOBEKTHBA
x20 ¢ pazpemenuem 1600*1200 mukcenei, nmpu MoMoIIM MHUKpockomna Leica u
uuppoBoii  kamepbl Leica 425C. Oxkcnpeccus MapkEpPOB — OLEHUBAJIACh
KOJIMYECTBEHHO TIpU IOMOIIM KOMIBIOTEpHOM mporpamMmel Aperio Image
Scope v9.1.19.1567. Ilporpamma kanuOpoBaiach, MOCIE YETr0 Pe3yabTaThl
UMMYHOTUCTOXUMHUYECKUX PEAKUMi OLEHUBAINUCh, MCXOAs U3 TOKa3zarens
«TO3UTHBHOCTH» (B MHTEpdeEiice mporpaMmsbl «positivityy). s kaxmoro ciydas
pPacCUMTHIBAJIOCh CpPEJHEE 3HAYEHUE TMO3UTHUBHOCTH BCEX H300paK€HUH MO0
MpaBUJIaM HAXOXIEHUS CPETHETO.

OnexTpoHHass 0a3a TEPBUYHBIX JIAHHBIX CO37]|aHA C HCIOJIb30BAaHUEM
anekTpoHHbIX Tabmuu Microsoft Excel 2016. OOpaboTky W aHanmu3 AaHHBIX
CTaTUCTUYECKOW HMHPOpPMAIMK MPOBOAMIM C MCIOJIb30BAaHUEM MPOrPaMMHOTO
komruiekca SPSS Statistics 17.0 (Statistical Package for the Social Science).

OnucarenpHbld aHANU3 PE3yJbTATOB HUCCIEIOBaHMs 0a3upoBalcs Ha
WCITOJIb30BAaHUU METOJIOB BapUALMOHHOW CTAaTUCTUKH. B MccinenoBaHuM NMPOBEAEH
aHaJIM3 YaCTOTHBIX XapaKTepucTuk (B %) A1 Ka4yeCTBEHHbIX mapameTpoB. [l
KOJIMYECTBEHHBIX MapaMEeTPOB Mbl ONPENEISIN CPEIHHUE YPOBHM MOKa3zaTejaed u
MPOBOJMIM OLEHKY HX BapuaOENbHOCTH M CTATUCTUYECKOW 3HAYMMOCTH C
MOMOIIBI0 cpefHel apudmernueckoi BenuuuHbl (M) M cpeaHEKBaIpaTUYHOTO
OTKJIOHEHUS (M).

CpaBHUTENBHBIN aHaIUM3 M OIIEHKAa CYIIECTBEHHOCTH PAa3HUIIBI MEXIY

rpynmnamMyd  MCCIEAOBAaHWA IPU  CPAaBHEHMM  YAaCTOTHBIX  XapaKTEPUCTUK
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(Ka4eCTBEHHBIX IMapaMeTpPOB) MPOBOJMIIACH C HCIIOJIB30BAHUEM KpUTEpPUS XU -
KBagpaT. B cimydae cpaBHEHUsS NPU3HAKOB, KOTOPBIE PENKO BBISBISINCH B
uccienyeMbpIX rpynmnax (5 M MeHee Cily4yaeB) sl OLIEHKM CYLIECTBEHHOCTH
MEXKIPYIIIOBOM  pPAa3HUIBI  MCIIOJB30BaJd  TOYHbIA  Kpurtepuii  Duuiepa.
CpaBHUTENBHBI  aHAIM3  KOJIMYECTBEHHBIX  IApaMETPOB  MPOBEAECH  C
UCITOJIb30BAaHUEM HENapaMeTPUYECKOro Kputepuss MaHHa-YUTHU I CpaBHEHUS
MEXK]ly TPYIIIaMHu.

Ha Bcex aTamax CTaTMCTUYECKOTO aHajIu3a MPOBOJMIIACH IIPOBEpPKA (OLEHKA)
CTATUCTUYECKOW 3HAYMMOCTH pe3yJjbTaTOB Ha YpoBHE He Huxke 95 % (puck
MOTrpemHocTy He 6onee 5 % — p <0,05).

JInst MPOrHOCTUYECKON OLIEHKU BJIMSIHUSI OTACJBHBIX (PAKTOPHBIX MPU3HAKOB
Ha BEPOATHOCTh PENPOAYKTUBHBIX MOTeph nocie BPT paccuuTeiBanu mnokazareinb
otHouieHus maHcoB (OR — odds ratio) u 95 % noBepuTeabHBIN HHTEPBAI C OLEHKON
CTaTUCTHYECKOW 3HaunuMocTh (p). OlLieHKa XapakTepa B3aMMOCBS3EH MEXIy
UCCJIENYEMbIMU KIMHUYECKUMHU TOKa3aTes MU 0a3upoBajiach Ha TPUMEHEHUU
KOPPEISLIMOHHO-PETPECCHOHHOTO aHanu3a. [[s OLIEHKM CUJIbl CBSI3M B TEOPUU
KOPPEJSLUU TMPUMEHSIETCS [TKalla aHTJTUHCKOTo cTaThucThka Yenmoka: cimadas — ot
0,1 no 0,3; ymepennas — ot 0,3 1o 0,5; 3ametnas — ot 0,5 10 0,7; Beicokas — ot 0,7

10 0,9; BecbMa Bbicokas (cuiibHas) — ot 0,9 no 1,0.
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I'JTIABA III. AHAJIN3 ®AKTOPOB, CBA3AHHBIX C PAHHUMMH
PEITPOAYKTUBHBIMH HOTEPAMHA P INPUMEHEHUUN
BCIIOMOT ATEJIBHBIX PEITPOJIYKTUBHBIX TEXHOJIOT UM

3.1. OTHosiornyeckne GpaKTOPbI PUCKA PAHHUX PENPOAYKTHUBHBIX OTEPh
Y “KeHIIHH M0CcJIe BCIOMOraTeJIbHbIX PenpOAYKTHBHBIX TEXHOJIOTHIl HA OCHOBE
KJIMHUKO-CTATHCTHYECKOr0 aHAJIN3a

Hekortopsble 11011, KOTOpbIE paHbllie 0OPOIHUCH C OECIIIOANEM, TeePh UMEIOT
OoJpIIE TEpaneBTUYECKUMX IMIAHCOB. B mociieqHue roapl B 0OJAcTH JICUEHUS
Oecryiousi MOSIBUIOCH MHOTO HAy4YHBIX M TEXHUYECKHX JOCTHMXKEHHH. OgHaKo
NIOKAa3aTelId yclexa TakKhX METOJOB HE IOKa3ad 3HAYMTENIBHOI'O Iporpecca,
HECMOTpsI Ha MX UCIOJIb30BaHUE 3a IMOCJeAHee AecaTuieTre. Mexay Tem, Obuia
oOHapy)XeHa 3HAYUTENIbHAs pa3HUIA MEXIY BBICOKOW CTENEHbIO YCIEIIHOCTH
OBYJUSILIMM TIOCJI€ JIEYEHUS M HU3KOM YacTOTOW HACTYIUIEHUsT OEpEMEHHOCTH.
Knuunueckoe TeueHre 0epeMeHHOCTH Y sKeHIIUH nocie BPT sBisercs npenmerom
MHOTHX HAy4YHbIX HCCJIEHOBaHUN. bEpEeMEHHOCTh C BBICOKOM CTEICHBIO
aKyILIEPCKOr0 PUCKa SABJISIETCS BOIIPOCOM MAJIOM3YUYEHHBIM, a CyUIECTBYIOIIME IO
NOBOJY 3TOM TeMbl MyOJMKAlUMU HE AA0T OJHO3HAYHOTO OTBETA OTHOCUTEIIHHO
pPOJIM Pa3iIMYHBIX 3THUOJIOTUYECKUX (HAaKTOPOB pPHUCKA PAHHUX PENPOAYKTUBHBIX
noTeps y skeHuwH nocie BPT. M3yunnu pakTopsl prcka 0epeMeHHOCTH, BKIIOYas
BO3pacT Marepu, uHAekc Macchl Tena (MMT), rTHHEeKOJIOTHYecKue 1 COMaTHUECKHE
3a00J1eBaHUs, THOJOTHIO OECIUIONUS, PEAKIHUI0 Ha CTUMYJISLHIO, KaueCTBO U
KOJIMYECTBO 3aMEHEHHBIX SMOPHUOHOB U THII JICUCHUS.

Bo3pact KeHIHH, BOIIEIINX B UCCIEI0BAHNE, HAXOAUIICS B IMANa30He OT 25
10 40 ner (tabnmuua 1), u3 HUX B Bo3pacte 25-29 net 5% B rpyIie uccieaqoBaHus
(I') u 15% — B rpynne kontpoius (I'K). Bozpact ot 30 go 34 netr u3 XKeHUIUH,
NPUHABIIMX y4yacTHe B ucciieqoBanuu, 55% owutn u3z ['M u 68,33% u3 I'K. Bo3pacr
ot 35 10 40 neT U3 KEHIUH, IPUHSABIINUX Y4acTHE B UcclieoBanuu, 23,3% Obutn U3
' u 15% u3 I'K. Bo3pact ot 41 10 45 ner u3 XKEHIIUH, NPUHIBIIUX Yy4acTHE B

nccaegoBannu, 16,67% opum u3 ' u 1,67% u3 I'K.
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Tadmuma 1
PacrnpenesieHre JKEHIIMH, KOTOpbIe OBbLIM BKIIIOUEHBI B PETPOCHCKTHBHBIM

KJIMHUKO-CTaTUCTUUYCCKUM aHaliu3, B 3aBUCUMOCTHU OT BO3pacTa

Bospact | Bcero (n=120) I'pynna I'pynma koHTpoOJIS
UCCIIeIOBAHUS (n=60)
(n=60)
Kou- % Kou-Bo % Kou-Bo %
BO
25-29 12 10,0
3 5,00 9 15,00
JeT
30-34 74 61,7
33 55,00 41 68,33
JeT
35-40 23 19,2
14 23,33 9 15,00
JeT
41-45 11 9,2
10 16,67 1 1,67
JeT
M+m 35.3+4.6 32.843,2
P <0,05

Cpennecraructuueckoe 3HaueHne B M cocraBuno 35.3+4.6 ner, B ['K —
32.843,2 nmer. AHaNN3 JAaHHBIX aHAMHE3a MOKa3al MPSMYIO CBSI3b BOZHUKHOBEHUS
pPUCKa PAaHHUX PENPOAYKTHUBHBIX IIOTEPH C BO3PACTOM KEHIIMH OCHOBHOM IPYIIIbI
(p <0,05), OepeMEHHOCTh KOTOPBIX HACTYIHWJA TMOCJIE MCIOJIb30BAHHUE JICUCOHBIX
nporpamm BPT B cpaBHEeHUU C >KEHIMHAMHU, Ybsi OEPEMEHHOCTh MpoTeKaia 6e3
KaKUX-JIM0O OCIIOKHEHUH.

[Tarmentkn 'V oka3zanmuch B CpegHEM Ha HECKOJIBKO JIET CTaplie, 4eM
xeHmuubl ['K. Tak, cpenu sxenud [ moctatouno OosbIoNH MPOLEHT 3aHsUIN
oepeMmennblie B Bo3pacte Oosiee 40 ner. [lo HamemMy MHEHMIO, YKa3aHHBIA (DakT

CBsI3aH C 0OoJjiee BBICOKOM YacTOTOM BKCTpaFeHHTaHBHOﬁ I1IaTOJIOTHMM M BbBICIIHUM
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MPOIIEHTOM  ONEpPaTUBHBIX  BMEHIATEIbCTB MO  MOBOAY  3a00JieBaHUU
pENpOIyKTUBHOM CUCTEMBI B TAHHOM BO3pacTHOM nepuoze [20].

[Ipu ompenenieHnn Beca UCCIENYEMBIX OEPEMEHHBIX 110 MHAEKCY MacChl Tea
(UMT), cpenaum xeHIuH ¢ pa3HbiM 3HaueHueM MMT He HaiiieHO JTOCTOBEpPHBIX

OTIMYUN MEXTy OCHOBHOM TPYMIION U rpymnmoit KouTposs (p>0,05) (tadm. 2).

Tabmura 2
Pacripenenenne >KeHIUH, KOTOPbIE OBLIM BKJIIOYEHBI B PETPOCIICKTUBHBIN

KJIMHUKO-CTaTUCTUUYCCKUM aHaJIn3, B 3aBUCUMOCTH OT UMT

Nnpekc Bcero (n=120) I'pynna I'pynma
Macchl UCCIIEIOBAHUS KOHTPOJIS
Tena, (n=60) (n=60)
kr /M2 | Koa-Bo % Kon-Bo % Kon-Bo %
<20 9 7,5 4 6,67 5 8,33
20-26 65 54,2 32 53,33 33 55,00
26-30 40 33,3 20 33,33 20 33,33
30-40 3 2,5 2 3,33%* 1 1,67
40 51
0oJee 3 2.5 : 3337 1 167

M=m 25,6+4,4 25,2+4,1

P >0,05

AHanu3 JaHHBIX TOKa3aj, YTO y OONBIIMHCTBA >KEHIIWH, BOIICANINX B
uccienoanue. UMT cooterctBoBan Hopme (18.5-24,9 kr/m2), y kaxnon 10-i
YKEHIITUHBI 3apETUCTPUPOBAH JACPUIUT Macchl Tena (MeHee 18,5 kr/m2), y Kaxaon
3-i1 oTMeueHa u30BITOYHAs Macca Tena (25-29,9 kr/mM2), uMenu MecTo ciydau
OKHpeHusi nepBoil U BTOopoil creneHu (B coorBerctBuu 30,0-34,9 u 35,0-39,9

KI/M2).
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Tak, UMT <20 kr / M2 umenn 7,5% >KEHIINH, TMPUHABIIUX y4YacTHE B
nccaeaoBannu, u3 HUX 6,67% Obumm u3 I'U m 8,33% u3 I'K. UMT 20-26 xr / M2
umenu 54,2% >KeHITUH, MPUHSABIINX y4acTHe B UCCIIeN0BaHNA, U3 HUX 53,3% Obutn
u3 [ u 55% u3 I'K. UMT 26-30 xr / M2 umenu 40% »KeHIIMH, TPUHIBIINX y4acTHe
B nccaenoBanuu, u3 HUX 33,3% Oputn u3 I'M 1 33,3% u3 I'K. UMT 30-40 kr / M2
uMmenu 2,5% JKEeHIUH, NPUHSABIINX YYacTHE B UCCIEA0BAHNHM, U3 HUX 3,3% ObuIn U3
I wu 1,67% u3 I'K. UMT 40 u 6onee xr / M2 umenu 2,5% >KSHIIUH, MPUHIBITAX
y4acTue B uccliieioBanuu, u3 Hux 3,3% obimu u3 ' u 1,67% u3 I'K.

Cpennecraructuueckoe 3HaueHue B I'M cocraBuno 25,6+4,4 ner, B I'K —
25244,1 xr / M2. AHanu3 JaHHBIX aHaMHE3a II0OKa3ajdl HE BBIABUII CBS3H
BO3HUKHOBEHUSI PUCKA PAaHHUX penpoayKTUBHBIX moreps ¢ UMT xenmmn ['U B
cpaBHeHuu ¢ sxkeHmuHamu KI' (p >0,05), TeM He MeHee y uyactu xeHmuH ['U
BBISIBJICHO TIpeoOiiaganue n30bITouHOM macchl Tena 30 kr/m2 u 6osee, yem B 'K
(p<0,05), 4TO MOXET B OTHENBbHBIX CJIydasX BIUATb Ha pPA3BUTHE PAHHUX
penpoayKTUBHBIX ToTeps nociie BPT [20].

AOcom0THOE OOJIBIIMHCTBO JKCHIIWMH, BOIICAIINX B HMCCICIOBAaHHUE, KUIH B
ropoJiec ¥ COCTOSUIM B 3aperucTpupoBaHHOM Opake. [lo Mecty >kuTenbcTBa U
CEMEHHOMY TOJI0KEHHUIO TPYIIIHI )KSHIIUH ObLIA OJTHOPOIHBIMHU.

[IpodeccronanpbHas NPUHAMICKHOCT M BHJA TPYJIOBOM JIESITEIHLHOCTH
MAIMEHTOK UCCIIEAyEMbIX TPYIII MPEACTABICH B Ta0IHIE 3.

Kakux-mmbo CTaTUCTUYECKHM 3HAUYMMBIX pa3IMuuii B  HaNpaBJICHUU
npodecCHOHATbHOM MTPUHAAJICKHOCTH U BUJIa TPYIOBOH AesiTenbHoCcTH Mexay [
U KOHTPOJBHOM TpymnmolW HaMm OOHApyXuTh HEe ynanoch. OOpamiaer Ha ceOs
BHUMaHHE OOJIBIIMI MPOLEHT MaIlMEeHTOK O00euX Tpynn, 3aHUMAaBIIUXCS
YMCTBEHHBIM TpYyJIOM (CIy:Kallue, Bpayd, HAy4HbIE€ COTPYAHUKH, CIIyXKallue

rOCyAapCTBEHHBIX YUPEXKICHUN).

Taomumna 3
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Pacnipenenenue XEHIIMH, KOTOpPhIE OBUTHM BKIIOYEHBI B PETPOCIIEKTUBHBIN
KJIMHUKO-CTaTUCTUYECKUIM aHaiu3, B 3aBUCHUMOCTH OT MNPOQECCHOHATbHON

IMPHUHAIJIC)KHOCTHU U B A pr,[[OBOﬁ ACATCIIbHOCTHU

[Ipodeccus Bcero (n=120) I'pymnma I'pynma
HCCIIeTOBAHMS KOHTPOJIS
(n=60) (n=60)
Koi-Bo % Kou-Bo % Kon-Bo %
PaborHuxk
4 3,33 1 1,67 3 5,00
MPeCcChl
12 10,00 5 8,33 7 11,67
[IpenonaBarenn
Bpau 16 13,33 7 11,67 9 15,00
. 25 20,83 12 20,00 13 21,67
Jlomoxo03siiKka

Pabora,

CBSI3aHHAs C
28 23,33 15 25,00 13 21,67
br3uIECKIM

TPYAOM

Cryxammi

rocyaapCTBEHH
28 23,33 16 26,67 12 20,00
oro

YUPEKIACHHUS

Hayunsbrii
7 5,83 4 6,67 3 5,00
COTPYIHUK

Takke MOXHO MPOCIEIUTh TEHIAEHUHWI0O K OOJbIIEMY MPOLEHTY >KEHILUH,
3aHMMaBIIMXCS ~ (QU3WYECKUM  TpyaoM, cpend naunumeHtok ['M, opHako
CTaTUCTUYECKU 3HAYMMOTI'0 YPOBEHB NTOKA3aTEIEH OCHOBHOM U KOHTPOJIBHOM TPy

HC NJOCTUTHYT.
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OcyniecTBUTh aHAJIN3 HAJTUYUS BPEHBIX MPUBBIYEK OKA3aJI0Ch HEBO3MOKHBIM
B CBSI3M C TEM, YTO JIaHHas MHGOpPMAIUs OTCYTCTBOBAJIa B MEIUIIMHCKUX KapTax
UCCIIEyEMBIX JKEHIIKH.

AHaM3upysl XapakTep MEHCTPYAJIbHOTO IUKIA MAUUEHTOK HCCIEAYEMBIX
TpyINN HaMH YCTAHOBJICHO, YTO CPEAHUI BO3PACT MEHAPXE Y JKECHIIMH OCHOBHOM
rpymmbsl  coctaBun 12,7+1,1 ymer mo CcpaBHEHHIO C TPYNIOM KOHTPOJS —
coorBeTrcTBeHHO 11,8%1,3 mer (p>0,05). Y mnonapistomiero 4ucia >KCHIIUH,
KOTOpbI€ ObUIM BKJIIOUEHBI B UCCJEAOBAHWE, MEHCTPYaJIbHbIN IIUKJ YCTAaHOBUJICS
cpazy (p>0,05). IIpu uzydyennu GyHKIIMOHAIBHBIX OCOOEHHOCTEW MEHCTPYaIbHOTO
LMKJIa MBI HE BBISIBIWIM MPSMOW KOPPEISILIMOHHON CBSI3M MEXKIY XapaKTepoM €ro
HapylIeHUH W BO3HUKHOBEHHEM pPAHHUX PEMNPOAYKTUBHBIX MOTEPh IMOCTE
npuMeHeHus JeueOHbIx mporpamm BPT.

bonesnennbie MeHcTpyauun otmedanu 35 (58,33%) mammentoxk I'M u 28
(46,67%) mauMeHTOK KOHTPOJbHOU rpymmbl (p>0,05). PesynbTaThl HucciieqoBaHus

MpeCTaBIICHBI B Ta0IuUIIC 4.

Tabmuia 4
Pacnpenenenue >KEHIUH, KOTOPBhIE OBLIM BKIIOYECHBI B PETPOCTICKTHBHBIN

KJIIMHUKO-CTaTUCTUUECKUN aHaiu3, B 3aBUCUMOCTH OT XapaKTepa MEHCTPYaJbHOIO

IIUKJIa
Xapaktepu | Bceero (n=120) ['pymma I'pynma
CTHKa UCCIIeI0BAHUS KOHTPOJIS
MEHCTpyai (n=60) (n=60)
BHOTO Kon-Bo % Kon-Bo % Kon-Bo %
IIUKJIA
Onuromen

21 17,50 10 16,67 11 18,33

opes
HMHeTpoppar 9 7,50 4 6,67 5 8,33
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Anbroauc
63 52,50 35 58,33 28 46,67
MEHopes

Menoppar
27 22,50 11 18,33 16 26,67
us

Hapymenue MmeHcTpyanbHoro mukia ormeudanu 10 (16,67%) nanuentok ['Y u
11 (18,33%) nmanuueHTok KOHTpoibHOU rpynmsl (p>0,05). Hanmnuue merpopparuu
ormeuanu 4 (6,67%) nanuentox ['M u 5 (8,33%) marieHTOK KOHTPOIBHOM TPYIIIBI
(p>0,05). OOunpHOE W HAJIUTEIBHOE KPOBOTEUYEHHE BO BpEMsI MEHCTpYallUH
ormeuenbl y 11 (18,3%) mamuentok ' u 16 (26,7%) manueHTOK KOHTPOJILHOM
rpymisl (p>0,05).

CpenHss IpoI0JKUTENIBHOCTh MEHCTPYaTbHOTO IIUKJIA 10 JICUEHUS OECTUIOANS
Metonamu BPT cocraBmsima 28+2,5 nus y naumentok 'MW, 27,625 nus y
nanuerTok ['K (p>0,05) (tabu. 5).

Pannroro nosnoByto xu3Hb (10 18 net) Havanu 60 (50%) ucnbeityembix — 32

(53,3 %) obcnenoBannbIx xeHH [ 1 28 (46,7 %) xenmun ['K (p>0,05).

Tabmura 5
[Tpo10KUTETEHOCTE MEHCTPYTBHOTO ITUKJIA Y KEHIITUH UCCIIEAYEMBIX TPYIIIT

110 Jieuenus oecrutomaust merogamu BPT

[Tpopomxu | Bcero (n=120) I'pynna I'pynna KOHTpOJIA

TEJIHLHOCTD HACCIIEIOBAHUSA (n=60)

MEHCTpyas (n=60)

BHOTO Koui-Bo % Kon-Bo % Kon-Bo %

IIUKJIa

21-24 s 9 7,50 4 6,67 5 8,33
%

2527 et 45 37,50 18 30,00 27 45,00




56,67*
55 45,83 34 21 35,00
28-30 gueu *
9 7,50 6,67 5 8,33
31-33 nuga
M+m 28+2.5 27,6+2.5
P >0,05

IIprmeganus: * - mocroBepHOCTH OKa3aTeneit Ha ypoBHe p<0,05, ** - mocToBepHOCTH IOKA3aTeNell Ha ypOBHE

p<0,001.

Hanvuue rUHEKOJIOTrHYecKOM NaTOJIOTUU Y MOJABJISIIONIETO OOJIBIIMHCTBA

OEpEMEHHBIX C PAaHHUMHU PENpPOAYKTHUBHbIMHU moTepsiMu nocie BPT He BbisiBUIa
OpsSIMBIX Mapaiesed KOPPeIsHUOHHON 3aBUCMMOCTH C TaKUMHU 3a00JIEBaHUSIMU,

KAaK BPOXJCHHbIE TIOPOKU Pa3BUTHUSA >KEHCKUX MOJOBbIX opraHoB (3,33% B I'U u

8,33% B I'K, p>0,05) (Tabm. 6).

Tabmuma 6

Pacnipenenenne >KeHIWH, KOTOpbIe OBLIM BKJIIOYEHBI B PETPOCIICKTUBHBIN

KIIMHAKO-CTaTUCTUYCCKUA ~ aHaM3, B 3aBUCUMOCTH  OT  CTPYKTYpBI
TMHEKOJIOTHYECKOU MaToJI0THU
JlaHHbIE Bcero (n=120) I'pynma I'pynma
THHEKOJIOTHYECKOTO WCCJICTOBAHMUS KOHTPOJIS
aHaMHe3a (n=60) (n=60)
Koin- % Kon-Bo % Kon-Bo %
BO
OTtcyTcTBYET 23 19,17 0 0,00 23 38,3
Munoma MaTku 10 8,33 7 11,67** 3 5,00
BocnanurensHbie
TIPOIIECCHI 29 24,17 22 36,67* 7 11,67
BIIATAJTAIIA
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JlaHHbIE Bcero (n=120) I'pynma I'pynmma

THHEKOJIOTHYECKOTO UCCJICTIOBAHHUS KOHTPOJIS
aHaMHe3a (n=60) (n=60)
Koi- % Koi-Bo % Koi-Bo %
BO

[latonorust ek
25 20,83 18 30,00%* 7 11,67
MAaTKHU

Bpoxnenusie

MTOPOKH PAa3BUTHUA
7 5,83 2 3,33 5 8,33
YKEHCKUX MOJIOBBIX

OpraHOB

OnepaTuBHbIC
BMeEIIIATEIhCTBA HA
opraHax MaJjioro 28 15,00 17 28,33%* 11 18,33
Taza, OPIOIIHOM
MOJIOCTH

DHAOMETPHO3 13 10,83 9 15,00* 4 6,67

[Ipumeganus: * - mocToBepHOCTH MoKazaTeneil Ha ypoHe p<0,001, ** - mocToBepHOCTH mMOKa3aTeneil Ha

ypoBae p<0,05.

CTaTHCTUYECKH 3HAYMMBIMU (DaKTOpaMU PAaHHHX PEMPOAYKTHUBHBIX MOTEPh y
xeHmH ', Mo moJiydeHHBIM B TIPOIIECCE HCCIEAOBAHUS JAHHBIM, SBISTFOTCS
BOCHaIUTENbHBIC Mpoliecchl Biaranuiia (36,67% B ' u 11,67% B I'K, p <0,001),
sugomeTpuos (15% B ' u 6,67% B I'K, p <0,001), muoma matku (11,67% B [ u
5% B I'K, <0,05) u maronorus meiku matku (30% B T u 11,67% B I'K, p <0,001).

COBOKYITHOCTh 3THUX HEOJAronpusiTHBIX ()aKTOPOB OKA3bIBAET HETATUBHOE
BJIUSHUC HA PEaU3allii0 PEIPOAYKTUBHON (QYHKIIMA M B 3HAYUTEIHLHON CTCTICHU
TOBBINIAET PUCKH PA3BUTHS TAaKMX CEPHhE3HBIX OCIOKHEHHWHA Kak: IJIaleHTapHas
TucYHKIMS, 3aJepKKa BHYTPUYTPOOHOTO pa3BUTHS IUIOAA W IIOCICPOIOBBIC

KpoBoTeueHus [5]. BeposTHO, HaIM4YMe CKPBITHIX OYaroB XpOHMYECKUX UH(EKIINH,
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KOTOpbIE WMEIOT JIATEHTHOE TeYeHHe Ha (OHE BOCHAIHMTEIBHBIX TPOIECCOB
YKEHCKHX MOJIOBBIX OPTaHOB U HEJICUEHOM MaTOJIOTMH IIEMKH MATKU B 3HAYUTEIBHON
CTENEHU YBEJIMYMBAET PHUCK HMMYHHOTO JucOamaHca [9], kak OJHOro Hu3
MPEAUKTOPOB PAHHUX PEIPOTYKTUBHBIX MOTEPH Y MalMeHToK nocie BPT.
BrisiBiieHa 3HauWTeNBHAS OIS TUNEPHPOTU(EpPATUBHBIX 3a00JICBaHUM:
4acTOTa MHOMBI MAaTKH B THHEKOJIOTMUYECKOM aHamHe3e 3adukcupoBaHa B 7
(11,67%) MemuuMHCKHX KapTax NAlMEHTOK C pPAaHHUMH PENpPOAYKTHBHBIMU
notepsimu nocae BPT, uro 6osiee ueM B 2 pa3a yalie, 4eM Yy >KeHIIUH KOHTPOJIbHON
rpynnel  (p<0.05). CnemyeT oOTMeTUTh, 4YTO y Kaxaod 6 mnaunuentku [
JMAarHOCTUPOBAH  TeHUTaJIbHBIM  sHAOMeTpuo3  (p<0.05).  OmnepartuBHBIC
BMEIIATEIbCTBA IO IOBOJY TMHEKOJIOTUYECKUX 3a00JieBaHUA OTMEUeHbl y 17
(28,33%) cayuasx B T uy 11 (18,33 %) B 'K (p<0.05), uto moarBepx aaeT
BEIYILILYIO POJIb JUIUTEIHHOW MEPCUCTECHIIMU MH(EKIMOHHBIX (PaKTOPOB B OCHOBE
oecruioust THOEKIIMOHHOTO I'eHe3a ¢ BO3MOXKHBIM ayTOUMMYHHBIM OPAXKEHUEM U
HapyIIEHUEM UKJINYECKON TpaHCHOPMAIIMK U PEIENTUBHOCTH HIOMETPHSL.
Hanbonee pacnpocTpaHEHHBIM BHJOM OMNEPATUBHOIO BMEIIATEILCTBA B
aHaMHe3€ 00CJIeIOBaHHBIX MAallMeHTOK 00eux Trpynm ObUIM KucTtekTroMus (5%) u
orepalvi Ha MaTouyHbIX TpybOax (5,83%), B TOM yucie 1m0 MOBOY BHEMATOYHOM

OEpEeMEHHOCTH, TUAPO- U TUOCATBIIMHKCOB (Tad. 7).

Ta0Omuma 7
Pacnpenenenue >KEHIUH, KOTOPhIE OBLIM BKIIOYCHBI B PETPOCTICKTHBHBIN
KJIMHUKO-CTaTHUCTUYECKUI aHaJIns3, B 3aBUCUMOCTH oT CTPYKTYPBI

TMHEKOJIOTMYECKOM MaTOJIOTUU
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JlaHHBIE Bcero (n=120) I'pynma I'pynma xoHTpoOJIA

TUHEKOJIOTHYECKOT HCCIIeTOBAHMS (n=60)
0 aHaMHe3a (n=60)

Kon-Bo % Kon-Bo % Kon-Bo %
OnepatuBHbIE

BMEIIATEILCTBA Ha
opraHax Majioro 28 233 17 28,33%* 11 18,33
Taza, OPIOITHON

MOJIOCTH, U3 HUX

Kucrexromus, B
YaCTHOCTHU 6 5,00 3 5,00 3 5,00

PE3CKINA ANIHHUKA

Pazbenunenue
13 10,83 10 16,67* 3 5,00
cIIaex

Onepanun Ha
MaTOYHBIX TPyOax,
B TOM YHCIIC TIO

7 5,83 3 5,00 4 6,67
MOBOJTY

BHEMATOYHOU

OepeMeHHOCTH

MHOMAIKTOMUS 2 1,67 1 1,67 1 1,67

[Ipumeuanuns: * - gocroBepHOCTH INMoOKazaTeneld Ha ypoBHe p<0,001, ** - mocroBepHOCTH MOKazaTenel Ha

yposHe p<0,05.

CornacHO JaHHBIM MEAMIIMHCKUX KapT OINEpaluH IO TMOBOAY CIIACYHOTO
mpoiiecca B MajioM Ta3zy BcTpeuanuch B 3 paza yanie B [’ nportus I'K (p<0,001).
CTouT OTMETHUTh, YTO Y JKCHIIMH CTapliiel BO3PACTHOW TPYMIbI ONEPATHUBHBIC
BMENIATENbCTBA BCTPEUAINCH BJIBOE Yallle, TPOTUB JAHHBIX Y MOJIOJBIX MAIIUEHTOK

IPU €IMHUYHBIX CIy4asx B KOHTPOJbHOM rpymme (p<0,05).



74

OdveBugHbIM  oOcTaercs (akt, 4dYTO crmaeyHas OO0JIe3Hb, HaPyIICHUE
KPOBOCHA0)XCHHUS TMPHUIATKOB TOCIE OINepaluii Ha MAaTOYHBIX TpyOax, a Takke
olepanoHHasl TpaBMa SUYHUKOBON TKaHHW, 0€3 COMHEHHsS, OCYIIECTBISATH CBOU
TIOBPEXTAIOIININ BIUSHUE HA TApaMeTPhl OBAPHATLHOTO Pe3epBa U CTEPOUIOTEHE3A,
YTO KOCBEHHO MEHSUIO TOPMOHAJIBHBIM (DOH M YCIOBUSA I (PU3HOJIOTHIECKOTO
dbopMHUpOBaHUS MMIUTAHTAIIMOHHOTO IOTEHIIMAIa AHAOMETPHUS Yy YacTH KEHIIUH
I'n.

Bo Bpems ananm3a aHaAMHECTHYECKHX JaHHBIX COMATHYECKOW MaTOJOTHUU
oOpaimiajii BHUMaHHE Ha TIEPEHECEHHbIC 3a00JIeBaHMS, KOTOPbIE MOTYT HMETh
HEMOCPEJICTBEHHOE W OINOCPEJOBAaHHOE  BJIMSHUE HA  CTAHOBJICHUE U
GYyHKIIMOHUPOBAHUE PEIIPOTYKTUBHONW CUCTEMBI. AHAIIN3 XapakTepa U CTPYKTYPHI
AKCTpPAreHUTAILHON MATOJIOTHH Y KeHIuH nociie BPT npenocraBui Bo3MOXXHOCTD
BEIJICITUTD Tpymiy XPOHUYECKUX BOCTIAJTUTEIIBHBIX 3a0oJeBaHUI
MOYEBBIJICTUTEIIHHON CHCTEMBI C JIATCHTHBIM TEUCHHUEM, KOTOPBIC B 3HAYUTEIIBHON

CTETICHU BJIMSIOT HA POCT PUCKOB PAHHUX PENPOAYKTUBHBIX MOTEPH (Ta0MI. 8).

Tabmura 8
Pacnpenenenue >KEHIUH, KOTOPbhIE OBLIM BKIIOYEHBI B PETPOCTICKTHBHBIN
KIIMHAKO-CTaTUCTUYCCKUN aHAJN3, B 3aBUCHUMOCTH OT CTPYKTYpPhl W YacCTOTHI

BKCTpaFeHHTaHBHOﬁ IIaTOJIOTNH

DkctparenutanbH | Beero (n=120) ['pymma ['pynma koHTpOIIs
asi IaToJIOTHS HACCIIEIOBAHUSA (n=60)
(n=60)

Kon-Bo % Kon-Bo % Kon-Bo %
OTtcyTcTBYET 27 22,50 0 0,00 27 45,00%
3a0osieBaHus
SO 12 | 1000 | 7 11,67 5 8,33
KHILIEYHOTO
TpakTa
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OkctparenutansH | Beero (n=120) ['pymma I'pynma koHTpOIIA
ast IaToJIOTHs UCCIICIOBAHUS (n=60)

(n=60)

Ko-Bo % Kon-Bo % Kon-Bo %

3aboneBaHus
OpraHOB JbIXaHUs 32 26,67 18 30,00 14 23,33

(XpoHHYECKHE)

3a0oneBanus

MOUYEBBIIEIUTEID
23 19,17 20 33,33% 3 5,00
HOU CHUCTEMBI

(XpoHHUECKHE)

3abosieBaHus
CepHCYHO-

11 9,17 6 10,00 5 8,33
COCYyAUCTOM

CHCTCMBI

3a0oeBanusd
KPOBETBOPHOU 7 5,83 4 6,67 3 5,00

CHCTCMBI

3a0oseBaHus
SHJIOKPUHHOMN 8 6,67 5 8,33 3 5,00

CHCTCMBbI

MeTaboiimuecKuii
11 16,67 7 11,67** 4 5,00
CUHAPOM

IIpumevanus: * - mocroBepHOCTh Tokazateneid ['M mo cpaBuenuto ¢ 'K Ha ypoBHe p<0,001, ** -

noctoBepHOCTh okazateneit 'Y o cpasuenuro ¢ 'K Ha yposae p<0,05.

B MemuuuHCKMX KapTax OEpEeMEHHBIX C OTSITOUICHHBIM COMAaTUYECKUM
aHaMHE30M TMpeolasanu MauUueHTKH ¢ 3a00JeBaHUSIMH MOYEHOJIOBBIX MyTEeH H
pecnuparopHoro  TpakTta. lIpencraBieHHble — NOKa3aTeld  MOATBEPKIAIOT

CYIICCTBCHHYIO POJIb I/IH(i)CKIII/IOHHOﬁ I1aTOJIOTHUH B OTHUOIIATOT'CHE3EC
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HEBBIHAIMBaHUsA OepemeHHOocTH. OOpamaer Ha ceOsi BHUMAaHHE YACIBbHBIA BeEC
3a00J1eBaHUS SHIOKPUHHOM CUCTEMBI, CEPACUHO-cOCyAUCThIX 3a00neBanmii u JKKT.

CampIMu pactipocTpaHeHHBIME (popMaMu 3a00JI€BaHUN MOUYEBBIJCITUTEILHON
CHUCTEMBbI, COTJIaCHO IMOJYYEHHBIM JJAHHBIM aHaju3a OOMEHHBIX KapT O€pEeMEHHBIX,
OKa3aJMCh: OeccUMNTOMHAs  OakTEepUypus, XPOHUYECKHA  THEIOHEDPHT,
MHOTOKPATHO PEeLUANBUPYIOIMIUNA [IUCTUT.

Bce Qopmbl ykazaHHOW SKCTpareHUTAIBHOM IMAaTOJOTUHM, KOTOPBIE MBI
M3yyaliv, UMEJIU CYOKIIMHUYECKOe TeUeHUe, OEpEMEHHBIC HE MPEAbSBISIN Kal00
Ha MOMEHT rOCIHUTAIU3allH B aKyIIEPCKUI CTallMOHAp.

Hajimune conyTCTBYIONMIEH SKCTpareHUTAIbHOM MAaTOJIOTUM TOATBEPIKIICHA
KOHCYJIbTATUBHBIMU  3aKJTIOUCHUSIMU OCMOTpPa CMEXKHBIX CHEIUAIUMCTOB MpHU
IJJAHOBOM  KOHCYJBTHPOBAHMHM  OCPEMEHHBIX, TMAIMEHTKH OTMEYaIHd HUX
CYIIIECTBOBAHME BO BpeMs cOOpa aHAMHECTHUUECKUX JaHHBIX.

JInsi yTOYHEHUs XapakTepa IKCTPAareHUTaJbHOW MaTOJIOTHU HCIOJIb30BAIN
JIOTIOJTHUTEIIPHBIE METO/BI UCCIICIOBAHKS B 3aBUCUMOCTH OT IIPOQUIISA MaTOJIOTHN
JUIS KQKIOM MallMeHTKU.

OCOOCHHOCTBIO TOCIETHUX JIET SBISICTCS YBEIWYCHUE YJIEIBHOIO Beca
COYETAaHHOM COMAaTHYECKOH IMaTOJIOTHH U Bce OoJiee TIIyOOKOEe pacpOoCTpaHCHHE B
MOy JISIITUN AKCTPAreHUTAIBHOTO 3a00JIEBaHUS, Tak Ha3BIBAEMOTO
MeTab0IMIECKOr0 CHHAPOMA C KIMHUYSCKUMH MTPU3HAKAMH YETKO ONPEACICHHOTO
CHMIITOMOKOMIIJIEKCA.

CTouT OTMETHTH, UTO HAPYIIEHUE KUPOBOTO OOMEHA, KOTOPOE MPOSIBIISETCS
M30BITOYHBIM WJIM HEJAOCTATOYHBIM BECOM Tella y JKEHIIUH, BKJIIOYCHHBIX B
nporpammy BPT, BcTpeuwanoce B 16,67% caydaeB. BbIsIBICHHBIE JaHHBIC,
0€3yCIIOBHO, CBHJCTEILCTBYIOT O 3HAYUTEIHLHOM BIIMSHUHM  OTSTOIIEHHOTO
TMHEKOJIOTMYECKOT0 M COMaTHUYE€CKOTO aHAMHE30B Ha MOKa3aTeu penpoayKTUBHBIX
MOTEPb.

