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BBEJAEHUE

AKTYaJIbHOCTh TeMbl HccjienoBaHusa. Koppekiusi HapylleHUd MYXCKOIro
PENPOAYKTUBHOTO 3I0POBBSl SIBISAETCS BAXKHEWIIEW, HEPEIMIEHHOM 1O HACTOSLIErO
BpeMEHHU MpoOIeMo 3/ipaBooxXpaHeHusl. TiiaTelbHas OlIEHKA €ro pa3InyHbIX acTeKTOB
JOJDKHA  TMpEeAycMaTpuBaTh  M3YYEHUE  KIMHMYECKHX  aHAPOJIOTHYECKUX U
CEKCOJIOTHYECKUX KOMIOHEHTOB [21, 25, 182, 254].

becruioaue omnpezgensercss Kak HECHOCOOHOCTh Mapbl B JETOPOJHOM BO3pacTe
3agaTh peOCHKa TOCIE OJHOTO ToAa PETYJISIPHONM IOJIOBOM >KM3HU 0€3 TPUMCHCHHS
KOHTpaleniuu. JT1a mnpobiema 3arparuBaeT okoyio 10-20% map B 3KOHOMHUYECKH
Pa3BUTHIX CTpaHax, MPU ITOM 00JIE€ UeM B TPETH CIIy4aeB TOUHYIO IPUUUHY OECIIONUs
YCTaHOBUTh He ynaércs. PeambHas nUarHoCTHKa MYKCKOTO OCCIUIOAMS JOCTATOYHO
CIOKHA, HETOYHOCTh OIICHOK TMPH O3TOM  OOYCJIOBJ€HAa  HEOJIHOPOIHOCTHIO
HCIIOJB3YEeMBIX KIMHUYECKUX moaxoqoB [4, 31, 236]. Tak, B OONBIIMHCTBE CiIy4yacB
JTUAarHOCTHKA OTPAaHWYMBACTCA AaHAJIM30M CIEPMBI, a JICUEHHWE 3aKIoYaeTcs B
UCII0JIb30BAaHUU BCIIOMOTATENBHBIX PENnpoayKTUBHBIX TexHosoruit (BPT) [59, 189]. B
CBSI3M C DTHM PsiJl aBTOPOB B HACTOSIIEE BpEeMsI IPUXOAT K BBIBOY, YTO OMPEICICHHE
«UTUOTIATUYECKOTO» WU «HEOOBSICHUMOT0» OECIUIONusi CleIyeT OTpaHWYuBaTh U
UCIIOJIb30BaTh TOJIBKO B CIIy4asiX, KOTJla MpOBEJCHA TIaTeiabHas auarHoctuka [38,
293].

ITomumo Takmx  3a0oyieBaHWM, KaK BapuKomene MW JIPYrdX  YEeTKO
OXapaKTEePU30BAHHBIX BPOXKIACHHBIX WM TNPUOOPETCHHBIX MPUYWH OCcCTuionus, Ha
MYKCKYH0 (PEpTHJIBHOCTh MOTYT CYIIECTBEHHO BIUATH (aKTOphl oOpa3a >KHU3HH,
BKJIIOYAs IMHUIIEBBIC MPHUBBIYKK, KypeHHe W ymorpeOnaeHue ankorois [15, 48, 226],
BO3JICHCTBHE DKOJOTHYECKUX (DAKTOPOB, B YACTHOCTH, SHJIOKPUHHBIX JIU3PANTOPOB,
CBS3aHHOE C TIPOM3BOJICTBEHHOM NEATENbHOCThIO uenoBeka [36, 40, 254], a taxxke
MeTabonuueckue Hapyiienus [186].

AKTyaabHBIM HaNpPaBJICHHEM TIPEJCTABISCTCS IOBBINICHHE S(PPEKTHBHOCTH
CKPUHUHTA MYXCKON MH(PEPTUILHOCTH, B TOM YHCJI€ C UCIIOJIH30BAHUEM COBPEMEHHBIX

7a00paTOPHBIX METOJOB HA OCHOBE ONPEJEICHUS PA3NIMYHBIX OMOXMMHUYECKHX,
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UMMYHOJIOTHYECKHUX U MOJIEKYyJIsIpHBIX MapkepoB [49, 208, 256]. Ha cerogusmnuii 1eHb
B YPOJIOTUYECKON MPAKTHKE MPAKTUYECKH OTCYTCTBYIOT HAJIEKHBIE METOJbl TOYHOU
JMAarHOCTUKU MYKCKOro O€cCIiofusi, OCHOBAaHHbIE HA HCIOJIb30BAHUU MOCIETHUX
JOCTHKEHU HWMMYHOJIOTUH, MOJEKYJISpHOH OHMOJOTMU M TeHeTHKH. B uacTHOCTH,
BHUMAaHHE  CIEIMAIUCTOB B 3TOM  BONPOCE MPUBICKAIOT  XapaKTEPUCTUKHU
MUKPOOHOJIOTUYECKOTO MeH3axa dAKyJIATa.

CreneHb pa3paGoTaAaHHOCTH TeMbl McCie10BaHUsl. PerpoayKius — CIOXKHBIN
Ipollecc, B OCHOBE KOTOPOTO JICKHUT B3aUMOJEHCTBUE SHIOKPUHHOW, WMMYHHOMN
CHCTEM OpraHu3Ma yenoBeka U MUKpOOHOTH [274, 309]. TecTUKynApHBI UMMYHUTET
XapaKTEepHU3yeTCsl TaK Ha3bIBAEMOW MMMYHHOW NpPHUBWIIETHEH, KOTOpas 00ECredyrBacT
OTCYTCTBHE€  ayTOMMMYHHBIX  aTak  IpPOTUB  OEJKOB,  HKCIPECCUPYEMBIX
cnepmartozounmamu [147, 212, 297, 301]. Pesymprarel psma HCCICIOBaHUMN
IPOJAEMOHCTPUPOBAIN KU3HEHHO BAXKHYIO POJIb MUKpOOHMOMa uejoBEKa HE TOJIBKO B
OTHOILIEHUU Pa3BUTHs, HO M B MNPEAOTBPAIICHUN BO3HUKHOBEHHUS IIMPOKOTO CIIEKTpa
3a00J1eBaHUH - OT 0)KMPEHUS U META00IMYECKOTO0 CHHIPOMA JI0 SHTEPOKOJIUTA, O0JIE3HU
[TapkuHCOHA U 1a)Ke TAKMX COCTOSHUM, Kak aenpeccus [25, 162, 167, 207].

B mHacrosimee Bpemss B HauOollee W3YYCHHOHW B OpraHU3Me 4YellOBeKa
MPEICTABIACTCSI MUKPOOMOTA KUIlIeuHHUKa. MIMeHHO eff OTBOAMTCS BakHEMIas poJyib B
naToreHese psijia 3a00JieBaHUM, COMPOBOXKIAIOIIMXCS BOCHAIMTEIbHBIM MPOLIECCOM U
peaknusIMM HMMMYHHOW cucteMbl [124, 125]. Jloka3aHo, 9YTO CHMOHMOTHYECKHC
OTHOILIEHUSI MEXAYy KUIIEYHOH MUKPOOUOTON U APYTUMHU OaKTEPUSIMH MOTYT BIUSTH Ha
BBIPXEHHOCTh U HAMPABICHHOCTh MMMYHHOTO OTBETa, OOYCIIOBIHMBAas B HEKOTOPBIX
Cllydasix pa3BUTHE ayTOMMMYHHBIX MIPOLIECCOB. B TO ke BpeMsi poiib MUKPOOPTaHU3MOB
MOUEBBIBOAIIMX IMyTeH H3y4€HA HEJOCTATOYHO, COCTaB M CBONCTBA MHKPOOHOTHI
YPOTEHUTATBHOTO TPAKTa OCTAIOTCS MPEAMETOM JUCKYCCHM, aKTUBHO MPOBOJISATCS
WCCJIEIOBAHMSI TI0 U3YYCHHIO ee MHororpanHoi ponu [17, 195, 335]. K nHactosmemy
BPEMEHH MOKa3aHO, YTO PsI MUKPOOPTaHU3MOB 00JIaAal0T 3alIUTHBIMU CBOWCTBaMHU B
OTHOIIIGHWW  ypOMAaTOTeHOB, YTO OOecrmeunmBaeTcsi, HampuMmep, MNPOAYKIIHEH
AHTUMHUKPOOHBIX MENTHIOB WM JPYTrUX HNPOTUBOMHKPOOHBIX COEIWHEHUH, KOTOphIE

00JIaar0T OAKTEPUOCTATHUECKUMH WM OaKTepUIMIHbIMU cBovicTBamH [ 10, 310].
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OO6uienpru3HaHHO, YTO MUKPOOPTAHU3MBI, TPUCYTCTBYIONINE B MOYEBBIBOISIIINX
OyTsX, KaK W B JPYrUX O0O0JAacTIX OpraHuW3Ma, BIHMSIOT Ha aHATOMHYECKUE U
bu3HONIOTHYECKNE XapaKTEPUCTHKU TKAaHEH, KOTOPhIE OHU KOJOHU3HUPYIOT, Y9aCTBYIOT
B PEryJSIIUM psiia PYHKIMIA, B TOM yncie penpoayktuBHoit [133, 134, 136, 312]. Oro,
B CBOIO O4Y€pe/lb, CBUACTEILCTBYET O BAXHEHUINIECH PO MHUKPOOMOTH MOUYEBBIBOISIIINX
yTel U perpoyKTUBHBIX OPTaHOB KaK B MATOT€HE3€ HAPYIICHUH (epTUIHHOCTH, TaK U
B MEXaHU3MaX €€ COXpPaHEHUS U BOCCTAHOBIICHHUSI.

CrnemyeT OTMETHTh, YTO MHUKPOOHBIN MuCOANaHC, BBISBISEMBIA TPU IIHUPOKOM
CHeKTpe 3a00JeBaHMUN YPOJIOTHYECKOTO TpaKTa, HEPEAKO SBISETCA KIIOYEBBIM
sTHONIOTHYECKUM (hakTopoM ux paszeutus [69, 131, 329]. BeuiBiacHHe MOTOOHBIX
(bakTopoB U pa3pabOTKy MOJXOJ0B K BO3JCHCTBUIO HA HUX CJENYET paccMaTpUBaTh B
KaueCcTBE TEPCICKTUBHBIX HAIIPaBJICHUN HCCIEAOBaHUH, KOTOPHIE, BO3MOXKHO, OYyIyT
CIIOCOOCTBOBATh Pa3pabOTKE HOBBIX METOJ0B MPOQPMIAKTUKUA U JICUCHUS 3a00JIeBaHUIN
PENpOyKTUBHOM CHUCTEMBI M MOYEBBIBOASIIMX MyTeH W B pe3yjbTaTe - KOPPEKIUU
HapyleHui (HepTUIbHOCTH.

Curyanus OCJIOXHSIETCS TEM, YTO B HACTOSIIEE BpPEeMsl CTaHJIAPTHBIE METObI
MCCIIEIOBAHUSI TTO3BOJISIFOT BBISIBIIATH HE O0Jiee 2% M3BECTHBIX IITaMMOB OakTepuit [39,
142]. Jake npy HAJIMYMKA BO3MOXKHOCTEH TOYHOM KA4YeCTBEHHON M KOJHMUYCCTBCHHOM
OIICHKU OMOpa3zHOO0pa3us, XapaKTepU3YIOIIEero MUKPOOPTaHU3MBbI, PUCYTCTBYIOIINE B
PENPOIYKTUBHON CHCTEME, 0 HACTOSAIMIET0O BPEMEHH HE BBIPAOOTAaHBI YETKHUE
MPEICTABIICHUSI O MPUKIIATHON 3HAYUMOCTH OOJIBIIEH YaCTH TaKOTO pojia UHPOpMaIInH,
B TIEPBYIO OYepEeb OTCYTCTBYIOT KPUTEPHUH OIPEACICHUS HOPMBI M IMATOJIOTHYCCKUX
U3MCHCHUN TIpM  aHaJgu3e  pPe3ylbTaTOB  HM3YyUYCHHS  MHKPOOHMOTBI  MY>KCKOH
penponyktuBHoi cuctembl [303, 351]. Jlo Hacrosmiero BpeMEHH HE TIOTYyYECHO
MOATBEP)KJACHUH O HAJWYMM KOJUYCCTBEHHO OXapaKTePU30BAHHBIX aCCOIHAITUI
XapaKTEPUCTHK MUKPOOHOTHI C MOKA3aTEIIMU MY>KCKOTO PETPOTYKTHBHOTO 3/I0POBbS

Bce 310 moaTBEpKIaeT aKTYaaIbHOCTh UCCIIEIOBAHUM BBINICYKAa3aHHBIX ACTIEKTOB,
B TOM 4YHCJI€ C TPUMCHCHHEM TEXHOJOTUH HOBOTO ITOKOJICHHS, TaKUX Kak
cekBeHupoBanne HoBoro mokojeHus (NGS). IlosBieHHe TEXHOJOTHM MAacCOBOIO

napajuiC€JIbHOTO CCKBCHHUPOBAHHA IIO3BOJMJIO K HACTOAINIEMY BpPEMCHH OIIMCATb
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3HAYMTETHHYI0 YacTh YEJIIOBEUECKOTO0 MHKPOOMOMAa — JBIXaTENbHBIX IyTEH, KOXH,
POTOBOM TOJIOCTH, KUIIEYHHKA M Biaraguiia. Pe3ynbTrarsl UCCIENOBAHHMM MOCIEIHUX
JeT TO3BOJWJIM BBIJBUHYTH THUIOTE3y O TOM, 4YTO TKaHb SMYKa HE SIBISIETCS
MUKPOOMOJIOTUYECKH CTEPUIIHBHOM, TIPH 3TOM HapyIIeHUs (EePTHIBHOCTA MOTYT OBITh
aCCOLIMMPOBAHbI C XapaKTepUCTUKAMH JUCOMO3a € MNpeoOsialaHueM OIpPEeeTIeHHOTO
MHUKpOOHOMA.

Hear wuccaenoBaHMs: YIydllIEHHE pPE3YyJIbTATOB JHArHOCTUKUA W JICUCHUS
MAIMEHTOB C MYXXCKUM (aKkTopoM OECIUIOAUsi Ha OCHOBAaHUU YTIyOJEHHON OLEHKH
MAaTOr€HHOTO TECTUKYJISIPHOTO MUKPOOHOMA.

JUJ1st BBIMOTHEHUS LENH ObUIH MOCTABJIEHBI CAEAYIOIINE 3a4a4M:

1. N3yuuts UMMYHOMOP(OJIOTHUECKHE XapaKTePUCTUKU TKAHU SUYKA Y
UH(EPTUIBHBIX MY>KUMH ¢ OOCTPYKTUBHOM U HEOOCTPYKTUBHOM a300CIEPMHEH.

2. Pa3zpabotats MmeTon BoieneHus 6akrepuanbioi JIHK u3 6uonrara suuka c
HEJIbIO OTNPEIETICHUSI TECTUKYIISIPHOTO MUKPOOHOMa Y HHMEPTUIHHBIX MY>KUHKH.

3. OueHUTh HAPYIICHUSI MUKPOOHOMa B TECTUKYJISIPHOM TKaHU Y MAIIUEHTOB C
HapyIIEHUSIMU CIIEpMaTOreHe3a Ha OCHOBE wuccienoBanus OakrepuanbHon JIHK
METOJIOM BBICOKOIIPOU3BOAUTEILHOTO CeKBeHUpoBaHusA NGS s onpeneneHus
TaKCOHOMHUYECKOTO COCTaBa HAa OCHOBE CEMEWCTB M BHJIOB MHKPOOPTaHW3MOB U
UJACHTUGUIIMPOBATh HAIWYUE TAKCOHOMUYECKOTO pPa3sHOOOpa3usi TECTHKYJISIPHOTO
MUKpPOOMOMA y MAIMEHTOB C OOCTPYKTUBHOW U HEOOCTPYKTUBHOM a300CTIEPMHEH.

4, [IpoBecTn KOPPEJISLIMOHHBIN aHaJn3 accoluanum 3HAUYMMBIX
XapaKTepUCTUK MHUKPOOMOTHI YpPEeTpbl W TECTHUKYJ C TMOKa3aTeJasiMU TOPMOHAJIBLHOIO
cTaTyca W HapyIICHUSIMU CIIEpMATOreHe3a y TMalMeHTOB C Pa3JIMYHBIMU BUIAMU
a300CIIEPMUH U COMMYTCTBYIOIINM BAPUKOIIEIE.

5. BBISIBUTH B3aMMOCBSI3U 3HAYMMBIX XapaKTEPUCTUK MUKPOOMOTHI YPETPhl U
TECTHKYJI C MOKAa3aTelIIMU HApYIICHUN CIEPMATOreHe3a y MAlMeHTOB C Pa3IMYHbIMU
BHUJIAMH a300CIIEPMHUU U COMMYTCTBYIOIINM BapUKOIIEIE.

6. M3yunuTh B3aMMOCBSI3M XapPaKTEPUCTHUK TAKCOHOMHYECKOW CTPYKTYPHI
TECTUKYJISIPHOM M ypeTpaJbHOW MHUKPOOHMOTHI Yy TAIMEHTOB C PA3IMYHBIMU BUIAMU

a300CIICpMHUHU C pe3yiabTaTaMu IMPUMCHCHUA ImporpamMm BCIIOMOTI'aTCJIbHBIX
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PENPOAYKTUBHBIX TEXHOJIOTHIA.

1. Pa3pabotath ® WCIONB30BaTh MOJAETL TPOrHO3a IPHEKTHBHOCTH
nporpammM BPT Ha oOCHOBE XapakTEpUCTHK MHUKPOOUOTHI SIMUKA M YPETPhl Yy
UHGEPTUIBHBIX MAIIMEHTOB C 0OCTPYKTUBHOM U HEOOCTPYKTUBHOM a300CTIEpMUEH.

8. [IpensioxkuTh MATOTEHETUYECKH OOOCHOBAaHHYIO KOHIEHIUMIO BEICHUS
NAIMEHTOB C MYXCKUM (hakTOpoM O€CIUIONMsI C MCIOJIb30BAHMEM METOJOB OILICHKHU
TECTUKYJSIPHOTO ~ MHUKpoOMOMa W MPOTHO3a  PE3yJbTaTOB PUMEHEHUS
BCIIOMOTATEIbHBIX PENPONYKTUBHBIX TEXHOJIOTHUU IMPU HAPYLUICHUSX CIEPMATOTEeHE3a
Pa3IMYHON STUOJIOTHH.

HayuyHnasi HOBU3HA HccJIeI0BaAHUSA

1. Bnepseie B Poccuu yCTaHOBIIEHA KIIOYEBAS POJb TYYHBIX KIETOK C
akTuBHOM  Tpunrtazoii (CPA3+) B  maroreHe3e  azoocnepMmuu.  BoisiBieHa
MOJIOKUTENIbHAS KOpPENSALUUS MEXKIYy HX KOJIMYECTBOM B HWHTEPCTULIHMM SIUYKAa U
TSOKECTBIO HApYLIEHUH CIIEpMAaTOreHe3a , YTO ONPENEISeT HOBBIE MHIIEHU IS
TepaneBTUYECKOro BoznercTBUs (mareHT PO Ne2814377ot 28.02.2024 «Cnocob
OINpe/ieNeHNs] HEOOXOAMMOCTH BBIIOJHEHHS] BCIOMOIATEIbHBIX PENPOIYKTUBHBIX
texHonorui (BPT) ¢ monanueil criepmMaTo30MI0B MPU HUIUOMATUYECKOM  MYKCKOM
Oecriouu ¢ HEOOCTPYKTUBHOM a3oocnepmuciin; mareHT PONe2830702 ot 26.11.2024
«Cnoco0 ONpeNieNeHUs]  HEOOXOAUMOCTH BBITIOJIHEHUS BCIIOMOTATEIbHBIX
penpoaykTuBHbIx — TexHonorud (BPT) ¢ nonamueld  cnepmMaro3ousioB  MpH
O0OCTPYKTUBHOM MYKCKOM O€CILTOUI).

2. Pa3zpabotan  HOBBIH  JMArHOCTUYECKUW  MHCTPYMEHT —  METOJ
MaJOMHBA3UBHOTO  BblAeneHUs OaktepuanbHod JIHK w3  Ouonrtata TkaHu
MpeacTaTeNbHOM Kene3bl U TecTukyn (mateHT PD Ne2810467 ot 28.10.2023 «Crocob
MaJIOMHBa3UBHOTO BbiAeneHust OakrepuanbHot JIHK u3 Ouonrara TecTHKYyISpHON
TKaHU Y UH(EpPTHIBbHBIX MyX4HuH»; mateHT P®d No2830876 ot 26.11.2024 «Cnocob
MaJIOMHBA3WBHOTO  BbIAeiAcHUs  OaktepuanpHoit JIHK w3  Owonmrara  TkaHu
NpeacTaTeNbHOM Kene3bl»). BHenpenue 3Toro Meroa B MPakTUKY BIEPBBIE TTO3BOJIMIIO
IPOBOAUTH MPSIMOE UCCIIEIOBaHNE TECTUKYJIIPHOTO MUKpPOOHOMa.

3. HOHY‘ICHBI HOBBIC JAaHHBIC, CBHACTCILCTBYIOIIUC O HCCTCPUIBbHOCTH
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TECTUKYJISIPHOTO MUKPOOUOMA M CTATUCTUICCKU 3HAYMMBIX PA3IMUUAX €r0 COCTaBa MpU
passbix popmax azoocrnepmun (HOA u OA). OTH gaHHBIE MOKA3bIBAIOT BAKHYIO POJIb
MUKpPOOMOTHI M BOCHAJIMTEILHOTO Mpollecca B Pa3BUTUU O€CIIONUS. DTO OTKPBHIBAET
HOBYIO CTpaHHUIy B TOHMMAaHUU €II€ OJHOr0 MEXaHW3Ma Pa3BUTUI MYKCKOTO
Oecrionvsi W TMO3BOJIIET BHEAPUTh B KIMHUYECKYIO TMPAKTUKY HCCIEAOBaHHE
MUKpPOOMOMAa KaK HOBOM TMAarHOCTUYECKOU OMIIUU.

4, BrepBbie BBISBIEH KOMIUIEKC 3HAUYMMBIX CBSI3€M MEXIYy TOPMOHAJIbHBIM
GboHOM MyXYMHBI M COCTAaBOM TECTUKYJISIPHOH MHUKPOOHOTHI. OOHapYKEHBI
crnenuduyeckre OakTepuaabHbIE TAKCOHBI, ACCOIMUPOBAHHBIE C MapKepaMu (DYHKIUU
audaek (OCI, JII', uaruOud B, TecToCTepoH), YTO YKa3blBaeT Ha MOTEHIHMAIBHOE
BIIUSIHUE MUKPOOMOMA Ha SHJOKPUHHYIO PETYIIAIMIO ClIepMaTOreHe3a.

S. VY cTaHOBJIEHBI KOHKPETHBIE OakTepHualIbHbIE coo01iecTBa,
aCCOLMMPOBAHHbICE C TSDKECThIO HAPYLIEHUS CIEpMAToreHe3a. JTO MO3BOJSET
paccMaTpuBaTh  ONPENEICHHbIE TAaKCOHBl  YPETPAIbHOTO W TECTUKYJISIPHOTO
MUKPOOHOMA B Kau€CTBE HOBBIX OMOMApPKEPOB JIJIsi TUATHOCTUKH.

6. O6Hapy>XeHbI cnerupuyecKue 0COOEHHOCTH TECTUKYJIIPHOTO
MUKPOOUOMA, KOTOPBIC SIBISIOTCS CTATUCTUYECKH 3HAYMMBIMH MPEIUKTOPAMH yCIiexa
nporpamm  BPT. Dto ngaer npuHIMOHAIbHO HOBYHO — WHOOpPMAIUIO IS
MIPOTHO3UPOBAHUS IIIAHCOB HACTYIUICHUS OepeMeHHOCTH B iporpammax BPT.

1. Bnepseie B Poccum paspaboTaHbl U BallUIUPOBAHBI BBICOKOTOYHBIC
JMarHOCTUYCCKUE MOJICIIM Ha OCHOBE aHaJln3a MUKpoOrnoMa Jij1s mporHo3a ucxonaa BPT.
Mogenu UMeroT BBICOKMHN MOTEHIMA JJIi BHEAPECHUS B KIMHUYECKYIO MPAKTUKY IS
NepCOHUDUITMPOBAHHOTO MPOTHO3UPOBAHUS.

8. [Ipennoxena MHHOBaIlMOHHASA KOMILJICKCHAasI NaTOr€HETUYECKAS
KOHIICIMS JUarHOCTUKH MYXKCKOTO OecIyiofusi, HWHTErpupyrolias AaHHbIE O
TECTUKYJSIPHOM MHKPOOHMOME, HMMMYHOMOP(OJIOTUM U COBPEMEHHBIX METO/Jax
MOJICKYJIIpHOUM TeHeTWKHu. JlaHHas KoHmenmus Oa3upyeTcs Ha yCTaHOBIeHHUU (akTa
B3aMMOCBSI3M  MHUKpPOOMOTHI W  Oecryioguss ¢ HampaBjieHa Ha TMepexol K

HepCOHaHHSHpOBaHHOﬁ MCIHUIIMHC B PCIIPOAYKTOJIOTHU.
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Teopernueckass W TNpaKTHYeCKasi 3HAYMMOCTb. Pe3ynbraTtel  paboOTHI
MIO3BOJIAKOT PACUIMPUTh NPEACTABICHUS O POJM HMMYHOJIOTMYECKHX ITOKAa3aTenen
(conepxanust CPA3-mO3UTHBHBIX TY4YHBIX KIETOK SMYKa) U  XapaKTEPUCTUK
MUKpPOOHOTHI B HAapyIICHHUSX CIIEPMATOr€HE3a Yy MAlKMEHTOB C Pa3IMYHbIMU BUIAAMHU
a300CIIEPMHUH.

Pa3paboranHblii M anmpoOUpOBaHHBIM B paboTe METOJ MaJOMHBA3UBHOIO
BeiicnieHns  OaktepuanbHoit JIHK w3 Owonmrara TkaHM  sIMUKAa  TIO3BOJISIET
YCOBEpPIIEHCTBOBATh MOJAXOJIbl K XapaKTEPUCTUKE MUKPOOUOTHI TECTUKYJIIPHOW TKaHU
U TEM CaMbIM YCOBEPIIECHCTBOBATH MOJIXOAbI K OLEHKE MYXKCKOTO PENPOIYKTHBHOIO
noteHnuana. [IpemioxKeHHbII KOMIUIEKC MEpONPUATHA IMO3BOJUI  00OCHOBAaTh
aJITCOPUTM BBIOOpA TAKTUKH MPEOJOJCHHUS MY>KCKOW HMHQPEPTUIBHOCTH, B TOM YHCIIE
nyteM 3 pexkruBHOro npumenenus BPT.

VYcTaHOBNIEHHBIE pa3iMuusl CIEKTpa MHUKPOOMOTHI TECTHKYJISPHOM TKAaHU
NAIMEHTOB ¢ 0OCTPYKTUBHON U HEOOCTPYKTUBHON a300CHEpMHUEH MPENCTABISAIOT cO00it
MTOTEHIIAAIT TUTSL pa3zpaboTku MUKPOOHOJIOTHYECKHUX OHOMapKepoB 51
NIEPCOHAIM3UPOBAHHBIX TEPANEBTUYECKHUX IOIXO/I0B.

Pe3ynbraTel HcCClIENOBAaHUS TOMYEPKUBAIOT IEPCHEKTUBHOCTh JAIBHEHIIETO
U3y4YeHUs] MUKPOOUOTHI Kak (hakTopa, Biustoniero Ha sdpdexrusHocts BPT, u moryr
CILY’KUTb OCHOBOM JUIS pa3paboTKu MUKPOOHMOMHO-OPUEHTUPOBAHHBIX
TEPANEBTUYECKUX CTPATETUH.

[IponeMOHCTpUPOBAaHO, UYTO MNPUMEHEHHE pa3pabOTaHHBIX MPOTHOCTHUYECKUX
MoJieJIel MO3BOJISIET MOBBICUTH 3P(HEKTUBHOCTH MporpamMm BPT, TeM cambiM TpUHSTH
CBOEBPEMEHHBIE MEPBI K peanu3aluu MoBTOpHOTO npoTtokona BPT ¢ ucnons3oBanuem
ayTOCIIEpMHUEB WJIM JIOHAIIMEW IMOJIOBBIX KIJIETOK, YTO B CBOIO OY€pellb CIIOCOOCTBYET
YMEHBIIEHUIO  JUIMTEIbHOCTH  MPOTPaMMbl M CHIDKEHHUIO  CYOBEKTUBHOCTH
MOP(}OIOrHYEecKOil OLEHKH CIIEPMAaTOTeHE3a.

[To pesynpTaTam pazpaboTan HabOp mpaMepoB HJisi TOJMMEPA3HOW IICITHOM
peaklMu MpU OLEHKE MHKPOOMOMa YPEeTpbl M TKaHHW sSMYKa, MPUMEHEHHE KOTOpPOTO
NO3BOJUT  CYIIECTBEHHO  IOBBICUTh  TOYHOCTh  JUArHOCTUKM  HapyLIEHUU

CIICpMaTorcHe3sa #u IMCpCoHaIM3allMkM BCACHUA MYXYHMH C Ppas3sjiIMdHbBIMA BHJaMHU
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a300CIEPMHUH.

BoisiBnieHHbIE HapyIIeHUS! OTHOCUTEIBHON MPEACTaBICHHOCTA OTAECIbHBIX
CEMENCTB MUKPOOUOTHI YPETPHI U SIMYEK y MAIMEHTOB ¢ OOCTPYKTHUBHOM a300CciepMHE
MO3BOJISIOT BBIBUHYTH THIOTE3y O «MHUKPOOMOTE (EpPTHIBHOCTH TECTHKYID», Y4ET
KOTOpOH MOKET OBbITh UCIIOJIB30BAH TMpPU MPErpaBUIapPHON KPUOKOHCEBAIlUU B
nporpammax BPT u pazpaboTke 1MarHOCTUYECKUX TECTOB JIJIsi 0TOOpA CIIEpMAaTO30M 0B
B [IpOrpaMMax UCKYCCTBEHHOTO OILIOAOTBOPEHHUSI.