[Ipoananu3upoBaB naHHbIE ¢ OOMEHHBIX KapT, MbI BBISCHUIU BEAYIIHE
dbakTopbl Oecruionus Yy KOHTUHIEHTA >KCHIUH, KOTOpbhle OBbUIM BKJIIOYEHHI B

uccienoBanue. B Tabmuue 9 mpencraBieHO B aOCOMIOTHOM U MPOIIEHTHOM



77

COOTHOUICHUH KOJHMYECTBO BeAylmuX (HaKTOpoB HHGPEPTUIHLHOCTH MAIUEHTOK,
KOTOPbIM TIpOBeJIeHO 3(PPEKTUBHOE JICUEHHE C MCIOJIb30BAaHUEM HOBEHIIMX
texHoJioruii BPT, 4To 3aBepmInioch HaCTyIUIEHHEM KIMHUYECKOW O€pEMEHHOCTH.
WNrtak, cTaTUCTUYECKWA aHaIu3 MNEPBUYHOM JOKYMEHTALMM MAlMEHTOK
yKa3bIBaeT Ha TOT (PaKT, YTO OCHOBHOM MPUYMHOMN HCIIONIb30BaHus nmporpamm BPT
CpeIu UCCIEIYyeMOTr0 KOHTHMHTEHTa MKCHIIWH BBICTYNAET COUYETAaHHBIA (akTop
oecrutonus — 44,2% (45% cpenu xennun I'U u 43,3% cpenu xennun ['K), BTopoe
MECTO CpeIy MPUYUH MOTepU (PEPTUILHOCTH 3aHUMAET TPYOHO-IIEPUTOHEATbHBIN
daktop — 30,8% (33,3% cpenu xenmud ['U u 28,3% cpenu xenmmn ['K) u 25%
(21,67% cpenu sxentn ['U u 28,3% cpenu sxeniun I'K) cocrapisier sHIOKpUHHOE

Oecrionue.

Tabauma 9
Pacripenenenne >KeHIWH, KOTOPbIE OBLIM BKIIOYEHBI B PETPOCIICKTUBHBIN

KIIMHUKO-CTaTUCTUYECKUN aHaldu3, B 3aBHCUMOCTH OT BeayImiero ¢akropa

oecruiogust
Benymue Bcero (n=120) ['pynma I'pynmna
bakTopsl UCCJICIOBAHUS KOHTPOJIS
oecruioaust (n=60) (n=60)

Koi-Bo % Koi-Bo % Koi-Bo %

OHIOKPHHH 30 25,0 13 21,67 17 28,33
bl pakTop

TpyOno-
HIepUTOHEA
37 30,8 20 33,33 17 28,33

JIBHBINA

dakTop

CoueTaHHbI 53 44,2 27 45,00 26 43,33

i pakTop
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[IpooKUTENPHOCTE  O€CIUIONMST Yy  KEHIIMH  HMCCIENYyEeMBIX TPyl
npeacraBiena B Tabimmme 10. ITlomydeHHple JaHHBIE CBUIACTEIBCTBYIOT O
3HAYUTEILHOM MPOIEHTE OECIUIONUS MPOJOJKUTEILHOCTBIO OT 3 710 5 JeT cpenu
MAIMEHTOK BCEX UCCIIEyEMbIX TPYIII.

HauGonbmuii ynensHbIN Bec cpok Oecrutoawms 3-5 et coctaBun B [U —
46,67%, Tora Kak B KOHTPOJBHOM TrpyIle Cpok Oecruiofus 3-5 JET BBIABICH Y

43,3%.

Tabmuma 10
Pacripenenenne >KeHIWH, KOTOPbIE OBLIM BKJIIOYEHBI B PETPOCIICKTUBHBIN

KJIWHUKO-CTaTUCTUICCKUM aHallIn3, B 3aBUCHUMOCTH OT IIPOAOJIKHUTCIIBHOCTHU

Oecruionust
Cpok Bcero (n=120) I'pynma ['pymma
Oecrutoans HACCIIEIOBAHUSA KOHTPOJIS
(n=60) (n=60)
Kon-Bo % Kon-Bo % Kon-Bo %
33 11,67
Jlo 2 et 9 7,5 2 7
3-5 ner 54 | 450 | 28 | 4667 | o6 | 433
30,0 33,3
6-9 et 38 31,7 18 20
bonee 10
20,0%* 11,67
JIET 19 15,8 12 7
M=+m 6,8+3,5 6,0+2,9
P >(0,05

Ipumeuanus: * - noctoBepHOCTH mokazareneit [’ o cpauenuto ¢ 'K Ha yposae p<0,001,
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Y nenpHBIN Bec cpok Oecrumoaus a0 2 net coctaBmwi B ['U — 3,3%, Torna kak B
I'K cpok 6ecrmoaust 10 2 et BoisaBieH y 11,67%. Y nenbHbIi Bec Cpok Oecruioaus
6-9 ner cocraBmi B I' I — 30%, Torna kak B KOHTPOJIBHOM IpyNIE CPOK OECTLIOAMS
6-9 net BoIsBIEH Y 33,3%. Y aenbHbIN Bec cpok Oecrioaus 6osee 10 et coctaBui
B ' — 20%, Torna kak B 'K cpok 6ecrutonus 6onee 10 siet BosiBiieH y 11,67%.

Cpennecraructudyeckoe 3HaueHue cpoka oecmionus B ' cocraBuio 6,843,5
aeT, B 'K — 6,0+2,9 ner. AHanmmu3 JaHHBIX aHaMHeE3a IToKa3ajl CBI3b BOSHUKHOBCHUS
pHUCKa paHHUX PENPOTYKTUBHBIX TOTEPH C CPOKOM OECIUIONUS Y KEHIIIMH OCHOBHOM
rpymmbsl (p <0,05), 0epeMEHHOCTh KOTOPBIX HACTYIMJIA TIOCIIE HCIIOJIb30BaHUE
nedeOHpIX mporpaMMm BPT B cpaBHeHMHM ¢ KEHIIMHAMH, 4Ybsi OEPEMEHHOCTH
nporekana 0e3 Kakux-Im0o ocnoxkHeHud. Ilpu 3TomM uyem BblIe ObUT CPOK
oecruionusi, TeM OOJbIIe BEPOSTHOCTh BO3HMKHOBEHMS pPHCKAa PaHHUX
PENPOTYKTUBHBIX MOTEPh.

MBI Tak ke IpOaHAIU3UPOBATIN CTATUCTUKY U BUABI OCCIUIONUS Y TTAIIMEHTOK

HcclieIyeMbIX TpyI 0 JeueHus Merogamu BPT. JlanHbie nmpuBeacHBI B TaOIUIIS

11.

Tabmnma 11
Pacripenenenne >keHIWH, KOTOPbIe OBLIM BKIIIOYEHBI B PETPOCIICKTUBHBIN

KJIWHUKO-CTaTUCTUICCKUM dHaJIM3, B 3aBUCHUMOCTH OT BH a4 6ecnnoz[1/m

Bun Bcero (n=120) I'pynna I'pynna
Oecruoaus YCCIIEIOBAHUS KOHTPOJIS
(n=60) (n=60)
Koma-Bo % Kon-Bo % Kon-Bo %
[TepBuunoe
64 53,3 23 38,3 41 68,3*
Oecmtogue
Broprnunoe
56 46,67 37 61,67* 19 31,67
Oecruioaue

[Ipumeuanue. * - nocTOBEpHas pa3HHULA MEXIAY OCHOBHOW M KOHTPOJIbHOM rpynmamu, p<0,001.
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Tak, nepBu4HOE OecIioAne NpeodIaaacT CPEeIU UCTIBITYEMBIX U BBISIBICHO Y
53,3% xenmuH (38,3% cpenu ke M u 68,3% cpenu xenmmud ['K),
BTOpUYHOE OecIuiofue BhIsIBICHO y 46,7% xeHuuH (61,7% cpeau xenmmn ['U u
31,7% cpenu xenumH ['K). [1o mosydeHHbIM JaHHBIM MbI BBISIBWIN MTpeoOIaaHme
BTOPUYHOTO OECIUIOAMS B CPAaBHEHUU C MEPBUYHBIM CPEId MPUYUH BEPOSTHOCTHU
BO3HMKHOBEHUS pUCKa PAHHUX PENPOAYKTUBHBIX IMOTEPH Y )KEHIIUH, OEPEMEHHOCTh
KOTOPBIX HACTyMHUJIa MOCIE UCTI0JIb30BaHue JieueOHbIX iporpamm BPT.

AHanmu3 MOCHEACTBUU NpeablAyluX OepeMEeHHOCTEl Yy 00ciieI0BaHHbIX
KEHIIMH C BTOPUYHBIM OECIUIOAMEM CBUJIETEIBCTBYET B MOJIb3y BECOMBIX PHUCKOB
aKyIIepCKUX U MEpPUHATAJIbHBIX OCJIOKHEHUHU (Tadis. 12). Crnegyer OTMETHTh 4TO
xkeHmuHbl ['M, mo cpaBHenuto ¢ KI', uMeEOT BBICOKMH NPOLEHT pPaHHUX
PEIPOIYyKTUBHBIX NOTEPh B BHUJAE CAMOIIPOM3BOJIBHOIO BBIKH[BIINIA B AHAMHE3E
(18,3% B I'N mpotuB 5% B I'K, p<0,001), 5T0 MOXHO OOBACHUTH OOJILIITUM
KOJIMYECTBOM NIEPEHECEHHBIX ONIEPATUBHBIX BMEIIATENHCTB HA OpraHax Majoro Ta3a

Y XUPYPTUYECKUMU MAaHUMYJISIUAMU HA LIEMKE MATKHU.

Tabmuma 12

Hcxonpl 6epeMeHHOCTEH Y KEHIINMH, KOTOPbhIE UMENTH BTOpUYHOE OeCIiioine

Ncexoner Bcero (n=120) I'pynma ['pymma

OepeMeHHOCT UCCIIETOBaHMSI KOHTPOJIS

e (n=60) (n=60)
Kon-Bo % Kon-Bo % Kon-Bo %

Aptuduman

kit aGopT 9 7,50 7 11,67* 2 3,33

Camonponss

OJIBbHBIN 14 11,67 11 18,33* 3 5,00

BBIKHWABIII
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bepemennoc
Tb, KOTOpAas
17 14,17 8 13,33 9 15,00
HE

Pa3BUBACTCA

[IpexneBpem
€HHBIE PO/JIbI 9 7,50 6 10,00 3 5,00

B aHaAMHC3C

Cpounsbie
pPOJIBI B 7 5,83 5 8,33 2 3,33

AHaAMHC3C

[Tpumeuanue. * - qocToBepHas pa3HUIA MKy OCHOBHON M KOHTPOJbHOM rpynmnamu, p<0,001.

Ha mone3y OTATOWIEHHOTO penpOayKTHBHOTO aHaMmHe3a y keHuuH ['U
CBUJETEIBCTBYIOT IMPOLICHTHBIE IOKa3aTeau ClydaeB apTHUQHUIHaAIbHOrO adopra
(11,67% B ' mpotus 3,33% B I'K, p<0,001).

BeposiTHO, pUCK paHHUX PENPOAYKTHBHBIX IOTEPH 3aBUCUT B HEKOTOPOH
creneHd u oT meroga BPT (tabn. 13), koTopblil ObLT M30paH C LIENBIO JICYEHUS
MH(DEPTUIBLHOCTH M KOJIMYECTBA NPEIbIAyIINX HEAP(HEKTUBHBIX J€YEOHBIX IIUKIIOB

B IIPOTOKOJIaX.

Taomuma 13
Pacnpenenenue >KEHIUH, KOTOPhIE OBLIM BKIIOYCHBI B PETPOCTICKTHBHBIN

KJIMHUKO-CTaTUCTUYECKUN aHAU3, B 3aBUCUMOCTH OT BbIOOpa MeTo10B BPT

Meton BPT Bcero (n=120) I'pynna I'pynna
UCCIIeI0BAHUS KOHTPOJIS
(n=60) (n=60)
Kon-Bo % Kon-Bo % Kon-Bo %

IVF (in vitro

47 39,12 16 26,67 31 51,67*
fertilization) KO
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Meton BPT Bcero (n=120) I'pynna ['pynna

HCCJIEOBAHUSA KOHTPOJIS
(n=60) (n=60)
Kon-Bo % Kon-Bo % Kon-Bo %

ICSI
(intracytoplasmic
S 57 47,5 35 58,33* 22 36,67
sperm injection)
HUKCU

BMU

(BHyTpUMAaTO4YHAs 11 9,17 7 11,67 4 6,67

WHCEMUHAIUA )

Blastocyst vs. early
cleavage stage

(mepeHoc 5 4,17 2 3,33 3 5,00
0JIaCTOIUCTHI B

MOJIOCTh MATKH)

[Tpumevanue. * - qocToBepHas pa3HUIA MKy OCHOBHON M KOHTPOJIbHOM rpynmnamu, p<0,001.

[IpoBeneHHBIE HaMH PETPOCHEKTUBHBIA aHANU3 JICUEOHBIX METOAMK
BOCCTAaHOBJICHUS] (PEPTUIILHOCTH Yy JKEHIIMH, KOTOpble OBbUIM BKIIOYEHBI B
MCCIICIOBAHNE, YKA3bIBAE€T HA BEPOSATHYIO CBS3b PUCKA PAHHMUX PENPOLYKTHUBHBIX
norepp ¢ meronukod HMKCHU. IlonydeHHble HaHHBIE CBHAETEIBCTBYIOT, YTO
o6epemeHHoCcTh 58,33% sxeHmmH ['H, y KOTOpBIX ObLIM 3aQUKCUPOBAHBI CIy4au
paHHMX PENPOIYKTUBHBIX MOTEPh, OEPEMEHHOCTh HACTyNWJIa HMEHHO IOCJe
ucrnojbs3oBanus JieueoHoi nporpammel BPT B Buae meroguku MKCH, Torma kak
cperu xeHiuH ['K 6epemMeHHOCTh HacTynuia B pe3yJbTaTe IPUMEHEHUSI METOANKI
NKCH Tonbko y 36,67% xenuun (p<0,001). bepemennocts 26,67% xenmun I'U,
y KOTOpBIX ObUIM 3aUKCUPOBAHBI CIydald PaHHUX PENPOIYKTUBHBIX TIOTEPH,

OepeMEHHOCTh HACTYyMMWJIa MOCJe UCNOoJb30BaHusl MeToauku IVF, cpeau xeHuumH
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'K 6epemenHOCTh HAacTynuia B pe3yipTaTe npuMeHeHus metoauku IVF y 51,67%
»keHiuH (p<0,001).

bepemennocts 11,67% xenmun M, y xoTOpbIXx ObUIM 3aUKCHUPOBAHBI
Cllydad PpaHHUX PENPOIYKTHUBHBIX IOTEPh, OEPEMEHHOCTh HACTYNHJA IOCIE
ucroisb3oBanusl Mmetonauku BMU, cpenu xxenmun 'K OepeMeHHOCTh HacTynuia B
pesynbrare npuMeHeHuss meroauku BMU y 6,67% xenmuH. bepemMeHHOCTH
octaibHbIX 3,33% xenwmuH ['M, y koTOpbIX ObUIN 3a(pUKCUPOBAHBI CIyyau paHHUX
pPENPOAYKTUBHBIX TOTEPb, OEPEMEHHOCTh HACTYMWJA TOCIE HCIOJIb30BaHUSA
METOJMKHA TIepeHoca OJIaCTOIMCTBI B MOJOCTh MAaTkKH, cpeau >xkeHumH ['K
OepeMEHHOCTh HAcTylWiia B pe3yibTaTe MPUMEHEHUs JaHHOM MeToIuKu y 5%
KCHIIMH.

O¢ddexTuBHOCTh  JI€UEHHUS HHPEPTUIBHOCTH, IO JaHHBIM MHPOBOMU
JIUTEpPATyphl, cocTaBisgeT oT 23 no 47% [138], ciemoBaTenbHO, MAMEHTKU C
OecruioueM B aHaMHE3€, OCOOCHHO TMPU €ro JJIUTEILHOCTH Oojee S5 JerT,

HEOJHOKPATHO BBIHYKJIEHBI MPOXOAUTH MOBTOpHBIEC UKIbI BPT (Tadm. 14).

Tabmumua 14
Pacnpenenenue >KEHIUH, KOTOpPbIE OBUIM BKIIOYCHBI B PETPOCTICKTHBHBIN

KJIWHUKO-CTaTUCTUYCCKUM aHaJIN3, B 3aBUCUMOCTH OT KOJHMuecTBa IMKJI0B BPT

Huka Bcero (n=120) ['pynma I'pynmna
BPT HUCCIICA0BAaHUA KOHTPOJIA
(n=60) (n=60)
Koma-Bo % Koi-Bo % Koi-Bo %

1

32 26,67 8 13,33 24 40,00*
IIOMBITKA
2

37 30,83 18 30,00 19 31,67
IIOITBITKHU
3

43 35,83 28 46,67* 15 25,00
MOIBITKU
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Hnxn Bcero (n=120) I'pynma I'pynma
BPT UCCIIEeI0BaHUS KOHTPOJIA
(n=60) (n=60)
Kon-Bo % Kon-Bo % Kon-Bo %
4n
6omee 8 6,67 6 10,00* 2 3,33
HONBITOK

[Tpumeuanue. * - mocTOBepHAs pa3HHIIA MEKIY OCHOBHOM U KOHTPOJIbHOU Tpymnamu, p<0,001.

Kaxk nokazano B tadnuue 14, 8 (13,3 %) xenumn ['M uMenu B anamHe3e OJIHY
nonbITKy BPT, B TO Bpems kak y 18 (30 %) manueHTok y>ke ObUIH JIBE HEYIauyHbIe
MpeabLIyIIUe MONBITKY, a 28 (46,67 %) umenu Tpu nonbITku Uy 6 (10 %) xeHuuH
— OTMEUYEHO 00Jiee YEThIpEX HEYNayHbIX MONbITOK. OOpaniaeT BHUMaHue TOT (akT,
yro Oo0Jiee TIOJIOBUHBI KEHIIMH, Y KOTOPBIX JIMarHOCTHUPOBAHbI paHHUE
pEnpOayKTUBHBIE TIOTEpU, UMENM B aHamHe3e 3 u Oozee mombiTok BPT. Cpenun
o6epemennbix ['K onny noneitky BPT umenu B anamuese 24 (40%) >KeHIUH, B TO
BpeMs kKak y 19 (31,67 %) nmauueHToK yke ObUIM JBE HEyAauHble MPEIbIAyIIIe
nonbITKU, 15 (25 %) umenu Tpu nonbITkU Uy 2 (3,3 %) *KEHIUH — OTMEUEHO OoJiee
YEThIPEX HEYJAaYHBIX MONBITOK [230].

[lony4yeHHble HamMu JaHHbIE KIMHUKO-aHAMHECTHYECKUX OCOOEHHOCTEN
MTO3BOJIMIIA TIPOBECTH OIICHKY 3HAYMMOCTU BEAYIIUX (PAKTOPOB M MPOTHO3UPOBATH
PHUCK Pa3BUTUS PAaHHUX PENPOIYKTUBHBIX MOTEPH y KeHIuH nocie BPT (tabdm. 15).

KnuHuko-aHaMHECTUYECKUH  aHaU3 B TPYIEe  JKCHIIMH  pPaHHUX
penpoayKTUBHBIX moTeps mociie BPT, 3a mepuwon oOcnenoBaHus BBISBICH Pl
MEIUIMHCKUX (HaKTOPOB, KOTOPHIE MOTJIA CIIPOBOIMPOBATH HEBBIHAIIMBAHUE
OEpEMEHHOCTH, M Jal0T BO3MOKHOCTb IPOTHO3UPOBATH PHUCK OCIIOKHEHHOTO

TeueHus | TpuMecTpa recTalum.

Tabmura 15
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[IporHocTHueckass  OLlEHKa  OCOOEHHOCTEH  aHaMHe3a U TEYEHUs

WHIYIIUPOBAHHON OEPEeMEHHOCTH Y KEHIIMH C PAHHUMH PENpPOAYKTHBHBIMU

MOTEPSIMHU
DaxTophl r P
0,264
<
Bo3spacr crapmie 35 ner p<0,001
M30pITounas Macca tena 30 xr / M2 m 0,213
p<0,05
oonee
PaccrpoiicTBa 0BaprO-MEHCTPYaJIBbHOTO 0,238
[MKJIa B BUJI€ IPOJAOJIKUTEILHOCTH OoJiee p<0,05
28 nHen
0,233
’ <
Muoma mMaTku p<0,05
0,433
p<0,001
BocnanutenbHbie MpoLIeCcChl Bllaraauiina
0,344
[TaTonorus menkn MaTKu p<0,001
OnepaTvBHBIE BMEIIATEIHCTBA HA 0,332
p<0,05
opraHax Majoro Tasa, U3 HUX:
<0,001
Pa3sbenuuenne cnaek p=Y;
DHIOMETPUO3 p<0,001
3a001eBaHUA MOYEBBIIEIUTEIHHON 0,462
p<0,001
CUCTEMBI (XpOHUYECKHUE)
0,438
MeTtaboandyeckuii CHHAPOM p<0.05
0,247
p<0,001
Cpox 6ecrutogust 6onee 10 ner
0,366 p<0,001
Bropuunoe 6ecruioaue
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DakTOophI r P

0,327 p<0,001

ApTtuduimanbHbii a00pT B aHAMHE3€

CaMOnpoH3BOJIbHBINA BHIKH/IBIII B 0,217 p<0,001

AHaMHC3C

Meton BPT ICSI (intracytoplasmic sperm 0,222

. p<0,001
ijection) UKCHU

0,357
3 u Oosee HeyMauHBIX TONBITOK BPT p<0,001

JlaHHBIE PETPOCIEKTUBHOTO aHAJIM3a CBUJIETECIILCTBYIOT, YTO Ba)KHBIMU
dbakTopamMu pa3BUTHS PaHHUX PENPOJYKTUBHBIX MOTEPh Yy KeHIIUH mocie BPT
MOryT ObIThb: Bo3pacT »keHIMH (1=0,264, p<0,001), u30bITOYHAs Macca Tela
(r=0,213, p<0,05) u metabonuueckuii cuapom (r=0,438, p<0,001), pacctpoiicTBa
oBapHuo-MeHCcTpyanbHOTO 1nkia (1=0,238, p<0,05), ornepaTuBHbIE BMEIIATEIHCTBA
Ha opra"Hax wainoro Taza (r=0,332, p<0,001), xpoHuueckue 3aboJieBaHUs
MOYEeBBIIETUTENbHON crucTeMbl (1=0,462, p<0,001), nmuTenbHBIN CPOK Oecruioaus
(r=0,247, p<0,001), ero Bropuunoe pazsutue (r=0,366, p<0,001),
apruduimansasii adopt (r=0,327, p<0,001) 1 caMOnmpOU3BOJIbHBINA BBHIKHUIIBIII B
anamuese (r=0,217, p<0,001), 3 u Oomee HeymauHbix mnomnbiTok BPT (r=0,357,
p<0,001), nambosee wacTo mpoBeaeHHbIE ¢ mMoMmomipio Meroga ICSI (1=0,222,
p<0,001).

Bce  BBINIEM3NIOKEHHOE  TO3BOJISET  MPEANOJOXKUTh, 4YTO  paHHHUE
penpoayktuBHble ToTepu nociie BPT saBnsitoTcst cinenctBuem nedcTBusi 00NBIIOTO
KOJIMYECTBA TMATOJOTUYECKUX MPUYMH C peanu3anueidl pa3HOOOpa3HBIX YacTo
MEePEKPECTHBIX, naTo(U3nOIOTUUECKUX My TEH, MO3TOMY BBIJICITUTD
JTOMUHUPYIOIIUNA  3TUOJOTHYECKUNA  (PaKTOp  CYIIECTBYIOIIMMU  METOJaMHU
JMArHOCTUKU HE BCETJIa BO3MOXXHO. B OOJBIIMHCTBE Cily4aeB 3TO KOMOWHAIUS
HECKOJBKMX MPHUYMH, KOTOpbIE MOTYT JI€MCTBOBaTh OJHOBPEMEHHO WIIU

IIOCJICA0OBATCIBHO.



87

Hamu yctaHoBieHbl HamOojee BEeCOMbIE KOMOWHAIMM BEeOyIUX (HDaKTOpOB
BEPOSITHOTO Pa3BUTHUSl PAaHHUX PENPOAYKTHBHBIX moteph mnocie BPT y nannoit
Kateropuu manueHTok. Cpean HUX: KOMOWHAIUS Cpoka Oectuiofus u (pakTopom
oecrutonus (r=0,459), a Taxke koiaumdectBoM momnbiTok BPT (r=0,297); mexny
BUJIOM O€CTUTOAMS M UCXOJIOM TIpeapaAymux 0epemennoctelt (r=0,873).

Kpome 3Toro, mpuBeIYHOE HEBBHIHAIIIMBAHUE, BRICOKAS JTOJISI BHYTPUMATOYHBIX
BMEIIIATEILCTB (TUCTEPOCKOIHUS, MEAMKAMEHTO3HbBIE U HHCTPYMEHTaJIbHbIE aD0OPTHI)
¥ BHYTPEHHUH SHIOMETPHO3 TMOBBIMIATN PUCK PAHHHUX PEMPOIYKTHUBHBIX MOTEPH;
BBICOKUI MHJIEKC MacChl Tella U 0osee Tpex HeyAauHbiX nonbiTok BPT B anamuese
YBEIUYMBAIO PHUCK PAaHHUX PENPOAYKTUBHBIX TOTEPh; COUETAHWE TO3HETO
PENPOIYKTUBHOIO BO3pacTa C MPOJOJIKUTEIBLHOCTBIO Oecrutonust 6onee 10 ner,
HaJIM4KreM OoJiee Tpex HeylauHbIX MonbITok BPT u onepaTuBHBIX BMENIaTENbCTB Ha
opraHax Majioro Ta3a yBeJIMINBaJIO PUCK BOSHUKHOBEHHUS PAHHHUX PEIPOTyKTUBHBIX

OTEPb.

3.2. UMMYHOIrMCTOXMMHYECKOE HMCCJIeI0BAHUE [ACUMAYAJbHOH TKAHHU
a0OpTMBHOIO MaTepuaja IPH PAHHUX PENpPOAYKTHBHBIX MOTEPAX Ha
BbIsIBJIEHH e JKcnIpeccun nporenna ALKS

Hamu BniepBbie OBLIO MPOBEIEHO UMMYHOTHMCTOXMMHUYECKOE HCCIEAOBAHUE
JeIUayanbHONM TKaHM abOpPTUBHOIO MaTepuana NpU PaHHUX PENpOaYKTHUBHBIX
MOTEPSX C LIEJIbIO BBISIBIEHUA dKcnpeccuu nmpotenHa ALKS. B kauecTBe KOHTpOJIA
ObUla MCHOJBb30BaHA JClMAyalbHas TKaHb II0CIE€ HCKYCCTBEHHOro abopra,
IPOBEJCHHOIO BO BpeMs HOpPMaibHO NpoTeKaroieil OepemeHHocTH. OOpasibl
TKaHU OBUTM TMOJY4YEHbl TPU MEIUKAMEHTO3HOM abopTe y KEHUIMH C
dbusznonornyeckum  TedeHueM  OepemeHHoctH (20  oOpasmoB) ©  TpHU
CaMOITPOU3BOJILHOM TipephiBaHuu OepemenHoctu mocie BPT (20 oOpasmoB) B
NEPBOM TpUMECTpPE OEPEMEHHOCTH.

Ha pucynkax 1-3 npencrasnenst oopasusl TGFBRI1 B nenmuayansHo# TkaH#

a0OPTUBHOTO MaTepHalia MpU PAHHUX PENPOAYKTUBHBIX MOTEPSIX.



- -~ pi 1 - " -
‘ \,‘O::‘.".“ “, ‘ ’ . L] o | ‘/f‘ ¢ ‘ ’ﬂ »
A B0 oLia L S L R S 2202 S PN
Laa @i~ L )5\ B - \ O/ |
‘7:."1 ‘.‘ s . . 1 ) ‘ ’. .""'" .\ v
. p- 1t - o J uq "y
v Ty Y o.M R S8 iy R
J 3 X € o LA SV - Y
¥ > ¢ ' \® A . ot e & ‘. '. £y P ‘,“ ~ ! h< 'y .
L, T ’\\' '/ ‘w. .I.‘ Y &4 ."01 Lad ..I ’ ? , AN ¢
Vi e e 07158 2 A E I e
52 PR W i) TN A
- s . '/‘ % g e El . ) £ "
T L (@ #:Ry ~4@ LA ol v ey s
o AN L PR s B /I \e® o
8 e ¥ oo imed bA Lo > ol
o\ . . \ < 2% =) g
> .s . .\} e P Y 4 ; \ e
6.4 ) ‘ » {/ ’:‘. . L ',{
AT R ), ‘ ‘ 82 W
A o/ o g ’ T
EMPge 2 2" 06 ORI Ty e N (1
P o/ V3% @ 2B
. o/ Al P VAR L L ’ ? (CWs’
: /.k’fl' =y “'! : : \';‘ ' k .g‘ 1
l-"'/ Aol 3@ A #7\) 6 . :
t 0 ¥ s [ S ® ) P * '.}‘ .
5 e R A N 1) .
AP T U VN i 5 -
P AT o QTR W S @ e e
. V4 ! y .,.' * ™ / ] ¥ < \
rL. “l" ) . L’M‘la_ F - . 7 Y .‘—. i . -/‘ f}- ' b y‘ ‘.L' { S .

Puc. 1 TGFBRI B genunyansaeix knerkax, X400

CornacHo  pe3yiabTaTaM  HMMMYHOTHCTOXMMHUYECKOTO  HCCIIEIOBAHUS
JeUuIyadbHONM TKaHW aOOpPTUBHOTO Marepualia B TPYIINE KEHIIWH MpU paHHEM
camonpou3BojibHOM abopte mocie BPT mpu cpaBHeHuu nenuayalbHONW TKaHH
a0OpTUBHOTO MaTepuaja B TPYIIE >KEHIIWH MPU HOPMaIbHON OEpeMEHHOCTH
BBISIBJICHO CTaTHUCTUYECKM 3HAYMMOE JIOCTOBEPHOE OTJIMYME B CTENEHU
MOJIOKUTENbHOU 3Kcnipeccuu nportenHa ALKS B neuuyanbHON TKaHU ABYX TPy
MAaIUEeHTOK.

B cockobe wu3 momOoCTM MaTKM HAOMIOAAIOTCS MENKUE (PparMeHTHI
PHAOMETPUS C JUMQOIUIA3MOIMTAPHON HHPUIBTPAIUEH CTPOMBI C TPHUMECHIO
HEUTPODUIBHBIX JICMKOIIUTOB U yMEPEHHBIM YHCJIOM >KeJie3 ¢ peakiueid Apuac-
Cremna. Peakuusi Apuaca-Creiibl — 3TO CBSI3aHHOE€ C TOPMOHAMHM aTUIIMYHOE
W3MEHEHHUE HHIOMETPHS, XapakTepusytolieecss runeptpodueit u Bakyoauzaiuen
YKEJE3UCTHIX SMNUTEINATBHBIX KJIETOK, CBS3aHHBIM C BBIPAXKEHHBIM SIACPHBIM

wieoMop(r3MOM, YBETUUEHUEM U TUIIEPXPOMA3HEH.
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Puc. 2 Bripaxxennas sxcnpeccusi TGFBR1 B tpodo6aacte Bopcun xopuona, X400

XapakTepHble THCTOJOTUYECKHE OCOOeHHOCTH peakuuu Apuaca-Cresibl
BKJIIOUYAIOT KPYITHBIE KJIETKHU ¢ OOUIIbHOM 203MHO(MUIILHON MU BaKyOJIM3UPOBAHHOM
LHUTOIUIA3MOM, SIIEPHOE YBEIWYECHHE W TUIEPXpOMasuio. BHemHui BUI
TUIEPTPOPUUECKUX SIIEP MOXKET IIMMPOKO BapbUPOBATHCS OT KPYIJIBIX WITU
AULIEBUIHBIX SJEP C BE3UKYJSIPHBIM PUCYHKOM XpOMAaTHHA /10 HENPABUWIbHBIX SIAEP
C KOMITAKTHBIM ITMKHOTUYECKUM PUCYHKOM. HekoTopbie BApraHThl IEMOHCTPUPYIOT
3aMETHBIE ~ BHYTPHUSIJICPHbIC  IUTOIUIA3MATUYECKUE  WHBAaruHalMKd WA
MICEBAOBKIIIOUECHUA. SIpa MOTyT BBICTYyNaTh B IPOCBET JKEJIE3bl, CO3/1aBasi BHU]
IIUMIIOBHUKA». BoO3MOXHa 1OTEps MOJSIPHOCTA KJIETOK C  TOSIBIICHUEM
MAMWIISPHBIX BHICTYIIOB U B3IyTUM ANTUTEIUsA. MUTOTHYECKAs! aKTUBHOCTh OOBIYHO
orcytctByeT [50; 51].

Hapsiny ¢ »tuM B wuccineoBaHHOM oObeMe MaTepualia OTMEYaroTCs
MHOKECTBEHHbIE (parMEHThl TKAaHU IUIAlEHThl MPEACTABICHHOW BOPCHUHAMU
XOpHUOHA TMOKPHITBIMA TpooOmacToM C pasneneHueM Ha CHHIUTHO- W

UTOTpOdobIIaCT.
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Kpome Toro, ompenensroTrcsi MHOTOYHCIIEHHBIE (DparMeHThl JeIUAyaTbHON
TKaHU C BBIPXCHHBIMU AUCTPOPUUECKUMHI N3MEHEHUSMHU JICIUTYaIbHBIX KJIECTOK U
ouaroBoil uHOUIbTpanMel mauMdoruTaMu W MakpodaramMu € MPUMECHIO

HGfITpO(i)HJIBHBIX JIGfIKOHI’ITOB C oYaramu MEJIKOTJIBIOUaThIX paciagoB.
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Puc. 3 TGFBRI1 B snutenuu kene3 sugomerpusi, X400

NmmyHorucroxumuueckass mnojoxutenbHas skcnpeccus TGFBR1  npu
paHHEM caMOIpou3BoJIbHOM abopre mociae BPT cocraBuwina B JenuayaibHBIX
kietkax — ot 31,38+11,65 pgo 39,88+13,8 B mone 3peHus, B KIETKax
cuHIuTHOTpOdoOIacTa — ot 35,25+8,55 no 43,69+9,34 B noJie 3peHus, B SIUTSIUN
kene3 sHaomerpus — ot 24,31£7,25 no 30,75+7,46 B mosie 3peHUs, B KIETKax

CTPOMBI SHIOMETpHS — OT 3,63+2,73 no 6,06+3,19 B mone 3peHus (Tada. 16).

Tabmuma 16
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CpaBHeHHE MOKa3aTene ypoBHs nojoxurenpHoil skcnpeccun TGFBR1 B
JEIU1yalbHON TKaHU NPU HOPMaJIbHOM OEpEMEHHOCTH U PaHHEM

CaMOIIPOU3BOJILHOM a0opTe

TkaHb ['pynma P
I'" (n=20) I'K (n=20)
min Max min Max
Hfemunyams | 3138EL | 39 0o, 13 | 48,5212, | 59.77+14 | ~0-001
HbIC KJICTKH 1,65 8 4 ,3
Kierku <0.001
CHHIMTHOT | 35 9548, | 43,6949.3 | 52,137, | 63,5210
podobmact 55 4 9 ,14
a
DIUTEIUNA <0.001
KEIIE3 243147, | 30,75+7.4 | 38,4456 | 41,5148,
DHJOMETPU 25 6 6 14
|
®ubpobdac <0.001
TR CTPOMPL | 3 6347 7 34,3148, | 40,5210
6,06+3,19
SHJIOMETPHU 3 5 i

s

NmMmmyHorncroxumuueckass mnojoxurenbHas dkcnpeccus TGFBRI1  npum
HOPMAaJIbHOW OEPEMEHHOCTH COCTaBWJIA B ICIMIYaIbHBIX KiIeTKax oT 48,5+12,4 no
59,77+14,3 B moJsie 3peHus, B KJIeTKax cHHUUTHOTpOodoOmacta — ot 52,13+7,9 no
63,52+10,14 B moJie 3peHUsi, B SOUTEINUN Kele3 sHaoMeTpusi — ot 38,4+5,66 1o
41,5148,14 B mose 3peHus, B KIETKaX CTPOMbI dHI0MeTpus — ot 34,31+8.5 no

40,52+10,78 nosie 3penus (puc. 4-7).
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HOuarpamma paccesanunsa ana Var2 n Var1
Spreadsheet1 10v*20c
Var2 = 1,5105+1,2676*x
70 - - - - -

60 |

50 t

Var2
N
o

30

20

10

20 25 30 35 40 45 50
Var1

['pynma ncenenoBanus

NmMmyHorucroxumuueckas nosioxurenbHas skcnpeccuss TGFBR1 npu

paHHeM camonpou3BoJrHOM abopTte nociie BPT cocTaBuiia B ey aibHbIX

kietkax — ot 31,38 mo 39,88 B nouie 3peHus.
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Scatterplot of Var4 against Var3
Spreadsheet1 10v*20c
Var4 = 8,5028+1,0556*x
100 . . ;

Var4

10 : :
10 20 30

40 50
Var3

60 70 80

['pynna KoHTpOJIA
NmMmyHOrncroxumuueckas nonoxurenbHas skcnpeccuss TGFBR1 npu

HOPMaJILHOM O€PEMEHHOCTH COCTaBHIIA B JEIUAYaIbHBIX KJIeTKaxX oT 48,5 1o

59,77 B noJie 3peHusI.

Puc. 4. CpaBHeHue noka3areiiei ypoBHs nojoxutenbHou skcripeccun TGFBR1 B

JeUUIyaabHON TKaHU TIPU HOPMAJIBHOM 0€PEMEHHOCTH U paHHEM

CaMOTIPOU3BOJILHOM abopTe ([enuayanbHbie KIeTKN)
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Scatterplot of Var6 against Var5
Spreadsheet1 10v*20c

Var6 = 7,832+1,0275*x
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Varb
I'pynna uccienoBanus
NmMmyHOrncroxumuyeckas nojoxurenbHas skcnpeccuss TGFBR1 npu

paHHeM camonpou3BoiibHOM abopTe nociie BPT cocraBuna B kieTkax

cuHuutroTpodobiacta — ot 35,25 no 43,69 B nose 3peHus
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Scatterplot of Var8 against Var7
Spreadsheet1 10v*20c
Var8 = 25,303+0,7344*x
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Var7
I'pynna KoHTpOJIA
NmMmyHOorncroxumuyeckas rnosnoxurenbHas skcnpeccuss TGFBR1 npu
HOPMAaJIbHOM OEPEMEHHOCTH COCTaBWIIA B KJIIETKaX CUHIIMTHOTpodoOiIacTa — oT

52,13 no 63,52 B niose 3peHus

Puc. 5. CpaBHeHue noka3aresnei ypoBHs ojoxutenbHou skcnipeccun TGFBR1 B
JeUTyadTbHON TKAaHU TIPU HOPMAJIBHOM O€PEMEHHOCTH U paHHEM

camorpoun3BosibHOM abopte (Knetku cuniutuotrpodobdiacta)
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Scatterplot of Var2 against Var1
Spreadsheet1 10v*20c
Var2 = 5,4448+1,0331*x
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Var1
I'pynna uccienoBanus
NmMmyHOorncroxumuyeckas nosjoxurenbHas skcnpeccuss TGFBRI1 npu
paHHeM camonpou3BoiibHOM abopte nocne BPT coctaBuna B anuTenuu xene3

sHoMeTpus — ot 24,31 no 30,75 B niosne 3peHusd
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Scatterplot of Var4 against Var3
Spreadsheet1 10v*20c
Var4 =-9,0203+1,3191%
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Var3

I'pynma xoHTpOIIA

NmMmyHOorncroxumudeckas nonoxurenbHas skcnpeccuss TGFBR1 npu
HOPMaJIbHOM OEPEMEHHOCTH COCTABWIIA B SIIUTEIUU Kelle3 dHIoMeTpus — oT 38,4

10 41,51 B nosie 3peHust

Puc. 6. CpaBHeHue noka3areiiei ypoBHs MojaoxuTenbHoi skcripeccun TGFBR1 B
JeUTyadbHON TKaHU TIPU HOPMAJIBHOM 0€PEMEHHOCTH U paHHEM

CaMOITPOU3BOJILHOM a0opTe (DMUTENUI JKeJe3 SHIOMETPHUS)
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Scatterplot of Var6 against Var5
Spreadsheet1 10v*20c
Var6 = 1,8593+1,1545*x
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['pynma nccnenoBanus
NmMmyHOorncroxumuueckas rnonoxurenbHas skcnpeccuss TGFBRI1 npu
paHHEM caMomnpou3BoJpHOM abopTte nociie BPT cocTaBuiia B KjeTkax CTPOMBI

sHJIOMETpUs — oT 3,63 110 6,06 B moJie 3peHus.
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Scatterplot of Var8 against Var7
Spreadsheet1 10v*20c

Var8 = 0,1758+1,1737*
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Var7

I'pynma xoHTpOIIA

NmMmyHOorncroxumuueckas nosioxurenbHas skcnpeccuss TGFBR1 npu
HOPMaJIbHOM OEPEMEHHOCTH COCTABMIIA B KJIIETKaX CTPOMBI SHAOMETpHUs — oT 34,31

1o 40,52 B moJie 3peHus.

Puc. 7. CpaBHeHue noka3areneil ypoBHs noJioxurenbHol skcnipeccun TGFBR1 B
JenUayalTbHOM TKaH! TTPU HOPMaJIbHOM O€pEMEHHOCTH Y paHHEM

camonpou3BoJibHOM abopte (PubdpobraacTbl CTPOMBI FHIOMETPHS)
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Bo Bcex mokazaremsix ~MIMMyHOTHCTOXMMHYECKAs — TIOJOKHTEIbHAS
skcripeccus TGFBR1  Obita B HECKONBKO pa3  BhIIE NpPU  HOPMaIbHOU
OEpeMEHHOCTH, YeM MPU PaHHEM caMompou3BoiibHOM abopte mocie BPT (<0.001).