Metonosioruss W MeTOAbI  HccienoBanusa. B pabore  mpoBejeH
PETPOCHEKTUBHBIN W NPOCIEKTUBHBIM aHanu3 JaHHbIX 108 manmeHTOB € MYKCKHAM
oecruionueMm, oOcnenoBaHHbix B 2018-2024 rr. Ha 0Oaze otaenenuss BPT Ilentpa
penpoayktuBHoil u kietoyHoit Meauiuubl ['BY3 JII'KB r. KpacHomap. Matepuaiom
UCCJIEIOBAHMS  TOCIYXWIM  PE3yJlbTaThl  00CIENOBaHUA, BKIO4Yas  oOpaslbl
TECTUKYJSIPHOM TKAaHM TAUMUEHTOB C PAa3JIMYHBIMH BUJAMH a300CIHEPMUU H
COMYTCTBYIOLIMM Bapukouene. KpurepusmMu BKIIOUYEHUS SIBISUIMCH: Bo3pacT >18 ger,
oecrionne B Opake >1 rona, moATBEpKIE€HHAsA OOCTPYKTHBHAS WM HEOOCTPYKTHUBHAS
a3oocriepmus, OTCYTCTBUE JIBYCTOPOHHUX MOPAXECHUN  AUYEK, UIIIIII,
aHTUOAKTEpUATIbHON Tepanuu 3a 3 Mecsila J0 MCCIEAOBAHMS, a TAKKe MOJIMUCAHHOE
uH(bOPMUPOBaHHOE corjacue. BceM mammentaMm BeimosiHeHa MICFOTESE B pamkax
nporokosa BPT ¢ mocneayromuyM arorucToIOTMYECKMM HMCCIIEIOBAHUEM, OLICHKOU
cnepmaroreneza mo Imkane De Kretser u Holstein, ummyHOrncroxumMmdyeckum
okpammuBanuem ¢ antu-MCT, a Taxke aHAIM30M MUKPOOHOTHI TECTUKYJISIPHON TKAaHU U
ypetpsl MeTogoM NGS (cexBenupoBanune reHa 16S pPHK). MccnenoBanue nmpoBeneHo B
yeTelpe JdTama: 1) oOocHoBaHWe TMporHo3a mnpuMeHenus BPT ¢ nponanuen
CIIEpPMATO30HMI0B Ha OCHOBE HMMYHOMOP(OJIOTHYSCKUX XapakTepucTuk (N=34); 2)
pa3paborka metona BeineneHus: OakrepuanbHoit JHK u3 Omonrara simuka (N=76); 3)
MOWCK B3aMMOCBSI3€M TOPMOHAJIBLHOTO CTAaTyca M MHUKPOOUOTHI, 4) CpaBHHUTEIbHBIN
aHaJIN3 TAKCOHOMUYECKON CTPYKTYPhl MUKPOOUOTHI Y MAIIMEHTOB C Pa3HBIMHU UCXOJaMHU
BPT ¢ npuMeHeHrEM MaIIMHHOTO O0y4YeHUs (METO/I «JIEPEBO PELICHUIN»).

IHo10keHus1, BLIHOCHUMbIE HA 3ALIUTY:

1. NMMyHosorndyeckuii  (akTop Urpaer KIOUYEBYIO pOJIb B IATOTEHE3e
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HapyLIEHUH CHEpMaToreHe3a MpH a300CHepMUM (MOBBILIEHUE COIAEPKAHMS TYUYHBIX
wietok CPA3+ B TectmkymsapHoit Tkanuw). OOHapyXeHa 3HAUYUMasl TOJIOKHUTEIbHAS
KOppEJSIUUA MEXKIYy MX KOJIMYECTBOM B TKAHHM SMYKA U BBIPAKECHHOCTBIO HAPYIIECHUU
CIEpPMATOreHe3a, YTO OTKPHIBAET HOBBIC HATIPABJICHHMS 111 TEPAIHH.

2. Pa3paboTtanHblii B KIMHUYECKOM TIPAKTUKE HOBBIM JHArHOCTHUECKUU
WHCTPYMEHT — METOJI MaJIOMHBAa3UBHOTO BblAeNeHuss OakrepuanbHoit JIHK w3
TECTUKYJISIPHOW TKaHU - O3BOJISIET MMPOBOJIUTH MPSIMOE MCCIIEIOBAHNE TECTUKYJIAPHOTO
MukpoOoroma. C TIOMOIIBIO JIaHHOM METOJIMKM JIOKa3aHO, YTO TECTUKYJISPHBIN
MUKPOOMOM HE CTEpUJIEH, €r0 CIHEKTP CTAaTUCTUYECKH 3HAYMMO pa3IMYaeTcs MpHU
pa3HbIX QopMax azoocnepMuu (HEOOCTPYKTUBHOM U OOCTPYKTUBHOM ).

3. CratucTHyecKd 3HAaYUMMBIE KOPPEISALMOHHBIE CBSI3M MEXIY YPOBHEM
ropMmoHoB snuek (OCI, JIT', uarndun B, TecTocTepoH) U cielu(pUIEeCKUMUA TaKCOHAMU
TECTUKYJISIPHOM  MUKPOOHMOTBHI,  BBISBIIsIEMble Yy  HHGEPTWIbHBIX  IMAIIMEHTOB,
CBUJIETEIBCTBYIOT O MOTEHIIMATFHOM MOIYJHMPYIONIEM BIUSHUM MUKpPOOHOMA SIMYKa HA
SHAOKPHHHYIO PErYJISILUIO CIIEPMATOr€HE3a.

4, AccolMMpOBaHHOCTh UIEHTU(UIUPOBAHHBIX OaKTEpUaIbHBIX COOOLIECTB C
TSKECTBIO HApYIICHHsS] CIEpMaTOreHe3a IO3BOJSIET paccMaTpuBaTh OIpPECICHHbIE
TaKCOHBI ypETPAIbHOTO ¥ TECTHKYJISIPHOTO MHUKpPOOMOMa B KaueCTBE HOBBIX
JMArHOCTUYECKUX OMOMapKepoB y HMH(PEPTHIBHBIX MAllUEHTOB C OOCTPYKTUBHOU M
HEOOCTPYKTUBHOM a300CTIEpPMUEH.

S. Crneunduieckue OCOOCHHOCTH TECTHKYJSAPHOTO MHUKpPOOHOMA SIBISIOTCS
CTaTUCTUYECKU 3HAYMMBIMHU MPEIUKTOPAMU MOJIOKHUTENBHOrO Ucxoaa mnporpamm BPT.
Pa3zpaboTtanusie U BaJIUAMPOBAHHBIE BBICOKOTOYHBIE JUArHOCTUYECKUE
MOJIEJIM TTO3BOJISIIOT TPOTHO3UPOBaTh A dexTuBHOCT, mporpamm BPT Ha ocHoBe
aHain3a MUKpOOHOMa ¢ TOUHOCTHIO >91%.

6. [IpennoxxeHHasi KOMIUJIEKCHAsI TATOT€HETUYECKAsT KOHIENIIUS JUArHOCTUKH
MY>KCKOTO  O€CIIONusl HMHTETpUpPYET IMOJIyYCHHbIE JaHHbIE O TECTHKYJISIPHOM
MUKpOOMOME, MMMYHOMOP(OJOTMYECKUX HU3MEHEHHUSX B TECTUKYJSPHOM TKaHU U
BO3MOYKHOCTSIX NPUMEHEHUS] MOJIEKYJIIPHO-TEHETHUYECKMX METOJOB. BHeapeHue 3Toi

KOHICTIINN B KIIMHUYCCKYIO IMPAKTUKY IMMOJYCPKHBACT BAKHYIO POJIb MI/IKpO6I/IOTBI 151
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BOCTIAJIMTEIIFHOTO TIPOIECCa B PA3BUTHH OCCIUIOAWS U Ja€T BO3MOKHOCTh PaCIIMPUThH
MPUMEHEHUE TPUHIUIIOB MEPCOHATM3UPOBAHHON MEUIIUHBI B PEPOAYKTOJIOTUH.

CreneHb [0CTOBEPHOCTH M amnpodamusi pe3yJabTaToB. J{OCTOBEPHOCTH
pe3yabTaTOB HCCIEOBaHUS OOECIeUnBAETCS aJeKBATHBIM OOBEMOM KIMHUYECKOTO
MaTepuana, pernpe3eHTaTUBHOCTHIO KOMIUIEKCHOTO, MHOTOYPOBHEBOTO 0OCIEAOBaHUS
NAIMEHTOB, a/IEKBATHOCTHIO MOJIYYEHHBIX PE3YJIbTAaTOB MOCTABICHHON IEIH U 3aJla4yaM
UCCJIEIOBAHMSI, HCIOJIb30BAHUEM COBPEMEHHBIX METOJIOB CTaTUCTUYECKONM 00pabdOTKH
MOJIYYCHHBIX JTAHHBIX.

OcHOBHBIE Pe3ybTaThl MCCIEIOBAHMS TMPEICTABICHBl B BUJIE J0KJIanoB Ha: |l
Bcepoccuiickoii HayuHo-TipakTHueckod koHdepenuun (Kpacuomap, 2021); 7-oif
MEXIUCIUIUIMHAPHON  KOoHbepeHiuu  cnenuainuctoB  FOra  «/HHOBalMOHHBIE
TEXHOJIOTUM OXpaHbl penpoaykKTuBHOro 3a0poBbs» (Coum, 2023); Hayuno-
MpaKTU4YeCKass KOHPEPEHIUS C MEXIYHAPOJHBIM y4acTHeM «AKTyaldbHbIE MPOOJIEMbI
MY3KCKOTO 3/I0pOBbsY, MOCBsIIeHHas 90-IeTuio co AHS pOXKACHUS J1.M.H., Ipodeccopa,
yneH-koppecnonaenta PAMH, B.H. CrenanoBa (Mocksa, 2023); V Bcepoccuiickoit
Hay4YHO-TIpaKkTUUeckoit koHdpepenimu (Kpacuomap, 2024); 8-oit MeKIUCIUIUTMHAPHOM
KoH(pepeHuu  crnenuanuctoB  KOra  «/HHOBalMOHHBIE  TEXHOJIOTUHM  OXPaHbI
penpoaykTuBHOrO 3710poBbs» (Coun, 2024); XX Konrpecce «MyKCKO€ 310pOBbE»
(Coun, 2024); VI Heckom Yponoruueckuit @opyme (Cankt-IletepOypr, 2024); XXIV
Konrpecce Poccumiickoro o6miectBa yposioroB (ExarepunOypr, 2024); 9-ou
MEXIUCIUIUTMHAPHON — KOoH(pepeHnuu  cnenuanuctoB  FOra  «/HHOBalMoOHHbIE
TEXHOJIOTUM OXpaHbl PenpoayKTUBHOro 3a0poBbs» (Coumn, 2024); XXI Kourpecce
«Myxckoe 3n0poBbe» (Coun, 2025); XXV Konrpecce Poccuiickoro o6miecTa
ypoioros (Kaszaus, 2025); V HayuHo-mpakTHueckoir KOHPEPEHIIUH ¢ MEKTYHAPOIHBIM
y4acTUEM «AKTyaJIbHbI€ BOIPOCHI YPOAHAPOJIOTUH U PENPOAYKTUBHOTO 370POBBS Y
MY>KUMH» B pamkax «MemumuHCKoM oOpaszoBarensHoit Hemenu PYJIH» (Mockga,
2025).

JuccepranimoHHas pa0oTa COOTBETCTBYET TMacmopTy cneruaibHocty: 3.1.13.
Yposnorus W aHApOJOTHS, IO TEMaTUKE, METOJaM WCCIEIOBaHUS W HayYHbIM

IMMOJIOKCHHUAM COOTBETCTBYCT m2 «Pa3pa60TI<a N YCOBCPHICHCTBOBAHUE MCETOI0OB
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JTUArHOCTUKH ¥ TIPO(UIAKTHKY YPOJIOTHIECKUX W aHIPOJIOTHUECKHUX 3a001eBaHU», 11.3
«JKCcriepUMeHTaIbHas M KIMHUYECKas pa3paboTKa METOIOB JICUCHHUS YPOJIOTHUYECKUX U
aHAPOJIOTMYECKUX 3a00JIEBAHUI U BHEIPEHUE UX B KIMHUYECKYIO TIPAKTUKY.

Pesynbpratel pabOThl W TMPEANIOKEHHBIM TMPOTOKON BEACHUA HH(PEPTUIHHBIX
OONBHBIX C pAa3TMYHBIMU BUJAMHU a300CHepMHUM BHeApeHbl B paboty llenTpa
PENPOAYKTUBHOM WM KJIETOYHOM  MEOUUHHBI, OTACJICHUS  BCIOMOTaTEJIbHBIX
PENPOAYKTUBHBIX TexHOJIOruM I. KpacHoaapa.

Marepuanbl pabOThl BKIIOYEHBl B JICKIIMOHHBIE KYypChl JUIsl KypCaHTOB,
OpAMHATOPOB U ACHHUPAHTOB Kaeapbl 3HITOCKONUYECKON YPOJIOTUH U YJIbTPa3BYKOBOM
JMAarHOCTUKHU (PaKyJIbTeTa HENPEPBIBHOIO MEIUIMHCKOro o0pa3oBaHusi Poccuiickoro
VYuuepcurera pyx06s1 HapooB uM. [latpuca JTymyMOBbI.

JInyHBIN BKJIAJ COMCKATENS 3aKIH0YACTCA B HEMTOCPEACTBEHHOM YYaCTHHU HA BCEX
sTamax TMOJATOTOBKU JUCCEPTAIMOHHONW pPaboThl. ABTOPOM ObUIH CHOPMYIHPOBAHBI
neiab W 3a/laud, WCXOJs M3 HHUX COCTaBJIEH JW3ailH uccienoBaHus. Pa3zpaboTaHbl
TEXHUYECKUE TMPHUEMBI, HCHOJb3yEMbIE B TMPOIECCE U3YYEHUS MHUKPOOMOTHI
MOUYEBBIBOJSIINX ITYTEN U PEIPOAYKTUBHOU CUCTEMBI Y MY>KUKH.

[IpoBeneH MOMCK W aHAIW3 HAYYHOW JUTEpaTyphbl MO U3ydaeMou mnpoodsieme. B
XO0Jle peaju3allid WCCIEIOBAaHUS JMCCEPTAaHT JIMYHO MPOBOJWUI HAOOp, CKPUHUHT,
oOcieoBaHNe, XUPYPTUUYECKOE JIEYEHUE U MOCIEeAyrollee HaOII0/IeHue MalueHTOB,
BKJIIOYEHHBIX B UCCIICIOBAHHUE.

ABTOpPOM BBITIOJTHEH CTATUCTUYECKUM aHAJIN3 NTOJTYYEHHBIX JaHHBIX, UX OMUCAHUE
U aHaiu3, chOpMYIUPOBAHBI OCHOBHBIE MOJIOKEHUS, BRIHOCUMbIE Ha 3aILUTY, BBIBOJIBI U
IIPAKTUYECKUE PEKOMEH AN

IMyonukanun mo Teme auccepramum. [lo teme nuccepramuu omyonukoBaHo 29
NeYaTHbIX paboT B pElEeH3UPYEMbIX Hay4dHbIX >KypHajaxX, pekoMmMeHaoBaHHbIX BAK
MunoOpHayku /Ui MyONIMKaluyd OCHOBHBIX Pe3yabTaToB auccepranuu, u3 Hux 3 SCOPUS, 6
RSCI, 1 yuebno - meroaumyeckoe mocobue, 2 MoOHOrpaduu, MOTYyYEHO S5 MATEHTOB Ha
u300peTeHusl.