[TonyyeHHble pe3ynbTaThl TMO3BOJIMIM CPAaBHUTh YPOBEHb OSKCIPECCHU

TGFBRI B rpy1irie ucciienoBaHus U rpyImne KOHTPoJis (puc. 8).

90%
80% 8%
70%
60%
52%
50%
41%
40% 38% 37%
33%
30% 29%
0
20%
10%
%
0%
AeuunayanbHble KNeTkn KNEeTKK aNUTEeNNIA Xenes dnbpobnacTbl CTpOMbI
CUHUMTHOTPOdObNacTa 3HAOMETPUSA 3HAOMETPUSA
El mTK

Puc. 8. Ouenka miomanu nonoxurenbHol skcripeccun TGFBRI1 B kiteTkax

uccienyeMon abopTUBHON TKaHU

AHanu3upys JaHHbIE UCCIEA0BAHUS, MOKHO CENIaTh BBIBOJ, UTO IKCIIPECCHUS
TGFBR1 y xenmun ' npu panneM camomnpousBoigbHOM abopTe mocie BPT
JOCTOBEPHO HIKe npu comnocraBieHun ¢ KI' manueHTok mpu HOPMalbHOM

o6epemennoctu (p<0,001).
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Munumanshyto miomans 3xcrnpeccun TGFBR1 nabmoganu y sxenmun ' B
KJIeTKax cTpoMbl 3HI0MeTpHs (3%), Torna kak B ['K aToT nmokasarens coctaBui 37%
(p<0,001). Heckonbko 00Jiee BHICOKHE MOKA3ATENIM MOJYYEHBI B SMUTEIIUH JKEJIe3
snaometpus (29%), torna xkak B ['K atoT mokaszatens coctaBui 41% (p<0,001).
Cpennue mnokazarenu mnoJoxkurenbHoll skcnpeccu TGFBRI1  BbiABieHBI B
neuunyanbHbix Kietkax (33%), Torna kak B 'K aToT mokazarenb coctaBuil 52%
(p<0,001). MakcumanbHas cnocooHocTh K skcnpeccun TGFBR1 ormeuena cpenu
xeHmuH ['M B knerkax cuHnuruorpodobdnacra (38%), B I'K stor mokaszareins
coctaBmi 78% (p<0,001).

AHaJIN3 TOJYYEHHBIX JIaHHBIX WMMYHOTMCTOXMMHUYECKOTO HCCIEAOBAHUSA
a0OpPTUBHOTO MaTepuaia MpeA0CTaBIAeT BO3MOXKXHOCTh JIOCTOBEPHO J10Ka3aTh, YTO
camkenne 1omanu skcrnpeccun TGFBR1 y xenmwmna [ nipu conocraBiieHnu ¢
KT, cBunerensctByeT 0 Hapyuienuu 6ananca Thl / Th2, uro Biusger Ha copepxanue
€CTEeCTBEHHBIX KJIETOK-KWJUIEPOB, YTO TMPUBOJUT K paHHEW SMOpHUOHATBLHOU
JICTATBHOCTU HU3-32 CEPBhE3HBIX N1e(PEKTOB Pa3BUTHUSI COCYAOB. DHIOTEIUATIbHBIC
XUMHUYECKUE COCIAMHEHUS O0O0ECIEYMBAIOT B3aMMOJCHCTBUE SHIOTEIUOIIMTOB C
(GhOpMEHHBIMHU 3JIEMEHTAMHU KPOBH M KOMITOHEHTAaMH TUTa3Msbl [52].

XpoHHUECKasi TUIIOKCHSI B 3HAUUTEIILHON CTETEHH BIIMAET HA METa0OJIU3M
SHJOTEIMOLIMTOB, BbI3bIBAs MX HUilleMUI0. [Ipy mepBhIX MpU3HAKAX TUITOKCHYECKOTO
COCTOSIHUSI HAUMHAETCS YBEIWYEHUE CUHTE3a aKTUBHBIX KHCIOPOICOAEPKAIINUX
MeTa00JIUTOB, KOTOpPhIE MHTHOMPYIOT Ba30AWJIATAIIMOHHBIE MEXaHU3Mbl. B
YCIOBUSAX  TOCTOSSHHOM ~ HWIIEMHUHM  TMPOUCXOAUT  CHUKEHHUE  CHHTE3a
Ba30/IMJIATAITMOHHBIX (AKTOPOB, KOTOPOE MPHUBOJIUT K BA30OKOHCTPUKIIMH. JTO B
CBOIO Ouepe/b JieJlaeT HEBO3MOXKHBIM YCICIIHYI0 UMILUIAHTALMIO Y JKEHIIUH C

UMHAYLIUPOBAHHON 0€PEMEHHOCTBIO.
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3.3. IIporHocTuYeckoe U KIMHUYECKOE 3HAYEHHE IKCIPECCHU NPOTEHHA
ALKS B npodujie paHHUX PenpPOAYKTHBHBIX IOTEPH MOCJI€e BCIOMOTraTeJIbHbIX
PenpoAyKTHBHBIX TEXHOJIOI M

Jlonroe BpeMs CUUTAJIOCh, YTO IHAOMETPHUN HUIpacT MAacCHUBHYIO POJIb BO
BpeMsl UMIUIAHTAllMU, TIO3BOJISII  «aTakoBaTh» BTOPraloUIUiicss 3MOPHOH.
@aKkTUYECKN, HEOABHME HCCIECIOBAHUSA MOKA3aJIM, 4YTO OJHIAOMETPUHM M €ro
JenuayalibHbIe KJIETKH WUrparoT ropasfo 0ojee aKTUBHYIO pOJib, MHKANCYIUPYS
paHHU SMOPHOH, YTOOBI OMPEAEIIUTH €ro MOTEHIMAN AJI1 Pa3BUTHSA U IPUBECTU K
30poBOM OepeMeHHOCTH. B cBowo ouepenp, AeUUIyalbHBIE KIETKA MOTYT
aJanTUpPOBAaThCA U MOJJAEPKUBaTh HEMHOTO «0Oojee cialblily AMOPUOH, UTO
ITO3BOJIAET UMILIAHTUPOBATb.

XOTd MHOI'ME HCCIEIOBAHUA Jalld IOTpsAcarollee IOHUMAHHUE POJIU
CUTHAJIbHBIX — myTed  cynepcemeiictBa TGF-f B Qusnonormyeckux u
naToO(pU3HOIOTUYECKUX Tpoleccax, poib curHanbHbix nyTedt TGF-f Bo MHOrmx
acleKTax PEenpOAYKIIMA OCTAa€TCAd B 3HAYMTEIIBHOW CTEINEHW HEW3BECTHOMW. JlIist
pemeHus 3TuX (YHKUMM y KEHIIMH Mbl IPOBEJIM CpPABHEHUE a0OPTUBHOW TKaHU
KEHIIMH C CaMOIIPOU3BOJIbHBIM BhIKUbIIIEM 1ociie BPT ¢ abopTUBHBIMU TKaHSIMU
1ocjie HOPMaJIbHO MpOTEKarone OEpeMEHHOCTH C UENbI0 OLEHKU BIUSHUS
nosoxurtenbHoi skcipeccuu perentopa TGF-B tuna 1 (TGFBR1) Ha BepositTHOCTB
PAaHHUX PENPOAYKTUBHBIX IIOTEPh M IPOAEMOHCTPUPOBAIM, 4YTO OTCYTCTBHUE
nepenaun curHanoB TGF-f uyepes TGFBR1 B nenuayanbHbIX TKaHsaX (HU3KUAN
IOPOLEHT MOJOKUTEIBHON 3KCHPECCUU) MPUBOJUT K aHOMAJUSAM OEpEeMEHHOCTH.
Hynesbie mo TGFBR1 Tkanu, sBisitoTcss 3MOpHOHANIBHO JIETaIbHBIMU H3-3a
CepbE3HBIX COCYUCTHIX AedekToB [220].

Uccnenoanre mo BbIABICHUIO Jokanu3anuu u skcnpeccun TGFBRI1 B
JeUUAyalbHOM  TKaHU  [pU  HOPMAJIbHOW  OEPEMEHHOCTM W paHHEM
CaMOMPOU3BOJLHOM a00OpT€ METOAOM HWMMYHOTUCTOXMMHH, [I0Ka3al0, uYTO
TGFBR1 umeer pa3Hy0 CTENEHb NOJIOXKHUTEIBHOM 3KCIPECCUH B JEUUIAYITbHON
TKaHW JBYX TIpyNH NalUMEHTOK, OKpAallleHHass B KOPUYHEBO-KEITHIM WIH

KOpI/I‘-IHeBBII\/'I IBCT, B OCHOBHOM JIOKAJIM30BaHA B HHUTOINIAa3MC JCHHUAYAJbHBIX
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KJIeTOK. [Ipu 3TOM MBI BBISIBWIM, YTO YPOBEHb MOJOXKUTEIBHON SKCIPECCUU
TGFBR1 nuxe B genuayaibHOM TKaHU IPU paHHEM CaMOIIPOU3BOJIBHOM abopTe, B
TO BpeMs KaKk TP HOPMAIbHOW OEPEMEHHOCTH YPOBEHHb IMOJIOKUTEIHHOU
skciipeccun  TGFBR1 B jpemuayanbHOM TKaHM BBIIE IIPU  CTATUCTUYECKH
noctoBepHOi pasnuiie (p <0.001).

Hamu BhIsiBJIeHA TeCHas KOPPEISALIMOHHAS CBSA3b MEXKAY Pa3BUTHUEM PAHHETO
CaMOMpPOU3BOJILHOTO abopta U ypoBHeM skcnpeccun TGFBRI1 B nenumyanbHoi
TkaHu (r=0,622), B kieTkax cuHuuTHOTpOodoOacTa (r=0,778), B SNIUTENUU KeTe3
suaomerpus (1=0,774) u pubpobiactax ctpomsl 3HIOMETpHs (1=0,867).

Takum oOpazom, Hamm ganHHble npeanonarator, uro TGFBR1 (ALKS),
BEPOSTHO, Ba)X€H IS aKTUBaIlMU  mpenamecTBeHHUKoB  NK-kiIeTok u
nuddepenniupoBku uUNK-kimerok B Mecrax umimiantanmuu. TGFBR1 Baxen mis
nepenauun curnanoB TGF B/ ALK1. Dunorenuansubie kieTku, JuiieHHbie ALKS,
UCIIBITBIBAIOT AePUIMT B oTBeTaXx, MHAyUUpoBaHHbIX TGF f/ TGFBRI.

ALKS omocpenyer TGF [ -3aBucumoe pexpytupoBanne ALKI1 B
peuentopHbiii komiieke TGFbeta u aktuBHOCTh KMHa3bl ALKS TpeOyercs nmns
ontumansHol akTuBauu ALK 1. Penentop TGFbeta Tuna Il Takxke HeoOxoaum 11s
aktuBaru ALK 1 ¢ momomnisio TGF . Camxenue ypoBHs skcnpeccun 6enka ALKS
B JICLIUTyaIbHOM TKaHU, TAKUM 00pa3oM, cBsizaHa ¢ HapyuieHueM Oananca Thl / Th2
Y BJIMSIET HA COAEP)KAHUE €CTECTBEHHBIX KJIETOK-KUJIEPOB, UTO PUBOJINUT K PaHHEN
AMOPHUOHATBHOM JICTATBHOCTH M3-3a CEPhE3HBIX AE(EKTOB Pa3BUTHUS COCYIOB.

[ToBeimennoe konmdectBo TGFBR1 B 6azanpHoill penumyanbHOM 0007I0U9Ke
MOXET UTPATh BAKHYIO POJIb B UHIYKIIUU UMMYHHOM TOJIEPAHTHOCTH, U YTO MOTEPS
OepeMeHHOCTH MOKET ObITh BhI3BaHa cHIbkeHHeM TGFBR1 B MecTe umrianTanuu.

DTO0 B CBOIO o4cpcb ACJIacT HCBO3MOKHBIM YCIICHIHYIO UMIIJIAHTAIIUIO.
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Pe3rome no raase 111

[IpoBeneHHbIE UCCIAEAOBAaHUA IIOKA3ajdd, 4YTO CYLIECTBYET HpsiMasd
KOPPEJSIIMOHHAS CBA3b PAHHUX PEMOJYyKTUBHBIX MOTEPHh C BO3PACTOM cTapiie 35
JeT y OepeMEeHHBIX OCHOBHOW TPYMIbI, YTO OOBSCHSETCS BBICOKOM YacTOTOM
AKCTPAr€HUTAIBHON MATOJOTHMM W 3HAYUTEIBHBIM IPOLIEHTOM BHYTPUMATOYHBIX
MaHUMIYJAIUNA JTUArHOCTUYECKHU-IEYeOHOro XapakTtepa IMepel] MIaHUpOBaHUEM
nporpammbel BPT, crnenctBueM KOTOpBIX SIBISETCS peUENnTOpHAs AUCPYHKIUS
SHJIOMETPHUSL.

Benymen npuunHon ucnons3oBanus nporpamm BPT cpenu uccnenyemoro
KOHTHHT€HTa JKCHIIWH, BBICTYIMAeT coueTaHHbIM (aktop Oecruiomus — 44,2%,
BTOPOE MECTO CPEeAH MPUYUH MOTepU (HEPTUIBHOCTU — TPYOHO-NIEPUTOHECATHHBIN
daktop (30,8%), 25% cocraBisieT 3HA0KpUHHOE Oecruioaue. Haubonee ynenpHbIi
BeC cocTaBuil cpok Oecmuomusi 3-5 net (45%), B ' — 46,7%; B 'K — 43,3%.
Kenmmnam ['M quarnoctupoBano BropudHoe Oecruionue B 61,67% cnyuaes, B ['K
— niepBruHOe Oecroaue (68,3%) (p<0,001).

[IpoBeneHHbIE HAMU PETPOCHEKTUBHBIA aHAIU3 JICYEOHBIX METOJUK
BOCCTAaHOBJICHUS (DEPTUIILHOCTH YKa3bIBAE€T HA BEPOSITHYIO CBSI3b PUCKA PAHHUX
pPENpPOAYKTUBHBIX IOTEPH ¢ MeToanKon ICSI.

AHaJIM3 XapakTepa U CTPYKTYPhI SKCTPAreHUTAIbHOM MaTOJIOTUH Y KEHITUH
nocie BPT, mnpenocraBusi BO3MOMKHOCTH BBIICINUTH TPYIILY BOCHAJIUTEIIbHBIX
3a00JIeBaHUN MOYEBBIJICIUTEILHOW CUCTEMBl C CYOKJIMHUYECKUM TEUYCHUEM,
KOTOpBIE Yallle BCEr0 BCTPEUYAIUCh y MAIMEHTOK C PAHHUMHU PENpOyKTHBHBIMU
notepsamu rociae BPT (33,3%).

CraTucTuyecku 3HaYUMbIMU (PaKTOpaMU PaHHUX PENPOTYKTUBHBIX TOTEPH Y
)keHImH mnocie BPT sgBmAroTcss MmoMa Markyd, BOCHAIUTEIBHBIE MPOLIECCHI
BJIarajIuIa ¥ MaToJIOTHs MIEHKU MAaTKH, ONlepaTHBHBIC BMEIIATEILCTBA HA OpraHax
MaJIoTo Ta3a, OPIOIIHOM MOJIOCTH, PHAOMETPHO3. Hamnuue o4aroB XpOHUYECKHUX
WH(DEKIUH, KOTOpPhIE HMMEIOT JIATCHTHOE Te4YeHHuE Ha (OHE BOCTAIMTEIHHBIX

MIPOLIECCOB JKEHCKUX TOJIOBBIX OpraHoB (36,7%) v HeledeHoM MaToNOruu IeHKu



105

MaTku (30%) B 3HAUUTEILHOM CTENEHHU BIUAIOT HA PUCK PAHHUX PENPOTYKTHBHBIX
NoTepPsh y KeHuuH nocie BPT.

['mcronornuecky MOATBEPKACHHAS IJIAalleHTapHas AUC(YHKIMSA, BEPOSTHO,
CBSI3aHA C IMOBBIIIEHUEM MpoiaudepaTuBHON akTUBHOCTU Thl-mumdouutoB mno
IPUYMHE KPUTHYECKHM HHU3KOTO YPOBHS NoJIokHUTENbHOU skcnpeccun TGFBRI,
Hapymamomux  (GOpPMHUPOBAaHHE  COCYJHUCTOTO  pycila,  MOBPEXKIAIONINX
IUTALIEHTApPHYIO TKaHb U NEPECOPUEHTUPYIOT UMMYHHBIA oTBET ¢ Th2-tuna Ha Thl
AKTHUBAallUM LHATOTOKCHYECKOTIO 3BEHA, YTO NPOSABISAETCI B WMMYHOJOTHYECKON

arpeCCuu MaTCPUHCKOI'O OpraHru3Ma I10 OTHOIICHHIO K IIJIOY.
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I'NTABA 1V. AHAJIM3 W OBOBHIEHUE IOJYYEHHBIX
PE3YJbBTATOB

B mnocnennue roapl MOSBUIOCH 3HAYMTEIHLHOE KOJUYECTBO IMyOJIUKAIIWH,
MOCBSILEHHBIX HAJTUYHUIO aCCOLMALIMM CAMOIIPOM3BOJIBHBIX BBIKHIBIIIEH HA PAHHUX
CpOKax OepeMeHHOCTH c SHIOTEIHNOIIATUEN, UMMYHOJIOTHYECKUMU,
MMMYHOT€HETHYECKUMHU, reMOCTa3u0JIOTHYECKUMU U rOPMOHAJIbHBIMA
HapymeHusiMA [29]. OnbIT MHOTOYHCIIEHHBIX HCCIEAOBAaHUM, MPOBEICHHBIX IO
ATOMY TOBOAY 3a IOCIHEAHHE IECATWICTHS, MO3BOJWI B 3HAYUTEIBHOM Mepe
yIayOUTh NPEJCTABIEHUE O STUOJIOTUHU 3TOTO COCTOSIHHUSL.

Cunraercs, 4TO B pa3BUTUU PAHHUX PENPOAYKTUBHBIX IOTEPh 3HAUUTEIIBHYIO
UTPAIOT POJIb CIIENYIOUE (PAaKTOPbl: UMMYHOJIOTHYECKHE TPUUHHBI (peodiiaaHue
T1 oTBeTa); HapyllIEeHHE CBEPTHIBAIOIIECH CUCTEMBI KPOBU Yy MAaTE€PH; IEPCUCTEHITHS
OaKTepHaIbHO-BUPYCHOW MH(EKIIUU; XPOHUUECKUI SHIOMETPUT U Apyrue [38; 25].
HecMoTpst Ha mmpokoe oOCYXJAeHHE KIMHMUYECKOrO0 3HA4YeHHsl, OCOOECHHOCTH
ATUONATOI€HE3a Pa3BUTHS pPAHHUX PENPONYKTUBHBIX INOTEPh y IKEHIIMH C
WHIYLIMPOBAHHON OEpPEeMEHHOCTBbIO OIHUCHIBAIOTCS B EIUHUYHBIX TPYHax,
€AUHOAYIIIHOIO MHEHMS Ha JTOT CUET y HCCIIeN0oBaTesIed HEeT. MHOro4nciaeHHbIe
acrieKThl HEBBIHALIMBAHUS OEPEMEHHOCTH W PaHHUX PENPOAYKTUBHBIX MOTEPh
nocie BPT sBnsitorcs quckyTabenbHbIMUA U TPEOYIOT JalbHEHIIEro U3yYeHHUSI.

[ToaTOMy, y4WTBIBas BBIIIEYIOMSHYTOE, MBI CUHMTAa€M, YTO JIE€TAJbHOE
M3YUYEHUE YKa3aHHOI'O COCTOSIHUS, TO3BOJIUT HaM 0oJiee pallMOHAIBHO MOAXOIUTh K
JUArHOCTHKE, NPOPHIAKTUKE U MEIUKAMEHTO3HOM KOPPEKIHMH COCTOSIHHM,
ONArOnpHsITHBIX JUIsI BO3HUKHOBEHMSI PAaHHUX PEHNPOAYKTUBHBIX IOTEPb, YTO
NpeayNpeanuT pernpoyKTUBHbIE TOTEPHU, TAKUM 00pa30M MOBLICUB 3(h(PEKTUBHOCTH
nporpammsl BPT.

CornacHO JaHHBIM COBPEMEHHOW JuTeparypsl [19], 6GepemMeHHOCTh mociie
BPT oTHOCAT K KaTeropuy BBICOKOTO aKyILIEPCKOIO PUCKA, KOTOpas UMEET psil
XapaKTepHBbIX OCOOCHHOCTEH TeueHusi TrecTalMoHHOro mporecca. DeHoMmeH

«COCYHMECCTBOBAHUA I'CHCTUYCCKN HCUACHTUYHLIX)» OPraHu3MOB MAaTCpu W IIJIOJAA,
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peanuzyercs Onarogapsi MEXaHU3MY UMMYHOJIOTHYECKOU TOJIEPAHTHOCTU, KOTOpas
MOJIJIEP>KUBAETCS TOCTOSTHHOM KOHCTAHTOM IIUTOKMHOBOTrO OanaHca [35].

[Ipy HapylmieHMH TOCTOSHCTBA PABHOBECUS MPOBOCHAIUTENIBHBIX U
MPOTUBOBOCHAIIUTENBHBIX ~ HUTOKUHOB Yy JKEHIIMH C  BOCCTAHOBJICHHOM
GepTIIBHOCTBIO PpeaTM3yeTCsl MEXaHW3M HEBBIHANIMBAHUA OEPEMEHHOCTH C
UHIYKIUEH paHHUX PENPOAYKTUBHBIX TMOTEPh. Pe3ynbTarhl MNPOBEACHHBIX
MCCIIEIOBAaHNUM CBUAETEIBCTBYIOT, UTO CYIIECTBYET IPsiMasi KOPPEISLIMOHHAS CBA3b
pPaHHUX PENPOIYKTUBHBIX MOTEPh C BO3pAacTOM crapiie 35 JieT y OepeMeHHBIX
ocHoBHOM  rpymmbl  (p<0,05), dYTo OOBACHAECTCS  BBICOKOM  YacCTOTOM
HKCTPAr€HUTAIBHOW MATOJOTHMM W 3HAYUTEIBHBIM IMPOLEHTOM BHYTPUMATOYHBIX
MaHUMIYJAIUNA JTUarHOCTUYECKHU-I€YeOHOro XapakTepa Iepel] MUIaHUpOBaHUEM
nporpammbel BPT, crneiacTtBueM KOTOPBIX SBISIETCS perienTopHas IUC(YHKITUS
supomeTpusi. [logasistomniee OOJBIIMHCTBO B HAIlEM MCCIIEIOBAHUU COCTAaBIISLIN
nauueHTku 30-40 ner (47 — 78,3%), OepeMEHHOCTh KOTOPBIX HACTYIMHJIA MOCIE
ucCroyib30BaHusl JiedeOHnlx mporpamm BPT. Cpennsisi pasHunia B Bo3pacte
COCTaBJIsIIa OKOJIO 3 seT, manueHTku 'Y oka3zamucs B cpenHeM Ha S JIeT crapuie,
yeM xeHiuabl KT

[Ipoananu3upoBaB JaHHbIE MEPBUYHON JOKYMEHTALIMH, Mbl BBISICHUIH, YTO
BEAYIIEH NPUYMHOM UCNOJb30BaHuA mnporpamm BPT cpenn wuccnegyemoro
KOHTHHTCHTa JKCHIIWH, BBICTYIACT coueTaHHbIM (aktop Oecrutomus — 44,2%,
BTOPOE MECTO CPeAH MPUYUH MOTepu (HEPTUIBHOCTU — TPYOHO-NIEPUTOHEATHHBIN
daktop (30,8%), 25% cocraBnsieT sHAO0KpUHHOE Oecronue. Hanbomnee ynenbHbIi
BeC cocTaBuil cpok Oecruromust 3-5 net (45%), 8 ' — 46,7%; B 'K — 43,3%.
Kenmmnam ' quarnoctupoBano BropudHoe 0ecruionue B 61,67% cnydaes, B ['K
— niepBruHOE Oecroaue (68,3%) (p<0,001).

[IpoBeneHHbI HAMU PETPOCHEKTUBHBIM aHAIU3 JIeYeOHBIX METOIUK
BOCCTAHOBJICHUSI (PEPTHIILHOCTH yKa3bIBa€T Ha BEPOSTHYIO CBSI3b PUCKA PAHHUX
pernpoaykTuBHbIX notepb ¢ Meroaukor ICSI. KonnuecTBO manueHTOK, KOTOPHIM
oObL1a BeiOpana metoauka ICSI coctaBuno 47,5% ciyyaes (58,3% B ' u 36,7% B

I'K), nocne IVF —39,12% cnyuaes (26,7% B ' u 51,67% B I'K), BMU cocraBumio
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9,17% cnyaaes (11,7% B I’ u 6,7% B I'K), mepeHoc 6;1acTONMCTHI B IOJIOCTh MATKH
cocraBmio 4,17% caydaeB (3,3% B I'I u 5% B T'K). IlpoBenenusiii Hamu
PETPOCTIEKTUBHBIA aHAIN3 J€YEOHBIX METOJIMK BOCCTAHOBJICHUS (PEPTUIHHOCTH Y
YKEHIIH, KOTOpble ObUIM BKIIIOYEHBI B HCCIEAOBAHHE, YKA3bIBAE€T HA BEPOSTHYIO
CBSI3b PUCKA PAHHHMX PENPOAYKTHUBHBIX MOTEPh ¢ MeToankoil MKCH.

O¢ddexTuBHOCT, JIeueHUS HHPEPTUIBHOCTH IO JAHHBIM  MHUPOBOM
auTepaTypsl coctaBisgeT oT 23 1o 47% [138], utak >keHIMHBI ¢ OeCIUIoueM B
aHaMHe3e, OCOOEHHO MPU €ro MPOJOJKUTEIBLHOCTH Oosiee 5 JieT, HEOJHOKPATHO
BBIHYKJIEHBI TPOXOauTh MoBTOpHbIE IUMKIBI BPT. B ocHoBHO# rpymnme oOiee
KoJnmuecTBo HedPekTuBHBIX 1MKIOB BPT cocrasmsina 16,9%, B rpymnmne KOHTPOIs
— 2,4%. DOJBIIMHCTBO aBTOPOB, KOTOPBIE 3aHUMAIOTCS JAHHOM TEMAaTUKOM,
YBEpEHBI — KaXK/1asl CIeAYIOIIas HEy1auHasl MOMbITKa ucnoJib3oBanue BPT cHuxkaer
IIaHC HACTYIUJICHUS JKeJlaeMoi OEpEMEHHOCTH B CiieAyroIeM 1ukie Ha 16,3% [66].

AHanu3 npodeccHOHaIbHON MPUHAMJIEKHOCTH U TPYIOBOM JEATEIbHOCTH
OEpEMEHHBIX HE BBISBWJI CTATUCTHUYECKU 3HAYMMBIX Pa3IUYHi MEXAYy TpyMIamH,
OJIHaKo oOpamiaer Ha ce0sd BHUMAaHHE OOJBLIMN MPOLEHT MalUEHTOK, KOTOphIE
3aHUMAJIUCh YMCTBEHHBIM TpyJoM. Takke MOXXHO NpPOCIEIUTh TEHACHUUIO K
OOJbIIIEMYy TPOIEHTY JKCHIIWH, 3aHUMABIIMXCS (PU3MUECKUM TPYIOM, CpeIu
nanmeHTok [, OIHAaKo CTaTUCTUYECKM 3HAYMMOTO YPOBEHb MOKa3aTeleu
OCHOBHOW M KOHTPOJILHOW I'PYIII HE JOCTUTHYT.

OcymiecTBUTh  aHAJIM3  HAJIWYWS ~ BPEIHBIX  NPUBBIYEK  OKa3ajoCh
HEBO3MOXKHBIM B CBSI3M C TEM, 4YTO JaHHas WHGOpMamus OTCYyTCTBOBajla B
MEJIMIIMHCKUX KapTaX UCCIIEIyEMbIX >KCHIIHH.

[Ipu onpenenennu Beca OepeMeHHBIX MO UHAEKCY Macchl Tena (IMT), cpenu
JKEHIIUH C pa3HbIM 3HaueHueM MIMT He HalilieHO NOCTOBEPHBIX PA3IUYAN MEXKITY
OCHOBHOM Tpynnoi u rpymnmoi kouTposis (p>0,05).

AHanu3 xapakTepa MEHCTPYaIbHOTO IIUKJIA YCTAHOBUJI, YTO CPEIHUN BO3PACT
MEHapXe y >KEHIIWH OCHOBHOM Ipymnibl cocTaBisil 12,7+1,1 roga no cpaBHEHHIO €
rpynmnoi koutposas — 11,8£1,3 ner (p>0,05). ¥V mnonaBusroniero Kojau4yecTBa

YKEHIIMH MEHCTPYaIbHbIA LUK yCTaHOBUICS cpasy (p>0,05).
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[Tpu u3yvyeHnn pyHKIHMOHATBHBIX 0COOCHHOCTEN MEHCTPYaIbHOTO IIMKJIA MBI
HE OOHAPYXXUJIM TPSIMOTO KOPPEISIUOHHOTO CBSI3M MEXKIY XapaKTepoM €ro
HapylIeHUH W BO3HUKHOBEHHEM pPAaHHUX PENPOAYKTUBHBIX TOTEPHh MOCIE
npuMeHeHus JeueOHbIX mporpamMm BPT. bone3HeHHble MeHCTpyariuu oTMedanu 35
(58,33%) naumentoxk I'N u 28 (46,67%) naniieHTOK KOHTPOJIbHOU rpytibl (p>0,05).
CpenHss MPOJOIKUTEIFHOCTh MEHCTPYAIbHOTO IUKJIA 10 JICYCHHS] OeCIUIOAMS
Metonamu BPT cocraBimsina 28+2,5 nus y naumentok M, 27,625 nus y
nanueHTok 'K (p>0,05).

Hanuunie ruHeKosornyecKod MaToJIOTMH Y TMOAABISIONIEro OOJIBIIMHCTBA
JKEHIIMH C paHHUMU PENPOJYKTHUBHBIMU IOTEPSMH HE BBIBWJIA MPSIMBIX
napajuleliel 3aBUCUMOCTH C TaKMMHU HO30JOTHAMH, KAK BPOXKICHHBIE IMOPOKH
Pa3BUTHS KEHCKHX TMOJOBBIX OpraHoB. CTaTUCTUYECKH 3HAYMMBIMH (haKkTOopaMu
PaHHUX PENPOAYKTUBHBIX MOTEPH Yy kKeHIuH nociie BPT sBistoTcs MuoMa MaTkH,
BOCITAJINTEJIBHBIEC TIPOLIECCHI BIAraMIla U MaTOJIOTUS IEUKN MATKH, OIIEpaTUBHBIE
BMEIIIATEILCTBA HA OpraHaXx MaJIoro Tasa, OPIONIHOW TMOJOCTH, IHIAOMETPHO3.
Hanuune oyaroB xpoHn4eckux MHQEKINI, KOTOPbIe UMEIOT JIATEHTHOE TEUEHHE Ha
(oHE BOCHAIMTENIBHBIX IIPOIIECCOB JKEHCKHUX TIOJIOBBIX opraHoB (36,7%) wu
HesledeHor maTtosioruu 1meiku Matku (30%) B 3HAYUTENBHON CTENEHU BIIUSIOT Ha
PUCK paHHUX PENPOAYKTUBHBIX ITOTEPH Yy KEeHIIMH nociie BPT.

AHaIIM3 XapakTepa U CTPYKTYPbl SKCTPAr€HUTAIbHOM MMATOJOTUH Y HKEHIIUH
nocie BPT, mnpenocraBusli BO3MOXKHOCTH BBIACIUTH TPYINLY BOCHAIUTEIBHBIX
3a00JIeBaHUN MOYEBBIICIUTEIPHOM CHUCTEMBI C CYOKIHMHHUYECKUM TEUYCHUEM,
KOTOpPBIE Yallle BCEr0 BCTPEYAIUCh y MAIMEHTOK C PAaHHUMHU PENPOIYKTHBHBIMU
notepsmu nociie BPT (33,3%): OGeccumnTomHasi OakTepuypuisi, XpOHUUYECKUN
MUEJIOHePPUT, PEIIUAUBUPYIOIINI ITUCTUT B aHAMHE3E.

[TocnencTBusi mpeAbIAyIIMX OEPEMEHHOCTEH y KEHIIMH CO BTOPUYHBIM
OecriofveM CBHUAETEIbCTBYIOT O HAJIMYUU BECOMBIX PHUCKOB aKYIIEPCKUX H
IIEPUHATAIIBHBIX OCJIOKHEHNN y nauneHToK ['U, B cpaBHEHUN € TpynIIoNn KOHTPOJIA.
Craructuka nokasateneil HepasBuatouieiicss 6epemennoctu (I'M — 13,3%, 'K —

15%), roBOpHUT B MOJB3y OOPEMEHEHHOTO PENPOTyKTUBHOTO aHAMHE3a Y KSHILUH
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uccnenyembix rpymni. B T'M oOpamaer Ha ce0si BHMMaHUE BBICOKUN TMPOIEHT
CaMOMPOU3BOJIbHBIX BhIKUABIIIEH — 18,3% (p<0,01).

[Tony4yeHHble HaMH JlaHHBIE KJIMHUKO-aHAMHECTUYECKHX OCOOEHHOCTEH
MO3BOJIMJIM TIPOBECTH OIEHKY 3HAUMMOCTU BEAYIIUX (PAKTOPOB U MPOTHO3UPOBATH

PHUCK Pa3BUTHS PAHHUX PENPONYKTHUBHBIX IOTEPH y KeHIIUH nocie BPT:

1. Bo3spacr crapiue 35 ner.
2. M30srTounas macca tesa 30 xkr / M2 u 0oJiee.
3. PaccrporictBa OBapUO-MEHCTPYAITbHOTO LAKJIA B BHJIE

MIPOJIOJIKUTEILHOCTH OoJiee 28 THE.
4. Mwnoma MaTkHu.
BocnanutenbHbie MpoLeCcChl BlIaraauiia.

[laTostorus menKu MaTKy.

5

6

7. PasbenuHenne cnaek.
8 DHIOMETPHUO3.

9 3ab0seBaHtsI MOYEBBIICTUTEIHHOM CUCTEMBI (XPOHHUUECKHE).

10. Merabonuueckuii CHHAPOM.

11.  Cpoxk 6ecrmoaust 6onee 10 ner.

12. Bropuunoe Oecriionue.

13. AprtudunmanbHblii aOOpT B aHAMHE3E.

14. Camonpou3BOJIbHBIN BBHIKUBIII B aHAMHESE.

15.  Meron BPT ICSI (intracytoplasmic sperm injection) MUKCH.

16. 3 u 6onee HeyaauHbIx nonbITOk BPT.

Bce  BBIIEM3IOKEHHOE  MO3BOJSIET  MPEIIOJIONKUTh, YTO  PAHHHE
penpoayktuBHble ToTepu nociie BPT saBnsitoTcst cinenctBuem nedcTBusi 00NBIIOTO
KOJIMYECTBA MAaTOJOTMYECKUX NPUYMH C pealu3alnueid pa3HOOOpasHBIX YacTo
NEPEKPECTHBIX, naTO(PU3UOIOTUUECKUX MyTeu, MO3TOMY BBIJICJIUTH
JOMUHUPYIOIIUNA  3TUOJOTHYECKUH  (QakTop  CYIIECTBYIOIIMMH  METOJIaMU
JMAarHOCTUKH HE BCEr/1a BO3MOKHO.

CJ'IC,Z[y}OHII/IM OTaIlIOM HamICro MCCICA0BaHUA OBLIO BBIIBJICHHUE 3HAYMMOCTHU

skcrpeccun nporenHa ALKS B nenuayanbHOM TKaHH a0OPTUBHOTO MaTepHalia npu
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paHHUX penpoayKTUBHBIX noTepsax nocie BPT. C 3Toil 1enbi0 OpoBeneHO
cpaBHeHHUE abopTUBHOrO Matepuana »eHuH ['M (20 manueHToK) mociae paHHUX
penpoaykTuBHbIX noTeps nociae BPT u xenmwmu 'K (20 manmeHntok) mocie
UCKYCCTBEHHOTO0 abopTa, MPOBEIECHHOTO BO BpEeMs HOPMAJIbHO MPOTEKaroleh
OEpEeMEHHOCTH.

[Iporpecc B 00iacT UMMYHOJIOTHUH, KOTOPBIM HAOMIOJAETCs 3a MOCeIHEee
necsatuieTe, chopMupoBal (PyHIAMEHT HOBOTO HAMpaBICHUS MEAMIMHBI —
MMMYHOJIOTHSI PENPOAYKIMHU, U3ydalolled pojb UMMYHOJIOTHYECKUX (PAKTOpPOB U
MEXaHU3MOB BO BpeMs OEpEeMEHHOCTH, a TaKXe HWMMYHOOIIOCPEI0BaHHbIE
OCJIOXKHEHHMSI TECTAlMOHHOTO IIPOLIECCa.

Hcnonb3oBaHne HOBEMIIMX THUATHOCTUYECKUX BO3MOKHOCTEW U METOJUK B
MOBCETHEBHOM BpaueOHOM MPaKTUKE MOKET CTaTh KIIFOUEBBIM 3B€HOM JIJIsI PEIICHUS
BOIIPOCA TPUOPUTETHON THHEKOJIOTUYECKOW TAKTUKH MPU PAHHUX PETPOTYKTUBHBIX
MOTEPSAX Y JKEHIIHH C «AMMYHOJIOTMYECKHM MapaJoOKCOM», KOTOPBIM SIBIISIETCS
WHIYIIMPOBaHHAsA 0€PEMEHHOCTh, U MPEIOCTABUTh BO3MOXKHOCTh MOJTYYUTh OTBET
OTHOCUTEIBHO OCOOCHHOCTEH MMMYHOJIOTUYECKOTO CTaTyca MallMeHTOK C pAHHUMU
penpoAyKTUBHbIMU noTepsimu niocie BPT.

J10 HACTOSIIETO BPEMEHU HE CYILECTBYET CUCTEMATU3UPOBAHHBIX CBEICHUN
O TMAaTOreHETHMYECKOW CBSI3M HApyLIEHUH HWMMYHOJOTHYECKOro OanaHca W
IIUTOKWUHOBOTO MPOdUIISi C paHHUMHU PENPOAYKTUBHBIMU nioTepsimu tiociie BTP, kak
HE CYLIECTBYET M BO3MOYKHOCTH HMX IPOTHO3UPOBAHHS HA OCHOBE MOHHUTOPWHIA
MOKa3aTeaed IMMYHOJIOTHYECKOTO TOMEOCTa3a CHIBOPOTKU KPOBH.

HeBbiHammBanue 6epeMEHHOCTH — 3TO IMOJHUATHOJOTUYECKOE OCIIOKHEHUE
TEUEHUs] TECTAI[MOHHOTO TIpOIlecCa, BAXKHBIMH (haKTOpaMH B BO3ZHUKHOBEHUHU
KOTOPOT'0 BBICTYHAIOT HAPYLICHUSI UMMYHHOU PETYJIALMA, PEATU3yEMBbIE B paMKaxX
nvcOananca OMOJOTUUECKH aKTUBHBIX MEAUATOPOB UMMYHHBIX U MEKKIETOYHBIX
B3auMOJIecTBUM IUTOKUHOB [1; 3; 8; 10; 15; 18; 20; 34; 42; 54; 79].

NMmyHOIIOrM4ecKkre B3auMOOTHOIIEHUSI MATEPUHCKOIO OPraHru3Ma € IJ10I0M
XapaKTepU3yTCAd [IUHAMUYECKHUM PABHOBECHEM, IPU OSTOM IUIOJA MOJy4aeT

CO6CTB6HHYIO HNMMYHHYIO KOMIICTCHTHOCTb U IMaCCUBHBIN HMMYHUTCT OT MATCPU.
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MHTEeHCUBHOCTh UMMYHHBIX peakluii BO BpeMs OEPEeMEHHOCTH MMEET IIMPOKUI
JMAna3oH M 3aBUCUT OT WHAUBUAYAJIbHOM, T€HETHUYECKH JETEPMUHUPOBAHHOM,
UMMYHOJIOTHYECKOW PE3UCTEHTHOCTH KEHIIMHBI [73].

OcoOblii MHTEpeC NPENICTABIAIOT HUCCIEAOBAHUS MATOTEHETUYECKON CBS3U
HapyIIeHU ! LIUTOKUHOBOT'O npodutst u KJIETOYHO-TYMOPaIbHOMN
MMMYHOPEAKTUBHOCTU B MEXaHU3ME pPaHHUX PENpOAyKTHUBHBIX MOTEpPh MpHU
WHIYIIUPOBaHHON OEepeMEeHHOCTH. besyciosHo, MOAU(pUIIUPOBaHHAS
MMMYHOPEAKTUBHOCTh MATEPUHCKOTO OpraHu3Ma OTpaaeTcs B HapyIICHUU
IUTOKKHOBOTO OaJiaHca.