HuccepranronHas paboTa COCTOUT M3 BBEACHMS, 0030pa JIUTEPATypbl, IJIaBbl C

OIMMCAaHUCM MAaTCpHaJIOB U MCTOA0B HCCIICIOBAHUS, 6 ry1aB ¢ M3JI0KEHUEM PE3YJIbTATOB
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COOCTBEHHBIX  HCCIICIOBAaHUN, OOCYXICHHsI TOJYyYEHHBIX JAHHBIX, BBIBOJIOB,
MPAKTUIECKUX PEKOMEHAAINI U CIIHCKA JIUTEPATYPHI.
O6muit  oO0beM JuccepTalii  HW3J0KeH Ha 243  cTpaHmiax, padorta
wuiroctTpupoBana 46 pucynkamu u 34 tabmuuamu. CriMcok TUTEpaTypbl BKIOYaeT 357

MCTOYHUKOB, B TOM umcie 40 oredecTBeHHBIX U 317 3apyOeKHbIX MyOJIUKaIUi.
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I'JTABA 1. COBPEMEHHBIE ITPEJICTABJIEHUSA O POJIN MUKPOBHUOTBI
W UMMYHHBIX ITPOIIECCOB B OPTAHAX MY KCKOH
PEIPOJYKTUBHOM CUCTEMBbBI B 3 THOJIOIT'MA U TATOT'EHE3E
MYXKCKOI'O BECILIOAUA (OB30P JIMTEPATYPbBI)

1.1 HapyuieHusi penpoxyKTUBHOIO 310POBbSI MY:KUMH: 0011I1e CBeJAeHHs, POJIb

MHUKPOOHOTHI M HMMYHOJIOTHYECKUX HAPYIIEHHii

becninonue, ompenensieMoe B HACTOsIIEe BpeMsi KaK HECHOCOOHOCTh 3ayarhb
peOeHKa 1mociae OJHOTO TO/a MOJOBOM KHU3HU 03 KOHTpALCIUHU, JUaTHOCTUPYETCS B
nocienuue roasl y 10-15 % mnap, mons BapbupyeT B 3aBUCHUMOCTH OT CTpPaHbl U
reorpau4eckoro peruona, mpuueMm ¢ Hadana 1960-x rr. yacrora OecIuiofusi B MUPE
BbIpociia ¢ 7-8% o 10-15% [8, 19, 21]. MyCKo# ¥ >KCHCKHI (haKTOpbl 3HAYMMBI B
OTHOIICHUU B PABHOM CTENEHM B OTHOIICHHMM HUH(PEPTUIHLHOCTH, OJHAKO HEPEIKO
OTMEYaeTCs BIMSHUE 00Jiee OJJHOTO ATHOJIOTHYECKOTro (hakTropa 3Toi maromoruu [179,
316, 338].

B mocnennue HECKONBKO NECATUIICTUH CIEIUATUCTHI OTMEUAIOT 3HAYUTEIHHOE
YXYAIICHUE PETPOTYKTHBHOTO 3I0POBbSI MY>KUHH, YTO CBSI3BIBAIOT MPEUMYIIECTBEHHO
C pe3yJbTaTOM IOMNAJaHUs CUHTETUYECKUX 3arpsi3HSAIONIMX BEUIECTB B OKPY>KAOIIYIO
cpeay B 3HaUUTENbHBIX KonumdecTBax [99, 188, 253]. OxgHoit u3 Kir0YeBBIX MyOIUKaIH,
OTPAKAIOIIUX CEPbE3HOCTh MPOOJIEMBI YXYAIIECHUS PEMPOAYKTUBHOTO 3I0POBBS
MY’KUHMH, siBUnack padbora Carlsen E. et al. (1992), B koTopo# aBTOpoM ObLIO MOKa3aHO
CHIDKEHHE CPETHEro KOJIMUYECTBA CIIEPMAaTO30HMI0B Y MYKYHUH BO BCEM MUPE B TIEPUOJ C
1940 mo 1990 rr. B 2 pa3a [109]. IToaydeHHble MaHHBIC 3aCTAaBUJIM CICI[HAIKMCTOB, B
gactHocTH, Swan S. et al. (1997) mpoBecTH MOBTOPHYIO PETPOCHEKTUBHYIO OLEHKY
W3MEHEHUH KauecTBa CHEPMBI B Pa3jMYHBIX PErHMOHaX MHpa, B pe3yibTaTe dYero
3HAYMTEILHOEC CHIDKCHHE KOHIICHTPAIUU CIIEPMATO30HMJI0B Y MYKYMH B 3alaJHBIX
cTpaHax ObLIO MOATBEpIKACHO [292].

[TapaniensHO CHENUAIUCTBl psla CTpaH COOOIIMIM O POcTe 3a00JIeBaEMOCTH

3JIOKQYCCTBCHHBIMU OIIYXOJIMH W IIOPOKAMH PpPa3BUTHUA sSUYKaA (B TOM YHCIIC,
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KpUNITOPXU3MA W THUIOCHAUM). YBEIUYEHUE PACIPOCTPAHEHHOCTU MYKCKOIO
Oecrutoaus JUIIh OTYACTH MOYKHO OOBSICHUTh XPOHHYECKUMU 3a00JIEBaHUSIMH, a TAKXKe
HACJICJCTBCHHBIMA M IPOYMMM HapYIICHHSIMH COCTOSHHS 310poBbs [12, 88, 184].
HaOnronaembie HeEraTMBHBIE TEHIAEHUMUMU SIBWJINCh CTUMYJIOM ISl  TPOBEICHUS
UCCJIEIOBAHUM TIO0 OLIEHKE POJM BHEIIHUX (DaKTOPOB B CHIKEHHHM PENPOAYKTHBHOTO
3JI0pOBbsl MY>KUWH. bblla BBIIBUHYTA FUIIOTE3a, COTJIACHO KOTOPOW pacTyilas 4yacTtoTa
aHOMAJIMA MY>KCKOM pErnpOayKTHUBHOW CHUCTEMBI MOKET OBITh BbI3BAHA BO3/ICHCTBHEM
XUMHUYECKHUX BEIIECTB, 00JIaal0IMMNX ICTPOreHHBIMU cBoricTBamu [45, 116, 276]. beiio
MOKa3aHo, YTO KaK COCTOSIHUE OKPY>KaIOIIel Cpelibl, TaK U YCIOBUS TPOPeCcCUOHATIbHON
JEATEIbHOCTH MOTYT CIIOCOOCTBOBAaTh BO3JCUCTBUIO HA OPraHU3M CIOXKHBIX CMecei
BEIIECTB — SHJOKPUHHBIX Ju3pantopoB (DJ]), KOTOpble UrparOT BaXKHYIO pOJib B
pa3BUTUU HapylieHu ¢epTuiabHOCTU. [loBcemMecTHOE MPUCYTCTBHE 3arps3HSAIONINX
BEIIIECTB B OKPY’KAIOIIEH Cpelle U MX CIIOCOOHOCTh BJIMATH HA Pa3BUTHE U (PYHKIUIO
MYCKOH PENPOYKTUBHOM CHCTEMBI OBLII MHOTOKPATHO TOATBEep kK IeHbI [183].

JlnarHo3 MY>CKOTO O€CIUIOAus YCTAaHABJIMBAETCS HAa OCHOBAHUM OIICHKU
CIIEpMOTPaMMBbl U YPOBHS IOJIOBBIX FOpMOHOB. IIpyu aHanmu3e crnepMbl OLICHUBAIOTCS
KOJIMYECTBO, MOJBWKHOCTh U MOPGOJOTUs CHEPMATO30UI0B. XOTS aHAJIU3 CIIEPMBbI
MPOBOAUTCS. B IIOBCEIHEBHOM TMPAKTUKE B KIMHUYECKUX U HCCIEIOBATENbCKUX
7abopaTopusax IO BCEMY MHpPY, MPUYMHA MYKCKOTO OECIUIONUsS B 3HAYUTEIHbHON
CTEIMEeHU OCTAETCs HE /10 KOHIIA U3YYEHHOMN: 3TO COCTOSIHUE HE MOXKET OBbITh OOBSICHEHO
HU TOPMOHAIBHBIMU HAPYIICHUSMHU, HHU HapyHMIEHUAMH (QYHKIUUA SUYEK, HHU
reHeTudyeckuMu  (aktopamu, TakumMu Kak cuHapoM Knaitnpenstepa (XXY),
nepecTpoiiku B rene AZF u MyTanuu Apyrux reHoB, CBSI3AHHBIX C OECIIOIUEM — TaKHX,
kak AR, CFTR, NR5A1 u SRY [44, 217, 218].

VYcraHoBiieHa OJHO3HAYHAs OTPHUIIATENIbHAS KOPPEAIUS MEXIy HapylIICHUSIMU
criepmatoreHeza u (pakropamu oOpasza KM3HU, TAKUMH KaK YMOTpeOJeHHne ajaKoTos,
KypeHue, ymnoTpeOlieHHue HApKOTUKOB U OXKHUPEHHE, BBI3BAHHOE BBICOKOKAJIOPHUITHOM
nuetor [73, 111]. [Tepuoaudeckoe Bo3aeicTBHE N30BITOYHOTO TEILIA, IIyMa, BUOpaIHii
W DJIEKTPOMArHUTHBIX IIOJIEM MOXET BbI3BaTh HakoruieHne mnoBpexaeHun JIHK

CIIEPMATO30MJIOB U CHIDKATh PepTHIIbHOCTE MyxunH [187, 224, 316].
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Bc€ 910 moka3pBaeT, 4TO CIEPMATOTEHE3 M MYXKCKas (PepTUILHOCTH MOTYT
3aBUCETh OT MHOXECTBA  OOCTOATENLCTB, CGHOPMHPOBAHHBIX  MHOTOJCTHUM
BO3JICUCTBUEM DPa3IUYHBIX 3arps3HUTENICH, COJEPIKAIIMXCS B OKpY’Kalollel cpene, B
COUYCTAaHUHU C TCHETHUYECCKUMU (haKTOpaMHu.

OOuienpu3HaHHO, YTO peanu3alus MY>KCKOM PpernpoayKTUBHOW (PYHKIUU
o0ecreynBaeTcs CIONKHBIM MEXaHU3MOM B3aUMOJCHCTBUSL SHIOKPUHHON U MMMYHHOM
cUCTEM. SIMUKO SIBISIETCS OPTaHOM, B KOTOPOM MPOMCXOAUT HEMPEPHIBHOE 00pa30BaHUE
MOJIOBBIX KJIETOK, MIPOLIECC, NPEICTABIAIOMMN CcOOOW TEpBBIM 3Tall  MYKCKOTO
pernpoayktuBHOTO Tpormecca [316]. CoOcTBEeHHO, CHEpMATOTeHE3 PEryIHUPYETCs
TUIIOTAIaMO-TUIO(PU3APHO-TECTUKYJISIPHOM CUCTEMOM, O0ECleunBarome BbIPaOOTKY
TIOJIOBBIX CTEPOUIHBIX TOpMOHOB [153, 322].

C npyroii CTOpOHBI, B SHYKE (PYHKITMOHHPYET CIICIHATM3UPOBAHHAS WMMYHHAs
CUCTEMa, KOTOpasi XapaKTepU3yeTCs TOJIEPAHTHOCThIO K AaHTUTCHHBIM OelikaM,
aKcrpeccupyeMmbiM criepmarozongamu [205, 206]. YkazanHOoe CBOMCTBO IOIYYHIIO
Ha3BaHUE «MMMYHHOW TPHUBUJICTHH», KOTOPOE O3HAYAET 3AIIHUTy CIEPMATO30HIIOB OT
AyTOMMMYHHBIX PEaKIiil ¢ yyacTHeM UMMYHHBIX KJICTOK MOJIOBBIX ene3 [225, 324].

Kpome TOro, BaXHOM CTPYKTypOM sSIMUKAa SBISETCS TaK Ha3bIBAEMBIN
remaTotecTukyJsipubsii 6apbep (I'TH), xoTOphIii oOecrneuynBaeT HIOJSIIUIO TOJIOBBIX
KJIETOK OT BO3/eHCTBUs Ha HUX 3¢ dekTopoB uMMyHHOU cuctembl [91, 288]. M3BecTHO,
YTO M3MEHEHUS COCTaBa MUKPOOHMOTHI OPTaHOB MY)KCKOH PENPOTYKTHBHOW CHCTEMBI U
UMMYHOJIOTHYECKHE CABUTH B OpraHuW3MeE B pe3ysbTaTe HapylleHud oOMeHa BEIIECTB,
BOCTIAJIMTEIIBHBIX MPOIIECCOB M MH(EKIIMOHHBIX 3a00JICBaHHM, a TaK)Ke TPaBMBI — BCE
3TH (PAKTOPBI MOTYT MPUBECTH K PA3BUTHIO ayTOMMMYHHBIX 3a00J1€BaHUN U OECIIIIOINIO
[81, 179].

MukpobuoTra  TpeAacTaBiseT  COOOM  COBOKYNHOCTh  KOMMEHCAJIBHBIX
MHUKPOOPTaHU3MOB, JIOKAJIM30BAHHBIX B PAa3HBIX OPTaHAX U TKAHAX, KOTOPHIE OTPAKAIOT
cocTosiHUE 370poBbs Xxo3simHa [241, 250]. TepmuHOM «MUKpOOHOM» 0003HAYAIOT
pa3zHooOpa3re MUKPOOPTaHU3MOB, HACEISIOMINX OMpPEASIEHHbIE OPTraHbl, CUCTEMBI WU
ounonornueckue cpeapl [132, 260]. B yacTHOCTH, KHUIIIEYHBIH MUKPOOHOM SIBIISIETCS

HauOojiee MHOTOYUCICHHBIM B opranusMe (okoso 80%), OH HPEensTCTBYET
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KOJIOHM3AIlW  THUINEBAPUTEIHHOTO TpaKTa MATOTEHHBIMH  MHUKPOOPTaHU3MAaMH,
y4acTBYeT B MPOIIECCaX BCAChIBAaHUS U METa0OIM3Ma MUTATEIBHBIX BEIIECTB, a TAKKE B
pa3BUTUM HMMYHHOH cucteMbl [75, 341]. Cnemyer OTMETHTb, 4TO TOJBKO 9%
MHUKPOOMOTHI YEJIOBEKAa COCPEIOTOYCHO B MOYEIMOJIOBOM TPaKTe;, IOJIATAlOT, YTO
OCHOBHOE€ BJIMSIHME€ Ha TMPOIECChl IOJOBOIO CO3PEBAHUS Y MYXYMH M SKCHILIUH
OKa3bIBaeT KuIlleuHas Mukpoorora [135]. MeTaGouThl MUKPOOPTaHW3MOB KUIIICUHHUKA,
TaKhe KaK BTOPUYHBIC JKEITYHBIC KUCIOTHI, @ TAK)KE€ MHIION M MPOIYKTHI PACIIEIIIICHUS
COEBBIX 0000B (DaKTHUECKU OCYIIECTBIISIOT PErYJSIUI0 PabOThl MYXCKUX U KEHCKUX
IIOJIOBBIX OpraHoB [56, 158].

Kumieynass  MuKpoOHMOTa  COCTOMT W3  YETBIPEX  OCHOBHBIX  THIIOB
MUKpPOOpPraHU3MOB, a HMEHHO: OaktepouaoB (Bacteroidota), Oammmn (Bacillota),
akTuHOMHIIETOB (Actinomycetota) u mnceBnoMoHan (Pseudomonadota), mpuuém k
NEepBLIM JABYM THUIaM MOXHO oTHectd 90% Bcex kumiedHblx OakTepuil. Hapyrenue
COCTaBa KHIIEYHON MHKPO(IOPHI, B TOM YHUCJIE B CBA3M C MUTAHUEM C BBICOKHUM
CONlep)KaHUEM JKHUPOB M KaJOpWUH, MOKET MPUBECTH K Pa3BUTHIO IUCOMO3a —
COCTOSIHUIO, KOTOPOE€ CO BpPEMEHEM CIOCOOCTBYET BO3HUKHOBEHHUIO Pa3IUYHBIX
3aboneBanuii [181, 223].

[To muenuro Lundy S.D. et al. (2021), Lactobacillus, Pseudomonas u Prevotella
MIPE/ICTABIIIOT COOOM OCHOBHBIE OAaKTEpUHU, COJAEPIKAIIMECS B CEMEHHOW >KHIKOCTH, U
WX 3aMeIICHUE IPYTUMHU aTOTEHHBIMU OaKTEPUSIMH TaKKe MOXKET BBI3BIBAThH TUCOMO3,
KOTOPBI, B CBOIO OYEPE/b, CIIOCOOCTBYET BOSHUKHOBEHUIO Oecrutoaus [178].

Psn kynapTypaabHO-3aBUCHMBIX M HE3aBUCHMBIX HCCIEAOBAHHWM IMOKA3add, YTO
KOJIMYECTBO M 3HAYUMOCTH BHUJIOB OaKTEepUil B CTiEpMe, BO3MOXKHO, OBLITH HEIOOIICHCHBI.
Tak, Chen H. et al. (2018) nmpoBoanIM U3y4eHHE CEMEHHOTO MHUKPOOHOMA Y TMAlMEHTOB
C OOCTPYKTUBHOM WM HEOOCTPYKTHUBHOM azoocmepmuei. [l cekBeHUpOBaHUS
renomHo# JIHK, BeiAeneHHO# u3 ciepmbl 300poBbIX Jtojien (rpynna C), maiueHToB ¢
oOCTpyKTHUBHOUM azoocrepmueit (rpynma OA) W TAlMEHTOB C HEOOCTPYKTUBHOM
azoocrniepmueit (rpynna HOA), OblT MCIOIB30BaH METOJ BBICOKOIIPOU3BOAUTEIHHOTO
CEKBEHUPOBaHUs. bBbUIO TIpeBaqMpoBaHWE B OTOM OMOJOTUYECKON Cpene BUIOB

Firmicutes, Proteobacteria, Bacteroidetes u Actinobacteria, B rpymmax C (98,14%), OA
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(98,26%) u NOA (90,96%). Y mammentoB rpynn OA u HOA ObuH BBISBIICHBI
MakcuMaiabHble KonuyecTBa Bacteroidetes m Firmicutes, Torma Kak KOJHYECTBO
IPOTEO0AKTEPUI U aKTUHOOAKTEPH y ATHX MAIIMEHTOB ObLIO CHUKEHO 10 CPABHEHUIO
¢ rpynmnoit C. Bcero 6su10 06HapY)eHO 398 00MMX ONEPaMOHHBIX TAKCOHOMHYECKUX
¢IMHUIL, U3 HUX 27 oTHOCHIKCH K poay Lactobacillus [271].

Taxkxe TOKa3zaHO, YTO HAJIWYHE TMATOTCHHBIX MHKPOOPTAaHM3MOB U CHUKCHHE
Oonopa3HooOpasusi B CHepMe TMPU a300CIEPMHUHA MOTYT SIBIISITHCS CBOCOOPa3HBIM
MapKepoM U (aKTOpPOM pPHCKa METAOOIMYECKUX M IMMYHOJIOTUYECKUX HapymieHui |89,
197]. DOtumm aBTOpamMu OBUI HM3Y4YeH CEMEHHOW MHUKPOOMOM TMAIMEHTOB C
OOCTPYKTHUBHOM WJIM HEOOCTPYKTUBHON a300CTEPMHUEN U MPEAJIONKEHO UCIOIb30BaHUE
€€ XapaKTEepUCTHUK g pa3pabOTKU HOBBIX JI€UEOHO-IMArHOCTUYECKUX IMOIXOO0B MPHU
a300CIIEPMHUH.

Takum oOpa3oM, T@pu aHaNM3e TPUUYUH MYXKCKOM  MHOEPTHIHLHOCTU
HEOOXOJUMBIM TIPEICTABIIACTCS aHaU3 OCOOEHHOCTEH MHMKPOOMOTHI OpraHU3Ma U
UMMYHHOTO CTaTyca, B YaCTHOCTH (PYHKIIMOHHUPOBAHWE WMMYHHON CHCTEMBI SIUUCK U
cocrosinug ['Th. C yuéroMm 3TuX mpencTaBlieHU HEOOXOAUMO H3YYCHUE BIIMSIHUS
MHUKpPOOHMOTHI KHIIEYHUKA ¥ MUKPO(IOPH MY>KCKHX TIOJIOBBIX OPTaHOB HA UMMYHHYIO
CUCTEMY SIMYEK JJIsi BBISIBJICHUS JTUCOMOTUYECKHX COCTOSHUHM, TMOTEHIIMAIBHO

BJIMAIOIIHUX HA (I)YHKI_II/IIO ITOJIOBBIX KCJIC3 U (bepTI/IJ'II)HOCTB.

1.2 UIMMyHHasi cucTeMa SH4YKa

NmMyHHass mpuBMIEruss pacnpoCTPAHSCTCS JHUIIb HAa HECKOJIbKO OpraHoB
YEJIOBEYECKOT0 OpraHru3Ma, B YMCJIO KOTOPBIX BXOJAT SUUKH. Y CTAHOBJICHO, YTO OCNIKH,
HKCIIPECCUPYEMbIE Ha TOBEPXHOCTH KIETOYHONH MEMOpPaHbI CIIEPMATO30HMI0B, CIIOCOOHBI
3alyCKaTh MOIIHYIO MMMYHHYIO PEaKIMI0, KOTOpass MOXKET BbI3BIBATH pa3pyllICHUE
CIIEpPMATO30UJI0OB, YTO B HWTOTe NPHUBOJIUT K Oecruionnio. Pa3BuTHe WMMYyHHOU
MIPUBUJIETUN ONUPACTCS HA IBA OCHOBHBIX MEXAHU3MA!

- ¢dwusnueckoe npensarcreue B Buae I'Th, cocrosiiero B OCHOBHOM M3 KJIETOK

Cepronu (KC);
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- WUMMYHOJIOTWYECKas  TOJEPAHTHOCTh, oOecrmeunBaeMas  HWMMYHHBIMU
CTPYKTYpaMH STUYCK.

OnuTenuii  M3BUTHIX CEMEHHBIX KaHaiblleB comepkuT KC, KkoTopsie
00eCIIeYnBaIOT IOJIOBBIC KIETKH IMHUTATEIBHBIMU BEIIECTBAMU M (PaKTOpaMH pocTa
[324]. Mexny KaHaJbllaMd pACHOJIOXKCHBI KJIETKH Jlelaura, BbIIENSIONIUC
TECTOCTEPOH, HEOOXOIUMBIM i criepMmarorene3a [148, 332]. B mHTepcTHIIMAIIBHOM
MPOCTPAHCTBE SMYKA HAXOMATCS JTUM(PATHUECKHE COCYIbI, KOTOPbIe 00ECIeUnBAIOT
cooOllleHne ¢ peruoHapHeIMH JuMbatnueckumu yinamu [160]. [lepuryOynspHbie
auM(paTHYeCKHe CUHYCOUIHBIC KAaMMWLIIPHl OKPYXAIOT CEMCHHBIC KaHAJbIBI |
pacmojaratorcsa moja OenodHoit oOonoukod [327]. B uHTEpCTUIIMU COAEpKaTCs

Makpodaru, neaaputnsie kiaeTku (JK), Tyunsie kierku (TK) u T-knerku [79, 96, 271,
315].

1.2.1 ®dyHKuusi reMaTOTeCTHKYJISIPHOTO 0apbepa

I'Th COCTOUT u3 IUIOTHBIX KOHTAaKTOB, LIEJIEBBIX KOHTAaKTOB,
necmocomonoo0Hbix koHTakToB U KC. Crpyktypa I'Tb momgnepkuBaercs 3a cyét
coenuHenuid N-kanrepuna u O6eTa-kaTeHUHA B 00JIACTH IIEJIEBBIX KOHTAKTOB, a TaK¥Ke
okkimoauHa U Oenka ZO-1 TIIOTHBIX KOHTAKTOB, KaXIbIM M3 KOTOPBIX 3aKPEIUIsIeTCS
NyTeM CBs3bIBaHUSA C Tydykamu F-aktuna [299]. IlepeuncneHHblE KOHTAKThI
NPEMATCTBYIOT TIONMAJaHUI0 TAalJIOWIHBIX TOJOBBIX KiIeToK B KpoBb [209]. KC
00eCIeYynBalOT TMOJJICPKKY TIOJIOBBIX KIIETOK, TOCTaBJISsl UM TJIIOKO3Y, >KUPHBIC
KUCJIOTBI U (DaKTOphl POCTa, a TAKXKE CIOCOOCTBYIOT MOJJIEPNKAHUIO HEOOXOIUMOTO
HOHHOTO M MeTabojMueckoro cocraBa TkaHu suuek [163]. Kpome Ttoro, KC
CEKPETUPYIOT (HaKTOPhI, KOTOPHIE COACHCTBYIOT (DYHKIIMOHHUPOBAHUIO 3aIlMTHBIX
UMMYHHBIX CTPYKTYp SIMY€K, TaKux Kak TpaHcopmupyoomuii ¢aktop pocrta (TDP)
Oera-1, mpemoTBpalIaOMIMX  pa3pylieHHe  CIEepMaToO30MJA0B B  pe3yjbTaTe
ayTOUMMYHHBIX PEaKIU.

B kauectBe momosHUTEIbHOro 3amurHoro Mexanmisma KC Taxke o0gamgaroT

CITOCOOHOCTBIO (I)aFOL[I/ITI/IpOBaTB IIOJOBBIC KIICTKHM, HaxoIdIMECsaA B COCTOAHUM
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anonTo3a, 1 00pa3yrolIrecs: B X0/Ie 3TOro MpoIlecca 0cTaTtouHble Tenbia. CoOCTBEHHAs
daromurapHas aktuBHOCcTh KC peannsyercs ¢ TMOMOIIBIO PEIENTOPOB 3TUX KJIETOK C
TUPO3MHKHHA3HOM akTUBHOCTHIO AXI, tyro3 u Mer, a taxke Oenka 6, CCIU(PUIHOTO K
3anepkke pocra (GAS6) [97, 278].

B cBowo ouepenp darommros, omnocpemnoBanHbiii  KC, cmocoOcTByer
MOJITICPYKAHUIO CTIEpMaTOreHe3a 3a CUET Pa3IMUHbIX MEXaHU3MOB:

- obOecneuenne mudPepeHIPOBKH MOJOBBIX KIETOK;

- yCTpaHEHHE BpPEIHBIX BEIIECTB, BBIACIACMBIX W3 HEKPOTHU3UPOBAHHBIX
MIOJIOBBIX KJICTOK;

- SJUMUHAIMS  ayTOAHTHUICHOB, KOTOpPHIE MOTYT BBI3BIBATH  Pa3BHUTHE
ayTOMMMYHHBIX PEaKITHA;

- obOecneuenne apyrux KC wnCcTOYHMKaMH HHEPruy 3a CUéT TmepepadOTKH

arlONTOTHYCCKUX TEJICI] MoI0BhIX KieTok [190, 229].

1.2.2 UMMyHHBIE CTPYKTYPbI AHYKA

I'Th, cocrossmmii w3 KC, mpexacraBnser coboi ¢uznyueckoe MNpensITCTBHE,
NpeIHA3HAYCHHOES JUISl 3alIUThI MOJIOBBIX KJICTOK OT Pa3pyIIUTEIBHBIX TOCICICTBUN
UMMYHHBIX peakinuid. B jomoiHeHHEe K yKa3aHHOMY MEXaHHW3MY, HMMYHHBIC KIICTKU
SUYeK JHO0 YYaCTBYIOT B TOJCPKAHWH TOJICPOTSHHOW Cpenbl, JMOO 3alUIIaloT
CTPYKTYpPBI, YYaCTBYIOIIHE B CIIEPMATOT€HE3e, OT IMPOHUKHOBEHUS MATOICHOB; TaKUM
o0pa3oM, 3TH KJICTKH KOHTPOJHUPYIOT BOCHAIUTEIBLHBIC IMPOIECChl, KOTOPHIE YacTO
SBIIAIOTCS MTPUUMHOM My>KcKoro oecrutoaus [63, 193, 346].

[TomyueHbl JgOKa3aTeidbCcTBA TOTO, YTO HHMEKIMM WX BOCHAIUTEIbHBIC
COCTOSIHMSI MOTYT MHTHOHWPOBATh CTEPOHMIOTCHE3, CIIOCOOCTBYIOT YCHJICHHIO aIlonTo3a
MOJIOBBIX KJIETOK MW JIECTPYKIMH SIUTCIHAIBHBIX KIETOK SHYEeK, TEM CaMbIM
npoBouupys paspurue oecruroaus [139, 190].

M3BeCTHO, YTO MMMYHHBIH OTBET BKJIIOYAET JBa OCHOBHBIX 3BCHA — CHCTEMY
BPOXKJCHHOIO HUMMYHHTETAa M aJalTHBHYIO HMMYHHYIO cuctemy [126]. daromurs

(rpaHysOIUTHI U Makpogaru), €CTECTBEHHbIE KICTKU-KUJUIEPhl U JIEHIPUTHBIC KICTKU
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(AK) [ocHOBHBIE aHTHreHnpe3eHTHpytomue kiaetku (AIIK)] ydacTByroT B peakuusx
BpOXKAEHHOTO MMMyHuUTeTa. C apyroit croposl, T- u B-nmumdoruTsl pacno3HaroT
cnenuUUHbIe I KaXJIOM M3 KIETOK aHTUIEeHbl M OTBEYaloT 3a (HOpMUpPOBAHME
UMMYHOJIOTHYECKON mNamsATH. T-KIETKHM TOIpa3fesisiioTcs Ha pa3jInyHbIe IOATHUIIBI,
tTakue kKak T-xemmepbl, nutorokcuueckue T-mumdorutel u T-perymsropusie (Treg)
KiaeTku [294].

Makpodaru sudex IpouCXoasT U3 TPEX Pa3INYHBIX HCTOYHHUKOB:

- Makpodaru, GopMHUPYIOITUECS HA PAHHUX CTAAUSIX B )KEITOUHOM MEIIKE;

- MOHOIIWTHI TICYCHHM TTO/A;

- MOHOIIUTHI KOCTHOMO3TOBOTO mMpoucxoxaeHus [339]. DkcrepuMeHTaIbHBIC
UCCJIEIOBaHMs  MOKa3alu, 4To Makpodard SUYeK CIOCOOHBI  IMOJAJIEPKUBATH
CYIIECTBOBAHHME JIOKAIBHOH WMMYHHOH TPUBHWJIETHH, YTO OBLJIO IOKa3aHO B
HKCIIEPUMEHTaX Ha Kpbicax. B sMykax STUX JKUBOTHBIX YKa3aHHbBIE aKTHBHUPOBAHHBIE
darouThl MPOAYLIUPYIOT MPOTUBOBOCTIAIUTENBHBIN TIMTOKUH UHTepaehkud (MUJI)-10, a
TaK)Ke CIIOCOOCTBYIOT YBEIUYCHHIO KosmuecTBa Treg kietok [71, 161, 196].

Bocranenue TkKaHM SWYEK BBI3BIBACTCS JMOO OaKTepUsIMH, TaKUMU Kak
Escherichia (E.) coli u Klebsiella spp., mu6o Bupycamm (BUU-1, Bupyc Zika,
opropyOynaBupyc 3mnuaeMuueckoro mapotuta) [85, 318]. B skcmepumeHTax Oblia
MPOJIEMOHCTPUPOBAHA  POJb  Tpollecca WHOUIBTpAIMM  SIMYeK  Makpodaramu,
MPOUCXOASAIIMMUA W3 MOHOIIUTOB, KOTOpBIE 3allyCKAIOT MECTHBIE BOCIAJIUTEIbHBIC
peakuuu, x0T (akT auddepeHIUPOBKU MepudepudecKux MOHOIIMTOB B Makpodaru
SUYCK HYKJIAeTCs B JOMOJHUTEIBHOM moarBepxkacann [357]. bomee Toro, ObLIO
MOKa3aHo, 4TO WHQUIIMPOBAHHBIE MakKpodard SUYEK H3MEHSIOT CBONCTBA IUIOTHBIX
koHTakTOB Mexay KC u MoryT BeI3siBaTh Hapymenue meiaoctaoctu ['Th [55].