DHJIOMETPUM TPEACTaBIsIeT COOOM CIOKHYI0 MHOTOKIJIETOYHYIO TKaHb,
KOTOpasi TMOJBEpPraeTcs IUHAMUYECKOMY PEMOJCTUPOBAHUIO, YTOOBI CO3/aTh
MUKpPOCpPENy, MOAXOISIIYIO0 JJIs oIIep:Kanus OepeMeHHOCTU. bepeMeHHOCTh — 3TO
CJIOKHBIA MPOIECC, KOTOPBIA BKJIIOYAET OTIEIbHBIE COOBITHS, BKJIIOYAs
JeUUTyaTu3aliio, UMIUIAaHTAUI0 U TUIAIICHTAIMI0. DHAOMETpUM / JenuayaibHas
oOoyiouka OoraTbl HMMMYHHBIMHA KJIETKaMH, B 4YacTHOCcTH KieTkamu UNK
(ecTecTBeHHBIE KWJUIEPH) U Makpodaramu, KOTOpble O€pyT Hadajio B KOCTHOM
MO3Te ¥ U30MpaTeIbHO MPOHUKAIOT Yepe3 KPOBOTOK K CIM3UCTON 000JI0YKE MATKHU.

B mepBeie 20 Henmens OepemenHoctu UNK-kineTkn M Makpodaru urparor
pelIaloIly0 pojib B OMNOCPENOBAaHUM Tpoliecca TpaHchopMaluyd CHUpaTbHON
apTepuy, BBI3bIBAS HAYaJbHbIE CTPYKTYpHbIE H3MEHEHUS U CEKPETUPYS P
IIUTOKMHOB M XEMOKHHOB. [[pyras oTiawyHas W (QyHKIMOHAJIBLHO Ba)KHas TpyIIa
KJIETOK BKJIIOYACT JCHHIyanbHbIe cTpoMaibHbie (hudpodmactel (DSCs), koTopbie
cocTaBisilOT 10-30% nenuayaibHBIX KIETOK B mepBOM TpumecTpe u 10 60-70%
KJIETOK JICIIUAYaJIbHOM 000JIOUKH.

Hemuayanuzamusi OTHOCUTCS K (PYHKIIMOHAIBHBIM M MOP(OIOTHYECKUM
W3MEHEHUSIM, KOTOPBIE IPOUCXOIST B DHAOMETPHH, C 00pa30BaHUEM JICIIUTY AJIbHON
000JI0YKH, B KOTOPYIO UMILJIAHTUPYETCS OJIacTOUUCTa. DTH U3MEHEHHS BKIIIOYAIOT
MIPUBJICUCHHE JICHKOIIUTOB ¥, YTO BXKHO, TU(DPEPEHITMPOBKY CTPOMATHHBIX KJIETOK

sugometrpusi (ESC) B DSC (nenuayanbHble CTPOMAJIBHBIE KIETKH).
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Nmenno cnocobnocts ESC muddepeHunpoBaTbCsi B 3TO albTEPHATUBHOE
COCTOSIHUE, TIO-BHIUMOMY, SIBJISIETCSI KJIIOYEBBIM 3JIEMEHTOM JEIUIYyaTbHON
tpanchopmarmu. DSC npeacTaBiasioT co00# OTACIBHBIN THIT KJIETOK, SIBIISIOMIANCS
pe3yabTaToOM TEPMUHAIBHON mudepeHInpoBKU u T€HETUYECKOTO
nepenporpammupoBanus  ESC.  Oro  mepemporpaMMupOBaHHE — BKIFOYAET
NO/IABJICHHE TE€HOB, YYaCTBYIOIIUX B MPOBOCHAIUTEIBHON peakuuu U
COMPOTUBJICHUN TKAHEBOW WHBA3MM, HapsiAy C MOBBIIIEHHOW AKCIPECCUEN TeHOB,
KOTOpPbIE  CHOCOOCTBYIOT  KJIETOYHOM  Mponu@epanuu, TOJNEPAHTHOCTH U
MIPOHUKHOBEHUIO B TKaHU [59; 210].

[IpaBunpHasg jgenuayanu3anyds KOHTPOJMPYET 3adaTUE M TEUYCHHE
OEpEMEHHOCTH M SIBJISIETCS pelIalIuM (AKTOpOM ycrexa OepeMEeHHOCTH.
[TosiBnsiercs  Bce  Oonbllie  CBUAETENBCTB TOTO, YTO OHOXUMHUYecKue /
MeTaboanyeckue (akTopbl BaXKHBI I Aeuuayanu3anuu. Hanpumep, HeKoTopbie
ayTOKpUHHBIE / TapaKpUHHbIE (PAKTOPHI, BKIIOYAsk UHTEPJIEHKUHBI, Takue Kak [L-1[3,
IL-11 u dakrop uarudupoBanus neitkemun (LIF), a Takxke Tpanchopmupyronmit
dakTop pocra-f (wiensl cynepcemeiictBa TGF-B, takue kak axtuBuH, TGF-B1,
6enok mopdorenesa (BMP2) u paxrop nerepmunaruu 2 (LEFTY2), no-suaumomy,
Ba)KHBI JUJIS1 IOLIEPKAHMSI POLECCA ACIMIyalN3ald, CTUMYJIMPOBAHUS NIEpe1adn
curHaioB TAM® u BHekneTounoro matpukca (ECM), perynsiiuuu anruoreHesa u
MO/ICP)KKH UMITJIAHTAIMU dMOproHa [71].

WccnepoBanuss mMOCHEIHUX JET JAo0Ka3aidd (aKT aKTUBALMM WMMYHHOU
CUCTEMbI KCHIIMHBI I (U3MOJIOTMYECKOTO TEYEeHHUS OEpeMEHHOCTH C
peanu3aiueil tMMyHoMo Ry upytoiero dddekra. [Ipezenranus u uneHTuduUKaIUs
WHIYIIMPOBAHHON O€peMEHHOCTH UMMYHHOM CUCTEMOM MPOUCXOAUT MOCPEACTBOM
aKTUBALIMM TPYNIBl T€HOB, KOTOPBIE OTBEYAIOT 32 MPOAYKIHIO ITPOreCTEPOHOBBIX
peuentopoB Ha NK-knetkax u numdorurax [61; 86; 109; 122; 137; 149].

[Ipy HOpManbHOM TEUEHHM TECTAIMOHHOTO IMpOoIlecca AKTUBUPOBAHBI
aumbouutel u  CD56+  mpoayuupymoomue — NporecTepOoH-UHIYIUPYIOLIHiA
onokupyromnuit paxrop (PIBF), koTopsiil mpeaynpexiaet upe3smMepHyo akTUBHOCTh

HaTYpaJbHbIX KWUIEPOB IyTeM O0Opa3oBaHWE TPaHYJISAPHBIX JTUMQOIUTOB
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cyononymsiiu  CD16+CD56+, koTopble HMEIOT MaJbli IIUTOTOKCUYECKUH
MOTEHUHUAN. Peryndnuss HMMMYyHHOIO OTBE€Ta MaTepd MOpPH OSTOM BapUaHTE
onocpenoBanHas nutokuHamu 1L-4, IL-5, IL-6, IL-10, IL-13 u nanpasnena no Th2-
My TH.

[Ipy HEIZOCTATOYHOM  COJEP)KAHMK MPOTECTEPOHA WM  YACTUYHOM
OJIOKHPOBAaHUM SKCHPECCUU €ro peuentopoB Hapymaercs cuHTe3 PIBF. B takom
cllyyae HMMMYHHBIA OTBET MaTepud Ha IUIOJ XapakTepuiyercs oOpa3oBaHHEM
TUM(OKMHAKTUBUPOBAHHBIX KHUJUIEPOB, KOTOPHIE HECYT HA CBOEU MOBEPXHOCTHU
mapkepsl CD16 + CDS56+, mipu 3TOM pacTeT NpPOAYKUHS MPOBOCHATUTEIbHBIX
uToKuHOB [FN-y, IL-2, IL-12, IL-18 ¢ peanuzanueit uMMyHHOTO oTBeTa 1o Thl-
nytu. [IpoBocnaivTeNnbHble HMUTOKUHBI OEPYT ydacTHE B PEAKIUAX KIECTOYHO-
ornocpenoBaHHOM 1UTOTOKCHYHOCTU. [Ipm Thl-Mexanusme MMMYHHOro OTBeETa
MMPOBOCHAUTEIbHBIE UTOKHMHBI UMEIOT MPSMOW IUTOTOKCUYECKUN BIIMSIHUE HA
wiox [79].

JlaTeHTHOE W TPOJIOHTMPOBAHHOE TEUEHUE HWMMYHHOIO OTBETa IIpU
nporpeccupoBannu 0epeMeHHocT 1Mo Thl moctenenHo usMensieT 3pdhekTopHbIN
ITOTEHIMAJ KJIETOK HUMMYHHOU CUCTEMBI B CTOPOHY HAPYILICHUSI YYBCTBUTEIBHOCTH
JUM(OIUTOB K BTOPUUHBIM CTUMYJIaM. TakoB (heHOMeH moyuni Ha3BaHue [Ipaiim-
JICUCTBUE HAa WMMYHOKOMIIETEHTHBIE KJIETKM IIMTOKMHOB B TOBBIIICHHOU
KOHUEeHTpauu. Ilpaiim  co3maer  ycloBuUsS Uil CHHXKEHHUS  HOPOTOBOU
YyBCTBUTEIIbHOCTH HWMMYHOKOMIIETEHTHBIX KJI€TOK K SHJION€HHBIM CTHUMYJIAM.
Yame Bcero mnpaiMHUpPYROIIMMHM areéHTaMy BBICTYIIAIOT IMPOBOCHAJIUTEIIbHBIE
MEIMATOPBI: IUTOKUHBI, OJIKK OocTpoi ¢a3wl, hakTopsl pocta [93; 126; 132; 203;
213].

bepemennocts nocie BPT Ha poHe noBbIIeHHOM YyBCTBUTEIBHOCTH KJIETOK
MMMYHHOM CHUCTEMBI K SHAOTEHHBIM CTUMYJIaM UMeeT TeueHue Ha (oue Ilpaiim-
adpdexkta ¢ MNPOBOCHAIUTEIIBHBIM HAaNpaBJICHWEM HMMMYHHBIX peakiuid u
runepaktuBanuen  yuMmdonutoB.  [loBpexxmaromee — IeWCTBHE — 3alUTHBIX
MEXaHU3MOB UMMYHHOI'O OTBETa HAIPaBJIEHO HE TOJILKO HA MaTOreHHbIA (haKTop,

HO ¥ Ha KJICTKH COOCTBEHHOM MMMYHHOU CUCTeMBI. ITak, B TAKOM CITy4ae MEXaHU3M
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UMMYHHOH 3aIIUTHI TePSET CBOW 3alIUTHBIN 3(PPEKT U caM CTAaHOBUTCS BEAYIUM
3BEHOM IIaTOJIOTUYECKOr0 Mpoliecca, MPU 3TOM MMMYHHasi CUCTEMa, KOTOpas IO
CYTH SBJISIETCSI CUCTEMOW MHTETPATUBHOW PEryJsilMU U 3allUThl, IPEBPAIIACTCS B
WCIIOJIHUTENS W MUIIEHb OJHOBPEMEHHO IS MPOAYLHUPYEMBIX €10 CaMOu
arpeccUBHBIX CYOCTaHIMI, CHHTE3 KOTOPBIX TEpSE€T KOHTPOJIb W CTAHOBHUTCS
NPEAUKTOPOM HEBBIHAIIMBAHUS OEPEMEHHOCTH.

[To nanHbIM MHOTHX aBTOPOB [112], UMMYHOJTOTMYECKUI CABUT Y KEHIIUH C
BOCCTaHOBJEHHOW ¢ mnomompo BPT  ¢eprunbHOCTRIO, 3akimtouaerca B
¢dopmupoBanun HepoctatoyHoctu Th2-otBera mnpu runepaktuBanuu  Thl-
IUMQPOLUTOB €  TOMyJSIMEeH  €CTeCTBEHHbIX  KuwiuiepoB.  MckaxeHnue
MMMYHOJIOTHYECKOW TOJIEPAHTHOCTH MPUBOAUT K (PeToTokcnyeckoMy 3(dekty
yepes cuctemy MeauaTopoB akTuBupoBaHHbIX NK-kietok u Thl-mumdormros (IL-
2, TNF-a, IFN-y) [96]. IIpu sTom Bo3pactaer conepxkanue IL-la, IL- 8, IL-6 u
CHIKAETCSl YPOBEHb MMPOTUBOBOCTIAIUTENIBHBIX HUTOKHHOB [L-10 u IL-4 [88; 177;
188].

NmMMmyHOMOAyIMpyOlee JIEHCTBUE MPOSBISETCA B PE3yJbTaTe MNPSIMOTO
neicTBUs OJOKHUPYIOMIETO (pakTopa, MHAYLHPOBAHHOTO MPOTECTEPOHOM, KOTOPBIN
NOJIAaBJIsieT TUIEPPEaKTUBHYI0 HMMMYHHyIO otBeT Thl-tMma u u3MeHser
UUTOKMHOBBI  MPOQMIb  aKTUBUPOBAHHBIX  JIUM(OLMUTOB. Y CIEUIHOCTh
IPOJOHTMPOBaHUS OEPEMEHHOCTH 3aBUCUT OT OajiaHca OCHOBHBIX MEIMaTOPOB
B3aMMOJICUCTBUS  KJIETOK HMMMYHHOM  CHCTEMbl MaTepu M  IJoaa —
MIPOBOCTIATUTENBHBIX MUTOKUHOB (THna Thl) u MPOTHBOBOCHATUTENHHBIX (THUTIA
Th2). Cucrema MUTOKWHOB MPECTABISET COOON «CETh», B KOTOPOW TMOCTOSHHO
MIPOUCXOIUT Koomepanus kieTok. Ot 0anaHca KIeTOYHBIX MEAUATOPOB 3aBUCUT KakK
THUII UMMYHHOTO pearupoBaHus " IIPOLIECCHI audepeHnranum
MMMYHOKOMIIETEHTHBIX eauHull [82; 124; 154; 162; 187; 194].

Perynsuust cuHTE3a NPOTUBOBOCHAIMTENBHBIX ILIMTOKMHOB BO BpeMs
duznonornyeckoil 6EpeMEeHHOCTH HamlpaBiieHAa Ha TEPEeCTPONKY MEKKIECTOYHBIX
B3aUMOJICUCTBUI ISl CO3[IaHUSI ONTHUMAJIbHBIX YCJIOBUN (YHKIMOHUPOBAHUS

OpraHOB M CHUCTCM MATCPUHCKOI'O OpraHu3dMa IJi1 BbIHAIIMBAHWUA T'CHCTUYCCKU
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gykepoAaHoro miona. Bo Bpems ¢usnonornueckoil OepeMeHHOCTH Jenuaya
CEKpETHPYET MPOTUBOBOCHANUTENbHBIC TUTOKUHBI Th2-tuna (IL-4, IL-5, IL-10), a
u30pITOUHAs KoHLEHTpauus [UTOKMHOB Thl-tuma (IL-2, IL-8) mpuBomuT K
MMMYHOJIOTHYECKOM aTake MaTEepUHCKOro oOpraHuM3mMa Ha (eToruialeHTapHbIN
KOMIUIEKC, PE3yJbTaTOM TaKOro «KOH(IMKTa» JBYX CHCTEM  SBIIACTCS
«katactpoa» OIHOM M3 HHX — B YAaCTHOCTHU HEBBIHAIIMBAaHWE OEPEMEHHOCTU U
paHHUE penpoayKTUBHBIC oTepH [172].

AHanu3 TOJyYEHHBIX PE3yJbTaTOB IMOATBEPKIAET, YTO B peau3alHU
ouonornyeckux 3h(HEKTOB IMUTOKUHOB BAKHBIM MOMEHTOM SIBJISIETCS HE TOJIBKO
JIOCTAaTOYHBIM YPOBEHb CEKPEIMU MPOTUBOBOCHAIUTENBHBIX areHTOB, a U OajlaHC
JUTaH-PEIENTOPHBIX B3aUMOJICHCTBUI, HaApYIICHUs KOTOPOTO NPUBOIUT K
BBICOKOM ITMTOTOKCUYECKONW aKTUBHOCTU OOJIBIIUX TPaHYJSAPHBIX JIUMQOIUTOB
MATKH U OTTOpKEeHUIO tioaa [43; 136; 165; 195; 205; 227].

Hemuayanuzanus — CIIOXKHBIA OWOJOTMYECKUH TpOLecC, MPU KOTOPOM B
CTPOMAJBHBIX KJIETKaX YHJAOMETPHUSI MPOUCXOAAT OOIIMpHBIE MOP(HOIOTHYECKHE,
(yHKLIHMOHAJIbHBIE W TE€HETUYECKUE HW3MEHEHMs, CIOCOOCTBYIOLIME PA3BUTHUIO
UMITIAHTUpYIOIelcst  Onmactoructel.  Jlemuayanusamuss —  3TO  TpoILece
nponudepanun U auhepeHIIUPOBKH CTPOMAIbHBIX KJIETOK MAaTKU B OTBET Ha
VUMILIAHTAIUIO 3KCTPa3MOPUOHAIBHON / SMOPHOHATBHON €UHUIBI U HEOOXOAUM
JUTSL TIOJIZIEPKKH pOCTa SMOPHOHA JI0 YCTaHOBJICHUS TIIAIICHTHI.

PemonenupoBanne Maro4HOM CHOUPAIBHOW apTEPUM — OTO MPOLECC
ajanTallid MaTepH, KOTOPBI MMEET pellalouee 3HAYeHUE i1 CO3JaHUS
MOJIHOCTBI0O  (DYHKIIMOHAILHOW  TUTAIIGHTapHOW  eauHMIB.  Bo  Bpems
peMOIeIMPOBaHUS CIUPATILHON apTepuu KJIeTKU TpodobiiacTa mioga NpoOHUKAIOT B
JeIUIyanbHyI0 O00OJIOUKY M €€ KPOBEHOCHBIE COCYHbl, a CHHpajlbHbIE apTepUu
MaTKH TPaHCPOPMUPYIOTCS U3 Y3KUX B OOJIBIIINE KaHAJIbI, YTOOBI YBEJIMUUTH TPUTOK
MaTEpPUHCKON KPOBHU K MECTaM UMILJIAHTAIIMU U O0JIETYUTH pacTyIIre MOoTpeOHOCTH
J10/1a B MUTaHUM U Kuciopoae. COou B 3TOM mporiecce (Hampumep, Herlryookas
WHBa3usl TpodoOiacTa M HEMOJIHOE PEMOCIUPOBAHUE) BBI3BIBAIOT CHUXKEHHUE

KPOBOTOKa K (DeTOoIuialleHTapHON €OUHHIIE U CBSI3aHbl C PAacIpOCTPAaHEHHBIMU
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OCIIO)KHCHHSIMU OCpEMEHHOCTH, TaKUMH KaK TIMOBTOPSIONTUECS BBIKWIBIIIH,
3a7iep>KKa pocTa mioja u npeskiiamiicus [36; 47; 63].

Jemuayanu3anusi KOOPAWHUPYETCS CTEPOUIHBIMA TOPMOHAMHU, (pakTopamu
pocCTa, a TakKe MOJICKYJIIPHBIMA M SIIMIeHETUUECKUMU MexaHu3MaMu. [lepemrada
CUTHAJIOB cymepcemeiicTBa TpaHchopmupyromero ¢akropa pocta B (TGFp)
pEryJIMpyeT MHOTOTPaHHbIE PENPOIYKTUBHBIE TIpoiiecchl. OIHAKO POJib Mepeiadn
curHaioB TGF B neumayanuzanuu MaTky U3ydeHa HEJI0CTaTOuHO [47].

HuddepeHunpoBka 3HAOMETpUSA, MNPUMUPOBAHHOrO 3cTpaauoiom (E2),
MIPOUCXOJIUT TOCJE MOCTOBYJISITOPHOTO TOBBINIEHUS nporectepona (P4) Bo Bpems
CEeKpeTOpHON (a3bl MEHCTpyaJdbHOro MHKIa. Bo Bpems nenumgyanusaiuu
MIPOUCXOMST KJIECTOUYHBIE U MOJICKYJISIPHBIE U3MEHEHUS, IOCKOIBKY KIETKH CTPOMBI
sagomerpust (DCK) Tpanchopmupyrorcs u3 ¢GbudpobaacTornogoOHbIX KIETOK B
OOJBIIME TIOJUTOHAIBHBIE KJIETKH, OOTaThie IUTOINIA3MATHYCCKUM TIIMKOTEHOM H
JUNUAHBIMA  KariaMu.  [lonmummonauss CTpOMAabHBIX KJIETOK — YHHKAJIbHOE
SBJICHHE, KOTOpPOE MPOUCXOAUT BO BpeMs TuDPEpEHIMPOBKH Uy ATbHBIX
KJIETOK TOCJIe WUMIUIaHTanmuu Omactoructel [81; 89; 92; 115; 185; 206; 212].
@DaKkTopbl, CEKPETUPYEMbIE NEUUIyaTbHBIMA KIIETKAMH, BKIIOYAIOT MPOJIAKTHH
(PRL) u Gemnok-1, cBs3piBaromii MHCYJIMHONON00HBINA (pakTop pocta (IGFBP-1),
KOTOPBIE SIBIISIOTCS KITIOUEBBIMU PETYIATOPAMHU JIECHUAYATU3alu W IITHPOKO
HCIOJIB3YIOTCS B Ka4eCTBE MapKepoB Jneruayanusanuu [70]. CTeporiHbie TOPMOHBI
suaHukoB, E2 u P4, urparot GpyHaaMeHTaIbHYIO POJIh B UMILIAHTAIIUN OJIACTOITUCT
W JeuuIyanu3alud MaTkd. Bce daie mnpu3HaeTcs, 4To Tepeaada CUTHAJIOB
peuentopa mnporectepoHa (PGR) wuMeeT mnepBoCTenEeHHOE 3HAYCHUE JIJIA
UMITIAHTAIlUd ~ OJaCTONMCTHI, JCHUAyadu3allii MaTKH W MOJCpKaHUSA
oepemennoctu [83].

daKTOPhI POCTa — ATO MOJICKYJIbl CUTHAJIBHOTO O€JIKa, CTUMYJIMPYIOIIHE POCT,
npoJiudepanuio, peryysiuio U B3auMoAeicTBre KieToK. DakTopbl pocTa UTPAIOT
KJIIOYEBYIO pOJIb B KOHTpoJie TMpoiudepaunu U auddepeHupoBKe pa3inuHbIX

THIIOB KJIC€TOK, aKTHBAllUH CHCHI/I(I)I/IIIGECKOFO HMMYHUTCTA, pETyJIAIUN BOCIIAJICHUI,
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aHruorexnese, (yHKIMOHMPOBAHHUM  HEWPOHOB, pErecHepaluu TKaHEH W
AMOPUOHATILHOM Pa3BUTHUH.

bera-penentop I Tpanchopmupyromiero pakropa pocta / akTHBUHOTIONOOHAS
kuHaza 5 (TGFBR1/ALKS) siBnsieTcs perienTopHO# NPOTEMHKUHA30M, CBSI3aHHOMN B
TOM 4HCJe C AUCPYHKIMOHAIBHBIM UMMYHHBIM 0TBeTOM. CD4 + CD25 + FoxP3 +
perynaropubie T-knetku (Tregs), yHukangbpHas cyOmomymnsiiusi T-KJIETOK, UTparoT
PEIIANIYI0 POJIb B TOJIEPAHTHOCTH U MPEAOTBPALICHUHA ayTOUMMYHHUTETA, & TAKXKE
B yCIleXe TPAaHCIUIAHTAIlMM aJUIOTEHHBIX OpraHoB [66]. Bo Bpems GepemMeHHOCTH
Treg HEOOXOMUMBI JJi TOJEPAHTHOCTH MATEPUHCKOM HMMYHHOW CHCTEMBI K
NOJyaJUIOTEHHOMY 3MOpHUOHY. Moaymsiuust omnocpeayercss JIMOo IOCpPEICTBOM
MEXKJIETOYHOTO KOHTaKTa, JHOO0 IyTeM CEKpEeUUH HMMMYHOCYIPECCHUBHBIX
UTOKMHOB, Takux Kak IL-10 u TGF- B [60; 68; 87; 91; 131; 151; 200].

B nmepBom TpumecTtpe OepeMEHHOCTH  UMIUIaHTauuss 3MOpHOHAa,
neuuayanu3anus M MoAuuUKanmus COCyJOB, BKJIOYas PpPEMOJIEIMPOBAHUE
CIUPAIILHON apTepUu, SIBISIIOTCA KIIOYEBBIMU COOBITHUSIMU [IJISl  yCTAHOBJICHUS
ycnemHoi 6epemenHoctu. daktop pocta sugorenusa cocynoB (VEGF) ssnsercs
OJIHUM U3 KITI0YEBBIX (PakTopoB 0OpazoBanus kammuisipoB. VEGFA npousBoautcs
IIOYTH BO BCEX TKAHSAX M YBEJIMYUBACT MPOHUIIAEMOCTh COCYJIOB U IIPOIH(epalnio
DHAOTENUAIBHBIX KJIETOK.

TGFB1 Breictymaer B kadectBe aHtaronucra VEGF npum mnpomudeparnum
KJIeTOK U uHAyKuu anonto3a. TGFB cmocoOcTByeT mpolieccam 3aXKUBIICHUS paH,
MOMABJISIET MPONUQPEPANMIO U MUTPALUIO TIAAKAX MBI W SHIAOTEIHUATBHBIX
kietok. [loutn kaxnas kierka B opranuzme npousBoguT TGFB u ero peuentop.
Opnako TGFB oxa3biBaeT MHruOupymoliee AelcTBUE HA MMMYHHYIO CHUCTEMY,
KPOBETBOPEHHE, CUHTE3 MPOBOCHAIUTEIbHBIX IIUTOKMHOB, PEAKIUIO TUMQOLUTOB
Ha IL2, IL4, IL7 u o6pa3zoBanue nurorokcuueckux NK u T-knerok. Mccinegopanus
MOKA3aJIM, YTO aroINTO3 YBEIUYUBAETCS B SHAOMETPUU BO BpPEMS MMIUIAHTALMU U
perpeccun aenuayanbHOW TKaHW. beimo mokazano, uro MPHK mns TGF-B1
MPUCYTCTBYET B MaTKe BO BpeMs OEPEMEHHOCTU U JIOKAJIU3YETCSl B MPOCBETHBIX U

JKCJICBUCTDBIX SIUTCIIMAJIBHBIX KJICTKAX HA PaHHUX W ITO3JHUX CPOKAX 6epeMeHHOCTI/I
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[118; 214; 225]. TGF-B1 u -p2 MPHK 0651111 Takke oOHapyEHBI B MAaTKE BO BPEMSI
oepemennoctu [97; 102; 129; 197; 122]. Ot ucciaeqoBaHus NPEANoararwT, 4To
uzopopmbl TGF-f MOryT KOHKpPETHO ydYacTBOBaTb B KOHTpOJIE amornro3a
HHAOMETPHS B MATKE BO BpeMsi OEpEMEHHOCTH.

Tparchopmupyrommii daktop pocta B (TGFp) urpaer pemaromryto posib B
peryjsiiuM TrOMeOcCTa3a TKaHEeW IOCPEACTBOM KOHTPOJIS HaJl pa3IudHbIMU
KJIETOYHBIMU TIpOIlECCAMH, TaKMMU Kak mposudepanus, nuddepeHnrpoBka u
dbopmupoBanre Matpukca. CBS3bIBASICh C Pa3IMYHBIMHU PELENTOPAMH CEMECTBa
aktuBuH-penentopubix kuHa3 (ALK), TGFB wunmynmupyer BHYTPHUKIETOYHOE
KapOOKCHUKOHIIEBOE (C-koHueBoe€) dbochopunupoBanue pEryJINPyEMBIX
peuentopom O6enkoB Smad (R-Smad). ®ochopunupoBannsie R-Smads o6pazyror
KOMIUIEKCBI ¢ o0muMm MeauaropoM Smad; Smad4, u 3TH  KOMIUIEKCHI
nepeMenaTcs B AApo, rae oHu cBssbiBatoTcs ¢ JJHK, 4toOwl perynmpoBaTh
TPAHCKPUIILIMIO T€HOB MOCPEACTBOM PEKPYTUPOBaHUS (PAKTOPOB TPAHCKPHUIILIUAU
[135]. Ucnonb3oBanue pa3Hbix ALK MOXET mpuBeCTH K aKTHBalUM pa3HbIX R-
Smads; aktuBauusa ALKS (TGFBR1) unnymupyer gocopunuporanne Smad2 u
Smad3.

Kak panee Obuto mpoaemonctpupoBano [7; 26; 65; 111; 150], TGF-B1
uaayuupyetr pacuierienue JHK B nmenmnpyanbHbIx KneTkax. Pe3ynbTaTbl sCHO
npoaemMoHcTpupoBaii, uto TGF-f1 uHaynupoBan amonTo3 J10303aBUCUMbBIM
obpazom (p <0,0001). Anonro3 yBenuuuBaics 10 20% mpu 1 ur / ma TGF-B1 u no
30% mpu 10 Hr / M. AHanu3 UCKIIOYCHHS OKPAIIUBAHUS TPHUITAHOBBIM CUHUM
UCIIOJIb30BAJIM [Tl TPOBEPKHU )KU3HECTIOCOOHOCTH U THOEINH KIIETOK; XOTS 3TOT TECT
HE SIBJISIETCS CIelM(PUUECKUM JIJIS a0 T03a, OH MoKa3bIBaeT npsMoe Biusaue TGF-
B1 Ha BEDKMBAEMOCTH M KU3HECTIOCOOHOCTH KJIETOK.

CunbHas skcripeccust TGF-B1 Ha paHHHX cpokax 6€peMEHHOCTH MOXKET ObITh
oOBbsiCHEHa TeM (akToM, 4TO 3Ta u3odopma HeoOXoauMa HJisi MHUIUUPOBAHUS
IPOIECCOB UMIUIAHTAIMUM SMOpHOHA B NEPUMMILIAHTALIMOHHBIA mepuo. beuio
noka3ano, uto TGFBR1 cekperupyercs kinetkamu Oiactoructel. Brocnenactsuu

ACTUAYAJIIBHBIC CTPOMAJIBHBIC KIICTKU U NK-KJ’IGTKI/I, B CBOKO 0O4YCPCIb,



120

npoayuupyor TGFBRI1, xoropslii HeoOxoaum s pocTa U pa3BUTHUS
TpodobaacToB. [lepBbie MpU3HAKY IIALIEHTAPHOTO aHTUOTEeHEe3a HaOII0Jal0TCA Ha
TpeTbeil Henmene OepeMenHocTd. Kietkun 1uToTpo0oO6IacCTOB HMHTEHCHUBHO
HKCHPECCUPYIOT XOPUOHUYECKHUI TOHAJOTPOIHUH, KOTOPBIM MMOJOKUTENBHO BIHSIET
Ha aHTUOTEHE3 U IKCIPECCUIO (PakTopa pocTa SHAOTENHUATIBHBIX COCYIOB.

PemonennpoBanre cnupalibHBIX apTEpHil UMEET PEIlaollee 3HAUYCHUE IJIA
HOPMaJIbHOTO pOCTa W pa3BuTud IUoAa. HapymeHne TeKymMX 3TaroB
UMIUIAaHTAllUd U KPOBETBOPEHHUA IUJIOJIa U MAaTepH OOBIYHO MOXET MHPUBECTH K
notepe 6epemenHoct. TGFBR1 cunTtaercs ogHUM U3 OCHOBHBIX PETYJISITOPOB JJIS
MOHUTOPUHIA PETYJSITOPHBIX T-KJIETOK, KOTOPBIE WUIPAIOT PELIAIOIIYI0 pOJIb B
noAJiep)KaHUM  (PU3HOJOTUYECKUX HMMYHHBIX OTBETOB U, KpOME TOTO,
00ecreunBalOT MAaTEPUHCKYIO TOJIEPAHTHOCTh K OTLOBCKMM AaHTUI€HaM ILJI0Ja
[147]. Tpanchopmupyromuii ¢akrop pocra B perymupyer mnponudepaluio,
1 pepeHnpoBKY, aronTo3 ¥ FOMeocTas KJIeToK. [103ToMy Helnb3sl HCKITI0YaTh €ro
3HAYUTENIbHYIO POJIb B MIPOLIECCAX COXPAHEHHs] OEPEMEHHOCTH.

Ilepenaua curnanoB cynepcemeicTBa TpaHcpopmupyrolero hakrtopa pocTta
oera (TGFB) wurpaer miedoTponHyto pojib B (yHIAMEHTAIBHBIX KIETOYHBIX
mpoleccax M [poleccax pa3BUTUA. PaHee yCTaHOBJIEHO, 4YTO  CIIOXKHO
pa3BETBJIICHHAs CEThb KPOBEHOCHBIX COCYOB IJI0JIa B JIAOMPUHTE MEPBOHAYATIBHO
pa3BuUBaeTCs B pe3yJbTaTe BacKyJIOI€HE3a, KOorja aHruo0jacTsl, KOTOpHIE
OTpeJeNieHbl B AJUIAHTOMCE, NMPOHUKAIOT B XOPUOH, 00pa3ysi COCYAUCTYIO CETh
nabupunTa mioga. Kak ykazaHno Bblllie, Heyiaua B XOPHO-aJUTAHTOMCHOM CITUSIHUA
IpeIoTBpallaeT JI000e TaKoe COCYAUCTOE Pa3BUTHE U CBsI3aHa C JIETAIbHOCTHIO B
cepenune recraiuu. TGFBR1 unayuupyer skcnpeccuto pakrtopa pocta 3HAOTETUS
cocynoB. Cocynapl Iuiofa TMOJBEPraloTcs OOIIMPHOMY pPAa3BETBICHHUIO 3a CYET
aHTMOreHe3a, YTO CIMOCOOCTBYET PACIIMPEHUIO TJIALEHTHI IS YJIOBJIETBOPEHUS
pacTylux NOTpeOHOCTEN pacTyILEero Mmioa.

OTH MpOLECCHl PETYIUPYIOTCA UieHaMH (aKTopa pocTa SHIOTEIUS COCY/I0B
(VEGF), dakropa pocra mianentsl (PGF), FGF, WNT u cemeiicts TGF- u BMP.

HapymeHI/Ie TaKHX KIIHOYCBbIX AHI'MOI'CHHBIX HYTGIZ B IINIACHTC OKa3bIBACT
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3HAUYUTEJILHOE BIIMSIHUE HAa BACKYJSIPU3ALMIO TUIALICHTHl M MPUYMHHO CBS3aHO C
CaMOMPOU3BOJILHBIM a00PTOM TMOCKOJIBKY MPOAYKTHl T'€HOB B3aUMOCBSI3aHbI B
METa0OIMYECKUX MYTAX, U3MEHEHHWE WX (PYHKIIMOHUPOBAHHS MOXET BBI3BATh
arnomnTo3, HapylieHue (GOpMHPOBaHUS KPOBEHOCHBIX COCYJOB M, KaK CIEICTBUE,
HapylIieHne (QyHKIMOHUPOBAaHUS CHUHIUTHOTpodoOmacToB. CrneaoBareiabHO, 3TO
MOXET MPUBECTH K aHOMAJIbHOMY aHTHOTE€HE3Y U CAMOIIPOU3BOJILHOMY a00PTYy.

CornacHo  pe3ynbTaTaM  HMMMYHOTHCTOXMMHUYECKOTO  HCCIICIOBAHMS
JeUuIyadbHON TKaHW aOOpPTUBHOrO Marepualia B TPYIINE KEHIIMH MpU paHHEM
camonpou3BojibHOM abopte mocie BPT mnpu cpaBHeHuu nenuayalbHOM TKaHU
a0OpPTUBHOTO MaTepualia B TPYyMIE >KEHIMH TNpU HOPMAJIbHOM OepeMEeHHOCTH
BBISIBJICHO CTAaTHUCTUYECKM 3HAYMMOE JIOCTOBEPHOE OTJIMYME B CTEIEHU
nonoxurenbHo 3kcnpeccun TGFBR1 B nmenmpyanbHON TKaHW JBYX TpYIII
ManueHToK. MIMMyHOrucroxumuyeckass MOJIOKATENbHAs skcnpeccus ALKS mpum
paHHeM caMomnpou3BojbHOM abopte mocie BPT coctaBuia B aenuyaibHbIX
KieTtkax — oT 31,38%11,65 mo 39,88+13,8 B mosie 3peHus, IpuU HOPMAJIbHOU
OEpeMEHHOCTH COCTaBUJIA B ACIUAYAIbHBIX KileTKax oT 48,5+12.4 no 59,77+14,3 B
niosie 3penus (<0.001).

[TonoxutenpHas sxcnpeccust ALKS npu panaem caMonpon3BoJIbHOM abopTe
nocie BPT B kierkax cuniutuotpodobiacrta cocraBuina — oT 35,25+8,55 no
43,69+9,34 B mone 3peHMs, NMPH HOPMAJIbHOW OEpPEMEHHOCTH COCTaBWJA OT
52,13+£7,9 no 63,52+10,14 B mone 3penust (<0.001). ITomoxuTtenbHas dKCOpeccus
ALKS mpu pannem camompousBosibHOM abopte mocie BPT B smurenuu sxenes
sHJIOMETpUsl cocTaBwina — ot 24,31+7,25 no 30,75+7,46 B moje 3peHus, Nnpu
HOpMaJIbHON OepeMeHHOCTH cocTaBmiia OT 38,4+5,66 no 41,51+8,14 B mosie 3peHust
(<0.001). IMTonoxwutenbHass skcapeccuss ALKS mpu panHem camonpou3BOILHOM
abopte nociae BPT B kieTkax cTpoMBbI SHAOMETPHS cocTaBuia — oT 3,63+2,73 no
6,06+3,19 B moJie 3peHus, NMPU HOPMAJILHONM OEPEMEHHOCTH COCTaBUJIA B KJIETKAaX
CTpPOMBI 3HIOMETpUs OT oT 34,314+8,5 no 40,52+10,7 B nmone 3penuns (<0.001).

[Ipu ananuze npoaykuumun TGFBRI1 B 3aBucUMOCTH OT TOCIEACTBUMI

OepeMEHHOCTH YCTAaHOBJIEHO, YTO B IPYIIE >KEHIIMH, Y KOTOPHIX OEPEeMEHHOCTh
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IpepBajach CaMOIIPOU3BOJIBHO, UMEET MECTO 3HAYUTEIBHOE CHWKEHHE IUIOLIAIH
nonoxkuTenbHon skcnpeccun TGFBR1, koTopoe B koMOMHAIMU ¢ MOKa3aTeIsiMu
BO3pAacTa IEMOHCTPUPYET POCT PUCKA CAMOIIPOU3BOJIBHOTO BBIKU/IBIIIA, YTO MOYKET
ObITh  JTOMIOJHUTEIBHBIM  ()AKTOPOM, KOTOPBIM  CHOCOOCTBYET  pPa3BUTHUIO
MUKPOLIMPKYJISITOPHBIX U T€MOJIMHAMUYECKUX HAPYLIEHU 1 BHOCUT COOCTBEHHBIN
BKJaJ B YBEJIMYECHHUE KOAryJSILMOHHOIO MOTEHLMAJA, BBI3BIBAS B TOM YHCIE U
HapylieHus: mporeccoB IaneHtanuu. [loatomy nonmxkenne ypoBHsa TGFBRI ¢
paHHUX CpPOKOB OEpPEMEHHOCTH MOKET MPOSIBISATHCS HApYLIEHUEM WHBa3uU
Tpodobiacta, 4TO MOXKET B JaJbHEHIIEM NPUBOJUTH K MPOTPECCUPOBAHUIO
IECTALMOHHBIX OCJIOKHEHUM, B TOM UHCJIE TAKUX KAK Yrpo3a IpepbIBaHUsA
O0epeMeHHOCTU. HaMu BhIsSIBIIEHA TECHAsI KOPPEISLMOHHAS CBA3b MEXAY Pa3BUTHEM
paHHEro CaMoOINpPOM3BOJIBLHOTO abopra u ypoBHeM oskcnpeccun TGFBRI1 B
neuuayanbHoi TkanHu (r=0,622), B kietrkax cuHuutuorpodobnacta (r=0,778), B
anuTenuu xkene3 snpoMerpus (r=0,774) u ¢ubpobractax CTPOMBI IHIOMETPHS
(r=0,867).

WNtak, TUCTONOrMYECKH TMOATBEPKIACHHAs IUJIAlEHTapHas AUCHYHKUHUA,
BEpPOSITHO, CBsi3aHA C TIOBBIIEHWEM TMposiudepaTuBHONM akTuBHOCTHU Thl-
JUM(GOIUTOB MO TPUYMHE KPUTUYECKM HHU3KOTO YPOBHS TMOJIOXKUTEIHHOU
skcnpeccun  TGFBRI1, nHapymatommx @opMupoBaHue COCYAMCTOrO pycia,
MTOBPEXKAAOIINX [UIALICHTAPHYIO TKAHb U NEPEOPUECHTUPYIOT UMMYHHBIA OTBET C
Th2-tunma nHa Thl axkTUBanUU ITUTOTOKCHYECKOTO 3BEHA, 4YTO TNPOSBISETCS B
MMMYHOJIOTHYECKOHN arpeCCUM MaTEpUHCKOTO OPraHU3Ma 110 OTHOIIEHUIO K IJIONY.