Tectuxymnspabie Makpodaru pa3aeisitoT Ha TP TPYIIIIBL:

- ED-1-pacno3naromme wmakpodaru — KIacC MPOBOCTAIUTEIBHBIX KIETOK,
KOTOPbIE MPOAYIHUPYIOT (haKTOp HEKPO3a OIMyX0Ju anbda u raMmma-uHTepPepoH;

- ED-2-makpodaru, KoTopbie IpOsBISIIOT TPOTUBOBOCHATUTENbHYIO aKTUBHOCTh

nyteM BbicBoOOXk1eHus 1JI-10;
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- makpodaru EDI1+ED-2, xoTopble SBISIIOTCS HMCTOYHUKOM CHHTa3bl OKCHJIA
azota (NOS) [85, 318].

JMenaputHble KiaeTku. [lennputnsie kieTku ([K) — anTUreHnpeseHTupyomnme
kieTku (AIIK), KoTophIe SIBASIOTCS TOJIEPOTCHHBIMH, T.€. CIIOCOOCTBYIOT TOIJICPIKAHHIO
MMMYHOJIOTHYECKOM TOJIEPAHTHOCTH B TKaHSX SMYKa, TJIABHBIM OOpa30oM BBI3bIBAs
aKTHBAIMIO Treg-KIETOK B OTBET Ha HOpPMAaJIbHBIC aHTUTCHBI CriepMaTto3ouioB [68].
Kpome Toro, B aktuBupoBanHbix JIK Obuia oOHapykeHa HHI0JIAaMUH-2,3-THOKCUTeHA3a
(MOO), xoTopas kaTanu3upyer Meradoyin3Mm TpurntodaHa U BbIPaOOTKY KUHYpPEHHHA,
YTO CIIOCOOCTBYET YKpCIUICHHIO WMMYyHHOW mnpuBmiernn [352]. daktudecku
KUHYPEHUH, NEHCTBYS KaK JHUTaH[ apUiyTIeBOJOPOIHBIX PELENTOPOB Ha TTIOBEPXHOCTH
T-keTok, BbI3bIBaeT npoaykuuio FOXp3+ Treg-kietok [68]. beuto nmokazano, uro U0
MHIYLHUPYET aKTHBALUIO [reQ-KIETOK B 3JIOKAYECTBEHHBIX OIyXOJsIX U OepeMEeHHOMN
MaTKe, KOTOpbIe, KaK M SUYKO, SIBJISIOTCS MPUBUJICTUPOBAHHBIMH TKaHsAMU [257].

[Ipy maTosOTHYECKUX COCTOSHUSAX Yy MyX4uH ¢ azoocnepmuen K suuka
CIOCOOHBI ~ aKTUBHPOBATh  ayTOPEaKTHBHBIE  [-KJIETKW, TOBBIMIAs  YPOBEHb
KOCTUMYJIMPYIOIIMX  MOJEKYJ, MPOBOCHAINUTENbHBIX IMTOKMHOB M  OCHOBHOTO
KomIuiekca ructocopmectumoctu kiacca Il (MHC-I1), 9to mpuBOIUT K MYyXCKOMY
OecIIoIuIO.

T-mumpouursl. Treg-kiaeTku ObUTM OOHAPYKEHBI B SMYKAX MBIIIEH, KPBIC U
YeJlOBeKa, Y KOTOPBIX OHHM HAaXOJSATCS B PETHOHAPHBIX JUM(ATHYECKUX Y3Jax,
B3aUMOJICUCTBYS TakUM OOpa3oM C TKaHeCHenu(DUUHBIMU ayTOAHTHUTCHAMH. |Ieg-
KJIETKA BBIMOJHIIOT HMHTUOMPYIONIYI0 (DYHKIMIO, 3alluiias CrIepMaTo30UIbl OT
ayTOUMMYHHBIX peakiuid. B cBf3M € O3TUM y IDAMEHTOB C MyTalMeld TIeHa
ayTOMMMYHHOTO PEryJiiTopa, CBsi3aHHOM ¢ nedexkToM Treg-kieTok, pa3BUBaETCs
XPOHUYECKOE BOCIIATICHUE SIMYEK.

[TomyueHbl noKa3aTeabCTBa TOrO, YTO MPHU XPOHUUYECKOM BOCHAJICHUU SUYKA Y
MY>KYHMH € a3oocnepMueit koauuectBo FOXP3+ Treg-kieTok CHUkKaeTcs OJHOBPEMEHHO
C YBEJIMUYCHHEM CYONMOMyJsiUM MpoBOCHanuTeNbHbIX T-kiaetok — T-xemmepoB 17-ro

tuna. beuio ITOKa3aHO, 4YTO IIPU IKCIICPUMCHTAIIBHOM aYTOMMMYHHOM OPXHUTC Yy KPBbIC

konmmuectBo CD8*, CD25", Foxp3®™ m CD4*, CD25%, Foxp3" u Treg-kieTok
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YBEIMYMBACTCS. HA pPAHHEW CTaaud, B TO BpPEeMsl KaK CYONOMYJSIUS MOCIEIHUX
YMEHBIIIAETCS C MIEPEX00M 3a00JIeBaHUs B XpOHHUECKYIO a3y [295].

BrlmenpuBeieHHbIE JaHHBIE CBUACTEIBCTBYIOT O TOM, YTO |r€Q-KJIETKU UTPAIOT
YPE3BBIYAHO BAXKXHYIO POJIb B MIPEAOTBPAIICHUN OPTraHOCTICITU(UIHBIX ayTOMMMYHHBIX
peakiuil ¥ nojAepKaHuu UMMYHHOM NMPUBUJIETUH B TKAHU SIUYEK.

T-xenmepsl 1-ro Tuma, MoO-BUAUMOMY, TaKkKe HEOOXOAUMBbI sl oOecreueHus
UMMYHHOTO TOMEOCTa3a B SIMYKAX, OJHAKO UYpe3MepHasi aKTUBAIIMSI ATUX KIIETOK MOYKET
CIIOCOOCTBOBATh Pa3BUTHIO ayTOMMMYHHOTO opxuta. [loaTBepxaeHo npsaMoe ydacTue
T-xenmepoB 17-ro Tuma B MAaTOJOTUYECKOM TMpOIECCe Ha IMO3IHEW cTaguu
ayTOUMMYHHOTO OpXHTa, KOTOPOE MPUBOIUT K MUCHYHKIHMH |reQ-KIEeTOK, a TaKkKe
CIIOCOOCTBYET HAPYIICHUSAM CTPYKTYPBI IMUCK U criepMartoreHesa [295].

Hons muroTtokcnyeckux T-mamdoruToB (CD8+-kieTok) B TKaHW SHYEK B JBa
paza Bple Mo cpaBHeHUIO ¢ T-xemmepamu [295]. Tectukymnspueie CD8+-kierku
(GyHKIMOHATIBHO CBSI3aHBI C PE3UJICHTHBIMU Makpodaramu wind kietkamu Jleinura u
OTBEYAIOT 32 BEDKMBAEMOCTh TpaHcIuianTaTa [147].

Taxke cienyer OTMETHTh B3aMMOCBS3b Mexay T-mumdornuraMu, KIETKaMu
Jengura u KC. Knerku Jleiinura o0pa3yrOT HWHTEPCTUIMAIBHYIO TKaHb MEXIY
CEMEHHBIMHU KaHAJIbIIAMH U SBJISIFOTCS OCHOBHBIM UCTOYHUKOM T-nmumdornmtos [296]. B
HKCIIEPUMEHTAX Ha KyJIbTypax KJIETOK ObLIO BBHISBICHO TOJIABIIAIONICE IEUCTBUE KIIETOK
Jletigura Ha T-71MMGOIUTEI, B TOM YHCIIC 3a CUET CBSA3BIBAHUS YKa3aHHBIX KJIETOK JIPYT
C JpYroM TIOCPEJCTBOM MOJIEKYJl COCYAMCTOW aare3uu. PernenTopbl aHAPOTeHOB
IKCIIPECCUPYIOTCS Ha T-KIeTKax, 94To 03Ha4aeT BO3MOKHOCTh MOMYJISAIUU UX (PYHKITUH
0JT ICKCTBHEM ITOJIOBBIX TOPMOHOB, BhIpabaThIBaeMbIX B KiteTkax Jlewmura [332].

B skcmepuMeHTax yCTaHOBJIEHO, YTO CHUXKEHUE YpPOBHS T-TMMQOIMTOB MO
JEHCTBUEM JTaHJAUMETAHCYIh(OHATA MPUBOAUT K OOpPa30BAHUIO CIIEPMATOTCHHON
rpaHyiéMbl B ipuaaTke suuka U HakorieHnto CD4" u CD8" T-kimeTok, KOTOpoe MOKET
OBITh yCTpaHEHO J00aBIEHHUEM TeCcTOCTepoHAa. B mccnegoBaHusX Ha KpbicaX OBLIO
MOKa3aHo, YTO 3aMEIICHHe T-KJIIETOK CONPOBOXIACTCS TIOJMABICHUEM pPa3BUTHS
HKCIIEPUMEHTAJILHOTO ayTOMMMYHHOTO OPXUTa 3a CUET YBEIUUYCHUS KOJIUYEeCTBa |reg-

KJIETOK [64].
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Knerku Jlelinura cnocoOHBI MPSIMBIM HJIM KOCBEHHBIM O0Opa3oM OTPaHUYHUBATH
npoHukHoBeHue T-kieTok B TKaHu simuka. [Ipegnaznauenue KC, BricTynaomux B poiu
«MMMYHOJIOTHYECKUX  CTPaXKei», 3aKiiovaeTcss B  00ECHEUYeHHMH HOPMaJIbHOTO
cnepMatoreHeza. B cBs3u ¢ atuMm  mpenacraBisercs, 4ro KC cnocoOcTBYIOT
muddepennupoBke Toseporennbix 1K u Treg-kimerok [106]. Cnegyer oTMETHTH, YTO
KC Takxke neiictByror B kauectBe (paxynbratuBHbIX AIIK, skcmpeccupysi MosieKysibl
MHC-Il u Ttem cambiM omocpenmys skcnancuio FOxXp3+ Treg-kmerok [213, 300]. B
nejaoM MoxHO monarath, uto KC He Tonbko o0pa3yioT I'Th, HO W OCyIlecTBISAIOT
KOHTPOJIb IECTPYKTHBHBIX peaknuii ¢ yaactuem T-xierok [300].

TK, Takke U3BECTHbIE KaKk MAacCTOIUTHl WIM JaOpOLUTHI, SBISIOTCS
HEOTHEMJIEMbIM KOMITOHEHTOM TKaHH CEMEHHHUKA, YTO MPE/IO0JIaraeT uX peryIsaTOpHYIO
poJb B TOJJCPKAaHUM TeCTUKY/IsApHOTO ToMmeoctrasa [35, 80]. TK skcmpeccupyrort
IIMPOKUHM CHEKTp peuentopoB, Takux Kak FcsRI, Fey, peuenropel kKomiuiemeHTa,
UTOKMHOB, XEMOKMHOB, TOPMOHOB M TOJUI-TIOJ00OHBIE penenTopsl. 1o no3poiser TK
CHHTE3UpPOBaTh pPa3HOOOPA3HBIA M IIUPOKHH CHEKTP OHOJIOTHYECKH aKTUBHBIX
npoaykToB [192, 251]. [Tokasano, uro npoayiupyembie umu UJI-1 u 6, haktop HEkpo3a
orryxosi-o. (OHO-0) urparoT BaKHYIO pOJib B Pa3BUTUU M (PYHKIIMOHUPOBAHUM SIHUCK
MJICKOTTUTAIOIINX, OKa3bIBasl BIMsSHUE HA TUdPEpeHINANNIO KIETOK CIEPMATOTEHHOTO
AMUTENUS M CTEPOMAOreHe3 B (PU3MOJIOTUYECKUX YCIOBUSX, YYacTBYs B aIloONTO3€
MOJIOBBIX KIIETOK B HOpMaidbHOM cemeHHuke [278, 330]. UsBectHo, uro TK
(bopMUpPYIOTCA U3 TEMONOITUYECKUX KJIETOK-IIPEAIIECTBEHHUKOB, HO TIPU 3TOM 3peJible
TK 00bIYHO HE HUPKYIUPYIOT B KpOBU. OHU MUTPUPYIOT B NepudepruuecKrue TKaH!, e
npuobpeTaroT cBoM 3penbiid (enotun [172]. DTomy mporleccy, a Takxke JIOKaIbHOMY
co3peBanuto u aktuBanmu TK cmocobctByer (daktop cTBONOBBIX KieTok (SCF),
IPOAYIUPYEMBIH pa3IUIHBIMU KIIETKaMHU, BKJIIOYas GuOpoOIacThl W SHAOTEIHATBHBIC
kaetku [76, 120].

Myxkckoe Oecrionue 4yacTo conmpoBoxkaaercs: yBennueHueM TK B ceMeHHUKe U
HAOII0JaeTCsl OTYETIIMBAs OTPULIATENIbHAS KOPPEIAIUs MEXKAY TAaKUMH MOKa3aTelsIMH,
kak koiamdectBo TK u cocrosaue cnepmarorenesa [80]. TK obmamaroT moTeHIMaIoM

Ui HapyumieHust (QYHKIMHM SIMYKa B YCJIOBHSIX HMMMYHHOW aKTHBAlMd 3a CYET
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COJIEp)KaHUsI MEIUATOPOB BOCHAJICHUS, CEPUHOBBIX NpoTea3 u nurokuHoB [190, 330].
[TIpu stom TK MOryT BIUsSTH HE TOJBKO Ha MPOLECCHI PACCTPOMCTBA CIIEPMATOIEHE3A,
HO U CIIOCOOCTBOBATh Pa3BUTHIO (GUOPO3a U XPOHUUECKUX BOCHAIUTENBHBIX PEAKIIUHN B
CEMEHHUKE, a TAKXXE€ OKa3blBaTh BIIMSIHHE HAa PEMAPATUBHYIO PEre€HEPALMIO TECTUKYJI
[356]. IIpu sToM, kak moka3aHo B pabore Xpammosoi F0.C. u ap. (2019), mpwu
HKCIIEPUMEHTAJILHOM MOJCIUPOBAHUU TPAaBMbl CEMEHHHKA HAOJIOJAETCs YCUIICHUE
dbynkimonansHoU akTuBHOCTU TK, HO mpu 3ToM yBenuuenue konudectBa TK B oprane
IPOMCXOTUT TOJBKO MPH COXPAHEHUHU IeMaTOTECTUKYIIAPHOTO Oapbepa [35].

K nacrosmmeMy BpemMeHH NoJiy4eHbl JaHHBIE O MOBBIIEHHOM cojepxkannn TK kak
B OfKYJSTe, TaK W HEMOCPEACTBEHHO B TKaHAX PEMPOAYKTUBHBIX OPraHoB Yy
O€CIJIOOHBIX MYKYMH, OCOOEHHO MpU HAMONATHYECKOM azoocnepMuu. Tak, aHaiu3
00pa3loB CEMEHHOW KUJIKOCTU OECIJIOJHBIX MYXYHH C aCTEHO300CIEpPMHEN MoKazal,
yro KoiruecTBO TK y 3THX marueHToB ObLI10 00JIbIIIE, YEM Y 3I0POBBIX MY>KuuH [356].
TK mnpencraBisitor co00Oi MEPCHNEKTHUBHYI0 MUIIEHb JUIsl JUATHOCTHUKUA W Tepanuu
HapyILIEHU! CIIEpMATOreHe3a, aCCOLMHUPOBAHHBIX C UMMYHHBIMH M (PHUOPOTUYECKUMHU

nporueccamu [80, 193]

1.3 MukpoOroM penpoayKTHBHON CUCTEMbI M BJIMSIHUE TUCONO03a HA
PenpoAyKTHUBHYIO PyHKUIMIO

Bonpekn npuHATEIM paHee NPEJACTaBICHUSM, COIVIACHO KOTOPBIM OakTepuu
pacCIlCHUBAJIUCh HUCKIIOUYNTEIHLHO KaK IaTOTCHHBIE MHUKPOOPTaHU3MBI, COBPEMCHHBIE
UCCJIEIOBAHMSI MPOJIEMOHCTPUPOBAIIA, YTO B YEJIOBEUECKOM Tejie OakTepuil OoJblie,
4yeM COOCTBEHHBIX KJIETOK. JTOT (haKT COIIACYETCs C JAHHBIMH O TOM, YTO TOYTH BCE
OpraHbl W CHCTEMBI COJIEPKAaT CONMYTCTBYIOIIYIO MHMKPOOHUOTY, COCTOSINYIO U3
OakTepuii, TpuOOB W BUPYCOB, TAPMOHUYHO COCYIIECTBYIOIIUMH C YEJIOBEKOM. OTH
MHKpPOOPTaHU3MBl WTPAIOT KIIOYEBYID POJb B PETYISIIUU (QYHKIMK OpraHu3Ma |
noJiIepyKaHuu romeocrasa [273].

B coctaBe MUKPOOHOTHI MOTYT BO3HUKATh HAPYIIIEHHUS, HA3bIBAEMBIC JUCOMO30M.

OHu MOTyT OBITh aCCOLMMPOBAHBI C AUCOATAHCOM B COCTaBE MUKPOOHOM MOMYJISIIUH,
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noTepeil MOJIe3HbIX CHUMOMOHTOB, pPa3MHOXKEHHEM MAaTOOMOHTOB WM YCJIOBHO-
NATOT€HHBIX ~ MHUKPOOPIaHM3MOB, a TaKK€  HAPYUICHHSIMH  MEXMHUKPOOHBIX
B3aumozeiicteuil [313]. MI3MeHeHust MUKpOOMOTHI MOTYT IPUBOJAUTH K BOSHUKHOBEHHIO
WA 00OCTPEHUIO pa3IMUHbIX 3a0oseBanuii [314].

HoBble BO3MOXHOCTU [JIsl MCCJIEIOBAHUS MHKpOOHMOMa YelOBeKa OTKPBUIM
METOJIbI CeKBeHUpoBaHus HoBoro mokojeHus (Next-generation sequencing, NGS),
KOTOPbIE TIO3BOJIMIIM OOHAPYKUTh paHEE HEU3BECTHbIE KOMMEHCAJIbHBIE U TATOT€HHBIE
MUKpoopraHu3Mmbl. C HUCHOJIb30BAaHUEM 3TOM TEXHOJOTUU ObLI peaan30BaH IPOEKT
«Muxkpobuom yenoBeka» («Human Microbiome Project»), KOTOphI oXapakTepu3oBal
MUKPOOMOMBI PA3JIUYHBIX OPraHOB YEJIOBEUECKOro opranu3ma. COrjacHO JIaHHBIM,
MOJIYYCHHBIM B XOJI€ peasi3allii 3TOM WHUIIMATUBBI, HA MUKPOOUOM YPOTE€HUTAIHLHOTO
TpaKTa MPUXOAUTCS OKOJIO0 9% OT 0011Iel MUKPOOHOTHI YeJI0BEYECKOT0 opranu3ma [23].

Buenpenne Makcamom u ['mnbepToM MeTona TepMUHALMM XUMHUYECKHUX LIEeTIeH
st cekBeHupoBanus JJHK B 1977 r., a Takxke npeAcTaBICHHBINA B TOM K€ FOIY METOL
CaHrepa, cnmocoOCTBOBAIM 3HAYUTEIBHOMY IPOTPECCY MEIMKO-OMOJIOTMYECKUX HayK.
[IpumeHeHrne STUX METOJOB OOECHeYMsI0O BO3MOYKHOCTh CEKBEHHPOBaHUA Oolee
KPYIHBIX T€HOMOB, KyJIbMUHAIIMEN UX IPUMEHEHUs cTal NpoekT «['eHom venoBeka». B
KayecTBE CIIEAYIOLIEro Imiara ObUIM pealn30BaHbl KPYIMHOMACIITAOHBIE MPOEKTHI
CEKBEHUPOBAHUS Il M3YYEHMsS BapHalMM IOCIEIOBATEIIBHOCTH T'€HOMA YEJIOBEKa.
OpHako AJif MPOEKTOB TAaKOro THUIIA CEKBEHHMPOBAaHUE MO METOAy Sanger ObLIO
CJIMILIKOM TPYJIOEMKHM, JUTUTEIBHBIM U JOPOTOCTOSIIIIAM.

HecMoTpsi Ha BBICOKYIO NTPOU3BOAMUTENIBHOCTh Y 3TUX TEXHOJIOTMM HMMEETCS pPsij
HeocTaTKoB. OTHUM M3 OCHOBHBIX OTPAHUYEHUH SIBJIETCS UX OTHOCUTEIIbHO KOPOTKAas
JUIMHA TpoyTeHUuH. ['€HOMBI 4YacTo COAEp)KaT MHOTOYHCIEHHBIE IOBTOPSIOLINECS
MOCJIEIOBATEILHOCTH, KOTOPBIE JITTMHHEE, YeM cUuThIBaeT NGS, 4TO MOXKET MPUBECTU K
HENpaBUIBLHOM cOOpKe U pa3pbiBaM. B pe3ynbraTe MHOTHE TOCTYIHbIE T€HOMBI CUIIBHO
dbparMeHTHpPOBaHbI Ha COTHHM WJIM ThICSYM KOHTUTOB. Kpome Toro, B TO Bpemsi Kak
HeOOJIbIIINE BapUaHThl, TaKWe Kak Bapvaluu ogHoro Hykieotuaa (SNV) u koporkue
UHJIEKChI, MOTYT OBITb TOYHO OOHAPYKEHbI C IOMOIIbI0 KOPOTKOTO CUUTHIBAHMA,

OoJibllIe CTPYKTypHBbIe Bapuanuu (SV) cioxHee OOHAPYXKUTh M OXapaKTepU30BaTh.
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OTO BaXHBIM BOINPOC, YYMUTHIBAas, 4TO SV XapakTepHbl I psAa MEAUIMHCKUX
npwioxeHuil. Kpome TOro, KOpoTKHe€ YTEHHS UMEIOT OTrPaHUYEHHYIO CIIOCOOHOCTh
CBSI3BIBATh (Jla’k€ KOPOTKHE) HE3aBUCHUMBIC BapHallMi Ha OJHOW U TOM K€ MOJIEKYJie
JIHK. BpI3pIBaloT TPYOHOCTH M 00JacTH € 3KcTpeMalnbHbIM 3HaueHueM GC%,
MOCKOJIbKY OHHU HeI()(PEKTUBHO aMIUTMPUIUPYIOTCS C TOMOIIBI0 TOJUMEpa3HON
uenHoi peaxiuu (ITLP) [30].

Bcekope nocne nosiBnenus NGS nossunucek texnongorun TGS. OTanyuTenbHbIMU
ocobeHHocTsiMu TGS  sABHSIOTCS  OJTHOMOJIEKYJISIPHOE  CEKBEHHUPOBAHUE  OJIHOM
MouiekyJibl (SMS) U CeKBEHHpOBaHHE B peanbHOM BpemeHH (B oTianuue oT NGS, npu
3TOM  CEKBEHUPOBAHHME  NPHOCTAHABIMBAETCS  MOCIE  KaXJOro  J100aBiIEHUS
HYKJIEOTHUIHOTO ocHoBaHus). llepBas TtexHosoruss SMS, koMMepuUMaTU3WpOBAaHHASA
Helicos Biosciences, HamomuHana cekBeHupoBanue [llumina, Ho 6e3 amrumdukanmu.
[Tockonpky MeTon ObUI OTHOCHUTEIBHO MEJJIEHHBIM, JOPOTMM U JlaBajl KOPOTKHE
yTeHus, OH okaszayica HeaddekTuBHbIM. [lepBas "uctunnas" texuonorus TGS Obuia
npeactaBiena B 2011 r. xommanmeit Pacific Biosciences (PacBio) u mnomydnna
Ha3BaHHE '"OJHOMOJIEKYJIIpHAs MOCJEN0BATENbHOCTh B peanbHOM BpemeHu' (SMRT).
Coscem HenmaBHo (2014) Oxford Nanopore Technologies (ONT) BBena B aeiicTBue
TEXHOJIOTMIO  HAHOINIOPOBOrO  CekBeHupoBaHus. Ilommmo  orcyrctBus — IILIP-
amMIuiiUKalMM M TpoLecca CEKBEHUPOBAHHS B pPEaJbHOM BpPEMEHH, Ba)KHOU
ocobeHHocThiO SMRT M HaHOMOPOBOrO CEKBEHUPOBAHUS SABISETCS MPOU3BOACTBO
JUTMHHBIX CYMTHIBAHUM.

TexHomoruss  HaHOMOp  MOXKET  HanpsAMyr  cekBeHupoBartb PHK m
uaeHTuguuupoBate Moaudukauuu ocHoBanuid PHK. bnarogaps moOunbHOCTH
MinlON u mpocThiM mporeaypamM MOATOTOBKKA OWOIMOTEKH OOpa3lioB, TEXHOJOTHS
HAHOMOp TIO3BOJIMJIA BBIMOJHUTH BBICOKONPOU3BOJUTEIBLHOE CEKBEHUPOBAHUE B
MIOJIEBBIX YCJIOBUSX U B YJAJIEHHBIX MECTaX.

Tem He MeHee HWMEIOTCS MEpPCIEKTUBHBI JaJIbHEHIIEr0 CEKBEHHPOBAHUS
cienyrouero nokojaeHus. Hemocratkom cekBeHUPOBAaHMS HA OCHOBE HAHOTIOP SIBJISIETCS
BbICOKast yacTota omnbok. C aApyroil cTopoHsl, 4TOObI HE OTCTAaBaTh OT TEXHOJIOTUU

CEKBEHUPOBAHUSI HA OCHOBE HAHOMOP, 7151 TexHoJoruu PacBio OyaeT BaXXHO yBEIUYUTD
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OOIIyI0 JJIMHY CYHMTBIBAaHUS M TMPOMYCKHYIO CHOCOOHOCTH JAHHOTO METoja

CeKBeHUpoBaHus [26].

1.3.1 Posib MUKpPOOHOMA CeMEHHOM KUAKOCTH B PENPOIYKIHHN YeI0BeKA

boraTcTtBO MHKpOOHMOMa CEMEHHOM KUAKOCTH 4Ye€JIOBEKa, Ha KOTOPOE BCE dallle
oOpaIiaroT BHUMaHUE UCCIEA0BATENN, UTPAET BAKHYIO POJIb B MOJIEPKAHUU MY>KCKOTO
penpoaykTuBHOTO 3/10poBhs [18, 143]. Tak, B pabore XKadbuna C.I. ¢ coat. (2015)
ObUIO IPOJEMOHCTPUPOBAHO, 4YTO ypoBeHb (pparmenrauuu JIHK cnepmartozonaos,
SIBIISFOIIUIACS OJHUM W3 KIIOUEBBIX MPEAUKTOPOB (PEPTUIBHOCTH, MMEET OOpaTHYIO
KOPPEJSILMIO C MOABUKHOCTBIO CIIEPMATO30MI0B U MOXKET CIYXHUTh JOHNOJHUTEIbHBIM
KPUTEPUEM TIPU OLIEHKE PENPOAYKTUBHOIO MoTeHIMaNa 3skyisaTa [29]. CormacHo psagy
WCCIICIOBaHMU, KAaueCTBO CIEPMbl HAmpsSMYyI0 3aBHCHT OT HAJIWYUS U COCTaBa
MUKPO(hIOPHI B TUIa3Me KPOBHU. Y CTAHOBJIEHO, UTO B CEMEHHOM JKHUJIKOCTH, KaK MIPABUIIO,
npeobJ1alatoT JTaKTOOAKTEpUH, 00ECICUUBAIONINE TTOABUKHOCTD U JKM3HECTIOCOOHOCTD
cnepmaTto3ouioB [6, 53]. Haceimennas umu criepma xapakTepusyercsi 6ojiee BBICOKUM
YpPOBHEM KayecTBa, 4YeM Ta, B KOTOpOW TMPEBAIUPYIOT JIPyrue BHIBI OaKTepuil.
JlokazaHO yXy/IIeHHE KayecTBa CEMEHHOW >KUJIKOCTH M yBEJIWYEHUE OOIEeH 4acTOTHI
HEOJIAronmpUsITHBIX PEMPOIYKTUBHBIX HCXOJOB Yy TAIMEHTOB, B o0Opasliax 3sKyJISTOB
KOTOPBIX NMPUCYTCTBOBAIM IpeacTaButenu Proteobacteria, Anaerococcus u Bacteroides
(Bacteroides ureolyticus), 4To MO3BOJSIET MPEANOJIOXKUTh, YTO COCTaB MHUKPOOUOTHI
CEMEHHOU >KUJIKOCTU UTPAET KPUTHUECKH BAXKHYIO POJIb B MY>KCKOM PEIPOTYKTUBHOM
3nopoBse [3, 70, 203].

B mpexH#He TOABI TOCMOACTBOBAJO MPEACTABICHHE O MHKPOOMOTE CEMEHHOU
KUJKOCTH, KaK JepuBaTe MHUKPOOUOTHI BBIMIEICKAIUX OTICIOB YpPOTCHUTAIBHOTO
Tpakta. I[lo3gHee, omgHako, OBUIO BBIABUHYTO IIUPOKO paCHpOCTpaHEHHOE Ha
CETOJHAIIHUN JE€Hb MPEANoJIOKEHHEe O TOM, YTO OHAa MOXET ObITh NpPUBHECEHA W3
JPYTHX OPTaHOB U TKaHEH, U B TOM YUCJIE U3 KUIICYHUKA, POTOBOW MOJIOCTH, KPOBH UITU
raraymnia [10]. CoBpeMeHHBIE MOJEKYJISPHO-TCHETUYSCKHE METOJbI  aHaJM3a

IMO3BOJIAIOT JACTAJIBHO OXapaKTCPU30BATb TaKCOHOMMYECKHM COCTaB MI/IKpO6I/IOTBI y
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MAalMEHTOB C Pa3JIMYHBIMU PENPOAYKTUBHBIMU HapyleHUusiMU. CTpyKTypa MUKPOOUOTHI
IAKYIATAa Y WHOEPTUIHHBIX MYKYUH C Pa3IMYHBIMH BHUJIAMH a300CIIEPMUU HMEET
3HAUMMBbIE OTJIMYMS OT TaKOBOM Yy (EepTUNIBHBIX JOHOPOB, YTO MOATBEPKIAET
aCCOLMAII0 MEXAYy JIUCOMOTHYECKUMHU HM3MEHEHUSIMH MHKpPOOMOMa CEeMEHHOU
YKUJIKOCTH M HapylieHueM ¢epTuiabHocTy [32].

bakTepun cnocoOHBI BIUATh Ha (YHKIHOHAIBHOE COCTOSHUE CIEPMATO30M]IOB
nyTéM HEMOCPEACTBEHHON aAre3uyd Ha TMOBEPXHOCTH HMX MeMOpaH WM KOCBEHHO,
II0JIaBJIsIsl UX aKTUBHOCTb, 3a CUET BhIACICHUs MeTabouToB [202].