AHaIM3Upys MOJYyYEHHBIE PE3YyJbTAaThl U YUUTHIBAs KPUTHUYECKUM YPOBEHBb
nonoxurenbHou skcnpeccu TGFBR1, MOXHO yBEpEHHO yTBEPKIATh, YTO PAHHUE
PENPOAYKTUBHBIE TOTEpU Yy KEHIMH 1nociae BPT BbI3BaHBl pa3zBUTHEM
JIOKAJIM30BaHHOTO BOCHAIMUTEIBLHOIO Mpolecca Mo Tuly runeppeaktuBHoro Thl-
ONOCPEOBAHHOTO  TyMOpPAJIBHOTO  OoTBeTa.  OTCyTCTBHE  MOAEIUPYIOLIEH
IIEPECTPOMKA HMMMYHHOHW CHCTEMBl MATEPUHCKOIO OpPraHW3Ma B YCIOBHUAX

HapymieHus: auHamudeckoro paBHoBecuss TGFBRI1 ¢ mpeBunupoBanuem Thl-
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OTIOCPEIOBAHHOTO OTBETA Y JKEHIIMH C OEPEeMEHHOCTHIO BBHICOKOTO aKyIIEPCKOTO
pHUCKa SIBIISIETCS TPEAUKTOPOM PAHHUX PENPOLYKTUBHBIX MTOTEPD.

[lonydyeHHble HamMu pPE3yJbTAaThl HUCCICAOBAHUS JIEMOHCTPUPYIOT, YTO
CYILIECTBYIOT pE3€pBbl B Tepanmuu U NPOYUIAKTHKE aKyIIepCKOW IaToJOruH,
KOTOpass MPHUBOJWT K PAHHUM pPENPOAYKTUBHBIM IIOTEPSIM Y JKEHINMH C
WHIAYLHUPOBAaHHON OEpPEMEHHOCTBIO, YUYUTHIBas HAJIWYUE HOBBIX IOJAXOJOB
OTHOCHUTEJIBHO IAaTOr€HETUYECKMX MEXAaHW3MOB HEBBIHAIMBAHUA. Pe3ynbrarhl
HAILIEr0 HMCCJIEIOBAHUSA MO3BOJIIIOT NEPEOCMBICINTD CYIIECTBYIOIIME B3TJIAABI Ha
ATUOJIOTUIO U CTPYKTYPY HEBBIHAIIIMBAHUSA, U YTBEPKAATh, YTO IPUUMHAMU PAHHUX
PENPOAYKTUBHBIX IIOTEPD SBJIIOTCS YHUBEPCAIBHBIE MEXAaHU3MbI, B YaCTHOCTH
Hapywenus skcnpeccun TGFBRI, napymarommx (popMupoBaHHE COCYIUCTOrO
pycia, MOBPEKIAOIMMX IIAEHTAPHYI0 TKaHb U IEPEOPUECHTUPYIOT UMMYHHBIN
otrBeT ¢ Th2-tumna na Thl akTUBaIIMU MUTOTOKCUYECKOTO 3BEHA, UTO MPOSIBISETCS B
MMMYHOJIOTHYECKOM arpecCuy MaTEPUHCKOIO0 OPraHu3Ma 10 OTHOLIEHUIO K IUIOAY,

KOTOpBIE JIE)KAT B OCHOBE PA3BUTHUS PAHHUX PENMPOAYKTUBHBIX ITOTEPh Ipu BPT.
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BbIBO/IbI

l. Ananu3 AaHHBIX aHaMHe3a MOKa3zal clIal0yl CTaTUCTHUYECKYIO CBS3b
BO3HMKHOBEHUSI PaHHUX PENPOAYKTHUBHBIX IOTEPH C BO3pacToM xeHUuH (r=0,264,
p<0,001) u mmurenbHOCTHIO Oecrutonus (1=0,247, p<0,001) y *KeHIIUH OCHOBHOM
rpymmbl. 3HAYUMBIMA (AaKTOpaMH pPaHHUX PEMPOAYKTHUBHBIX TOTEPh Y JKCHIIWH
OCHOBHOM T'PYIIbI SIBISIIOTCS BOCHATUTEIbHBIC HAPYIIEHUsI OMOLIEHO3a BJIarajuiia
(36,67% B ocHoBHOM rpymre u 11,67% B rpynme koutpois, p <0,001), snaomerpro3
(15% B ocHoBHOI rpynne u 6,67% B rpynne kouTposs, p <0,001), Mmuoma mMaTku
(11,67% B ocHOBHOIA Tpyte U 5% B rpyrre KouTpodis, <0,05) u maToyorus menku
matku (30% B ocHoBHOU rpymme u 11,67% B rpynme kontpoiss, p <0,001).
bepemennoctn y 58,33% KEHIIMH B OCHOBHOM TpyIE€ HACTYNWIA IOCIIE
npumeHeHus nededbnoi nporpammel BPT (ICSI), B rpyrinie koHTpoIist 6epeMEeHHOCTH
HACTYNWIN B pe3yiibrate npuMeHeHust metoauku [CSI toneko y 36,67% keHuuH
(p<0,001).

2. BaxnpiMu ¢akTopamMu pa3BUTHS PAHHUX PENPOIYKTUBHBIX TMOTEPh Y
xkeHimuH nocyie BPT sBnstorcsa: merabonuueckuit cunapom (r=0,438, p<0,001),
OlepaTMBHBIE BMeEIIATEIbCTBA Ha opraHax Mamoro Taza (r=0,332, p<0,001),
XpPOHHYECKHUE 3a00JieBaHUS MOYEBBLACIHUTENbHON cucTeMbl (1=0,462, p<0,001),
BTOpUYHOE paszButue Oecroaus (r=0,366, p<0,001), aptudunuanbHblii abopT
(r=0,327, p<0,001), 3 u Gonee Heymaunbix mombiTok BPT (r=0,357, p<0,001),
HauOosiee 4yacTto mpoBeaeHHbIe ¢ momoibio Metona ICSI (r=0,222, p<0,001).
HaubGonee 3HaumMble coueTaHusi (HAaKTOPOB TMPOTHO3a PA3BUTHS PaHHUX
PENPOIYKTUBHBIX MOTEph mocie BPT: koMOuHaiusa JUTeTbHOCTH Oectuionus u
COUETaHUs SHIOKPUHHOTO M TpyOHO-nepuToHeanbHoro dakropoB (r=0,459);
BTOpHYHOE Oectuioane u apTudunuansueiii adbopt (r=0,873).

3. YcranoBneHno, uro 3kcnpeccuss TGFBR1 B Heckosbko pa3 Bbllie IpU
HOpPMaJIbHON OEPEeMEHHOCTH, YeM MpPH OCJIOXKHEHHOM ee TeueHuu mocie BPT
(<0.001). MmmyHorucroxumuueckas mnojoxutenbHas skcapeccuss TGFBRI1 B
JeUIyadbHbIX KJIETKaX MPHU OCJIOXKHEHHOM TeueHHH OepeMmeHHocTH mociie BPT

coctaBuia 36,3+13,3 % KIeToK B MOJI€ 3peHHs], P HOPMATbHON OEPEMEHHOCTH —
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54,1+14,4 % xnerok B mosie 3penus (p<0,001); B xneTkax cuHIUTHOTpPOdOOIACTA
MIPHU OCIIOKHEHHOM TeueHun 6epemeHHocTH nociie BPT — 39,6+9,3% kneTok B moJie
3peHusi, MpU HOpMaIbHOU OepemeHHOCTH — 57,9+10,7 % kiIeTok B moje 3peHus
(p<0,001); B »SmUTEIUH KeJIe3 DHHIOMETPUS TIPU OCIOKHEHHOM TEUCHUU
oepemenHoctu nocie BPT — 27,5+7,6 % kneTok B moJie 3peHusi, TP HOPMAIIbHON
oepemeHHoCTH — 39,9+7.3 % knerok B nozie 3penud (p<0,001), B kineTkax CTpOMBI
HHAOMETPUS MPHU OCIOKHEHHOM TeueHHH OepemeHHocTH nocie BPT — 4,7£2.9 %
KJIETOK B TI0JI€ 3pE€HUsI, IPpU HOpMalibHOU OepeMenHoct — 37,44+10,1 % kieTok B
niosie 3penus (p<0,001).

4. BpisiBI€Ha YMEPEHHO BBIPa)KEHHAs CTAaTUCTUYECKAs KOPPEISIIMOHHAs
CBSA3b MEX]y pa3BUTUEM PpAHHETO CaMOIIPOU3BOJIBHOIO abopTa M ypOBHEM
skcripeccun  TGFBR1 B gemuayansHoit  Tkanu (r=0,622), B  KIeTKax
cunuutnotrpodobnacra (r=0,778), B snurenuu xkene3 snaomeTpus (1=0,774) u
budpobnactax crpomsl 3HI0MeTpUs (1=0,867).

5. MunumansHas skcapeccust TGFBR1 nabmronanacek y KeHIIMH OCHOBHOM
IPYIIbl B KJIETKAaX CTPOMBI SHIOMETpHUS JocTOoBepHO pexe (3%), uem B TpyIre
koHTpos (37%) (p<0,001), 1o 33% B menmayadbHBIX KJIETKaX (B TPYIIIe KOHTPOJIS
- 52%) (p<0,001), no 38% B KIETKAX CHHIIUTHOTPOQoOIacTa (B IpyIre KOHTPOJIS -
78%) (p<0,001), no 29% B snUTENUU KEIE3 FHAOMETPUS (B TpyINIe KOHTPOJS -

41%) (p<0,001), yTo IPUBOAUT K PAHHUM PENPOLYKTUBHBIM MOTEPSIM.
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IHNPAKTUYECKHUE PEKOMEHJALIUU

Takum  oOpa3oM, TMOJy4YEHHBIE  pe3yJbTaThl  CBUJETEIBCTBYIOT O
JIOCTaTOYHOCTH PE3EPBOB I YMEHBUICHUS CIIy4aeB PAHHUX PENPOLYKTHBHBIX
oTephb BO BpeMst OepeMeHHOCTH nocsie BPT:

1) Heobxomumo QopmupoBaTh TpPyNIbl TMOBBIIIEHHOTO pPHCKAa paHHUX
pPENpPOIYKTUBHBIX ITOTEPH BO BpeMs OepemenHocTH nociie BPT Ha nperpaBugapHomM
JTare B COOTBETCTBHUHM C BBISBICHHBIMHU (DAKTOPAMHU PHUCKA.

2) ®opMupoBaHUE TPYIIbI PUCKA POU3BOJUTCS HA OCHOBAHMHM KOMOMHAIIUU
cienyomux (GakTopoB: MHUKCT-UHOUIIMPOBAHWE W BOCHAIUTENIbHBIE ITPOLIECCHI
OpraHOB MaJIOTO Ta3a, ONEPaTUBHBIC BMEIIATEIbCTBA HA OpraHax Majoro Ta3a u
BHYTPUMATOYHbIE MAHMIYJSUMU; TPYOHO-NEPUTOHEANbHOE OECIUIOgue; TpU U
OoJiee HEeYTAYHBIX MOMBITKY OTLJIOIOTBOPEHHUS 1n Vitro.

3) Heo6xo1uMo cBOEBpeMEHHOE MPOBEICHUE J1A0OPATOPHOIO 00CIICIOBAHUS C
BKJIIOYEHHEM B MPETPABUAAPHBIA JAUArHOCTUYECKWW aJIrOpUTM ITOKa3aTelen
IIUTOKMHOBOTO TIpoduis, a Takxke oleHka skcrpeccun ALKS B Tkanu snmomerpust

WM B aDOPTUBHOM MaTepualie B CIy4yae penpoayKTUBHBIX MOTEPb.
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INTRODUCTION

Background. The current state of reproductive health of the population is
determined by a complex of social, economic, and medical aspects and is
characterized by an increase in the rate of infertility in married couples from 10—-15%
to 18-20% in different countries of the world [23]. According to domestic authors,
one in five married couples in Russia cannot have children [48]. Often, for couples
who face the problem of infertility, the only opportunity to become parents is
assisted reproductive technology (ART). These methods of infertility therapy are
considered the most promising methods. Their active implementation makes it
relevant to improve their effectiveness and safety for the health of the mother and
unborn child [49].

At the same time, the results of numerous studies highlight the aggravated
course of pregnancy after the use of ART, as well as a high level of early
reproductive losses, which predetermines the problem of ensuring their
minimization [45]. According to the publications, pregnancy after in vitro
fertilization (IVF), compared with the physiological gestational process, is
associated with a high risk of miscarriage (26—66%) [57].

The pathogenesis of early reproductive losses is currently a debatable and
unresolved problem, considered to be a consequence of endotheliopathies,
immunological, hemostasiological, or hormonal disorders, wherein the risk factors
include pelvic inflammatory diseases, dysmenorrhea, intrauterine interventions,
previous pregnancy losses, uterine anatomical anomalies, and acquired defects
(fibroids, adhesions, polyps), which increase the risk of early reproductive losses in
a complex by two-fold or more [39].

The uterine mucosa, called the endometrium, must undergo significant
changes in order to become susceptible to the implantation of a blastocyst. The
endometrium consists of glandular and luminal epithelium and stroma, and when the
endometrium gets receptive, embryos can attach to the endometrial epithelium and

invade the stromal compartment.
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The stromal cells respond to embryo invasion with a wave of proliferation
followed by differentiation; this morphological and functional transformation is
called decidualization [71]. These steps are fundamental to the implantation process
and depend on the activity of ovarian progesterone transmitting signals through its
cognate receptor. The decidual layer is assumed to have several functions: it
provides the growing embryo with growth factors and cytokines, regulates the local
immune response at the fetal-maternal border, maintains tissue homeostasis during
trophoblast invasion, protects blastocysts from inflammation and reactive oxygen
intermediates, and supports angiogenic processes necessary to create new vessels for
perfusion and embryo feeding.

Implantation requires synchronization of embryonic development and uterine
cycles. This synchrony requires complex intercellular crosstalk. Although the role
of many factors involved in implantation was described, it is still unclear how these
factors act and interact. One group of signaling proteins that is expressed in the
uterus during early pregnancy is the transforming growth factor B (TGF-B)
superfamily.

Identifying the signaling processes regulated by TGF- during embryo
implantation is important for understanding endometrial health. The ligand-receptor
interaction triggers a signal transduction cascade, wherein type II receptors (i.e.
TGFBR2, ACVR2, ACVR2B, BMPR2, and AMHR2) activate functionally related
type I receptors (i.e. ACVRLI/ALKI1, ACVRI/ALK2, BMPRIA/ALK3,
ACVRIB/ALK4, TGFBRI/ALKS5, BMPRIB/ALK6, and ACVRIC/ALK?7)
through phosphorylation. Activated TGF-B receptor complexes interact with
regulated intracellular SMAD (R-SMAD) receptors, which bind to SMAD4 to
access the nuclear transcription apparatus and modulate gene transcription.

Conditional elimination of TGF-p receptor 1 (TGFBRI, known as ALKYS)
leads to manifested defects in the female genital tract. In the absence of TGFBRI,
defects are found in pregnancy-related events, including implantation, trophoblast

cell development, uNK recruitment, and uterine vascularization [79]. Further studies
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revealed the involvement of SMAD-dependent and SMAD-independent pathways
in the TGF-B1 inhibition of PRL and IGFBP-1 expression, respectively [83].
Moreover, TGF-B1 inhibits the expression of progesterone (PGR) and the WNT
antagonist Dickkopf-1 (DKK) in differentiated embryonic stem cells (ESCs) through
corresponding SMAD-dependent and SMAD-independent mechanisms [79]. In
contrast to the inhibitory role of TGF-B1 in decidualization, other researchers
demonstrated that TGF-B1 secretion increased during in vitro decidualization of
human ESCs and that recombinant TGF-B1 promoted the decidualization process
[102].

The reason for the contradictory effects of TGF-B1 on ESC decidualization is
not known, but may be related to differences in the experimental conditions used in
different studies. Thus, further understanding of the cellular, molecular, and
epigenetic mechanisms involved in TGF-B superfamily signaling underlying
decidualization is required. In particular, understanding the relationship between
TGF-B signaling chains and their potential interactions with epigenetic
modifications/non-coding RNAs may prove useful in developing new therapeutic
strategies for the treatment of uterine diseases associated with decidualization failure.

It should be noted that clarification of the mechanisms of early reproductive
losses will allow choosing a pathogenetically sound approach to rehabilitation
measures in case of adverse pregnancy outcomes. Thus, the relevance of the present
study and its clinical significance are provided by the lack of evidence-based
approaches to the identification of predictors of early reproductive losses in women
with induced pregnancy.

The study aimed to evaluate the factors and establish the role of ALKS in the
profile of early reproductive losses in assisted reproductive technology.

Tasks:

1. To perform a retrospective clinical and statistical analysis of data in women
with infertility and reproductive losses after IVF.

2. To identify the leading etiology and pathogenetic factors of early



reproductive losses in women after ART and their prognostic significance in the
complicated course of the 1st trimester of gestation.

3. To carry out an immunohistochemical study of the decidual tissue of
abortive material at the early reproductive losses and to reveal the regular expression
levels of ALKS protein.

4. To clarify the prognostic and clinical significance of ALKS5 protein
expression in the development of early reproductive losses in IVF cycles.

Object: pregnancy in women enrolled in an IVF program.

Subject: etiological risk factors for early reproductive losses in women and

the level of ALKS protein expression in aborted tissue after ART.

Scientific novelty

The results of the scientific search allowed the author to supplement the
pathogenetic concept of the development of disadaptation processes in the
fetoplacental system of women with induced pregnancy, which was complicated by
reproductive loss in early gestation, and to propose an etiopathogenetic profile of
early reproductive loss after ART, considering systemic preconditions
(inflammatory  factor, activation of proinflammatory cytokines, and
endotheliopathy).

For the first time, pregnancy loss in the first trimester was found to be
associated with abnormal intercellular interaction processes, hormone production,
and specific pregnancy proteins that are indicators of the formation and functioning
of the placental complex, endothelial dysfunction, and failure to regulate
proinflammatory mechanisms, including low ALKS expression levels in the
decidual tissue.

This study was the first to identify the most significant combinations of major
risk factors for early reproductive losses after ART, namely, the combination of age

factor, gynecological diseases, and tubal-peritoneal infertility, and the use of a
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particular IVF program allowed for the prediction of probable early reproductive
losses in women with induced pregnancy. The level of ALKS expression in the
decidual tissue was found to be a predictor of embryonic loss after ART.

For the first time, a factor of a probable increase in the proliferative activity
of Thl-lymphocytes was established. It occurred due to a critically low level of
TGFBRI1 positive expression, which disrupted the formation of the vascular bed,
damaged placental tissue, and redirected immune response from Th2-type to Thl
activation of the cytotoxic link. It manifested in maternal immunological aggression

toward the fetus as a possible marker predicting negative perinatal consequences.

Theoretical and practical significance

The feasibility of identifying risk factors for early reproductive losses in
women with induced pregnancy was substantiated, making it possible to form risk
groups for a complicated course of the early gestational period. The proposed
algorithm for predicting abnormalities in the development of early reproductive
losses after ART permitted the timely identification of criteria for monitoring and
prolongation of pregnancy. Predictors for undesirable perinatal outcomes (increased
proliferative activity of Thl-lymphocytes due to critically low levels of positive
TGFBRI1 expression) were proposed.

Based on an assessment of the TGFBR1 expression level in the decidual tissue
(which are indicators of latent gestational impairment (increased proliferative
activity of Thl-lymphocytes) in combination with clinical and anamnestic
characteristics), certain early prognostic criteria for the pathological course of
pregnancy were determined. The criteria for early reproductive loss risk groups were
justified in women early with infertility treated with IVF, which will further decrease

the rate of pregnancy and perinatal complications in this category of patients.

Personal contribution of the author



Together with the scientific supervisor, the author chose the topic of the thesis,
determined the goal and objectives, developed the tactics of clinical examination and
the formation of the study groups, performed the analysis of scientific publications
on the topic of the thesis, conducted a comprehensive clinical and laboratory
examination of women, analyzed the results of general clinical and immunological

studies, and carried out the statistical processing and summarizing of the results.

Approbation and implementation of the study results into the clinical

practice

The results of the study were reported and discussed at the V National
Congress with international participants “Healthy Children — the Future of the
Country” organized by the Federal State Educational Institution of Higher
Professional Education St. Petersburg State Pediatric Medical University, Ministry
of Health of the Russian Federation (St. Petersburg, 2021).

The results were implemented into practice during the experimental work at
the facilities of the Gynecological Department and ART Department of the Perinatal
Center of the Federal State Budgetary Educational Institution of Higher Education
“Saint Petersburg State Pediatric Medical University” of the Ministry of Health of

the Russian Federation.

Publications. Four printed papers were published on the study results,
including 3 papers in the list of peer-reviewed journals recommended by the Higher
Attestation Commission (VAK RF) at the Ministry of Science and Higher Education

of the Russian Federation; 1 paper in the journal indexed in Scopus.

Main findings
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1. Early reproductive losses after ART result from a large number of
pathological causes with a variety of pathophysiological pathways, so it is not
always possible to identify the dominant etiological factor using the existing
diagnostic methods. One of the important etiopathogenetic links in the development
of early reproductive losses after ART is the reduced expression of ALKS.

2. The most significant combinations of the leading factors for the likely
development of early reproductive loss after ART include: a combination of the
infertility period and infertility factor and the number of ART cycles; the type of
infertility and the outcome of previous pregnancies; recurrent miscarriage, a high
proportion of intrauterine interventions (hysteroscopy, medical and instrumental
abortions) and internal endometriosis; high body mass index (BMI) and a history of
over three failed ART cycles; the combination of late reproductive age with a
duration of infertility of over 10 years; over three failed ART cycles and pelvic
surgeries.

3. In the group of women whose pregnancies terminated spontaneously, there
1s a significant decrease in the level of TGFBRI1 positive expression, which, in
combination with the parameters of age, increases the risk of spontaneous
miscarriage. This may be an additional factor that contributes to microcirculatory
and hemodynamic disorders and an increase in coagulation potential, causing
disturbances in the implantation process.

4. Histologically confirmed placental dysfunction is associated with increased
proliferative activity of Th1-lymphocytes due to a critically low positive expression
of TGFBR1, which disrupts the formation of the vascular bed, damages the placental
tissue, and redirects the immune response from Th2-type to Th1 cytotoxic activation.
This is manifested as immunological aggression of the maternal body in relation to

the fetus.

Volume and structure of the thesis
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The thesis is presented on 151 pages of printed text. It consists of an
introduction, 4 chapters, conclusions, and practical recommendations. The list of
references comprises 230 titles, 69 of which are domestic and 161 are foreign. The

work is illustrated with 16 tables and 8 figures.
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CHAPTER 1. CURRENT ASPECTS OF THE INFLUENCE OF
VARIOUS GENETIC FACTORS ON THE OCCURRENCE OF EARLY
REPRODUCTIVE LOSSES IN ASSISTED REPRODUCTIVE
TECHNOLOGY (LITERATURE REVIEW)

1.1. A current view of the problem of early reproductive loss

The 1990s resulted in an unfavorable demographic situation and low indicators
of population health. Today, the residents of the CIS countries live on average 14
years less than the residents of Western Europe. Thus, the average life expectancy
in Russia is 5 years lower than in the European region and 9 years lower than in the
countries of the European Union. The generation of children replaces only 60% of
the generation of parents [44; 95]. Healthy life expectancy in Russia in 2019 was
63.7 years, the lowest figure among European countries, while the highest figure of
71.9 years belongs to Iceland. Unfortunately, the natural population growth rate in
the Russian Federation remains negative, and the total fertility rate is quite low.
Russia is still far from achieving the natural replacement level [58].

Human health, its formation, preservation, and enhancement is a central
problem in virtually all countries of the world. The strategy of preserving human
health is under the close attention of the UN and WHO and is reflected in such
documents as the “World Declaration on Health Protection” [141] and “Health-21.
A Policy Framework for Achieving Health for All in the WHO European Region”
[128].

Regulatory and legal support for family planning and reproductive health
services in the Russian Federation has international origins, because the right to
reproductive healthcare was noted at the UN Conference on Population and
Development, held in Cairo in September 1994 with the participation of
representatives of 188 countries of the world. During that event, the need to
strengthen the attention of governments to reproductive health issues was
emphasized.

According to the definition of the World Health Organization (WHO),
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reproductive health is a state of complete physical, mental, and social well-being,
and not just the absence of diseases of the reproductive system or disorders of its
functions [48]. A fundamental feature of the reproductive process is its obvious
demographic importance as a process forming public health in the present and future
[64].

In order to improve public health, it is necessary to reduce the negative trends
of the reproductive process by improving the general and reproductive health of
women. Nevertheless, the current unfavorable demographic situation in Russia,
characterized by natural decrease and deterioration of public health (at the beginning
of 2020, fertility decreased by 5.4%, and mortality increased by 3.1%) [49],
determines the special social and political importance of the problem of increasing
fertility and reducing reproductive losses.

The concept of “reproductive losses” means the loss of products of conception
at all stages of fetal development as a result of spontaneous and artificial (for medical
and social reasons) termination of pregnancy, stillbirth, as well as the death of
children in the first year of life [11; 44].

Pregnancy loss is one of the most common problems in modern reproductive
medicine. The rate of this pathology ranges from 10% to 30% and has no decreasing
trend [138]. According to the publications, 75-80% of pregnancy losses occur in the
first trimester of pregnancy, with 38% of them occurring in the first 7—8 weeks [148].

It is believed that 15-25% of all pregnancies end in spontaneous miscarriage in
the first trimester and are early reproductive losses [16].

The problem of early reproductive losses has been acute for many years. Early
reproductive loss is polyetiological pathology, respectively with a multifaceted
pathogenesis. Despite numerous studies, to date, there is no single concept of its
pathogenesis [22].

In general, about 25% of women lost at least one pregnancy. This is described
by the concept of sporadic reproductive loss (SRL). Recurrent reproductive loss

(RRL) is the loss of three or more pregnancies. RRLs occur in 1-8% of women of
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reproductive age [33; 42].

Anatomical abnormalities account for 10% to 15% of RRL cases and, as a rule,
those abnormalities that can disrupt endometrial blood supply are considered to
cause miscarriage. These include congenital uterine anomalies, intrauterine
adhesions, fibroids, or uterine polyps. Although congenital uterine abnormalities are
more commonly associated with second-trimester loss or preterm birth, they also
play a certain role in RRLs.

Possible causes of reproductive loss include genetic abnormalities in the
parents or fetus, antiphospholipid syndrome, anatomic and endocrine factors,
inherited thrombophilia, and immune factors [19; 63; 67]. Scientists believe that the
contribution of chromosomal abnormalities to the genesis of early reproductive loss
1s not clear yet. According to some studies, the incidence of chromosomal anomalies
1s 51-60%; according to others, it is 5-29%.

It is believed that with an increase in the number of pregnancies lost in a woman,
the probability of having a chromosomal abnormality in the fetus decreases [31; 62;
70]. The authors also found that the incidence of chromosomal abnormalities in
sporadic pregnancy losses was 1.47-fold higher (39.9%) compared to recurrent
losses (27.1%).

Luteal phase defect, polycystic ovarian syndrome (PCOS), diabetes mellitus,
thyroid disease, and hyperprolactinemia are endocrinological disorders that account
for about 17% to 20% of RRLs. One of the main etiological factors of early
reproductive losses is a hormonal disorder, and progesterone insufficiency occupies
a key place among them [47].

According to the publications, hereditary and acquired abnormalities of
hemostasis cause obstetric pathology in 70-75% of cases [88]. In recent years, there
have been a significant number of publications devoted to the association between
the development of pregnancy loss and thrombophilia, both hereditary and acquired,
with over 15% of the white population having hereditary thrombophilic mutations.

The most common of these are Factor V Leiden (a mutation in the promoter region
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of the prothrombin gene) and mutations in the gene encoding
methylenetetrahydrofolate reductase (MTHFR). These common mutations are
associated with a moderate risk of thrombosis. It remains controversial whether
homozygous MTHFR mutations are associated with vascular disease at all. In
contrast, more severe thrombophilic deficiencies, such as antithrombin and protein
S deficiencies, are much less common in the general population. A possible
association between RRLs and hereditary thrombophilias is based on the theory that
impaired placental development and function secondary to venous and/or arterial
thrombosis can lead to miscarriage. Hereditary thrombophilias, most commonly
associated with RRLs, include hyperhomocysteinemia resulting from MTHFR
mutations, resistance to activated protein C associated with Leiden factor V
mutations, protein C and protein S deficiencies, prothrombin promoter mutations,
and antithrombin mutations. Acquired thrombophilias associated with RRLs include
hyperhomocysteinemia and resistance to activated protein C. According to some
authors, thrombophilia accounts for 40—75% of the causes of fetal loss syndrome
[13;30].

It has been established that hereditary thrombophilia is a genetic predisposition
to form venous thrombosis, which is observed in individuals under 45 years of age
with a family history of thrombosis and atypical localization of thrombosis.
According to the publications, congenital defects of hemostasis are observed in 0.1—
0.5% of the population. Normally, the hemostasis system is in equilibrium, which
provides weak activation of the coagulation cascade and natural activity of
anticoagulant and fibrinolytic systems, which prevents the development of
spontaneous thrombosis [14; 53].

Scientists have established that thrombophilia creates conditions for impaired
implantation, placentation, and fetal growth, which leads to the development of
systemic endothelial dysfunction. In addition, components of the hemostasis system
are not only involved in the regulation of blood coagulation but also mediate

inflammation. Genetically determined and acquired changes in hemostasis activate
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a proinflammatory response, form the procoagulation potential (which is an
etiopathogenetic factor contributing to infertility, failed attempts of IVF, and early
pre-embryonic losses), and lead to late obstetric complications.

The presence of additional risk factors for thrombosis may potentiate the effects
of thrombophilia in pregnant women [12].

According to modern concepts, the most common thrombolytic conditions that
lead to reproductive losses include: antiphospholipid syndrome, antithrombin III
deficiency, protein C deficiency, protein S deficiency, factor V mutation G1691A
(FV Leiden), prothrombin gene G20210A (factor 1I) and methyltetrahydrofolate
reductase (MTHFR C677T) mutations [41]. Scientists associate the following
obstetric complications with antiphospholipid syndrome, such as RRL, premature
delivery, intrauterine fetal death, delayed intrauterine development, preeclampsia,
etc. Antiphospholipid syndrome leads to reproductive losses significantly more
frequently in the first trimester of pregnancy [36]. The rate of antiphospholipid
syndrome in the general population is 5—-6%; in pregnancy loss, it is 50-75% [2].

Several infections, including Listeria monocytogenes, Toxoplasma gondii,
rubella, herpes simplex virus (HSV), measles, cytomegalovirus, and Coxsackie
viruses, may play a certain role in sporadic spontaneous miscarriage. The role of
infectious agents in RRL is less clear, with an estimated incidence of RRLs of 0.5%
ranging from 2 to 5% [56].

According to the publications, a significant role in the etiology of SRLs and
RRLs is played by placental abnormalities and genital infections, in particular,
vaginal dysbiosis. According to different authors, the rate of dysbiotic disorders in
women during pregnancy ranges from 48.6% to 84.3% [55]. It is known that vaginal
dysbiosis is a risk factor for sporadic miscarriages and RRLs [56].

According to the publications, bacterial vaginosis is one of the most common
diseases of the female genitalia that affect pregnancy. The incidence of bacterial
vaginosis is highly dependent on the population of the examined women, ranging

from 17-19% among family planning patients, 15-37% among pregnant women,
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and 61-87% among patients with abnormal discharge [40]. According to
epidemiological studies, the prevalence of bacterial vaginosis among pregnant
women worldwide ranges from 10% to 40% [46].

Scientists highlight that the relevance of the problem of the impact of infection
on pregnancy in the first trimester is explained by the high level of infectious
morbidity of pregnant women, which precedes and leads to the development of
various obstetric pathologies. It was found that infectious diseases and disorders of
the microbiocenosis of the birth canal led to a 13-fold increase in the rate of
spontaneous miscarriages [17]. However, not all pregnant women with urogenital
infections have spontaneous miscarriages. Some authors have established an
important role in the development of this pathology of immune mechanisms at the
level of the mucous membranes of the lower genital tract [24].

There were suggestions of an association between SRLs and/or RRLs and
occupational and environmental exposures to organic solvents, drugs, ionizing
radiation, and toxins. However, it is difficult to make reliable conclusions from the
studies because they tend to be retrospective and the results are affected by
alternative or additional environmental exposures [183].

Three specific exposure factors (smoking, alcohol, and caffeine) deserve
special attention, given their widespread prevalence. Although maternal alcoholism
(or frequent alcohol consumption) is consistently associated with higher rates of
spontaneous abortion, the association of reproductive loss with more moderate
alcohol intake remains weak. Studies linking moderate alcohol consumption to
pregnancy failure showed an increased risk of miscarriage with over 3 servings per
week during the first trimester (odds ratio 2.3); with over 5 servings per week, the
odds ratio increased to 4.8. It seems logical that cigarette smoking may increase the
risk of spontaneous abortion due to nicotine intake, which is known to decrease
uterine and placental blood flow.

However, the link between smoking and pregnancy loss remains controversial

due to the fact that only a fraction of studies revealed this link. Evidence is emerging
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that caffeine, even in low amounts (3 to 5 cups of coffee per day), may increase the
risk of spontaneous miscarriage with a dose-dependent response. The association of
caffeine, alcohol, and nicotine consumption with RRL is weaker than their
association with sporadic pregnancy loss [229]. In 50% of cases, the cause of RRL
is unspecified and is defined as “idiopathic recurrent miscarriage” [38].

Regarding the treatment of early pregnancy loss, it should be noted that there
are currently no standards for the treatment of this pathology. However, there is
sufficient international experience summarized in the relevant recommendations for
the management of pregnant women. Advancement of the quality of medical care
along with the improvement of the social status of the population, which determines
the reproductive health of the population and the level of reproductive losses, is of

high priority in the demographic development of Russia.

1.2. The problem of early reproductive loss after ART in the focus of
current studies

The unfavorable demographic situation in the Russian Federation, especially
the sharp drop in the birth rate, is associated with the aggravation of problems in the
functioning of families as a source of reproduction of the country’s population, and
a decrease in their demographic potential due to infertility. According to the
International Committee for Monitoring Assisted Reproductive Technologies and
the World Health Organization, infertility is “a disease in the reproductive system
determined by the inability to achieve a clinical pregnancy after 12 months or more
of regular unprotected sexual intercourse” [189]. However, this definition does not
recognize the importance of a woman’s age and does not take into account the
requirement of regular ovulation to optimize the chances of conception.

A more appropriate definition would be “failure to conceive after 12 months of
unprotected and frequent sexual intercourse in the context of regular ovulation in a
woman younger than 37 years of age”. Earlier screening should be considered if a

woman is 37 years old or older, has risk factors for infertility (including irregular
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ovulation, pelvic organ abnormalities, or a family history of premature menopause),
or there is a risk of male infertility. In these circumstances, referral to a specialist
after 6 months or even immediately may be appropriate [127].

The rate of infertile marriages increased to 18% in the third millennium and
tends to increase further. According to global estimates, almost 72.4 million couples
experience fertility problems [209]. As of 2017, Russia ranks 179" out of 224 in the
world ranking on the fertility index (1.61), up to 15% of families in Russia cannot
have children due to infertility. Thus, the problem of infertility treatment is
recognized as a priority direction for state health programs of the Russian Federation
[48].

Ways of solving the problem of infertility depend on its type, which is
determined by its causes. The field of reproductive medicine as a science is not new,
its active development began in the 1970s, when the first drugs for the stimulation
of the ovaries were created and tested. The first attempts to transfer human embryos
and develop the method of assisted reproductive technology, which resulted in the
birth of a child, were made by Edwards and Steptoe in 1978 (England). Since then,
the technology began to develop rapidly and was used to treat tubal-peritoneal
infertility. The first test-tube baby in the world was born in Great Britain in 1978
(Louise Brown), and in Russia in 1986. By the year 2000, about 900 thousand babies
had been successfully born [4].

Achievements of modern science actively use a considerable arsenal of
techniques to solve the problem of the low reproductive potential of the nation,
including the development of minimally invasive surgical methods of infertility
correction, genetic screenings, and high-precision targeting nanosystems in
reproductive medicine.

ART techniques are improving day by day, with the sole purpose of achieving
a desired and long-awaited pregnancy and the birth of a healthy child for parents
who cannot conceive naturally [37]. Today, the number of couples seeking the

assistance of ART, such as IVF or intracytoplasmic sperm injection (ICSI),
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conception and, ultimately, their own birth of a healthy living child, is steadily
increasing.

The International Committee for Monitoring Assisted Reproductive
Technologies (ICMART) provided statistics on the increase in the demand and
results of ART. Experts call IVF technology a breakthrough in medicine and forecast
a great future for the development of the entire reproductive technology industry.
According to ICMART statistics, IVF treatment of patients under the age of 35
resulted in long-awaited pregnancy in 32% of cases.

If women aged 35 to 37 apply for IVF, the success rate can reach 28%, at 38—
39 years — 21%, and at 40-42 years — 14%. Today, the number of IVF cycles
worldwide is increasing exponentially. The number of children born through ART
as of 2020 exceeded the five million mark [141]. Russia is one of the top ten
countries in terms of ART cycles. By 2020, the registry had data on 902,578 cycles
of ART performed in Russia and 225,354 children born [23].

However, it should be noted that ARTs are not the only alternative to traditional
methods of infertility treatment, but they have certain priorities due to high-precision,
targeted mini-invasive technologies, accumulating the advanced achievements of
world medicine. The efficacy of conservative treatment of tubal-peritoneal infertility
reaches 37% due to the low efficiency, ART treatment programs are indicated in the
vast majority of patients [45].

Modern ART techniques include GIFT, ZIFT, ICSI (MESA, TESA, TESE,
PESE), IVF, and methods of pharmacological correction of the hormonal
background and ovulation induction with a direct effect on germ cells. Numerous
combinations of ART techniques led to successful long-awaited pregnancies, and
the method itself was classified as a generally accepted standard of infertility
treatment [39].

Each ART program consists of important sequential steps, one of which is the
induction of ovulation to obtain a sufficient number of mature preovulatory oocytes

for further fertilization. This stage is obligatory in all ART cycles. The following
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stages differ from each other and depend on the choice of the ART program. The
result of the success of an ART cycle is directly proportional to the nature of the
patient’s ovarian response to ovulation induction. The rate of unsuccessful ART
attempts in patients with an insufficient ovarian response is 22% [81]. Regarding
special requirements prior to the use of ART techniques, the following key points
can be formulated: the pregnancy should not be achieved at the cost of harming the
patient's body through continuous cycles of stimulation, provided that previous
cycles have failed, because the pregnancy rate is highest at the first attempts of ART
and has a clear downward trend with each subsequent procedure [102].

It should be noted that one should not improve the effectiveness of ART by
transferring 3—4 embryos to obtain multiple pregnancies, because the risks exceed
the benefits of the results obtained and increase the incidence of obstetric
complications associated with multiple pregnancies. According to leading
reproductive scientists, the optimal tactic for treating infertility is to choose the
Single Embryo Transfer Strategy (SETS) [158].

The problem of successful infertility treatment followed by a long-awaited
pregnancy is only the first step on the path to happy motherhood, beyond which are
the doors to the most difficult stage — ensuring pregnancy and the birth of a healthy
child. ART is a therapeutic procedure, which at almost every stage is associated with
possible complications that threaten the health and even life of the patient. In the
process of controlled ovarian stimulation, the most serious complication is ovarian
hyperstimulation syndrome [114]. Psycho-emotional disorders play a major role
among the complications of ART [176].

It is known that women with a poor reproductive history have a fairly high
percentage of complications during pregnancy. Pregnancies resulting from ART
have a higher proportion of miscarriages, polyhydramnios, as well as the formation
of placental insufficiency, which affects perinatal well-being and, in the acute
clinical form, threatens the life of the mother and child [105]. The proportion of

reproductive losses, ectopic pregnancy, and preterm birth is significant. The main
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causes of adverse perinatal outcomes are pregnancy loss due to placental dysfunction
and premature rupture of membranes [155].

The incidence of miscarriage after ART ranges from 10-27% of the total
number of pregnancies among women who are registered at the antenatal clinic. For
example, according to a study by Winter et al., the overall rate of pregnancy loss
that occurred before 67 weeks was 16% [116]. According to the study by Tummers
et al. [188], out of 1200 singleton pregnancies, the overall rate of spontaneous
abortion was 21.8% (262 spontaneous abortions). Hu ef al. [134] conducted a
retrospective cohort study on the risk of reproductive loss throughout the pregnancy
after ART, which included 5,485 clinical pregnancies resulting from ART. The
study results showed that the overall incidence of early reproductive loss was 12.5%.
Of the 685 cycles of pregnancy loss, 460 ended in early miscarriage, the rest were
recorded at later terms.

So, the breakthrough in the field of ART in the recent history of science allowed
couples previously unable to conceive to achieve viable pregnancies, and at the same
time, opened a new direction in the study of predictors of early reproductive loss.
While ART improved outcomes for couples experiencing difficulty conceiving, a

new problem emerged — implantation failure.

1.3. Risk factors for early reproductive loss in women after ART

The leading causes of reproductive losses after ART are infectious, endocrine,
anatomical, psychological, and genetic factors that lead to the formation of abnormal
embryos or fetal malformations, followed by pathological pregnancy progression.

There are no reliable data to compare the incidence rate of miscarriage in
spontaneous pregnancies and after ART, but it is generally accepted that the
miscarriage rate is slightly higher after ART. The main reason for the higher risk is
the age of the patients, which on average is 3—5 years higher than in the fertile
population at the time of the first pregnancy. Indeed, studies on the risk of

spontaneous miscarriage show that maternal age is an important risk factor for
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reproductive loss after ART. The natural decline in a woman's reproductive potential
over time has two major causes: a decrease in the number of oocytes in the ovary
and a decrease in their quality. Antimueller hormone, a glycoprotein hormone
secreted by the granulosa cells of the preantral and antral ovarian follicles, peaks at
the age of 20 and gradually decreases before the onset of menopause. Oocyte
donation programs clearly demonstrate that the risk of failure to conceive is related
to oocyte aging and not to uterine aging. Moreover, studies of oocytes and embryos
using fluorescence in-situ hybridization have shown that the frequency of
aneuploidy in human oocytes increases with age, increasing in women aged > 35
years and even more > 40 years [226].

Salumets et al. found that the main prognostic factor influencing pregnancy
outcome in frozen embryo transfer, especially after ICSI, was maternal age. Patient
age at the time of oocyte collection and freezing was the only determinant of the
biochemical outcome of pregnancy. Starting at approximately 39 years of age, the
frequency of biochemical pregnancies was significantly higher. Maternal age and
embryo quality also influenced the rate of delivery [199].

Shapiro et al. found that fetal and endometrial asynchrony increased with
increasing maternal age. Around 50% of the transfers were asynchronous in women
younger than 35 years old compared to 68.1% that were asynchronous in women
older than 35 years. In addition, the implantation rate, which was calculated for each
blastocyst transfer and therefore considered a numerical value, was significantly
lower in IVF cycles in women over 35 years of age (mean 24.5 + 36.8) compared
with women under 35 (mean 41.1 + 42.1). The biochemical pregnancy rate was
significantly higher in women over 35 compared with women under 35 (28.1%

versus 14.9%, respectively).

The live birth rate was significantly higher in women younger than 35 years old
(50.7%) than in women older than 35 years old (28.5%). A decrease in oocyte yield,

blastocyst formation, and endometrial thickness was also observed in patients over
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35 years of age [201].

The implantation rate for both fresh and frozen embryos was significantly
higher in patients under the age of 35 years (41.3% and 47.1%) than in women over
the age of 44 years (1.9% and 16.2%). Interestingly, the implantation rate when
using donor oocytes representing all age categories was 53.6% when fresh embryos
were transferred and 40.2% when frozen embryos were transferred [94]. This also
confirms the idea that embryo quality, including genetic characteristics, decreases
with increasing maternal age. Volkov and Akhilgova note that quite high figures of
the age of pregnant women make it possible to be convinced of the later realization
of reproductive functions by a modern woman. Analysis of the data showed that the
leading medical and social factors of spontaneous abortion in the early period after
ART could be considered the age of the woman and partner over 35 years, partner
smoking, a missed abortion in the history, and gynecological diseases. The risk of
pregnancy loss is slightly higher in women with chronic salpingo-oophoritis,
menstrual dysfunction, and cervical abnormalities [21].

Winter et al. studied pregnancy risk factors including maternal age, BMI,
smoking, PCOS, etiology of infertility, response to stimulation, quality and number
of embryos replaced, and type of treatment on 1,196 pregnant women receiving ART.
They showed that the miscarriage rate was 16% before 67 weeks of pregnancy. In
addition, smoking and poor embryo transfer quality were associated with increased
early reproductive losses. Age, obesity, and other factors did not statistically show
an increased risk of early reproductive loss. Although women over 40 years old had
an increased risk, this was not significant after adjusting for other factors. The risk
for lean (BMI <18.5) and obese (BMI> 35) women was also not significantly higher
in the authors’ multivariate analysis [116]. Whereas, according to Moragianni et al.,
in patients undergoing ART, obese women of classes I, II, and III (BMI> 30) had
the highest chance of implantation failure, demonstrated by the corresponding odds
ratios: 0.69 (0.53-0.90), 0.52 (0.36-0.74), and 0.58 (0.35-0.96) compared to
normal-weight patients (BMI 18.5-24.99).
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Although no differences were reported between different BMI groups with
respect to ART, patients with class III obesity (BMI> 40) had the highest overall
rates of early reproductive loss [173]. In addition, overweight and obese women
(BMI> 25), who had fewer collected oocytes, had a higher risk of implantation
failure and miscarriage than women of normal weight and with the same number of
collected oocytes during ART [181]. Obese women required more cycles of
gonadotropin stimulation but had statistically fewer oocytes to collect (mean of 8
versus 10 in non-obese women, P=0.03). This suggests that obesity may affect
oocyte quality and follicle development [118]. Although RRL is different from
repeated implantation failure, increased BMI is considered the most important risk
factor for miscarriage in RRL patients of increasing age [155].

Spontaneous abortions are literally programmed into a woman’s body in a large
percentage of cases and only repeated attempts at IVF programs can overcome the
failure rate [73]. This fact is supported by the cumulative effect, i.e. once the barrier
of recurrent spontaneous miscarriages is overcome, the chances of success in an IVF
program increase significantly. This is convincingly proved by the study of Cameron
et al. [107], where 9,321 (8.3%) women had at least one spontancous abortion and
no births in their first complete cycle; 33,152 (29.5%) had at least one live birth, and
70,076 (62.3%) had no pregnancies.

After two further complete cycles, conservative cumulative live birth rates
(CLBRs) (which assume that women, who subsequently discontinued treatment,
never had a live birth) were 40.9, 49.0, and 30.1%, whereas optimal CLBRs (which
assume, that women who discontinued treatment, had the same chance of live birth
as those who were treated) were 49.5, 57.9, and 38.4% in the non-pregnant, live birth,
and no pregnancy groups, respectively. The CLBRs for women who had a
spontaneous abortion in the first complete cycle were 42% higher than those who
had no pregnancy [odds ratio (95% CI) = 1.42 (1.34, 1.50)], and twice as high for
live births compared with no pregnancy [2.04 (1.89, 2.20)].

According to a study by Shen et al. [99], chromosomal abnormality is the
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leading cause of spontaneous abortions in early pregnancy, and the rate of
chromosomal abnormalities increases with increasing maternal age. Zhang et al.
[113] studied the effect of the number of previous spontaneous abortions on the
success of the first cycle of IVF or ICSI. The authors revealed that a history of a
single spontaneous abortion had no obvious effect on the success of embryo
formation, but had a negative effect on the success rate of clinical pregnancies, the
rate of early spontaneous abortions, and the rate of live births in the first IVF/ICSI
cycle. The risks of failure to conceive increased along with the number of
spontaneous abortions.

Meng et al. [142] showed that the uterine endometrium was much thinner in
each subsequent embryo transfer cycle in the group of patients with prior surgical
evacuation compared with the group without surgical evacuation (9.0+£1.6 mm
versus 9.4+1.9 mm, P=0.01). However, the authors found no significant differences
in the implantation rate, clinical pregnancy rate, rate of live births, or further
miscarriages between the surgical evacuation group and the non-surgical evacuation
group (P>0.05). Fertility rates were higher in the group with endometrial thickness
>8 mm compared with the <§ mm group in patients who underwent surgical
evacuation (43.0% vs. 17.4%, P<0.05).

Wang et al. [77] studied the relationship between spontaneous abortions and
induced abortions in the history of women participating in IVF programs. It was
revealed that the incidence of spontaneous abortion was significantly higher (30/170
[17.6%] versus 41/420 [9.8%]; P=0.002), and the endometrium was significantly
thinner (8.8+1.8 versus 9.7+1.8 cm; P=0.001) among patients with a history of
artificial abortion compared with those who did not have a history of artificial
abortion. In a subgroup analysis of patients with a history of artificial abortion,
women who had a surgical abortion had a lower rate of live births compared with
medication-induced abortion (29/76 [38%] versus 101/378 [27%]; P=0.039). In
addition, women with a history of more than two surgical abortions had lower rates

of live births and clinical pregnancies (both P<0.05).
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Smoking leads to a significantly increased risk of reproductive loss for each
pregnancy compared to nonsmoking patients receiving ART [69; 217]. Smoking
women undergoing ART were found to have lower estradiol levels during ovarian
stimulation. Cigarette toxins may play a role in disrupting corpus luteum formation
and embryo implantation [101]. Fuentes ef al. demonstrated that smoking women
with higher levels of cotinine (a metabolite of nicotine) in their serum retrieved
significantly fewer eggs during ART cycles, although cotinine levels had no
significant effect on implantation rate in cycles [119].

Maternal smoking was more often associated with spontaneous miscarriage
with normal fetal karyotype than with abnormal karyotype, suggesting that the toxic
effects of carbon monoxide and nicotine may be the main factors causing harm.
Carbon monoxide can cause depletion of fetal oxygen stores, and nicotine can lead
to vasoconstriction and reduced fetal nutrients due to suppression of the mother’s
appetite [69; 74]. It was shown that pregnancy rates were generally lower among
women who smoked compared to nonsmokers, but differences in conception rates
between the two groups were minimal [101].

It is also necessary to consider the effect of smoking on male fertility. Kunzle
et al. found that male smokers had significantly reduced sperm count
(229.4+251.5x10° cells vs. 278.14264.2x10° cells, P=0.0001), a higher percentage
of abnormal morphology (21.2+14.6% of normal forms versus 23.7+15.5% of
normal forms, P=0.0007), decreased motility (105.6=132.7x10° cells versus
126.6+136.8x10° cells, P=0.0016), and elevated pH as measured by citrate
concentration (86.7+57.3 versus 111.7+303.1, P=0.0072) [153].

Elevated levels of cortisol, also known as the “stress hormone”, were shown to
increase the likelihood of miscarriage by 2.7 times (95% CI = 1.2-6.2) during the
first 3 weeks after conception compared to women with low cortisol levels. Cortisol
production in the body increases in response to psychological, immunological, and
other stressors, suggesting that it serves as a marker signaling an unfavorable state

of a woman’s body for conception and pregnancy [180]. This suggests that
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preventing or reducing maternal stressors may have a positive effect on pregnancy.

In contrast to this study, Pasch et al. found that psychological stress, such as
clinical anxiety or depression, did not significantly affect the outcome of ART in
women undergoing infertility treatment for the first time. However, it is the failure
of ART that can lead to higher levels of anxiety and depression immediately after a
negative outcome. Higher rates of depression after ART were observed more
frequently in women with reproductive loss than in women who achieved a
successful pregnancy (44% vs. 30%, P<0.001). Failure of ART was also associated
with higher levels of anxiety after [IVF compared to women who were able to become
pregnant (60% vs. 50%, P<0.001) [184]. It is important to keep in mind that this
study was only for first-time infertility treatment.

Hur et al. showed that female age, elevated basal estradiol levels, elevated basal
FSH levels, and thin endometrium were significantly associated with an increased
risk of preclinical pregnancy loss after ART [140]. In contrast, the study by Zargar
et al. did not show any significant correlation between pregnancy loss and female
age, diabetes, smoking, and obesity, indicating a probability effect of these variables
and not implying their effectiveness on pregnancy success [164]. These results
confirm previous studies showing significantly higher rates of pregnancy loss after

IVF among patients with TPO-Ab compared to patients without TPO-Ab [192; 228].

According to Tummers, out of 1,200 singleton pregnancies after ART, 938
(78.2%) continued, resulting in an overall spontaneous abortion rate of 21.8% (262
spontaneous abortions). The outcome in terms of survival rate for twin pregnancies
was better than for singleton pregnancies. Although women with twin pregnancies
were slightly younger than women with singleton pregnancies, this difference cannot
be explained by differences in age. Once fetal cardiac activity is established, the risk
of abortion in an IVF pregnancy is halved. The probability of survival is significantly
higher in twin pregnant women at all stages of the first trimester, indicating a cohort

phenomenon [188].
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Mills et al. demonstrated that the risk of miscarriage increased in patients with
poorly controlled insulin-dependent diabetes, while no significant increase in the
risk was found in patients with well-controlled diabetes. Moreover, other interstitial
diseases may significantly increase the risk of miscarriage, including PCOS,
hypothyroidism, certain infectious diseases, and autoimmune diseases [168].

Zargar et al. did not find any significant correlation between maternal variables
of diabetes, body mass index (BMI>30), male infertility factor, PCOS, and
pregnancy outcomes [P value > 0.05]. Moreover, there was no correlation for other
risk factors including maternal age, type of ART (ICSI/IVF/FET), endometrioma,
maternal smoking, history of IVF failure, uterine anomalies, cervical insufficiency,
multiple pregnancy, and the number or quality of embryo transfers [P value> 0.05].
The lack of association between pregnancy success and the ART type means that the
use of different types of ART (IUI or IVF and ICSI) had little effect on the pregnancy
outcome [164].

A meta-analysis by Hornstein et al. demonstrated that data from seven studies
showed no statistically significant association between the presence of
antiphospholipid antibodies and clinical pregnancy or live birth rates in future ART
cycles, although exact levels were not specified [133]. Evidence is accumulating for
non-criteria clinical and laboratory manifestations of antiphospholipid syndrome,
with two or more unexplained failed IVF cycles being one of the criteria. Besides,
some studies showed that standard antiphospholipid syndrome treatment helped
these women [76].

There is some evidence suggesting that hereditary thrombophilias may be
involved in a subgroup of women with unexplained recurrent implantation failure.
Azem et al. found that the incidence of inherited thrombophilias such as
methylenetetrahydrofolate reductase (MTHFR) deficiency, factor V Leiden,
prothrombin deficiency, and antithrombin III deficiency was higher in women with
early reproductive loss compared to controls (44% versus 18.2%, P=0.012) [78].

After the exclusion of the above factors, immunological abnormalities that
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were not diagnosed in a timely manner were the cause of 70% of early reproductive
losses in women after ART.

Some studies showed that the normal performance of the reproductive function
in women occurred due to the harmonious functioning of immunological
mechanisms. Fertilization itself is an antigen-antibody reaction, because the fetus is
an allograft, which has 50% of the foreign antigens of the parental origin. The
physiological course of pregnancy is ensured by many factors related to the
peculiarities of immune reactions of the maternal body, which, on the one hand,
maintain tolerance to the allogeneic fetus and, on the other hand, are ready to launch
all necessary defense chains against probable foreign agents [27; 32].

According to the published data, the main mechanism of pregnancy
preservation is immunosuppression, which is realized with the help of cytokines.
The bulk of cytokines are synthesized by lymphocytes. When local defense reactions
are found to fail, cytokines act on a systemic level, namely, they affect all organs
and systems involved in the maintenance of homeostasis. Their influence on the
central nervous system changes the entire complex of behavioral reactions. There
are changes in the production of most hormones, protein synthesis, and plasma
composition. Cytokines link the endocrine, nervous, circulatory, and immune
systems, and involve these systems in the formation of the body’s complex defense
response [28].

Scientists have established that cytokines regulate almost all stages of the
gestational process: implantation of the blastocyst, placenta formation, fetal
development, placental hormone production, cell apoptosis, cervical “maturation”,
and delivery mechanism [75]. It is believed that physiological pregnancy depends
on the preference for T-helper type 2 (Th 2) cytokines (interleukin (IL)-4, ILL-5, IL-
10, IL-15), which are anti-inflammatory and non-cytotoxic. They promote
trophoblast development, control angiogenesis, increase the production of human
chorionic gonadotropin, and perform immunosuppression [72; 83; 130].

It was found that cytokines T-helper type 1 (Th1) (tumor necrosis factor alpha,
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IL-2, IL-6, IL-8, IL-12), pro-inflammatory, cytotoxic, and embryotoxic, could
destroy trophoblast cells, stimulate natural killer activity and activate the coagulation
cascade. An excessive amount of proinflammatory cytokines leads to
prothrombinase activation, which causes thrombosis, trophoblast infarcts, its
detachment, and, finally, miscarriage in the first trimester [83].

The complex process of trophoblast implantation and invasion is crucial for the
successful establishment of pregnancy. Usually, the embryo implants into the
endometrium during the implantation window, and the receptivity of the uterus to
implantation during this period is maximal. Endometrial receptivity involves the
expression of molecular factors that control the maternal-fetal dialogue and initiate
endometrial stromal decidualization [106]. Candidate molecules, including
cytokines and growth factors, are secreted by endometrial and tubal epithelial cells
and were previously described as the main regulators of blastocyst implantation
[144].

Such complications as spontaneous abortion and pregnancy termination are
associated with infection during pregnancy. Urogenital infections (chlamydia,
mycoplasmosis, ureaplasmosis) and TORCH infections are considered the most
dangerous among infections with respect to early termination of pregnancy.
According to the publications, the invasion of the trophoblast into the uterine
decidua and the inner third of the myometrium is crucial to the successful formation
of the placenta. One of those responsible for this process is IL-8, which affects the
induction of angiogenesis at the site of embryo attachment. The increased secretion
of IL-8 in the mother-placenta-fetus system indicates its role in maintaining
immunological tolerance during pregnancy [6; 72].

The ability of the cytokine to induce cell migration and enhance cells’ adhesive
properties determines it as a mediator in the formation of an acute inflammatory
response. IL-8, which is produced by placental cells, potentiates the immune
competence of placental cells against bacteria attacking the fetoplacental complex

[224].
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To date, the role of endogenous progesterone in preventing fetal rejection
reactions was proven; namely, endogenous progesterone can suppress Th1-cytokine
production and shift the Thl1/Th2 balance toward Th2 [224]. Even before
fertilization, progesterone determines the secretory transformation of the
endometrium, prepares it for implantation, promotes growth, development, and
vascularization of the myometrium, neutralizes the effect of oxytocin, and reduces
prostaglandin synthesis. Indirectly, with the help of T-lymphocytes, progesterone
inhibits the fetal rejection reaction. During the interaction of progesterone with T-
cell receptors, progesterone-induced blocking factor is produced, which affects the
natural killers. It directs the immune response of the mother to the embryo toward
the less active natural killers.

The maternal immune response is realized by Th2, which synthesize regulatory
cytokines (IL-4, IL-10, IL-13). If the concentration of progesterone in the serum is
insufficient or if its receptors are damaged, progesterone-induced blocking factor
will be insufficiently produced. In these conditions, the maternal immune response
to the trophoblast is associated with Th1, which produce proinflammatory cytokines
(TNF alpha, IL-1, IL-6). Endogenous progesterone also stimulates the local
production of proteins binding natural killers, causing their apoptosis [83].
Underdevelopment of glands, stroma, vessels, insufficient accumulation of glycogen,
proteins, growth factors, and an excessive amount of pro-inflammatory cytokines
are observed in the endometrium, which leads to inadequate response of the fetal

egg and miscarriage [123].

Many women who experienced early reproductive loss after ART were also
found to have chronic endometritis (CE) as a result of bacterial colonization, often
with little or no clinical evidence of infection [100]. Bouet ef al. confirmed the
prevalence of CE in 14% by histological examination in women with early
reproductive losses. In addition, hysteroscopy showed a 40% sensitivity for

detecting CE by visualizing mucosal edema, endometrial hyperemia, and the
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presence of micropolyps [85].

Cicinelli et al. found that 66% of women were diagnosed with CE by
hysteroscopy, 57.5% by histological study, and 45% were also positive by culturing
test. Most of the detected pathogens consisted of common bacteria such as group B
Streptococcus, Escherichia coli, Enterococcus faecalis, or Mycoplasma.

In some cases, sexually transmitted infections such as chlamydia may be the
cause [100]. The molecular method of diagnosing CE showed promising results
presented by Moreno et al. Real-time polymerase chain reaction (RT-PCR) can
identify bacterial DNA with an accuracy of 76.92% when samples showed a match
in hysteroscopy, histological, and culturing tests. RT-PCR showed 75% sensitivity
and 100% specificity. This allows for the detection of cultured and uncultured
bacteria colonizing the endometrium, even without histological signs of infection
[175].

Bacteria present in the endometrium lead to an abnormal number of
lymphocytes and, consequently, to an environment that disrupts the normal
receptivity of the endometrium. The implantation rate among those treated for
infection was 37%, compared with 17% among those not treated, but these rates did
not reach statistical significance. Nevertheless, the rate of live births in the next IVF
cycle after curing the infection was significant: 61% compared with 13% among
those who could not be cured [100].

In some cases, chronic infection does not necessarily lead to a lower
implantation rate, but rather the components of the bacterial flora present in the
endometrium. Although the endometrium was once thought to be a sterile
environment, it is now accepted that Lactobacillus colonize this area in addition to
the vagina [174].

There are several types of uterine abnormalities, including polyps, fibroids, and
adhesions, that can affect implantation rates in patients after ART. In most cases,
patients are asymptomatic, and sometimes, these problems may even go undetected

by transvaginal ultrasound, suggesting that another method of uterine cavity
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evaluation, such as hysteroscopy, is required [93]. Fibroids can cause deformation
of the endometrial cavity, and adhesions, which often develop after surgery or
infection, can prevent the embryo from attaching to the lumen surface. Kodaman et
al. report that hydrosalpinges may also have a negative effect on implantation in
women undergoing IVF. Although this is not entirely clear, some mechanisms were
considered, such as deprivation of normal embryo development due to a lack of
nutrients and energy in the fluid [152]. In addition, fluid can adversely affect
endometrial receptivity and can also physically flush out the embryo, preventing
implantation [198].

Mullerian abnormalities such as uterine septum and bicornuate uterus should
also be taken into consideration in patients with early reproductive loss. A uterine
septum can contribute to miscarriage, as patients with untreated septum after IVF
have worse outcomes than those who have undergone hysteroscopic metroplasty.
However, implantation is usually normal in women with a bilobed uterus, but these
patients have a higher risk of mid-trimester pregnancy loss [105].

The endometrium itself can also be a source of implantation failure. Previous
endometrial trauma, prolonged use of birth control pills, and impaired uterine blood
flow are all potential causes of a thin endometrium [156].

Assessment of blood flow in the uterine radial arteries is useful to evaluate the
degree of blood flow to the endometrium. When there is a decrease in blood flow,
epithelial cell growth and vascular endothelial growth factor (VEGF) production
may be reduced, which ultimately deprives the endometrium of necessary
angiogenesis and growth factors to achieve the necessary thickness for successful
implantation. Miwa et al. performed a transvaginal Doppler ultrasound study, which
showed that the uterine radial artery resistance index was significantly higher in
patients with thin endometrium <8 mm than with normal thickness endometrium >8
mm (0.852 (0.826—0.955) versus 0.751 (0.549-0.840), P<.05) [171]. Endometrial
thickness was found to affect the implantation rate. With a thickness of 9 mm to 16

mm, the probability of pregnancy increases from 53% to 77%, showing that there is
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a significant difference in implantation rate [193].
Thus, the establishment of risk factors for early reproductive loss is of great
clinical importance to improve the effectiveness of ART, as well as to better

understand the possible mechanisms of early reproductive loss.

1.4. A role of ALKS in the reproductive axis

In humans and other primates, the process of embryo implantation comprises
the development of the fertilized egg to the blastocyst stage and its subsequent
implantation into the uterine endometrium. Embryo implantation involves both the
interaction between the embryo and the mother and the participation of a group of
cytokines in this process [145; 166]. Thus, after a number of developmental stages,
such as fragmentation, morula, and blastocyst formation, the fertilized egg reaches
the uterine cavity. Endometrial epithelial cells outside the oocyte implantation site
begin to undergo apoptosis, ready to accept the adhesion and invasion of blastocyst
trophectodermal cells, which promotes close contact between the embryo and the
mother. This process is very similar to the phenomenon of metastasis and spread of
tumor cells, but one of the biggest differences in the process of endometrial cell
apoptosis is that the process of embryo implantation into the endometrium is not
unlimited. It is simultaneously affected by the decidualization of endometrial
stromal cells to achieve a further balanced state.

According to research data, the normal fulfillment of reproductive function in
women is due to the harmonious functioning of immunological mechanisms.
Fertilization itself is an antigen-antibody reaction, because the fetus is an allograft
that has 50% of the foreign antigens of the parental origin. The physiological course
of pregnancy is provided by many factors associated with the peculiarities of
immune reactions of the maternal body, which, on the one hand, maintain tolerance
to the allogeneic fetus and, on the other hand, are ready to launch all necessary chains
of defense against likely foreign agents [27; 32].

During normal pregnancy, proliferation and constant apoptosis of endometrial
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decidual cells are always in a balanced state. Between the maternal-fetal interface, a
microenvironment is gradually formed in which the maternal body can not only
accept and support the continuous development of the embryo, but also control and
avoid the endless invasion of the trophoblasts. This makes it possible for the mother's
body to accept foreign transplants, including embryo transfer with the fertilization
of a donor egg. In addition to the well-known steroid hormones such as progesterone
and estrogen and their receptors, a large number of cytokines, immune factors, cell
adhesion molecules, glycoconjugates, etc. are involved in maintaining the balance
of the microenvironment (microenvironment) [204].

According to the publications, the main mechanism of pregnancy preservation
1s immunosuppression, which is realized with the help of cytokines. The bulk of
cytokines are synthesized by lymphocytes. When local defense reactions are found
to fail, cytokines act on a systemic level, namely affecting all organs and systems
involved in homeostasis maintenance. Their influence on the central nervous system
changes the entire complex of behavioral reactions. There are changes in the
production of most hormones, protein synthesis, and plasma composition. Cytokines
link the endocrine, nervous, circulatory, and immune systems, involving these
systems in the formation of a complex protective reaction of the body [28].

Scientists have revealed that cytokines regulate almost all stages of the
gestational process: blastocyst implantation, placenta formation, fetal development,
placental hormone production, cell apoptosis, cervical “maturation”, and the
delivery mechanism [75]. It is believed that physiological pregnancy depends on the
preference for T-helper type 2 (Th 2) cytokines (interleukin (IL)-4, ILL-5, IL-10,
IL-15), which are anti-inflammatory and non-cytotoxic. They promote trophoblast
development, control angiogenesis, increase the production of human chorionic
gonadotropin, and perform immunosuppression [72; 83; 130]. It is established that
cytokines of T-helper type 1 (Thl) (tumor necrosis factor alpha, IL-2, -6, -8, -12)
are proinflammatory, cytotoxic, embryotoxic, and able to destroy trophoblast cells,

stimulate the activity of natural killers and activate the coagulation cascade. An
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excessive amount of proinflammatory cytokines leads to prothrombinase activation,
which causes thrombosis, trophoblast infarcts, its detachment, and, finally,
miscarriage in the first trimester [83].

The complex process of trophoblast implantation and invasion is crucial for the
successful establishment of pregnancy. Usually, the embryo implants into the
endometrium during the implantation window, and the receptivity of the uterus to
implantation during this period is maximal. Endometrial receptivity involves the
expression of molecular factors that control the maternal-fetal dialogue and initiate
endometrial stromal decidualization [106]. Candidate molecules, including
cytokines and growth factors, are secreted by endometrial and tubal epithelial cells.
They were previously described as the major regulators of blastocyst implantation
[144]. An abnormality in any part of this huge chain of events can provoke the
development of factors that will eventually lead to spontaneous abortion [178].

In addition, maintaining the balance between the mother and the embryo also
requires an active immune response. Some scientists suggested that spontaneous
abortion, especially early spontaneous abortion and biochemical pregnancy, could
be seen as a result of immune rejection. When this particular and complex immune
regulatory network between the mother and fetus becomes abnormal, the imbalanced
state can lead to a pathological pregnancy [160].

In recent years, studies have shown that the occurrence of spontaneous abortion
1s associated with abnormal endometrial decidualization. Thus, in the natural state,
there are many biological cytokines associated with the decidualization of human
endometrial stromal cells, including many members of the transforming growth
factor-f family, such as TGF-B, growth differentiation factors (growth
differentiation factors, GDFs, activin, etc.). These factors play an important role in
regulating cell proliferation and differentiation [150; 202].

The family of transforming growth factor beta is a newly discovered growth
factor, and its main function is to regulate cell growth and differentiation [195]. The

TGF-B ligand superfamily represents a large group (>60) of proteins that are



38

polyfunctional growth factors. This superfamily includes three TGF-B isoforms
(TGF-B 1, TGF-B 2, and TGF-B 3), five activin isoforms, bone morphogenetic
proteins (BMP-1/tolloid, BMP-2, BMP-3/osteogenin, BMP-3 b/growth and
differentiation factor 10, BMP-5, BMP-6/VG 1-related sequence, BMP-
7/osteogenin-1, BMP-8/osteogenin-1, BMP-8 b/osteogenin-3, BMP-9/growth and
differentiation factor-2, BMP-10, BMP-11/growth and differentiation factor-11,
BMP-15/ growth and differentiation factor-9 b) and mycostatin. TGF-f3 isoforms and
some BMPs (BMP-2, BMP-4, BMP-6, and BMP-7) are expressed by
endotheliocytes and vascular smooth muscle cells [202].

As early as 1985, researchers succeeded in cloning the TGF-B gene, which can
be well expressed in E. coli. TGF-f is a cytokine with multiple functions and has a
wide spectrum of biological activity [159; 220]. The present study shows that there
are five subtypes of TGF-p. In mammals, including humans, only TGF-B1, TGF-32,
and TGF-B3 were detected, and TGF-B1 expression was the highest. In general,
TGF-p is mainly expressed in tissues with active cell differentiation in the body,
namely the liver, bone marrow, and osteoblasts [103]. Among them, TGF-B1 is
mainly expressed in human bone platelets and human bones, whereas TGF-f2 is
mainly expressed in mammalian bones and in porcine platelets; TGF-3 is mainly
produced by cells of mesenchymal origin [112].

Many cells in the human body have the ability to secrete TGF-f3, but these TGF-
B are in an inactive state. Still, in certain conditions, inactive TGF-f3 can be activated.
TGF-B can have a significant biological effect on various tissues, and is expressed
in proliferation, cell differentiation, and immune regulation, in the autocrine or
paracrine form [110; 218]. The TGF-p receptor (TGF-B receptor, TBR) is a high-
affinity TGF-B binding protein on the cell membrane surface comprising several
amino acids [148]. In all mammals, including humans, TGF-B can be synthesized
and secreted by almost all normal tissue cells. Its existence is of great importance
for the maintenance of the gestational period. During normal pregnancy, Th2-type

cytokines (such as IL-4, IL-5, IL-10, etc.) have a protective effect on pregnancy,
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whereas Thl-type cytokines have the opposite effect [108; 216]. Th1/Th2 are two
types of cytokines that interact to provide a maternal-placental immune balance in
the microenvironment, and the occurrence of spontaneous abortion is closely related
to the destruction of this balance [221].

In most cases, TGF-B1 can be regarded as a cell growth inhibitor, and it can also
inhibit the lysis of various killer cells on the embryo, prevent immune rejection of
the embryo in the mother, and avoid miscarriage. Therefore, some scientists believe
that TGF-B belongs to one of the Th2 cytokine members. In recent years, TGF-f3
expression in fetal abortion patients has been studied by many scientists. For
example, Linghui ef al. investigated the expression of TGF-1 and its type I and type
IT receptors in the chorionic and decidual tissues of 20 patients with early
spontaneous abortion. It was found that, compared with the decidual and chorionic
tissues of normal pregnancy, the expression of TGF-B1 and its receptors in the
chorionic and decidual tissues of patients with spontaneous abortion was reduced
[98].

In addition, studies showed that being a member of the TGF-3 superfamily, one
of the few inhibitors, the Lefty gene could induce the secretion and expression of
matrix metalloproteinases in proliferative endometrial cells, and it was expressed in
human menstruating endometrium. However, Lefty gene expression was not
detected in the endometrium during embryo implantation [211]. Similarly, studies
of the decidual tissue of patients with early spontaneous abortion showed that their
relative levels of mRNA and Lefty protein expression were significantly higher than
those with normal pregnancies.

TGF-B superfamily proteins interact with two types of specific transmembrane
receptor serine/threonine kinases. There are 7 types of type I receptors (activin-like
receptor kinases/ALK) and 5 types of type II receptors (TbR — II: BMPR 2, AMHR
2, TGFR 2, ActR 2 A, ActR 2 B). Dimeric ligands of the TGF-B superfamily bind
to both types of receptors. TGF-f isotypes bind to type I receptors (ALK-1 and ALK-
5) and type II receptors, BMP proteins bind to type I receptors (ALK-1, ALK-2,
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ALK-3, ALK-6) and type II receptors (BMPR-II, ActR-II A, ActR-II B), activins
bind to type IIA (ActRIIA) and type [IB (ALK4). The interaction of the ligand with
the receptors leads to the organization of the receptor tetramer.

The TGF-f receptor (TPR) is a high-affinity binding protein on the surface of
the TGF- cell membrane and exists in three main types, namely, TBR I, TBR II, and
TBRR III. Among these, TPR III is not directly involved in the signal transduction
process and is responsible only for presenting TGF-f to the receptor molecules [71].
Both TBR I and TPR II are families of transmembrane glycoprotein serine-threonine
kinase receptors that are widely expressed in cells and tissues. When bound to TGF-
B, they form a heteromeric complex and play a major role in signal transduction. The
interaction of the ligand with the receptors leads to the organization of the receptor
tetramer.

Formation of the receptor tetramer results in phosphorylation of type I receptor
by type II receptor, which leads to induction of type I receptor kinase activity. Smad
proteins are involved in further intracellular signal transduction. Seven subtypes of
TBR I (ALK1-ALK7) were identified and validated in mammals with different
biological properties, specific ligands, and signaling pathways, respectively. Species
constantly evolve over time, but many important roles of the TGF-3 superfamily and

its signaling pathways, such as cell growth and differentiation, remain unchanged.

Molecules of the TGF-B family bind to specific receptors on the surface of the
host cell and combine them. This allows the receptors to activate the so-called
SMAD proteins inside the cell. The activated SMADs travel to the cell nucleus,
where they regulate the activity of the target genes. This changes the behavior of the
cell. Transforming growth factor-B (TGF-P) is a multifunctional secreted cytokine
that plays a crucial role in cell proliferation, differentiation, and apoptosis [179].

Activin receptor-like kinases (ALKs) are a group of seven type I receptors
responsible for TGF-B family signaling and are used by many ligands within the

superfamily. Let us briefly review the functions of each of them and focus in more
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detail on ALKS.

ALK1 (ACVL1) is well-studied because of its role in vasculogenesis. During
wound healing, ALK1 expression increases, causing the branching of blood vessels,
and its expression decreases after wound closure [170; 179].

Inhibition of endothelial ALK1 signaling through the use of the neutralizing
antibody ALK significantly inhibits vasculogenesis and angiogenesis, even when
growth factors such as vascular endothelial growth factor (VEGF) and basic
fibroblast growth factor (bFGF) are present [139]. Interestingly, some studies
showed that ALK1/Smad1/5/9 worked synergistically with the Notch pathway to
regulate angiogenesis. Rostama et al. found that delta-like ligand 4 (Dl114)/Notch
with BMP9/ALKI activation induced cell rest via p21 and thrombospondin-1 and
induced Hey gene expression in lung endothelial cells. In addition, after the loss of
Dll4, ALK 1/Smad1/5/9 becomes upregulated, thereby, compensating for the loss of
Notch signaling [196].

Similarly, exposure of human primary endothelial cells to BMP9 induces the
Heyl and Hey?2 genes through cooperation with Notch. Exposure of soluble ALK
to BMP9 inhibits expression, demonstrating a close relationship between the two
pathways [219]. Loss of ALK function is a major cause of the autosomal dominant
vascular dysplasia syndrome known as hereditary hemorrhagic telangiectasia type 2
(HHT2) [139].

ALK2 (ACVR1) is a bone BMP receptor. Various TGF-3, Activin, and BMP
ligands, such as BMP9 and Activin B, were found to induce ALK2 signaling [90].
Its role is primarily studied in osteogenesis and chondrogenesis; ALK?2 is essential
for chondrocyte proliferation and differentiation [194]. The importance of ALK2 in
osteogenesis is fully realized in the development of fibrodysplasia ossificans
progressiva, which is characterized by progressive ossification of muscles, tendons,
ligaments, and connective tissues [182].

Although some functions of ALK3 (BMPR1A) suggest similarities with ALK2,

this protein has significant sequence similarities with another member of the ALK
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family — ALK6 [157]. A global defect in ALK3 is fatal for embryos [169]. ALK3 is
expressed in osteoline and bone marrow cells and is required for postnatal bone
formation. Therefore, it is assumed that the main function of ALK3 is osteogenesis
[163].

ALK4 (ACVRIB) is a universal receptor that plays a crucial role in
development. In mouse models, global knockout of ALK4 (ACVRIB) is embryo
lethal due to disruption of epiblast and extraembryonic ectoderm development,
leading to abnormal gastrulation [125].

Activin A signaling mediated through ALK4 plays an important role in
reproduction [161]. A conditional defect of ALK4 in utero leads to decreased
fertility due to defects in placental development [186]. Signal transduction through
ALK4/ALK7 in the male genital tract is necessary for germ cell development and
Sertoli cell proliferation [167].

ALK6 (BMPRIB) acts primarily as a BMP receptor with primary binding to
BMP2, BMP4, BMP6, BMP7, BMP15, and GDF5. However, binding of the
Mullerian inhibitory substance ligand is also observed [80]. In vertebrate
development, ALK6 expression is strictly controlled and primarily found in
mesenchymal precartilage, chondrocytes, and osteoblasts. During osteoblast
differentiation, ALK6 expression increases, indicating the role of this protein in bone
formation [163]. This is also proved by the association of ALK6 mutations in the
development of type Al and type A2 brachydactyly.

Additional evidence for the involvement of ALK6 in bone formation is the
development of skeletal disorders, Grebe dysplasia, and du Pan acromesomelic
dysplasia [208]. Various mutations affecting ALK6 kinase domain activity are
associated with these disorders [207]. ALK6 expression is highest in the brain, lungs,
and ovaries in mature tissues [169]. In the ovaries, ALK6 is required for
folliculogenesis. Its expression fluctuates at all stages, but decreased or impaired
expression of ALK6 on the surface of granulosa cells is associated with decreased

follicular growth [190].



43

Little is known about ALK7 (ACVRIC). Until recently, the type II receptor
and ligands interacting with ALK7 were unknown [146]. To date, several ligands
have been identified, including GDF3, Activin B, and Activin AB [223]. ALK7
shows high sequence similarity with ALK4 and ALKS, but the structure of the
extracellular domain differs from other type I receptors [146]. In postnatal
development and adulthood, ALK7 is mainly expressed in the central nervous
system, where the signaling pathway is thought to be involved in neuronal
proliferation and differentiation, as well as in the pancreas and colon [84].

Similar to the previously discussed receptors, ALKS (TGFBR1) plays a crucial
role in development and reproduction. ALKS is best characterized as the primary
receptor for TGF-B ligands (TGF-B1, TGF-f2, TGF-B3), but it is additionally
reported that GDF8 and GDF9 also transmit a signal through this receptor . GDF8
can transmit a signal through ALKS to activate Smad3, ERK1/2 and steroidogenic
acute regulatory protein (StAR) in granulosa cells. This effect can be blocked by
ALKS inhibition [117]. GDF9 transduces signals through BMPRII and ALKS,
encoding Smad2 and Smad3 to activate adrenal cortex cells and Sertoli cells [215].
Both are required for folliculogenesis [117]. ALKS plays a key role in the canonical
TGF-B signaling pathway. ALKS can catalyze the phosphorylation of receptor-
regulated Smad proteins (Smad2 and Smad3), which form a heteromeric complex
with shared mediated Smad4 and translocation to the nucleus, where they regulate
transcription [179].

ALKS is essential for reproductive function. Mice with conditional ALKS5
knockout in utero are infertile. Even ALKS mutant mice with a D266A knock-in
mutation in the L45 loop (not allowing ALKS5 to phosphorylate Smad2) survive only
to E10.5 because of defects in vascular network formation [143]. Targeted deletion
of ALKS in the nerve trunk compartment is fatal for the embryo due to the inability
to close the upper lip and palate [159].

Deletion of ALKS disrupts the development of the oviductal diverticula and

myometrium. In addition, these mice have hyperproliferative uteri and irregular



44

glands [121]. This phenotype is demonstrated during implantation as trophoblasts
lack organization. The population of natural uterine killer cells is decreased and
arterial remodeling is reduced [186]. These results suggest that ALKS is not only
required for the transduction of TGF-§ family signaling, but is also necessary for
mediating part of the uterine immune response.

Although the loss of ALKS expression in the uterus leads to defective processes,
constitutive expression of the receptor is also problematic. A conditional increase in
uterine ALKS function led to an increase in myometrial thickness, resulting in
uterine hypermuscularization. In the endometrium, constitutive ALKS activity
promotes fibroblast differentiation and smooth muscle gene signature. Interestingly,
ALKS deletion in utero had significant epithelial effects, whereas constitutive
activation strongly altered the uterine microenvironment [120].

In a study by Monsivais et al. [172], the authors artificially blocked ALKS
biomolecular pathways in the uterus using progesterone receptor mice to determine
the physiological role of ALKS in the reproductive process.

Despite normal ovarian function and artificial decidualization in conditionally
knockout mice (cKO), the absence of ALKS in utero resulted in significantly
reduced reproductive capacity due to abnormalities observed at different stages of
pregnancy, including blastocyst defects, implantation, trophoblast cell
disorganization, fewer uterine natural killer (uNK) cells, and disruption of spiral
artery remodeling.

TGF-p acts on the decidual cells through ALKS, causing the expression of other
growth factors and cytokines, which are key regulators of epithelial lumen
proliferation, trophoblast development, and uNK maturation during pregnancy. The
authors note a decrease in the invasiveness of the trophoblast associated with an
increased level of its apoptotic death. The researchers believe that the induction of
trophoblast apoptosis can be performed by macrophages in two ways: the secretion
of TNFa and its action on ALKS expressed by the trophoblast, and the creation of

tryptophan deficiency under the action of indolamine-2,3-dioxygenase expressed by
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macrophages [191].

Angiogenesis is the formation of new blood vessels from a pre-existing
vascular network by sprouting, splitting, and remodeling of the primitive vasculature.
Both vasculogenesis and angiogenesis are involved in the development of functional
vasculature in the embryo and contribute to the formation of postnatal blood vessels.
In adults, the neovascular response occurs under a variety of physiological and
pathological conditions, including wound healing, recovery from myocardial
infarction, inflammation-related disease, solid tumor growth, and tumor metastasis.
Vasculogenesis and angiogenesis are strictly regulated by growth factors. These
factors include vascular endothelial growth factor (VEGF), fibroblast growth factor-
2 (FGF-2), platelet-derived growth factor (PDGF), and transforming growth factor-
B1 (TGF-B1) [211].

During the embryonic formation of the human body, the embryo depends on a
blood supply for development and growth. Since blood is supplied through blood
vessels, blood vessel formation is an important process both during human
embryonic development and during the postnatal stages of life. Endothelial cells line
the inside of blood vessels, and they are essential for blood vessel formation as they
proliferate, migrate, and invade the extracellular matrix (ECM) to form vascular
structures throughout the human body. As a major TGF- type I receptor subtype,
ALKS plays an important role in vascular formation during embryonic development.

Endothelial cell-specific ALK1 increases the proliferation and migration of
endothelial cells, whereas the ubiquitously expressed ALKS inhibits both of these
processes. Since ALK1 requires ALKS kinase activity for optimal activation, the
absence of ALKS in endothelial cells leads to defective phosphorylation of both
Smad pathways during TGF-beta stimulation [220].

To understand why TGF-beta signaling through ALK1 and ALKS5 has an
opposite effect on endothelial cells and whether this occurs in vivo, Itoh et al. [143]
compared the phenotype of ALKS (ALKS (KI/KI)) knockout mice, in which
asparagic acid residue 266 in the L45 loop of ALKS was replaced with an alanine
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residue, with the phenotypes of ALKS (ALKS (-/-)) knockout and wild-type mice.
ALKS (KI/KI) mice showed angiogenic defects with embryonic lethality at E10.5-
11.5. Although the phenotype of ALKS (KI/KI) mice was very similar to that of
ALKS (-/-) mice, the hierarchical structure of blood vessels formed in ALKS5 (KI/KT)
embryos was more developed than in ALKS (KI/KI) mice. ALKS (-/-) mutants. Thus,
the L45 loop mutation in ALKS partially rescued the earliest vascular defects in
ALKS (-/-) embryos. This study confirms the author’s earlier observations that the
TGF-beta/ALK1/BMP-Smad and TGF-beta/ALKS/actin-Smad pathways are
required for vascular maturation in vivo for normal vascular development.

The study by Rossant on conditional knockout of ALKS5 revealed the
development of estrogen-dependent endometrial adenocarcinoma with distant lung
metastases. However, the understanding of the role of ALKS in implantation
processes is complicated by the fact that the morphology of the human
preimplantation embryo is not identical to that of the mouse embryo, which is most
frequently used as the experimental model in the context of this topic research. After
fertilization, both embryos undergo mitotic cell divisions, compaction and cavitation
to form a blastocyst consisting of a trophectoderm layer and an inner cell mass.
Despite these similarities, there are a number of significant differences, such as the

time of division, split, blastocyst formation, and implantation [196].
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Summary of the literature review

Women constitute a growing segment of patients seeking infertility services
such as ART. However, the miscarriage rate among pregnancies after ART, like after
spontaneous conception, increases with age. The specific cause of subfertility can
also affect miscarriage rates: for example, women with bad habits, overweight or
underweight, with a history of infectious diseases, with some congenital uterine
abnormalities, fibroids, and endocrine disorders have higher rates of early
reproductive losses.

In the female reproductive tract, TGF-f, ALKS, and its downstream signaling
factors, SMAD2 and SMAD3, are critical to the structural integrity of the
myometrium and oviduct. In fact, conditional ablation of TGFBR1/ALKS in uterine
muscles and uterine stromal compartments with the Amhr2-cre receptor leads to
abnormal smooth muscle development, resulting in oviduct diverticula and impaired
embryo transport. Alternatively, the knockout of TGFBRI/ALKS from uterine
muscle, stroma, and epithelium by the progesterone receptor leads to endometrial
and placental defects, resulting in abnormal embryo development and infertility.

Modulation of receptor activity is a critical step for the regulation of TGF-f signaling.

Members of the TGF-B superfamily were shown to play a role in blood vessel
formation. In most cell types, TGF-B transmits signals through activin-like kinase 5
(ALKY) of the TGF-f type I receptor, but endothelial cells express the endothelium-
specific TGF-f type I receptor ALK 1. Thus, TGF-B can transmit signals through the
ALK1 and ALKS receptors in endothelial cells.

Although much effort was made to understand the regulatory mechanisms of
ALKS receptor activity and stability, its importance in embryonic vascular
development to ensure the maintenance of pregnancy, and many other issues remain

unresolved.
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CHAPTER II. MATERIALS AND METHODS

2.1. Study design

The study was performed at the facilities of the Department of Assisted
Reproductive Technologies of the Perinatal Center of the Federal State Budgetary
Educational Institution of Higher Education “Saint Petersburg State Pediatric
Medical University” of the Ministry of Health of the Russian Federation. The
sampling of decidual tissue was performed at outpatient facilities at the Department
of Obstetrics and Gynecology, St. Petersburg State Pediatric Medical University.
The immunohistochemical studies were performed at the Department of
Pathological Anatomy with a Course of Forensic Medicine, St. Petersburg State
Pediatric Medical University.

The study was approved by the Bioethics Commission at St. Petersburg State
Pediatric Medical University (Minutes No. 1/6 of January 21, 2019). The approval
states that the work complies with the principles of the Declaration of Helsinki
adopted by the General Assembly of the World Medical Association, the Council of
Europe Convention on Human Rights and Biomedicine, relevant provisions of the
WHO, the International Council of Medical Scientific Societies, the International
Code of Medical Ethics, and the laws of the Russian Federation, completely excludes
the impairment of patients’ interests and harm to their health.

In accordance with the goal and objectives of the study, the scientific search
was carried out in several stages.

In the first stage, the publications on the topic of the study were analyzed. The
goal, hypothesis, objectives, object, and subject of the study were formulated, and
research methods adequate to the objectives of the study were selected.

The second stage of the study involved a retrospective clinical and statistical
analysis of 120 medical records of pregnant women after ART, selected during the
period from 2018 to 2020. The materials were analyzed using the Microsoft Excel
2016 program, which contained documented data from medical records. The

outcomes of the study were processed by calculating the sample mean (M) and
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estimate of the standard deviation of the sample mean (m). The obtained data were
analyzed using nonparametric tests. The Mann-Whitney test (U-test) was used to
calculate statistically significant differences between the groups.

In the third stage of the study, an immunohistochemical examination of the
decidual tissue of abortive material in early reproductive losses was performed to
detect ALKS expression. Decidual tissue samples were collected from January 2018
to December 2020 at the Gynecological Department of St. Petersburg State Pediatric
Medical University; tissues from 40 patients aged 25—40 years, with a menstrual
cycle of 28-30 days, with a normal chromosomal karyotype of the couple were
included in the study. In addition, the prognostic and clinical significance of ALKS
expression in the profile of early reproductive losses after ART was evaluated.

In the fourth stage, the obtained data were processed and analyzed, conclusions
and recommendations on the study were formulated, the text was prepared, and the

thesis was designed.

2.2. General clinical characteristics of women included in the study

A retrospective clinical and statistical analysis was performed, including the
selection of 344 medical charts of pregnant women, which contained data on early
spontaneous abortion from 1,274 medical charts of perinatal center patients, 60 of
them aged 25 to 45 years had induced pregnancy after ART and registered early
spontaneous abortion at the gestational age of 6—8 weeks (or 4—6 weeks after embryo
transfer). The comparison group comprised 60 medical records of patients aged 25
to 45 years after ART who had a pregnancy without any complications.

The etiological risk factors for early reproductive losses after ART were
evaluated among the two groups of patients after ART based on a clinical and
statistical analysis. As part of the analysis, social anamnesis was assessed (age,
weight, type of activity, education, influence of harmful factors, and bad habits).
Gynecological anamnesis included past inflammatory-infectious, extragenital

diseases, surgical interventions, menstrual cycle regularity, duration, and nature of
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menstruation. The author also evaluated reproductive history (abortions,
miscarriages, premature births), the duration of infertility, the number of ART
attempts, the type of infertility, the controlled ovarian hyperstimulation protocol, the
fertilization method, the total gonadotropin dose, and the serum hCG level 14 days
after transfer (IU/L).

Early spontaneous abortion after IVF at 6—8 weeks of gestational age (or 4—6
weeks after embryo transfer) was the criterion for inclusion in the
immunohistochemical study of decidual tissue of aborted material for early
reproductive losses to detect ALKS expression (20 patients of the Reproductive
Medicine Center). The patients of the Center for Reproductive Medicine underwent
an abdominal ultrasound examination after the embryo transfer procedure 3—4 weeks
after the transfer to verify the presence of an intrauterine pregnancy. If there were
no signs of progression within 7 days (hCG growth, fetal heartbeat at ultrasound), a
surgical abortion was performed (20 patients). After intravenous anesthesia, vacuum
aspiration was performed and the obtained material was sent for examination.

The criterion for inclusion in the control group (20 healthy women) was a
planned surgical abortion of a singleton progressive pregnancy that occurred in the
natural cycle at their request at 6—8 weeks gestational age without a threat of
pathological pregnancy termination.

To obtain reliable data in determining ALKS expression, the study and
comparison groups were selected with regard to their identity according to the
following key parameters: age (25—45 years), socioeconomic and marital status,
specific features of obstetric and gynecological history, extragenital pathology, etc.
The research team obtained women’s informed consent to the use of biological
material for scientific purposes.

Exclusion criteria for immunohistochemical studies were the presence of
somatic, autoimmune, hereditary genetic, and endocrine diseases, multiple
pregnancies, cases of detected congenital anomalies, and women's refusal to use

their biological material for scientific purposes.
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2.3. Methods of the study

To obtain objective results, a comprehensive approach was applied using a
number of previously selected research methods.

A retrospective clinical and statistical analysis of medical records of perinatal
center patients was performed. An analytical study of the assessment of etiological
risk factors for early reproductive losses after ART was conducted to identify the
causes and prevalence of the latter. The main objective of this study is to identify
the cause-effect relationships between the hypothetical cause and effect. A
comparison of the incidence of certain factors in the main and control groups made
it possible to calculate the odds ratio (OR), the value of which was used to estimate
the presence of a cause-effect relationship.

In the clinical study stage, abdominal ultrasonography was performed in
pregnant women during the embryo transfer procedure 3—4 weeks after
transplantation to confirm the presence of an intrauterine pregnancy. A series of
longitudinal and transverse scans were performed on a Philips Clear Vue ultrasound
machine (Germany) using software packages.

Peripheral blood levels of selected hormones, including HCG, were studied in
all examined women. Hormonal serum tests were performed by enzyme
immunoassay on an Immulite 2000 analyzer (Siemens Healthcare Diagnostics Inc.,
USA) using the Immulite 2000 HCG test system for the determination of human

chorionic gonadotropin. High-sensitivity antibodies were used during the study.

All patients were examined for urogenital infections. IgM and IgG in blood
plasma to pathogens Chlamydia trachomatis, Ureaplasma urealiticum, Mycoplasma
hominis, Toxoplasma gondii, rubella, Cytomegalovirus, and Herpes simplex (type
1/2) were determined by solid-phase enzyme immunoassay. Patients underwent
surgical termination of pregnancy by electric vacuum aspiration after intravenous
anesthesia. The decidual tissues of the aborted material were sliced and fixed in 10%

formalin with a neutral buffer for 24 hours and embedded in wax. Waxed sections
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were dewaxed, rehydrated, and boiled for antigen extraction using standard
procedures. After blocking with 3% (weight/volume) BSA for 1 hour, the sections
were incubated with primary antibodies overnight at 4°C. Immunoreactive signals
were obtained using the 3,3’-diaminobenzidine (DAB) substrate set.

In the last step, the prognostic and clinical significance of ALKS expression in
the profile of early reproductive loss after ART was evaluated. Differentially
expressed genes were determined using a two-tailed t-test (p<<0.05) and multiplicity
<0.5 and >2, and mapped on a heat map using GenePattern. Gene set enrichment
analysis was performed on the KEGG gene sets, and gene sets that met a false
discovery rate criterion of <0.25 were selected for further extraction of advanced
subsets.

To quantify the results, the micropreparations were photographed in as many
non-overlapping fields of view as possible. The pictures were obtained using an x20
lens with a resolution of 1600x1200 pixels, using a Leica microscope and a Leica
425C digital camera. The expression of markers was quantified using the computer
program Aperio Image Scope v9.1.19.1567. The program was calibrated, and after
that, the results of immunohistochemical reactions were evaluated based on the
indicator “positivity” (in the program interface “positivity”’). For each case, the
average positivity value of all images was calculated according to the rules of finding
the average.

An electronic database of primary data was created using Microsoft Excel 2016
spreadsheets. Statistical data were processed and analyzed using the SPSS Statistics
17.0 software package (Statistical Package for the Social Science).

A descriptive analysis of the results of the study was based on the methods of
variance statistics. The study analyzed frequency characteristics (in %) for
qualitative parameters. For quantitative parameters, the average levels of indicators
were determined, and their variability and statistical significance by means of the

arithmetic mean (M) and standard deviation (m) were assessed.
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Comparative analysis and assessment of the significance of the difference
between the study groups when comparing frequency characteristics (qualitative
parameters) were performed using the Chi-square test. When rarely detected features
in the study groups (5 cases or less), Fisher’s exact test was used to assess the
significance of the intergroup difference. A comparative analysis of quantitative
parameters was performed using the nonparametric Mann-Whitney test for
comparison between groups.

In all stages of statistical analysis, the statistical significance of the results was
checked (evaluated) at the level not lower than 95% (risk of error not exceeding 5%
— p<0.05).

To assess the prognostic impact of individual factor characteristics on the
probability of reproductive losses after ART, the odds ratio (OR) and 95%
confidence interval with an estimate of statistical significance (p) were calculated.
Assessment of the relationship between the studied clinical parameters was based on
correlation and regression analysis. The correlation theory used the Chaddock scale
of English statistics to assess the strength of the relationship: weak — 0.1 to 0.3;
moderate — 0.3 to 0.5; marked — 0.5 to 0.7; high — 0.7 to 0.9; very high (strong) — 0.9
to 1.0.
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CHAPTER III. ANALYSIS OF FACTORS ASSOCIATED WITH
EARLY REPRODUCTIVE LOSSES IN ASSISTED REPRODUCTIVE
TECHNOLOGY

3.1. Etiological risk factors for early reproductive losses in women after
assisted reproductive technology based on clinical and statistical analysis

Nowadays, some people who used to struggle with infertility have more
therapeutic chances. In recent years, many scientific and technical advances have
appeared in the field of infertility treatment. However, the success rates of such
methods have shown little progress, despite their use over the past decade.
Meanwhile, a significant difference was revealed between a high success rate of
ovulation after treatment and a low pregnancy rate. The clinical course of pregnancy
in women after ART is the subject of many scientific studies. Pregnancy with high
obstetric risk is an understudied issue, and existing publications on this topic do not
provide an unequivocal answer regarding the role of various etiological risk factors
for early reproductive loss in women after ART. The author studied pregnancy risk
factors, including maternal age, BMI, gynecological and somatic diseases, etiology
of infertility, response to stimulation, quality and number of embryos replaced, and
the type of treatment.

The ages of the women included in the study ranged from 25 to 40 years old
(Table 1), with 5% in the study group (SG) and 15% in the control group (CG) aged
25-29 years old. There were 55% of women aged 30 to 34 years old in the SG and
68.33% in the CG. There were 23.3% of women aged 35 to 40 in the SG and 15%
in the CG. There were 16.67% of women aged 41 to 45 years old in the SG and 1.67%
in the CG.

Table 1
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Distribution of women who were included in the retrospective clinical and

statistical analysis by their age

Age Total (n=120) | Study group (n=60) Control group
(n=60)
N % N % N %
25-29 12 10.0
3 5.00 9 15.00
years old
30-34 74 61.7
33 55.00 41 68.33
years old
3540 23 19.2
14 23.33 9 15.00
years old
41-45 11 9.2
10 16.67 1 1.67
years old
M=+m 35.3+4.6 32.843.2
P <0.05

The mean age of patients in the SG was 35.3+4.6 years old, and in the CG, it
was 32.8+3.2 years old. Analysis of anamnesis data showed a direct association
between the risk of early reproductive losses and the age of women in the SG (p <
0.05), whose pregnancies occurred after the use of ART treatment programs, as
compared to women whose pregnancies were without any complications.

The SG patients were, on average, several years older than the CG women.
Thus, a fairly large percentage of SG women were over 40 years of age. It is
suggested that this fact is associated with a higher rate of extragenital pathology and
the highest percentage of surgical interventions for reproductive system diseases in
this age group [20].

When determining the weight of the studied pregnant women by BMI, no
significant differences between the main group and the control group (p>0.05) were

revealed among the women with different BMI values (Table 2).
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Table 2
Distribution of women who were included in the retrospective clinical and

statistical analysis by their BMI

BMI, Total (n=120) Study group Control group
kg/m? (n=60) (n=60)
N % N % N %
<20
4 6.67 5 8.33
9 7.5
20-26
32 53.33 33 55.00
65 54.2
26-30
20 33.33 20 33.33
40 33.3
3040
2 3.33%* 1 1.67
3 2.5
40 and
2 3.33%* 1.67
more 3 2.5 1
M=+m 25.6+4.4 25.2+4.1
P >0.05

Analysis of the data showed that in most of the women included in the study,
BMI was normal (18.5-24.9 kg/m?). Every 10" woman was underweight (less than
18.5 kg/m?), and every 3rd woman was overweight (25-29.9 kg/m?). There were
cases of first- and second-degree obesity (30.0-34.9 and 35.0-39.9 kg/m?,
respectively).

Thus, BMI <20 kg/m? was recorded in 7.5% of the women who participated in
the study, of which 6.67% were in the SG and 8.33% were in the CG. BMI 20—
26 kg/m? was observed in 54.2% of the studied women, 53.3% of them were in the
SG and 55% were in the CG. BMI 26-30 kg/m? was revealed in 40% of the studied
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women, 33.3% of them were in the SG and 33.3% were in the CG. BMI 30-40 kg/m?
was found in 2.5% of the studied women, 3.3% of them were in the SG and 1.67%
were in the CG. BMI 40 or more kg/m? was registered in 2.5% of the studied women,
3.3% were in the SG and 1.67% were in the CG.

The mean age of women in the SG was 25.6+4.4 years old, and in the CG, BMI
was 25.2+4.1 kg/m?. Analysis of anamnesis data did not reveal any association
between the risk of early reproductive losses and BMI in the SG women compared
to the CG women (p>0.05). Nevertheless, some SG women had an excessive body
weight of 30 kg/m? or more in comparison with the CG (p<0.05), which might affect
the development of early reproductive losses after ART in some cases [20].

The vast majority of the women included in the study lived in the city and were
in a registered marriage. The groups of women were homogeneous according to their
place of residence and marital status.

The professional affiliation and type of labor activity of the patients of the study

groups are presented in Table 3.

Table 3
Distribution of women who were included in the retrospective clinical and

statistical analysis by their occupation

Occupation Total (n=120) Study group Control group
(n=60) (n=60)
N % N % N %
Press worker 4 3.33 1 1.67 3 5.00
12 10.00 5 8.33 7 11.67
Tutor
Doctor 16 13.33 7 11.67 9 15.00
: 25 20.83 12 20.00 13 21.67
Housewife
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Occupation Total (n=120) Study group Control group
(n=60) (n=60)
N % N % N %
Work that
involves 28 23.33 15 25.00 13 21.67
physical labor
Employee of a
public 28 23.33 16 26.67 12 20.00
institution
Research
o 7 5.83 4 6.67 3 5.00
scientist

The author could not find any statistically significant differences in the
direction of professional affiliation and type of labor activity between the SG and
CQG. It should be noted that the larger share of patients in both groups were engaged
in intellectual work (employees, doctors, researchers, and employees of state
institutions). There is also a trend towards a larger share of women who were
engaged in physical work among SG patients, a statistically significant level of
indicators between the main and control groups was not reached.

It was impossible to analyze the presence of bad habits, because this
information was not available in the medical records of the studied women.

The analysis of the menstrual cycle of the patients of the study groups showed
that the mean age of menarche was 12.7+1.1 years old in the women of the SG as
compared to 11.841.3 years in the CG (p>0.05). The menstrual cycle was established
immediately in the vast majority of the women included in the study (p>0.05). The
study of the functional features of the menstrual cycle did not reveal a direct
correlation between the nature of its disorders and the occurrence of early

reproductive losses after the use of the therapeutic programs of ART.
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Painful menstruation was observed in 35 (58.33%) SG patients and 28 (46.67%)
control group patients (p>0.05). The results of the study are presented in Table 4.

Table 4
Distribution of women who were included in the retrospective clinical and

statistical analysis by the type of their menstrual cycle

Type of | Total (n=120) Study group Control group
menstrual (n=60) (n=60)
cycle N % N % N %
Oligomeno

21 17.50 10 16.67 11 18.33
rrhea
Metrorrhag

9 7.50 4 6.67 5 8.33

1a
Algodisme

63 52.50 35 58.33 28 46.67
norrhea
Menorrhag
. 27 22.50 11 18.33 16 26.67
ia

Menstrual cycle disorders were noted in 10 (16.67%) SG patients and 11
(18.33%) CG patients (p>0.05). The presence of metrorrhagia was noted in 4 (6.67%)
SG patients and 5 (8.33%) CG patients (p>0.05). Heavy and prolonged bleeding
during menstruation was noted in 11 (18.3%) SG patients and 16 (26.7%) CG
patients (p>0.05).

The average duration of the menstrual cycle before infertility treatment with
ART methods was 28+2.5 days in SG patients and 27.6+£2.5 days in CG patients
(p>0.05) (Table 5).

Sixty (50%) studied women started early sexual life (before 18 years of age),
32 (53.3%) in the SG and 28 (46.7%) in the CG women examined (p>0.05).



60

Table 5
The length of the menstrual cycle in women from the studied groups before
ART
Menstrual Total (n=120) Study group Control group
cycle length (n=60) (n=60)
N % N % N %
21-24 days 9 7.50 4 6.67 5 8.33
2527 days 45 37.50 18 30.00* 27 45.00
56.67*
28-30 days 55 45.83 34 . 21 35.00
9 7.50 4 6.67 5 8.33
31-33 days
M=+m 28+2.5 27.6+2.5
P >0.05

Note: * — significance of values at p<0.05, ** — significance of values at p<0.001.

The presence of gynecological pathology in the vast majority of pregnant

women with early reproductive losses after ART showed no direct correlation with

such diseases as congenital malformations of the female genitalia (3.33% in the SG

and 8.33% in the CG, p>0.05) (Table 6).

Table 6

Distribution of women who were included in the retrospective clinical and

statistical analysis by the structure of their gynecological pathology
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Gynecological Total (n=120) Study group Control group

anamnesis data (n=60) (n=60)

N % N % N %
No 23 19.17 0 0.00 23 38.3
Uterine fibroid 10 8.33 7 11.67%* 3 5.00

Vaginal inflammatory
29 | 24.17 22 36.67* 7 11.67
process

Cervical pathology 25 | 20.83 18 30.00* 7 11.67

Congenital

malformations of the
7 5.83 2 3.33 5 8.33
female reproductive

organs

Surgical interventions
on pelvic organs, 28 15.00 17 28.33%* 11 18.33
abdominal cavity

Endometriosis 13 10.83 9 15.00%* 4 6.67

Note: * — significance of values at p<0.001, ** — significance of values at p<0.05.

The obtained data showed that statistically significant factors of early
reproductive losses in SG women included vaginal inflammatory processes (36.67%
in the SG and 11.67% in the CG, p <0.001), endometriosis (15% in the SG and 6.67%
in the CG, p <0.001), uterine myoma (11.67% in the SG and 5% in the CG, < 0.05)
and cervical pathology (30% in the SG and 11.67% in the CG, p <0.001).

The combination of these adverse factors has a negative effect on the realization
of reproductive function and significantly increases the risks of such serious
complications as placental dysfunction, delayed intrauterine development of the
fetus, and postpartum hemorrhage [5]. It 1s likely that the presence of latent foci of
chronic infections associated with inflammatory processes of the female genitalia

and untreated cervical pathology significantly increases the risk of immune
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imbalance [9], as one of the predictors of early reproductive losses in patients after
ART.

A significant proportion of hyperproliferative diseases was detected: the rate of
uterine fibroid in the gynecological history was recorded in 7 (11.67%) medical
records of patients with early reproductive losses after ART, which was more than
2-fold higher than in the CG women (p<0.05). It should be noted that genital
endometriosis was diagnosed in every 6 SG patients (p<<0.05). Surgical interventions
for gynecological diseases were observed in 17 (28.33%) cases in the SG and in 11
(18.33%) cases in the CG (p<0.05), which confirms the leading role of a long
persistence of infectious factors in the cause of infertility of infectious genesis with
possible autoimmune damage and endometrial cyclic transformation and receptivity
disorder.

Cystectomy (5%) and fallopian tube surgery (5.83%), including ectopic
pregnancy, hydrosalpinx, and pyosalpinx, were the most common surgical

interventions in the history of the examined patients of both groups (Table 7).

Table 7
Distribution of women who were included in the retrospective clinical and

statistical analysis by the structure of their gynecological pathology

Gynecological anamnesis | Total (n=120) Study group Control group
data (n=60) (n=60)
N % N % N %

Surgical interventions on
pelvic organs, abdominal 28 233 17 28.33%* 11 18.33
cavity, including
Cystectomy, in particular

' 6 5.00 3 5.00 3 5.00
ovary resection
Separation of adhesions 13 10.83 10 16.67* 3 5.00
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Gynecological anamnesis | Total (n=120) Study group Control group
data (n=60) (n=60)
N % N % N %
Tubal surgeries, including
_ 7 5.83 3 5.00 4 6.67
for ectopic pregnancies
Myomectomy 2 1.67 1 1.67 1 1.67

Note: * — significance of values at p<0.001, ** — significance of values at p<0.05.

According to medical records, surgeries for pelvic adhesions were 3 times more
common in the SG versus the CG (p<0.001). It is worth noting that surgical
interventions were twice as frequent in older women as in younger patients and only
sporadic cases were observed in the control group (p<0.05).

It is obvious that adhesion disease, disturbance of blood supply to the
appendages after the fallopian tubes operations, as well as surgical trauma of the
ovarian tissue, undoubtedly, have their damaging effect on the parameters of ovarian
reserve and steroidogenesis, which indirectly changed the hormonal background and
conditions for the physiological formation of endometrial implantation potential in
some SG women.

During the analysis of anamnestic data on somatic pathology, attention was
paid to the diseases that may have a direct and indirect effect on the formation and
functioning of the reproductive system. Analysis of the nature and pattern of
extragenital pathology in post-ART women provided an opportunity to identify a
group of chronic inflammatory diseases of the urinary system with a latent course,

which significantly influences the increased risk of early reproductive losses (Table

8).

Table 8
Distribution of women who were included in the retrospective clinical and

statistical analysis by the structure and rate of extragenital pathology
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Extragenital Total (n=120) Study group Control group
pathology (n=60) (n=60)
N % N % N %
No 27 22.50 0 0.00 27 45.00%*
Gastrointestin
_ 12 10.00 7 11.67 5 8.33
al disease
Respiratory
diseases 32 26.67 18 30.00 14 23.33
(chronic)
Urinary
system
. 23 19.17 20 33.33% 3 5.00
diseases
(chronic)
Cardiovascula
. 11 9.17 6 10.00 5 8.33
r diseases
Hematopoietic
. 7 5.83 4 6.67 3 5.00
diseases
Endocrine
. 8 6.67 5 8.33 3 5.00
diseases
Metabolic
11 16.67 7 11.67** 4 5.00
syndrome

Note: * — significance of values in the study group in comparison with the control group at p<0.001, ** —

significance of values in the study group in comparison with the control group at p<0.05.

Patients with diseases of the urogenital tract and respiratory tract predominated
in the medical records of pregnant women with a history of a somatic disorder. These
figures confirm the significant role of infectious pathology in the etiopathogenesis
of pregnancy failure. The share of endocrine system diseases, cardiovascular

diseases, and gastrointestinal diseases is noteworthy.
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Analysis of the prenatal medical cards of pregnant women showed that the most
common forms of diseases of the urinary system were asymptomatic bacteriuria,
chronic pyelonephritis, and recurrent cystitis.

All forms of the above extragenital pathology had a subclinical course, and
pregnant women had no complaints at the time of admission to the obstetric hospital.

The presence of concomitant extragenital pathology was confirmed by the
examinations performed by related specialists during routine counseling of pregnant
women, and the patients reported their existence during anamnestic data collection.

To clarify the nature of extragenital pathology, additional methods of
investigation were used, depending on the pathology profile of each patient.

The peculiarity of the last years is the increase in the share of combined somatic
pathology and the increasing spread of extragenital disease, the so-called metabolic
syndrome with clinical signs of a well-defined symptom complex.

It 1s worth noting that a disorder of fat metabolism, which is manifested by
excessive or insufficient body weight in women enrolled in the ART program, was
found in 16.67% of cases. The revealed data undoubtedly indicate a significant
influence of a burdened gynecological and somatic anamnesis on the indicators of
reproductive losses.

The analysis of the data from the prenatal medical records revealed the leading
factors of infertility in the population of women included in the study. Table 9
presents the absolute and percentage numbers of the leading infertility factors in the
patients who underwent effective treatment with the latest ART technologies, which
resulted in clinical pregnancy.

Thus, the statistical analysis of the primary records of the patients revealed the
fact that the main reason for using ART in the examined women was the combined
factor of infertility — 44.2% (45% in SG women and 43.3% in CG women), the
second place among the causes of fertility loss belongs to the tubal-peritoneal factor
—30.8% (33.3% in SG women and 28.3% in CG women) and 25% (21.67% in SG

women and 28.3% in CG women) is endocrine infertility.
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Table 9
Distribution of women who were included in the retrospective clinical and

statistical analysis by the leading infertility factor

Leading Total (n=120) Study group Control group
infertility (n=60) (n=60)
factors N % N % N %

Endocrine 30 250 13 21.67 17 28.33
factor

Tubal-
peritoneal 37 30.8 20 33.33 17 28.33

factor

Combined 53 44.2 27 45.00 26 4333

factor

The duration of infertility in the women of the study groups is presented in
Table 10. The data obtained indicate a significant percentage of infertility lasting
from 3 to 5 years among the patients of all studied groups.

The highest proportion of infertility duration of 3-5 years was in the SG
(46.67%), while in the CG, the duration of infertility 3—5 years was detected in
43.3%.

Table 10
Distribution of women who were included in the retrospective clinical and

statistical analysis by the duration of infertility
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Duration Total (n=120) Study group Control group
of (n=60) (n=60)
infertility N % N % N %

33 11.67
<2 years 9 7.5 2 7

3-5 years 54 | 450 | 28 | 4667 | 5g | 433

6-9 years 38 31.7 18 500 20 .
> 10 years 19 15.8 12 20.0% 7 11.67
M+m 6.8+3.5 6.0+2.9
P >0.05

Note: * — significance of values in the study group in comparison with the control group at p<0.001.

The proportion of infertility up to 2 years was 3.3% in the SG group, whereas
in the CG, infertility up to 2 years was detected in 11.67%. The proportion of
infertility period of 6-9 years was 30% in the SG, whereas in the CG, an infertility
period of 69 years was detected in 33.3%. The proportion of the infertility period
of more than 10 years was 20% in the SG group, whereas in the CG, an infertility
period of more than 10 years was detected in 11.67%.

The average statistical value of the infertility period in the SG was 6.843.5
years, in the CG — 6.0£2.9 years. The analysis of anamnesis data showed a
correlation between the risk of early reproductive losses and the duration of
infertility in women in the SG (p < 0.05) whose pregnancies occurred after ART
treatment programs, as compared to women whose pregnancies occurred without
any complications. At the same time, the higher was the duration of infertility, the

higher was the probability of the risk of early reproductive losses.
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The author also analyzed the statistics and types of infertility in the patients of
the SG before the ART treatment. The data are shown in Table 11.

Table 11
Distribution of women who were included in the retrospective clinical and

statistical analysis by the type of infertility

Type of | Total (n=120) Study group Control group
infertility (n=60) (n=60)

N % N % N %
Primary

64 53.3 23 38.3 41 68.3*
infertility
Secondary

56 46.67 37 61.67* 19 31.67
infertility

Note: * — significance of values in the study group in comparison with the control group at p<0.001.

Primary infertility prevailed among the studied women and was detected in
53.3% (38.3% of SG women and 68.3% of CG women). Secondary infertility was
detected in 46.7% of women (61.7% of SG women and 31.7% of CG women).
According to the obtained data, the predominance of secondary infertility over
primary was identified among the causes of the probability of early reproductive loss
risk in women who became pregnant after therapeutic ART programs.

Analysis of the consequences of previous pregnancies in the examined women
with secondary infertility revealed a significant risk of obstetric and perinatal
complications (Table 12). It should be noted that SG women, as compared to CG
women, had a high percentage of early reproductive losses in the form of
spontaneous miscarriage in the history (18.3% in the SG versus 5% in the CG,
p<0.001), which can be explained by a large number of surgical interventions on the

pelvic organs and cervical surgical manipulations.



69

Table 12

Pregnancy outcome in women with secondary infertility
Pregnancy Total (n=120) Study group Control group
outcome (n=60) (n=60)

N % N % N %
Artificial
“bortion 9 7.50 7 11.67* 2 3.33
Spontaneous
“bortion 14 11.67 11 18.33* 3 5.00
Missed
abortion 17 14.17 8 13.33 9 15.00
Preterm
delivery in
the 9 7.50 6 10.00 3 5.00
anamnesis
Term birth 7 5.83 5 8.33 2 3.33

Note: * — significance of values in the study group in comparison with the control group at p<0.001.

The share of artificially induced abortions (11.67% in the SG versus 3.33% in

the CG, p<0.001) was larger in women with a poor reproductive history in the SG.

It is likely that the risk of early reproductive loss also depends to some extent

of previous ineffective treatment cycles in the protocols.

on the method of ART (Table 13) that was chosen to treat infertility and the number

Table 13
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Distribution of women who were included in the retrospective clinical and

statistical analysis by the method of ART

ART method | Total (n=120) Study group Control group
(n=60) (n=60)
N % N % N %

IVF (in vitro
47 39.12 16 26.67 31 51.67*
fertilization)

ICSI

(intracytoplas
. 57 47.5 35 58.33* 22 36.67
mic sperm
injection)

IUI

(intrauterine
_ o 11 9.17 7 11.67 4 6.67
insemination)

Blastocyst vs.
early
cleavage
stage

5 4.17 2 3.33 3 5.00
(blastocyst
transfer to the

uterine

cavity)

Note: * — significance of values in the study group in comparison with the control group at p<0.001.

The retrospective analysis of the therapeutic techniques to restore fertility in
the women who were included in the study revealed a probable link between the risk
of early reproductive losses and the ICSI technique. The data showed that 58.33%

of SG women who had early reproductive losses became pregnant after the



71

therapeutic ART program in the form of the ICSI technique, whereas among the CG
women, only 36.67% of women became pregnant after the ICSI technique (p<0.001).
Pregnancy in 26.67% of SG women with early reproductive loss occurred after the
IVF technique. Among CG women, pregnancy occurred after the IVF technique in
51.67% of women (p<0.001) .

In 11.67% of SG women with early reproductive loss, pregnancy was achieved
by IVF; among CG women, pregnancy was achieved by IVF in 6.67% of women.
The remaining 3.33% of SG women who had cases of early reproductive losses
became pregnant after the technique of blastocyst transfer into the uterine cavity;
among CG women, pregnancy occurred after this technique in 5% of women.

According to international publications, the effectiveness of infertility
treatment ranges from 23% to 47% [138]. Therefore, patients with a history of
infertility, especially when it lasts for over 5 years, are repeatedly forced to undergo
repeated cycles of ART (Table 14).

Table 14

Distribution of women who were included in the retrospective clinical and

statistical analysis by the number of ART cycles

ART Total (n=120) Study group Control group
cycle (n=60) (n=60)

N % N % N %
1 cycle

32 26.67 8 13.33 24 40.00%*

2 cycles 37 30.83 18 30.00 19 31.67
3 cycles 43 35.83 28 46.67* 15 25.00
4 and
more 8 6.67 6 10.00* 2 3.33

cycles

Note: * — significance of values in the study group in comparison with the control group at p<0.001.
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Table 14 shows that 8 (13.3%) SG women had a history of one cycle of ART,
while 18 (30%) patients had two previous unsuccessful cycles, 28 (46.67%) had
three cycles, and 6 (10%) women had over four unsuccessful cycles. It is noteworthy
that more than half of the women diagnosed with early reproductive losses had a
history of three or more ART cycles. Among SG pregnant women, 24 (40%) women
had one cycle of ART in medical history, while 19 (31.67%) patients had two
previous unsuccessful cycles, 15 (25%) had three cycles, and 2 (3.3%) women had

over four unsuccessful cycles. [230].

The obtained clinical and anamnestic data were used to assess the significance
of the leading factors and predict the risk of early reproductive losses in women after
ART (Table 15).

The clinical and anamnestic analysis in the group of women with early
reproductive losses after ART revealed several medical factors that might have
provoked pregnancy failure and allowed predicting the risk of a complicated course

of the first trimester of gestation.

Table 15
Prognostic assessment of the history and course of induced pregnancy in

women with early reproductive losses

Factors r P

0.264

<
Age older than 35 years old p<0.001

Excessive body weight 30 kg/m? and more | 0.213 p<0.05

Disorders of the ovarian-menstrual cycle 0.238
p<0.05
as a duration of over 28 days

0.233
Uterine fibrosis p<0.05
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Factors r P
0.433
o p<0.001
Vaginal inflammatory process
0.344
Cervical pathology p<0.001
Surgical interventions on pelvic organs, 0.332
. p<0.05
including:
<0.001
Separation of adhesions P
Endometriosis p=<0.001
Urinary system diseases (chronic) 0.462 p<0.001
0.438
Metabolic syndrome p<0.05
0.247
p<0.001

Duration of infertility > 10 years

0.366 p<0.001
Secondary infertility

0.327 p<0.001
History of artificial abortion

History of spontaneous abortion 0.217 p<0.001

ICSI (intracytoplasmic sperm injection) 0.222 p<0.001

3 and more unsuccessful ART cycles

The data from the retrospective analysis suggested that important factors in the
development of early reproductive losses in women after ART might be: women's
age (r=0.264, p<0.001), excessive body weight (r=0.213, p<0.05) and metabolic
syndrome (r=0.438, p<0.001), ovariomenstrual cycle disorders (r=0.238, p<0.05),
surgical interventions on pelvic organs (r=0.332, p<0.001), chronic diseases of the

urinary system (r=0.462, p<0.001), long-term infertility (r=0.247, p<0.001), its
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secondary development (r=0.366, p<0.001), artificial abortion (r=0.327, p<0.001)
and a history of spontaneous abortion (r=0.217, p<0.001), and 3 or more
unsuccessful ART cycles (r=0.357, p<0.001), most frequently performed with ICSI
(r=0.222, p<0.001) .

The mentioned factors suggest that early reproductive losses after ART are a
consequence of a large number of pathological causes with the realization of a
variety of often crossing pathophysiological pathways, so it is not always possible
to identify a dominant etiological factor by existing diagnostic methods. In most
cases, it is a combination of several causes that may act simultaneously or
sequentially.

The most significant combinations of the leading factors for the probable
development of early reproductive losses after ART were established in this category
of patients. They included the combination of infertility duration and infertility
factor (r=0.459), as well as the number of ART cycles (r=0.297); the type of
infertility and the outcome of previous pregnancies (r=0.873).

In addition, RRL, a large share of intrauterine interventions (hysteroscopy,
medical and instrumental abortions), and internal endometriosis increased the risk
of early reproductive losses. A high body mass index and a history of over three
unsuccessful ART cycles increased the risk of early reproductive losses. A
combination of late reproductive age with over 10 years of infertility, over three
unsuccessful ART cycles, and pelvic surgeries increased the risk of early

reproductive loss.

3.2. Immunohistochemical study of the decidual tissue of aborted material

in early reproductive losses for the detection of ALKS protein expression
We were the first to perform an immunohistochemical study of the decidual
tissue of aborted material in early reproductive losses to detect ALKS protein
expression. Decidual tissue obtained after an induced abortion during a normal

pregnancy was used as a control. Tissue samples were obtained from medication-
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induced abortion in women with a physiological course of pregnancy (20 samples)
and from spontaneous abortion after ART (20 samples) in the first trimester of
pregnancy.

Figs. 1-3 show samples of TGFBRI1 in the decidual tissue of the abortive

material from women with early reproductive losses.
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Fig. 1 TGFBRI1 in decidual cells, x400

The results of the immunohistochemical study of the decidual tissue of the
aborted material in the group of women with early spontaneous abortion after ART
showed a statistically significant difference in the degree of positive expression of
ALKS protein in the decidual tissue of the two groups of patients compared to the
decidual tissue of the aborted material in the group of women with normal
pregnancies.

Small endometrial fragments with lymphoplasmacytic stromal infiltration

with an admixture of neutrophilic leukocytes and a moderate number of glands with



76

an Arias-Stella reaction were observed in the uterine cavity scrapings. The Arias-
Stella reaction is a hormone-related atypical endometrial change characterized by
hypertrophy and vacuolization of glandular epithelial cells associated with expressed

nuclear pleomorphism, enlargement, and hyperchromasia.

Fig. 2 Manifested expression of TGFBR1 in a trophoblast of chorionic villi, x400

Characteristic histological features of the Arias-Stella reaction include large
cells with abundant eosinophilic or vacuolized cytoplasm, nuclear enlargement, and
hyperchromasia. The appearance of hypertrophic nuclei can vary widely from round
or ovoid nuclei with a vesicular chromatin pattern to irregular nuclei with a compact
pycnotic pattern. Some variants show prominent intranuclear cytoplasmic
invaginations or pseudoinclusions. The nuclei may protrude into the lumen of the
gland, creating a “spike” appearance. Loss of cell polarity with the appearance of
papillary protrusions and swellings of epithelium is possible. Mitotic activity is

usually absent [50; 51].
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At the same time, in the studied volume of material, there were multiple
fragments of placental tissue represented by chorionic villi covered with trophoblast
with division into syncytio- and cytotrophoblast.

In addition, numerous fragments of decidual tissue with pronounced
dystrophic changes of decidual cells and focal infiltration by lymphocytes and
macrophages with an admixture of neutrophilic leukocytes with foci of small-

globular decay were determined.

Fig. 3 TGFBRI1 in the endometrial gland epithelium, x400

Immunohistochemical positive expression of TGFBRI1 in early spontaneous
abortion after ART was 31.38+11.65 to 39.88+13.8 per field of view (FOV) in
decidual cells; in syncytiotrophoblast cells, from 35.25+8.55 to 43.69+9.34 per FOV;
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in the epithelium of endometrial glands, from 24.31+7.25 to 30.75+7.46 per FOV;
and in endometrial stromal cells, from 3.63+2.73 to 6.06+£3.19 per FOV (Table 16).

Table 16
Comparison of TGFBR1 positive expression levels in decidual tissue in normal

pregnancy and early spontaneous abortion

Tissue Group P
SG (n=20) CG (n=20)
min Max min Max

Decidual 31.38+11. <0.001

39.88+13. | 48.5+12. 59774143
cells 65 8 4
SYNCytolrop | 35 55,8 5 | 43.69+9.3 | 52.13+7. | 63.52+10.1 | ~0-001
hoblasts 5 4 9 4
Endometrial <0.001
gland 24.3?:7.2 30.7?:7.4 38.4615.6 41.5148.14
epithelium
Endometrial <0.001
stromal 3.63+£2.73 | 6.06+3.19 34'351i8' 40.52+10.7
fibroblasts

Immunohistochemical positive expression of TGFBR1 in normal pregnancy
was 48.5+12.4 to 59.77+14.3 per FOV in decidual cells; 52+12.4 to 59.77+14.3 in
syncytiotrophoblast cells; 13£7.9 to 63.52+10.14 per FOV; in endometrial gland
epithelium from 38.4+5.66 to 41.51£8.14 per FOV; and in endometrial stromal cells
from 34.31+£8.5 to 40.52+10.7 per FOV (Figs. 4-7).
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Scatterplot of Var2 against Var1
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Immunohistochemical positive expression of TGFBR1 in decidual cells of

women with early spontaneous abortion after ART was 31.38 to 39.88 per FOV.
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Scatterplot of Var4 against Var3
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Fig. 4. Comparison of TGFBRI1 positive expression levels in decidual tissue of

women with normal pregnancy and early spontaneous abortion (decidual cells)



81

Scatterplot of Var6 against Varb
Spreadsheet1 10v*20c

Var6 = 7,832+1,0275*x
65 . .

60

55

50

45 |

Var6

40 |

35t

30

251

20

10 1I5 2I0 2I5 3I0 3I5 4I0 4I5 50
Var5
Study group
Immunohistochemical positive expression of TGFBRI1 in
syncytiotrophoblast cells of women with early spontaneous abortion after ART

was 35.25 to 43.69 per FOV



82

Scatterplot of Var8 against Var7
Spreadsheet1 10v*20c
Var8 = 25,303+0,7344*x

90

30

35 40 45 50 55 60 65 70 75
Var7
Control group
Immunohistochemical positive expression of TGFBRI1 in

syncytiotrophoblast cells of women with normal pregnancy was 52.13 to 63.52 per

FOV

Fig. 5. Comparison of TGFBR1-positive expression levels in decidual tissue of
women with normal pregnancy and early spontaneous abortion

(syncytiotrophoblast cells)
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In all parameters, immunohistochemical positive expression of TGFBR1 was
several times higher in normal pregnancy than in early spontaneous abortion after
ART (<0.001).

The obtained results were used to compare the expression level of TGFBR1

in the study group and the control group (Fig. 8).
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Fig. 8. Estimation of TGFBRI1 positive expression area in the cells of the studied

abortive tissue

The analysis of the study data showed that TGFBR1 expression in SG women
with early spontaneous abortion after ART was significantly lower compared to CG
patients with normal pregnancy (p<0.001).

The minimal TGFBR1 expression area was observed in endometrial stromal
cells in the SG women (3%), whereas in the CG, this parameter was 37% (p<0.001).
Somewhat higher rates were obtained in endometrial gland epithelium (29%); in the
CQG, the rate was 41% (p<0.001). The average rates of TGFBR1 positive expression
were found in decidual cells (33%); in the CG, this parameter was 52% (p<0.001).
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The maximum ability to express TGFBR1 was noted among the SG women in
syncytiotrophoblast cells (38%); in the CG, this parameter was 78% (p<0.001).
Analysis of the obtained data of the immunohistochemical study of abortive
material provided reliable evidence that the decreased TGFBR1 expression area in
the SG women compared with CG women indicated a skew of Th1/Th2, which
affected the content of natural killer cells, leading to early fetal lethality because of
severe vascular defects. Endothelial chemical compounds ensure the interaction of
endotheliocytes with blood-forming elements and plasma components [52].
Chronic hypoxia significantly affects endotheliocyte metabolism causing
ischemia. At the first signs of hypoxia, the synthesis of active oxygen-containing
metabolites, which inhibit vasodilatory mechanisms, begins to increase. In
conditions of permanent ischemia, there is a decrease in the synthesis of vasodilatory
factors, which leads to vasoconstriction. This makes successful implantation in

women with induced pregnancy impossible.

3.3. Prognostic and clinical significance of ALKS protein expression in
the profile of early reproductive losses after assisted reproductive technologies

For a long time, it was believed that the endometrium played a passive role
during implantation, allowing it to “attack™ the invading embryo. In fact, recent
studies have shown that the endometrium and its decidual cells play a much more
active role, encapsulating the early embryo to determine its potential for
development and a healthy pregnancy. In turn, the decidual cells can adapt and
support a slightly “weaker” embryo, allowing implantation .

Although many studies provided terrific insight into the role of TGF-f
superfamily signaling pathways in physiological and pathophysiological processes,
the role of TGF-B signaling pathways in many aspects of reproduction remains
largely unknown. To address these functions in women, the author of this study

compared aborted tissue from women with spontaneous abortion after ART with
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aborted tissue from normal pregnancies to assess the effect of TGF-B receptor type
1 (TGFBRI1) positive expression on the probability of early reproductive loss. It was
demonstrated that the lack of TGF-f signaling through TGFBRI in decidual tissues
(low percentage of positive expression) led to abnormal pregnancies. TGFBR1 null
tissues are embryonically lethal because of severe vascular defects [220].

A study on the detection of TGFBRI1 localization and expression in the
decidual tissue of normal pregnancy and early spontanecous abortion by
immunohistochemistry showed that TGFBR1 had different degrees of positive
expression in the decidual tissue of two groups of patients, stained brown-yellow or
brown, mainly localized in the cytoplasm of decidual cells. It was found that the
level of positive TGFBR1 expression was lower in the decidual tissue from women
with early spontaneous abortion, whereas in normal pregnancy, the level of positive
TGFBRI expression in the decidual tissue was significantly higher (p<0.001).

A strong correlation was revealed between the development of early
spontaneous abortion and TGFBR1 expression levels in decidual tissue (r=0.622),
syncytiotrophoblast cells (r=0.778), endometrial gland epithelium (r=0.774), and
endometrial stromal fibroblasts (=0.867) .

Thus, the obtained data suggest that TGFBR1 (ALKY) is probably important
for the activation of NK cell progenitors and differentiation of uNK cells at
implantation sites. TGFBRI1 is important for TGF B/ALKI1 signaling. Endothelial
cells devoid of ALKS are deficient in TGF B/TGFBR1-induced responses.

ALKS mediates TGF-B-dependent recruitment of ALKI to the TGFbeta
receptor complex; and ALKS kinase activity is required for optimal ALK activation.
The TGFbeta type II receptor is also required for TGF-fB-mediated activation of
ALK1. Reduced levels of ALKS protein expression in the decidual tissue are
associated with an imbalance of Th1/Th2 and affect natural killer cells, resulting in

early embryonic lethality due to severe vascular development defects.
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Increased TGFBRI in the basal decidua may play an important role in the
induction of immune tolerance; and pregnancy loss may be caused by decreased

TGFBRI1 at the implantation site. This makes successful implantation impossible.
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Chapter III summary

The study results showed that there was a direct correlation between early
reproductive losses and the age of over 35 years in pregnant women in the main
group, which is explained by the high rate of extragenital pathology and a significant
percentage of intrauterine manipulations of diagnostic and therapeutic nature before
planning an ART program, which result in endometrial receptor dysfunction.

The leading cause of infertility among the examined women was the
combined factor of infertility (44.2%), the second place among the causes of fertility
loss was taken by the tubal-peritoneal factor (30.8%), and endocrine infertility
accounted for 25%. The parameter with the most specific weight was 3—5 years of
infertility (45%), in the SG — 46.7%; in the CG — 43.3%. The SG women were
diagnosed with secondary infertility in 61.67% of cases; the CG women — primary
infertility (68.3%) (p<0.001).

The retrospective analysis of the therapeutic techniques to restore fertility
indicated a probable association of the risk of early reproductive losses with the ICSI
technique.

Analysis of the nature and pattern of extragenital pathology in women after
ART revealed a group of inflammatory diseases of the urinary system with a
subclinical course, which were most frequently found in patients with early
reproductive losses after ART (33.3%).

The statistically significant factors of early reproductive losses in women after
ART were uterine fibroids, vaginal inflammatory processes and cervical pathology,
surgical interventions on the pelvic organs, abdominal cavity, and endometriosis.
The presence of chronic infections foci, which have a latent course and are
associated with inflammatory processes of the female genitalia (36.7%) and
untreated cervix pathology (30%), significantly affects the risk of early reproductive
losses in women after ART.

Histologically verified placental dysfunction is probably associated with the

increased proliferative activity of Th1-lymphocytes due to the critically low positive
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expression of TGFBR1, which disrupt vascular bed formation, damage placental
tissue, and redirect the immune response from Th2-type to Thl cytotoxic activation,

which is manifested as immunological aggression of the maternal body toward the

fetus.
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CHAPTER IV. ANALYSIS AND SUMMARY OF THE RESULTS

In recent years, a significant number of publications on the association
between spontaneous abortions in early pregnancy and endotheliopathy,
immunological, immunogenetic, hemostasiological, and hormonal disorders have
appeared [29]. The experience of numerous studies conducted on this subject in
recent decades allowed for a significant increase in the understanding of the etiology
of this condition.

It i1s believed that the following factors play a significant role in the
development of early reproductive losses: immunological causes (predominance of
T1 response), maternal clotting system disorders, persistence of bacterial and viral
infection, chronic endometritis, and others [38; 25]. Despite a wide discussion of
clinical significance, the features of etiopathogenesis of early reproductive losses in
women with induced pregnancy are described in sporadic papers, and there is no
common opinion on this issue among researchers. Numerous aspects of pregnancy
failure and early reproductive losses after ART are controversial and require further
study.

Therefore, given the above, the author believes that a detailed study of this
condition will make it possible to provide a more rational approach to the diagnosis,
prevention, and pharmacotherapy of conditions that contribute to early reproductive
losses, which will prevent reproductive losses and increase the effectiveness of the
ART program.

According to the current publications [19], pregnancies after ART are
classified as high obstetric risk, which has several characteristic features of the
gestational process. The phenomenon of the “coexistence of genetically non-
identical” maternal and fetal organisms is realized through the mechanism of
immunological tolerance, which is maintained by a constant cytokine balance [35].

When the balance of proinflammatory and anti-inflammatory cytokines in
women with restored fertility is disturbed, the mechanism of pregnancy failure with

the induction of early reproductive losses is realized. The studies' results
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demonstrate a direct correlation between early reproductive losses and the age of
over 35 years in the main group of pregnant women (p<0.05), which is explained by
the high rate of extragenital pathology and a significant rate of diagnostic-
therapeutic intrauterine manipulations before planning an ART program, which
result in endometrial receptor dysfunction. The vast majority of patients in the
present study were 30—40 years old (47-78.3%), whose pregnancies occurred after
the therapeutic ART programs. The average age difference was about 3 years, the
SG patients were on average 5 years older than the CG women.

The analysis of the primary documents showed that the leading cause of the
use of ART among the examined women was the combined factor of infertility
(44.2%), the second place among the causes of fertility loss was taken by the tubal-
peritoneal factor (30.8%), and endocrine infertility was registered in 25%. The most
significant factor was 3—5 years of infertility (45%), in SG —46.7%; in CG — 43.3%.
The SG women were diagnosed with secondary infertility in 61.67% of cases, while
in the CG, primary infertility was observed in 68.3% (p<0.001).

A retrospective analysis of the therapeutic techniques to restore fertility
revealed a probable association of the risk of early reproductive losses with the ICSI
technique. The number of patients who had ICSI was 47.5% (58.3% in the SG and
36.7% in the CQG), IVF — 39.12% (26.7% in the SG and 51.67% in the CG), IUI —
9.17% (11.7% in the SG and 6.7% in the CG), blastocyst transfer into the uterine
cavity — 4.17% (3.3% in the SG and 5% in the CQG). A retrospective analysis of the
therapeutic techniques to restore fertility in the women who were included in the
study revealed a probable association of the risk of early reproductive losses with
the ICSI technique.

According to international publications, the effectiveness of infertility
treatment ranges from 23% to 47% [138], so women with a history of infertility,
especially when it lasts over 5 years, have to undergo repeated cycles of ART. In the
main group, the total number of ineffective ART cycles was 16.9%, while in the

control group, it was 2.4%. Most authors who deal with this topic are convinced that
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each subsequent unsuccessful attempt to use ART reduces the chance of achieving
the desired pregnancy in the next cycle by 16.3% [66].

Analysis of the professional affiliation and occupation of pregnant women did
not reveal statistically significant differences between the groups, but the larger
share of patients who were engaged in intellectual work draws attention. There is
also a tendency for a higher percentage of women who were engaged in physical
labor among SG patients, but no statistically significant level between the main and
control groups was achieved.

It was impossible to analyze the presence of bad habits, because this
information was not available in the medical records of the studied women.

The evaluation of the weight of pregnant women according to the BMI
revealed no significant differences between the main group and the control group
(p>0.05) among women with different BMI values.

Analysis of the nature of the menstrual cycle revealed that the mean age of
menarche in women in the SG was 12.7+1.1 years old compared to 11.8+1.3 years
in the CG (p>0.05). The menstrual cycle was established immediately in the vast
majority of women (p>0.05).

The study of the functional features of the menstrual cycle did not reveal a
direct correlation between the character of its disorders and the occurrence of early
reproductive losses after the therapeutic programs of ART. Painful menstruation was
observed in 35 (58.33%) SG patients and 28 (46.67%) CG patients (p>0.05). The
average duration of the menstrual cycle before infertility treatment with the ART
methods was 28+2.5 days in SG patients, 27.6£2.5 days in CG patients (p>0.05).

The presence of gynecological pathology in the vast majority of women with
early reproductive losses revealed no direct correlation with such conditions as
congenital malformations of the female genitalia. Statistically significant factors of
early reproductive losses in women after ART were uterine fibroids, vaginal
inflammatory processes and cervical uterine pathology, surgical interventions on the

pelvic organs, abdominal cavity, and endometriosis. The presence of foci of chronic
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infections that are latent and associated with inflammatory processes in the female
genitalia (36.7%) and untreated cervix pathology (30%) considerably influenced the
risk of early reproductive losses in women after ART.

Analysis of the nature and pattern of extragenital pathology in women after
ART allowed identifying a group of inflammatory diseases of the urinary system
with a subclinical course, which were most frequently found in patients with early
reproductive losses after ART (33.3%): asymptomatic bacteriuria, chronic
pyelonephritis, and recurrent cystitis in the anamnesis.

The consequences of previous pregnancies in women with secondary
infertility indicate the presence of significant risks of obstetric and perinatal
complications in SG patients compared to the CG. The statistics of the rates of
pregnancy loss (SG — 13.3%, CG — 15%) speak in favor of a burdened reproductive
history in the women of the study groups. It should be mentioned that there was a
high rate of spontaneous abortions in the SG (18.3%) (p<0.01).

The obtained clinical and anamnestic data allowed evaluating the significance
of the leading factors and predicting the risk of early reproductive losses in women
after ART:

1. Age over 35 years old.

2. An excessive body weight of 30 kg/m? or more.

3. Disorders of the ovario-menstrual cycle in the form of a duration of
over 28 days.

4. Uterine fibroids.

Inflammatory processes of the vagina.
Pathology of the cervix.
Separations of adhesions.

Endometriosis.

o ®

Diseases of the urinary system (chronic).
10.  Metabolic syndrome.
11.  Period of infertility over 10 years.
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12.  Secondary infertility.

13.  Artificial abortion in the anamnesis.

14.  Spontaneous abortion in the anamnesis.

15.  ICSI (intracytoplasmic sperm injection) method of ART.

16.  Three or more unsuccessful ART cycles.

All of the above suggests that early reproductive losses after ART are a
consequence of a large number of pathological causes, often involving a variety of
pathophysiological pathways, so it is not always possible to identify a dominant
etiological factor using existing diagnostic methods.

The next stage of this study was to determine the significance of ALKS protein
expression in the decidual tissue of abortive material in early reproductive losses
after ART. For this purpose, the author compared the abortive material of SG women
(20 patients) who had early reproductive loss after ART and CG women (20 patients)
after an artificial abortion performed during a normal pregnancy.

Progress in immunology over the last decade has formed the basis for a new
branch of medicine, reproductive immunology, which studies the role of
immunological factors and mechanisms during pregnancy, as well as immune-
mediated complications of the gestational process.

The use of the latest diagnostic tools and techniques in routine medical
practice may be the key to addressing the issue of priority gynecological tactics for
early reproductive losses in women with the “immunological paradox” (induced
pregnancy). Besides, it provides an opportunity to obtain an answer regarding the
features of the immunological status of patients with early reproductive losses after
ART.

There is no systematized information on the pathogenetic relationship
between immunological balance and cytokine profile disorders and -early
reproductive losses after ART, and there is no possibility of their prognosis based

on monitoring serum immunological homeostasis indices.
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Pregnancy failure is a polyetiological complication of the gestational process,
the important factors in the emergence of which are immune regulation disorders
implemented in the imbalance of biologically active mediators of immune and
intercellular cytokine interactions [1; 3; 8; 10; 15; 18; 20; 34; 42; 54; 79].

The immunological relationship between the maternal body and the fetus is
characterized by a dynamic equilibrium, with the fetus receiving its own immune
competence and passive immunity from the mother. The intensity of immune
reactions during pregnancy has a wide range and depends on the individual,
genetically determined, and immunological resistance of the woman [73].

The studies of the pathogenetic relationship between cytokine profile
disorders and cellular-humoral immunoreactivity in the mechanism of early
reproductive losses in induced pregnancy are of particular interest to researchers.
Undoubtedly, the modified immunoreactivity of the maternal body is reflected in the
impaired cytokine balance.

The endometrium is a complex multicellular tissue that undergoes dynamic
remodeling to create a microenvironment suitable for maintaining pregnancy.
Pregnancy is a complex process that involves separate events, including
decidualization, implantation, and placentation. The endometrium/decidua is rich in
immune cells, particularly uNK (natural killer) cells and macrophages, which
originate in the bone marrow and selectively pass through the bloodstream to the
uterine mucosa.

During the first 20 weeks of pregnancy, uNK cells and macrophages play a
crucial role in mediating the transformation of the spiral artery, causing initial
structural changes and secreting a number of cytokines and chemokines. Another
distinct and functionally important group of cells includes decidual stromal
fibroblasts (DSCs), which represent 10-30% of the decidual cells in the first
trimester and up to 60—70% of the decidual sheath cells.

Decidualization refers to the functional and morphological changes that occur

in the endometrium, with the formation of a decidual layer, which the blastocyst is
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implanted into. These changes include the involvement of leukocytes and,
importantly, the differentiation of endometrial stromal cells into decidual stromal
cells.

It is the ability of endometrial stromal cells to differentiate into this alternative
state that seems to be the key element of the decidual transformation. Decidual
stromal cells are a distinct cell type resulting from terminal differentiation and
genetic reprogramming of endometrial stromal cells. This reprogramming involves
the suppression of genes involved in the proinflammatory response and resistance to
tissue invasion, along with increased expression of genes that promote cell
proliferation, tolerance, and tissue invasion [59; 210].

Proper decidualization controls conception and the course of pregnancy and
1s crucial to a successful pregnancy. There is increasing evidence that
biochemical/metabolic factors are important for decidualization. For example,
several autocrine/paracrine factors, including interleukins such as IL-1f, IL-11, and
leukemia inhibitory factor (LIF), and transforming growth factor-f (members of the
TGF-p superfamily, such as activin, TGF-1, morphogenesis protein (BMP2), and
determination factor 2 (LEFTY2) appear to be important for maintaining the
decidualization process, stimulating the transmission of cAMP and ECM signals,
regulating angiogenesis, and supporting embryo implantation [71].

Recent studies proved the activation of the female immune system for the
physiological course of pregnancy with the realization of an immunomodulatory
effect. The presentation and identification of induced pregnancy by the immune
system occur through the activation of a group of genes that are responsible for the
production of progesterone receptors on NK cells and lymphocytes [61; 86; 109; 122;
137; 149].

In the normal course of the gestational process, lymphocytes and CD56+-
producing progesterone-inducing blocking factor (PIBF) are activated, which
prevents excessive natural killer activity by the formation of granular CD16+CD56+

subpopulation lymphocytes that have little cytotoxic potential. Maternal immune
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response regulation in this variant is mediated by cytokines IL-4, IL-5, IL-6, IL-10,
IL-13 and is directed by the Th2 pathway.

When progesterone is insufficient or its receptor expression is partially
blocked, PIBF synthesis gets impaired. In such a case, the maternal immune
response to the fetus is characterized by the formation of lymphokine-activated killer
cells, which carry CD16+CD56+ markers on their surface, while the production of
proinflammatory cytokines IFN-y, IL-2, IL-12, and IL-18 with a Thl pathway
immune response increases. Proinflammatory cytokines take part in cell-mediated
cytotoxicity reactions. In the Thl mechanism of the immune response,
proinflammatory cytokines have a direct cytotoxic effect on the fetus [79].

A latent and prolonged course of the immune response during Th1 pregnancy
progression gradually changes the effector potential of the immune system cells
toward impaired sensitivity of lymphocytes to secondary stimuli. This phenomenon
is called the Prime effect on immunocompetent cytokine cells in increased
concentration. The Prime effect creates conditions for decreasing the threshold
sensitivity of immunocompetent cells to endogenous stimuli. Most often, such
proinflammatory mediators as cytokines, acute phase proteins, and growth factors
act as priming agents [93; 126; 132; 203; 213].

Pregnancy after ART in women with hypersensitivity of the immune system
cells to endogenous stimuli has a Prime effect with the proinflammatory direction of
immune reactions and hyperactivation of lymphocytes. The damaging effect of the
protective mechanisms of immune response affects not only the pathogenic factor
but also the cells of the own immune system. So, in this case, the immune defense
mechanism loses its protective effect and becomes the leading link in the
pathological process. The immune system, which is essentially a system of
integrative regulation and protection, turns into a performer and a target
simultaneously for the aggressive substances produced by the system itself. The
synthesis of these substances goes out of control and becomes a predictor of

pregnancy loss.
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Many authors believe that [112] the immunological shift in women with
restored fertility after ART comprises the formation of an insufficient Th2-response
and hyperactivation of Thl-lymphocytes with a population of natural killers.
Distortion of immunological tolerance leads to a fetotoxic effect through the system
of mediators of activated NK cells and Th1-lymphocytes (IL-2, TNF-a, IFN-y) [96].
At the same time, the content of IL-10, IL-8, and IL-6 increases and the level of anti-
inflammatory cytokines IL-10 and IL-4 decreases [88; 177; 188].

The immunomodulatory effect results from the direct action of progesterone-
induced blocking factor, which suppresses the Thl-type hyperreactive immune
response and changes the cytokine profile of activated lymphocytes. The success of
pregnancy prolongation depends on the balance of the major mediators of maternal-
fetal immune system cell interactions, proinflammatory cytokines (Th1-type), and
anti-inflammatory cytokines (Th2-type). The cytokine system is a “network” in
which cells are constantly cooperating. Both the type of immune response and the
processes of differentiation of immunocompetent units depend on the balance of cell
mediators [82; 124; 154; 162; 187; 194].

The regulation of anti-inflammatory cytokine synthesis during physiological
pregnancy is aimed at restructuring intercellular interactions to create optimal
conditions for the functioning of maternal organs and systems to carry a genetically
alien fetus. During physiological pregnancy, decidua secretes anti-inflammatory
cytokines of Th2-type (IL-4, IL-5, IL-10), and the excessive concentration of Thl-
type cytokines (IL-2, IL-8) leads to an immunological attack of the maternal body
on the fetoplacental complex. Such “conflict” of the two systems results in a
“disaster” of one of them, namely, pregnancy failure and early reproductive losses
[172].

Analysis of the results has confirmed that the realization of the biological
effects of cytokines is based not only on a sufficient level of secretion of anti-

inflammatory agents, but also on the balance of ligand-receptor interactions,
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violations of which lead to high cytotoxic activity of large granular uterine
lymphocytes and fetal rejection [43; 136; 165; 195; 205; 227].

Decidualization is a complex biological process in which extensive
morphological, functional, and genetic changes occur in endometrial stromal cells
that contribute to the development of the implanting blastocyst. Decidualization is
the process of proliferation and differentiation of uterine stromal cells in response to
the implantation of the extraembryonic/embryonic unit and is necessary to support
embryonic growth until the placenta is established.

Uterine spiral artery remodeling is a maternal adaptation process that is crucial
for the creation of a fully functional placental unit. During spiral artery remodeling,
fetal trophoblast cells infiltrate the decidua and its blood vessels, and the uterine
spiral arteries are transformed from narrow to large channels to increase maternal
blood flow to the implantation sites and facilitate the growing fetal nutrition and
oxygen requirements. Failures in this process (e.g., shallow invasion of the
trophoblast and incomplete remodeling) cause decreased blood flow to the
fetoplacental unit and are associated with common pregnancy complications such as
recurrent miscarriage, fetal growth retardation, and preeclampsia [36; 47; 63].

Decidualization is coordinated by steroid hormones, growth factors, and
molecular and epigenetic mechanisms. Transmission of signals of the TGF-j3
superfamily regulates various reproductive processes. However, the role of TGF-3
signaling in uterine decidualization is understudied [47].

Endometrial differentiation primed with estradiol (E2) occurs after a
postovulatory increase in progesterone (P4) during the secretory phase of the
menstrual cycle. During decidualization, cellular and molecular changes occur as
endometrial stromal cells transform from fibroblast-like cells into large polygonal
cells rich in cytoplasmic glycogen and lipid droplets. Stromal cell polyploidy is a
unique phenomenon that occurs during the differentiation of decidual cells after
blastocyst implantation [81; 89; 92; 115; 185; 206; 212]. Factors secreted by

decidual cells include prolactin (PRL) and insulin-like growth factor binding
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protein-1 (IGFBP-1), which are key regulators of decidualization and are widely
used as markers of decidualization [70]. The ovarian steroid hormones (E2 and P4)
play a fundamental role in blastocyst implantation and uterine decidualization. It is
increasingly recognized that PGR receptor signaling is of primary importance for
blastocyst implantation, uterine decidualization, and pregnancy maintenance [83].

Growth factors are signaling protein molecules that stimulate cell growth,
proliferation, regulation, and interaction. Growth factors play a key role in the
control of proliferation and differentiation of various cell types, specific immunity
activation, inflammation regulation, angiogenesis, neuronal function, tissue
regeneration and embryonic development.

Transforming growth factor beta receptor I/actin-like kinase 5
(TGFBRI1/ALKSY) is a receptor protein kinase associated with a dysfunctional
immune response. CD4 + CD25 + FoxP3 + regulatory T cells (Tregs), a unique
subpopulation of T cells, play a crucial role in tolerance and prevention of
autoimmune reactions and in the success of allogeneic organ transplantation [66].
During pregnancy, Tregs are essential for the tolerance of the maternal immune
system to the semi-allogeneic embryo. Modulation is mediated either through
intercellular contact or through the secretion of immunosuppressive cytokines such
as [L-10 and TGF- B [60; 68; 87; 91; 131; 151; 200].

In the first trimester of pregnancy, embryo implantation, decidualization, and
vascular modification, including spiral artery remodeling, are key events in
establishing a successful pregnancy. Vascular endothelial growth factor (VEGF) is
one of the key factors in capillary formation. VEGFA is produced in almost all
tissues and increases vascular permeability and endothelial cell proliferation.

TGFBI acts as an antagonist of VEGF in cell proliferation and induction of
apoptosis. TGFB promotes wound healing processes and suppresses the
proliferation and migration of smooth muscle and endothelial cells. Almost every
cell in the body produces TGFB and its receptors. However, TGFB has an inhibitory

effect on the immune system, hematopoiesis, synthesis of pro-inflammatory
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cytokines, lymphocyte response to IL2, IL4, IL7, and formation of cytotoxic NK and
T-cells. Studies showed that apoptosis increased in the endometrium during
implantation and decidual tissue regression. It was shown that mRNA for TGF-B1
was present in the uterus during pregnancy and was localized in lumenal and
glandular epithelial cells in early and late pregnancy [118; 214; 225]. TGF-B1 and
TGF-B2 mRNA were also detected in the uterus during pregnancy [97; 102; 129;
197; 122]. These studies suggest that TGF-3 isoforms may be specifically involved
in the control of endometrial apoptosis in the uterus during pregnancy.

TGF-B plays a crucial role in the regulation of tissue homeostasis by
controlling various cellular processes such as proliferation, differentiation, and
matrix formation. By binding to various receptors of the activin-receptor kinase
(ALK) family, TGF-B induces intracellular carboxy-terminal (C-terminal)
phosphorylation of receptor-regulated Smad proteins (R-Smad). Phosphorylated R-
Smads form complexes with the common mediator Smad. Smad4 and these
complexes travel to the nucleus, where they bind to DNA to regulate gene
transcription by recruiting transcription factors [135]. The use of different ALKs can
lead to the activation of different R-Smads; activation of ALKS5 (TGFBR1) induces
phosphorylation of Smad2 and Smad3.

As it was shown earlier [7; 26; 65; 111; 150], TGF-B1 induces DNA splitting
in decidual cells. The results clearly demonstrated that TGF-B1 induced apoptosis in
a dose-dependent manner (p<<0.0001). Apoptosis increased up to 20% at 1 ng/mL of
TGF-B1 and up to 30% at 10 ng/mL. Trypan blue staining exclusion assay was used
to check cell viability and death; although this test is not specific for apoptosis, it
shows a direct effect of TGF-B1 on cell survival and viability.

The strong expression of TGF-B1 in early pregnancy may be explained by the
fact that this i1soform is necessary for the initiation of embryo implantation processes
in the peri-implantation period. TGFBR1 was shown to be secreted by blastocyst
cells. Subsequently, the decidual stromal cells and NK cells produce TGFBRI,

which is necessary for the growth and development of trophoblasts. The first signs
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of placental angiogenesis are observed in the third week of pregnancy.
Cytotrophoblast cells intensively express chorionic gonadotropin, which positively
affects angiogenesis and the expression of vascular endothelial growth factor.

Remodeling of the spiral arteries is crucial for normal fetal growth and
development. Disruption of the current stages of implantation and hematopoiesis in
the fetus and mother can usually lead to pregnancy loss. TGFBRI1 is considered one
of the main regulators to monitor regulatory T-cells, which play a crucial role in the
maintenance of physiological immune responses and, in addition, provide maternal
tolerance to fetal paternal antigens [147]. TGF-B regulates cell proliferation,
differentiation, apoptosis, and homeostasis. Therefore, its significant role in the
processes of pregnancy preservation cannot be excluded.

TGF-B superfamily signal transduction plays a pleiotropic role in fundamental
cellular and developmental processes. It was previously established that a complexly
branched network of fetal blood vessels in the labyrinth initially developed as a
result of vasculogenesis, when angioblasts, which were defined in the allantois,
penetrated the chorion to form the fetal labyrinthine vascular network. As indicated
above, failure of chorioallantoic fusion prevents any such vascular development and
1s associated with lethality in midgestation. TGFBRI1 induces the expression of
vascular endothelial growth factor. Fetal vessels undergo extensive branching
through angiogenesis, which promotes placental expansion to meet the growing
needs of the growing fetus.

These processes are regulated by members of vascular endothelial growth
factor (VEGF), placental growth factor (PGF), FGF, WNT, and the TGF-3 and BMP
families. Disruption of such key angiogenic pathways in the placenta has a
significant impact on placental vascularization and is causally associated with
spontaneous abortion because the products of the genes are interrelated in metabolic
pathways. Altering their functioning can cause apoptosis, disruption of blood vessel
formation, and thus, a disruption of syncytiotrophoblast function. Consequently, it

can lead to abnormal angiogenesis and spontaneous abortion.
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According to the results of the immunohistochemical study of the decidual
tissue of abortion material in the group of women with early spontaneous abortion
after ART, the comparison of the decidual tissue of abortion material in the group
of women with normal pregnancy revealed a statistically significant difference in
the degree of TGFBRI1 positive expression in the decidual tissue of the two groups
of patients. The immunohistochemical positive expression of ALKS in decidual cells
of women with early spontaneous abortion after ART was 31.38+11.65 to
39.88+13.8 per FOV; while in normal pregnancy, it was 48.5£12.4 to 59.77+14.3
per FOV (<0.001).

Positive ALKS expression in syncytiotrophoblast cells of women with early
spontaneous abortion after ART was 35.25+8.55 to 43.69+9.34 per FOV; in normal
pregnancy, it was 52.13£7.9 to 63.52£10.14 per FOV (<0.001). Positive ALKS5
expression in endometrial gland epithelium of women with early spontaneous
abortion after ART was 24.31+7.25 to 30.75+£7.46 per FOV; in normal pregnancy,
it was 38.4£5.66 to 41.51+8.14 per FOV (<0.001). Positive ALKS5 expression in
endometrial stromal cells of women with early spontaneous abortion after ART was
3.63£2.73 to 6.06+3.19 per FOV; in normal pregnancy, it was 34.31+8.5 to
40.52+10.7 per FOV (<0.001).

An analysis of TGFBRI1 production depending on the pregnancy outcome
showed that in the group of women with spontaneously terminated pregnancy, there
was a significant decrease in the area of TGFBRI1 positive expression. In
combination with indicators of age, it demonstrated an increased risk of spontaneous
abortion, which may be an additional factor that contributes to microcirculatory and
hemodynamic disorders. Besides, it contributes to an increase in coagulation
potential, causing disorders in the placentation process. Therefore, a decrease in
TGFBRI levels from early gestation may manifest as impaired trophoblast invasion,
which may further lead to the progression of gestational complications, including a
threat of pregnancy termination. The author of this study found a strong correlation

between the development of early spontaneous abortion and TGFBR1 expression
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levels in decidual tissue (r=0.622), syncytiotrophoblast cells (r=0.778), endometrial
gland epithelium (r=0.774), and endometrial stromal fibroblasts (r=0.867).

Thus, histologically verified placental dysfunction is probably associated with
increased proliferative activity of Thl-lymphocytes due to critically low positive
expression of TGFBR1, which disrupts vascular bed formation, damages placental
tissue, and redirects immune response from Th2-type to Thl activation of cytotoxic
link. This manifests as immunological aggression of the maternal body toward the
fetus.

The analysis of the obtained results considering the critical level of positive
TGFBRI1 expression shows that one can confidently state that early reproductive
losses in women after ART are caused by the development of a localized
inflammatory process of hyperreactive Thl-mediated humoral response. The
absence of a modeling restructuring of the maternal immune system in the conditions
of a disrupted dynamic equilibrium of TGFBR1 with a prevalent Thl-mediated
response in women with high obstetric risk pregnancies is a predictor of early
reproductive losses.

The findings of this study demonstrate that there are reserves for therapy and
prevention of obstetric pathology leading to early reproductive losses in women with
induced pregnancy, given the availability of new approaches regarding the
pathogenetic mechanisms of pregnancy loss. The results of this study make it
possible to reconsider the existing views on the etiology and structure of miscarriage,
and argue that the causes of early reproductive losses are universal mechanisms, in
particular, disorders of TGFBR1 expression, which disrupt vascular bed formation,
damage the placental tissue, and reorient the immune response from Th2-type to Th1
cytotoxic activation. This is manifested in maternal immunological aggression

against the fetus, which underlies the development of early reproductive losses.
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CONCLUSIONS

1. The analysis of the anamnesis data showed a weak statistical association
between the occurrence of early reproductive losses and the age of women (r=0.264,
p<0.001) and the duration of infertility (r=0.247, p<0.001) in women in the study
group. Significant factors of early reproductive losses in women in the main group
were inflammatory disorders of vaginal biocenosis (36.67% in the main group and
11.67% in the control group, p<0.001), endometriosis (15% in the main group and
6.67% in the control group, p<0.001), uterine fibroids (11.67% in the main group
and 5% in the control group, <0.05), and cervical pathology (30% in the main group
and 11.67% in the control group, p<0.001). Pregnancies occurred in 58.33% of the
women in the study group after the ICSI treatment program, while only 36.67% of
the women in the control group (p<0.001) got pregnant as a result of the ICSI

technique.

2. Important factors in the development of early reproductive losses in women
after ART are: metabolic syndrome (r=0.438, p<0.001), pelvic surgery (r=0.332,
p<0.001), chronic diseases of the urinary tract (=0.462, p<0.001), secondary
development of infertility (r=0.366, p<0.001), artificial abortion (r=0.327, p<0.001),
3 or more unsuccessful ART cycles (r=0.357, p<0.001), most frequently performed
with ICSI (r=0.222, p<0.001). The most significant combinations of prognostic
factors for the development of early reproductive losses after ART: a combination
of the duration of infertility and a combination of endocrine and tubal-peritoneal

factors (r=0.459); secondary infertility and artificial abortion (r=0.873).

3. TGFBRI1 expression was found to be several-fold higher in normal
pregnancies than in complicated pregnancies after ART (<0.001). The
immunohistochemical positive expression of TGFBRI1 in decidual cells in
complicated pregnancy after ART was 36.3+13.3% of cells per FOV, and 54.1+14.4%
of cells per FOV in normal pregnancy (p<0.001); in syncytiotrophoblast cells in a
complicated course of pregnancy after ART — 39.6+£9.3% of cells per FOV; in a
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normal pregnancy — 57.9+10.7% of cells per FOV (p<0.001); in the epithelium of
endometrial glands at complicated pregnancy after ART —27.5+£7.6% cells per FOV,
at normal pregnancy — 39.9+7.3% cells per FOV (p<0.001), in endometrial stromal
cells at complicated pregnancy after ART — 4.7£2.9% cells per FOV, at normal
pregnancy — 37.4+10.1% cells per FOV (p<0.001).

4. There was a moderate statistical correlation between the development of
early spontaneous abortion and TGFBR1 expression levels in decidual tissue
(r=0.622), syncytiotrophoblast cells (r=0.778), endometrial gland epithelium
(r=0.774), and endometrial stromal fibroblasts (=0.867).

5. Minimal TGFBRI1 expression was significantly less frequently observed
(3%) in endometrial stromal cells in women of the study group than in the control
group (37%) (p<0.001), up to 33% in decidual cells (52% in the control group)
(p<0.001), up to 38% in syncytiotrophoblast cells (78% in the control group)
(p<0.001), and up to 29% in endometrial gland epithelium (41% in the control group)

(p<0.001), resulting in early reproductive loss.
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PRACTICAL RECOMMENDATIONS

The results suggest that there are sufficient reserves for reducing the rate of
early reproductive losses during pregnancy after ART:

1) It is necessary to form high-risk groups for early reproductive losses during
pregnancy after ART at the pre-pregnancy stage according to the identified risk
factors.

2) Risk group should be formed based on the combination of the following
factors: pelvic inflammatory processes and mixed infections, pelvic surgeries and
intrauterine manipulations; tubal-peritoneal sterility; three or more unsuccessful [IVF
cycles.

3) Timely laboratory examination is necessary to include cytokine profile
indices in the preconception diagnostic algorithm, as well as the assessment of
ALKS expression in endometrial tissue or in abortive material in cases of

reproductive losses.
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