OOMeH MHMKpPOOMOTOW MOJIOBBIX MYTEW, MPOUCXOIAUIMN MEXKIYy MYKUYMHOU U
KEHIIMHOW MpH HE3aIUIIEHHOM TI0JIOBOM KOHTAKTe, CLIOCOOCTBYET TOMY, YTO MEPEHOC
OaKkTepuii, colepKaluxcs B CEMEHHOW >XUJKOCTH MYXKYMHBI, MOXKET IOBJHUATH Ha
penpoaykTuBHOE 310poBbe maphl [203]. MccnenoBanus mokasajiu, 4TO XOTS B HOPME
MOJIOBOM aKT HE W3MEHSIET CJIOKUBIIUKCS BUIOBOM COCTAaB COOOIIECTB MUKPOOUOTHI
napTHEPOB, OH, TEM HE MEHee, yBEJIMUMBaeT pa3HooOpasue mrammoB Gardnerella
vaginalis y MOJIOABIX >KEHIIMH B OTCYTCTBHE WJIM MPU HAJTUYUU Y HUX CUMIITOMOB
OakTepuanbHOro BarnHo3a (bB). DTo sABleHNE WILTIOCTPUPYET BO3MOKHOCTH MEpEHOCA
KaK OaKTepwii KOMMEHCAJIOB, TaK ¥ MOTCHIIMAJIBHBIX MTaTOTCHOB IMOJIOBBIM TyTeM [ 7, 9,
28, 319].

Tak, yacTble NIOJIOBBIE KOHTAKTHI U CIIyYalHbIE ITAPTHEPBI MOTYT CTATh IPUUYMHOU
KoJiIeOaHUM cOCTaBa MUKPOOUOTHI BJIarajuiia, NpUBOASIIIMX K penuauBam bB. B To ke
BpeMs aBTOpaM psiga paboT Tak U HE YJAIOCh MOATBEPIUTH ATOT (GakT. XOoTs
OakTepuanbHbli BaruHo3 (bB) TpaguumoHHO accouMHMpyeTcs C TOJIOBBIM IMyTEM
nepeaayuu, MaToreHeTHYeCK OH MPEACTaBIIAET OO0 JUCOMOTUYECKOE COCTOSIHUE, TTPU
KOTOPOM YacTOTa W YHCIO TOJIOBBIX MApPTHEPOB SIBISIOTCS 3HAYMMBIMU (haKTOpaMH,
MOAYJIUPYIOIIMMH T€UYEeHHE MaTojioruyeckoro mpouecca. CoctraB MUKpoOMOMa NEeHuca
MY>KUMHBI C BBICOKOW TOYHOCTBIO TTO3BOJISIET MTPOTHO3UPOBATH OaKTepUaIbHBIN BarMHO3
y €ro CeKCyaJbHOW MMapPTHEPLIU.

VY cTaHOBJIEHO, YTO OTLIOBCKUN MUKPOOHUOM CIIOCOOEH BUIOU3MEHSATh MUKPOOHOM
CEMEHHOM  JKMAKOCTH  NPEACTABUTEICH  CIEAYIOIIUX  I[OKOJEHUU [244].

Hp@):[HO.HO)KI/ITeJ'IBHO, €T0 COCTaB BJIMACT Ha SIMUICHCTUKY IMOTOMCTBA, B YaCTHOCTH, HA
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MetwinpoBanre JIHK v TpaHCKpUIITOM KJIETOK pa3jIMYHBIX TKAHEW, BBI3bIBAsl CTOMKHE
n3MeHeHus peHotuna notoMkos [114]. [Tomumo 3T0OTO, HAOIFOMAOTCS ¥ TOTCHIIMAIBHO
3HaUMMbIE WM3MEHEHHMs B paboTe HMMYHHOW cCHUCTeMbl. B dacTHOCTH, OIHO U3
UCCJIEIOBAHUIA MPOJEMOHCTPUPOBAIO, YTO JJIUTEIBHOE BO3ACHCTBUE Ha JKECHIIUHY
crepMbl €€ TMOCTOSIHHOTO TMapTHepa OJIaronpuUsTHO JEHCTBYET Ha MPOIYKIUIO
perynsitopubix T-numdouuros (T-cynpeccopoB), yrauerast aHTUETaIbHbIe UMMYHHbBIE
peakmmu [280]. K coxaneHuio, MEXaHWU3MBI, JICKAIIAE B OCHOBE OSTOTO SIBIICHUSA,

OCTarOTCs IMPAKTUICCKU HC N3YYCHHBIMU.

1.3.2 Mukpo01oM cekpera npeacrarejJibHOM xKeJje3bl

[IpeacrarenbHas xene3a (MpocTaTa) — KpyIMHEHInas jkejie3a MyKCKOH MOJOBOM
CHUCTEMBbI, HUTparoliasi Ype3BbIYATHO BaXXKHYIO pPOJb B MOJJEpkKaHUU (EPTUILHOCTH.
[Ipocratuueckass JKUJIKOCTb HE TOJBKO BIMSIET Ha DAKYJALHUIO, aKTUBAIMIO
CIIEpPMATO30UJIOB M KamaluTaldio, HO W CTUMYJUPYET HW3MEHEHHS KOMIIOHEHTOB
JKECHCKOTO PEMPOJYKTUBHOTO TpakKTa, IMOJrOTaBiuBas ero Kk 3adarmio [117, 156].
Hanuuawne B cexkpere npeacrarenbuoi xenessl (IDK) comarnuecku 310p0BOT0 My>KUUHBI
MHUKpPOOHOTBI caMO MO cebe OCTaeTcs MPEeIMETOM IUCKYCCHUU YPOJOTOB-aHIPOJIOTOB,
OJIHAKO KOJIMYECTBO HCCIIEIOBAHUI MO AAHHOMY BOIIPOCY KpaillHE OrpaHUY€HO, UYTO B
CBOIO OYepedb OTYaCTH OOYCIOBJIEHO CIIOKHOCTBIO  TOJY4YEHHUsS  OO0pa3lioB
MPOCTATUYECKON KUJKOCTH OT MAIIMEHTOB, aHAMHE3 KOTOPBIX HE OTATOIIEH MaTOJIOTHen
ITXK [74, 324].

CpasuaurenpHo HemaBHO Feng Y. et al. (2019) npu momomw HHTErPUPOBAHHOTO
METareHOMHOI'0 ¥ METAaTPaHCKPUIITOMHOIO aHajdu3a OOHapyxuiau kojioHuzaruoo [1DK
oakrepusimu pona Escherichia, Propionibacterium, Acinetobacter u Pseudomonas y
NAlMEHTOB C YCTAaHOBJICHHBIMU JHArHO3aMH: «paK TMpPeICTAaTEeIbHON Kene3b» U
«100pOKaYeCTBEHHAsT TUIEPIIa3us MpeacTaTebHOM skene3sdy [198]. YcraHommeHo,
4YTO MpeacTaBUTENN ceMmeiicTBa Enterobacteriaceae, B uwactHoctu E. coli, sBisitorcs
HamOoJiee YacThIMU BO30YIUTEISIMU OCTPOTO W XPOHUYECKOro OaKTepuaIbHOro

npocratuta (XBII) [222]. Takum 00pa3oM, BIOJHE aKTyaJlbHOW MPEICTABISACTCS
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HEOOXOMMOCTh UCCIIEIOBAHUS B3aMMOCBS3M MUKPOOHMOMA MPOCTATUYECKOM JKUKOCTH,
3I0POBOTO COCTOSIHHSI JK€JI€3bl W TposiBiIeHUN €€ marosoruu. Jlojss OakTepuambHBIX
POCTAaTUTOB cocTaBisaeT okoyo 10% ciydaeB xponudeckoro npoctatuta (XII), 90%
CUMTAIOTCS a0aKTepUaTbHBIMU, HE CBA3aHHBIMH C OINPEIEICHHBIMU MUKPOOPTaHU3MaMHU
[14, 33].

B muarnoctuke XII Bemymryto poiib urpaer noces cekpera npocratsl (CII), ot
pe3yabTara KOTOPOTO 3aBUCUT JajbHEWIAs TaKTHUKa JieYeHUs OOJbHOTO. BBICESHHBIIM
OakTepHaIbHBIA IITAMM CUYHUTAeTCs BO30ynuTeneM 3a00JieBaHUs, €CIM KOHIEHTPALIMS
KOJIOHuEeoOpa3ytomux eauuui] B cekpete [1DK wnu mode, mojiydeHHOM Mocie Maccaxa
[DK, npeBbliaeT KOHUEHTPALMIO B CpEeHEN WM MepBoil mopuuu Mouu B 10 u Oosee
pas.

B Hacrosiee BpeMsi aKTHBHO HM3y4daeTcs poOJib Pa3IMYHBIX BO30yauTened B
THONIOTMH M maTtoreHede mnpoctatuta [11]. [lo MHEHHIO HEKOTOPBIX aBTOPOB,
CYLECTBYIOIIME METOJHMKM  MCCIEIOBAaHUS  MHUKPOOPraHM3MOB HE  OTBEYAIOT
COBPEMEHHBIM TpeOOBAaHMSIM, TaK KaK CTaHAAPTHBIA IOCEB OOHAPYKHMBAET OKOJIO
JECSATH POAOB a’pOOHBIX MHKPOOPTaHU3MOB W3 4YMCIA SHTEPOOAKTEpUM, a’dpOOHBIX
KOKKOB M TIceBIOMOHAT [22, 24]. Ucnonb3oBanue merona I[P B pexxume peambHOTO
BPEMEHHU TOXXE€ HMEET CBOM HEJOCTATKHM M3-3a OrPAHMYEHHOIO ONPEIEICHUS
KOJIMYECTBA MHUKpoOpraHuzmMoB. Kpome Toro, cyuiecTBoBaHue OHOIUIEHOK TIpU
XPOHUYECKUX MHPEKIHIX TpeOyeT COBEPIIEHHO HOBBIX MOJXO0J0B K UX AUArHOCTUKE U
aedeHuto. MaeHTuguuUpoBaTh MHKPOOPTaHU3MBI B COCTaBE OMOIUIEHOK IO3BOJISIFOT
COBPEMEHHbBIE MOJIEKYJISIPHBIE METOABL: 3JEKTpodope3 B rene, BbICOKOAI(D(PEKTUBHAS
KHUIKOCTHasE Xpomarorpadus c¢ d¢uyopecueHTHOH TuOpuamsarnmen in situ, TP c
oOpaTHOM TPAHCKPUIITA30i, a Takke OoJiee JOCTYMHBIM IS MPAKTHUYECKOTO
UCTIOJIB30BaHUsI METOJ] ra30BOM Xpomaro-macc-criekrpoMetpuu (I'’XMC) 6uoromnos [5].
CoBpeMeHHbIE JTUAarHOCTHMYECKHE METOAMKH JUIsl HCCieloBaHUs Ouomarepuaia y
myxuut (TP, umMmyHOTECTBI U TexHOJOTHH KJIeTOYHBIX KynbTyp McCoy cells, 16s
rRNA/DNA sequencing) mo3BoJisitOT HISHTH()UIIMPOBATH B HEM Pa3IMYHbIC TAKCOHBI
MUKpPOOPTraHU3MOB, M B 3TOH CBSI3M HEKOTOpPhIE aBTOPbl B CBOUX IyOJIMKaIMsIX

BBICKA3bIBAIOTCS O BO3MOXKHOM poyin HeBepuduimpoBaHHoi uHpekuu npu XI1 [169].
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[TorpemHocT u OMMOKM B JUArHOCTUKE XPOHUYECKHH MPOCTATUT/ CHUHAPOM
xpoHudeckord TazoBor Oomm  (XII/CXTB) moaTBepKmaroTCs TeM, 4YTO B
kinaccudukanmonHot cucreme QgenHorunupoBanus XII/CXTb, ocHoBaHHON Ha
dopmupoBannn psga qomeHoB UPOINTS, Betenen caiit | — infection, o3nauaromiwii
uneHtuukanuio B CII rpaMoTpHUIIaTeIbHBIX MUKPOOPTAaHU3MOB (IIPEATIONOKUTEIBHO,
cemeiictBa Enterobacteriaceae) u/ win mpeacraBuTencii cemeiictBa Enterococcaceae,
KOTOPBIE, B CBOKO OYEPEib, SBISIOTCS BepuduiunpoBaHHbiMU Bo30yruTensimu XbIT [11].
OpHako B JaHHOM JIOMEHE HE OTpa)keHa OOJIMTaTHas MPUHAJICKHOCTh TPAH3UTOPHBIX
YCJIIOBHO-TIATOT€HHBIX, KOaryJia30HeraTuBHBIX cTa(UIOKOKKOB (KOC),
HEKJIOCTPUJIMAJBHBIX ~ aHad’poOHbIX  Oakrtepuii  (HADB),  HekynbTHUBHUpYEMBIX
MUKpPOOPTaHU3MOB, BHPYCOB M JPYIHMX I1aTOI€HOB, KOTOPbIE NOTEHIHAIBHO MOTYT
BBICTYIIATh B KauecTBe 3THoNorndeckux areHtoB pa3Butuss XbII wmu XII/CXTB. Ilpu
3TOM pOJIb BOCHAJIUTEIBLHOIO IIpolecca OaKkTEepUaJbHOTO TEHE3a B MpOCTaTe IpH
XIT/CXTB nuckytupyercs [216].

B cBs3u ¢ »TuM peanbHas yactota abaktepuanbHbix ¢opm XII HeusBecTHa.
Henoonenka BHYTPUKIETOYHBIX BO30yIWTENEH M BUPYCOB KaK ASTHOJIOTHYECKOIO
(dbakTopa BeJET K XpOHU3AIMU 3a00JIeBaHUS U HEyAa4yaM B JieueHuH [5]. B cBsi3u ¢ 3TuM
HEKOTOpbIE aBTOPbI MpeUIaraloT MPOBOAUTH OAKTEPUOJIOrMUECKOe HCCIIEIOBaHNE
NAlMEHTOB Ha PACIIMPEHHOM HAOOpe MUTATENIbHBIX Cpel B CIEUUATbHBIX YCIOBHSIX
KyJIbTUBUPOBAHUS, MACC-CIIEKTPOMETPUI0O U METOJ aMIUIM(PUKAUUU HYKJIEHHOBBIX
kucior [18, 216].

HecMoTpss Ha CcXOIHbBIE XapakTepHble KIMHUYECKHE TMPOSBICHHUS  (Tak
Ha3zbiBaeMmble mpoctaturononodnsie cumnrombl) XBII u XII/CXTB wu cormacHo
kiaccudukamuu  penotunupoBanus UPOINT (2009), ocHoBHas poib NpupacTcs
UJEeHTUUKALIIH JUITb rpamMOTPHULIATENBHOMN (aHTEpOOAKTEPHATIBHON ) 151
YHTEPOKOKKOBO#H (h1opbl — 00MraTHbIX Bo30yautTeneir XBIT [216].

Hecmotpst Ha pacmmpeHue cnekTpa HASHTU(GUIUPOBAHHBIX MUKPOOPTaHW3MOB
COBPEMEHHBIMH METOJIaMH, OCTA€TCS HE JI0 KOHIA BBISICHEHHOW pOJb KOHKPETHBIX
TaKCOHOB MHUKPOOPIaHM3MOB B pa3BUTHM Ipoctartuta. [Ipym 3TOM 3KCIEpUMEHTANIBHOE

MOJICJIMpOBaHUe MpocTaThTa Ha Kpojukax New Zealand ¢ wucronbp3oBaHHEM HH3KHUX
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TUTPOB maroreHoB mnpu wuHpuuupoBanum S. haemolyticus, E. coli (B xauectBe
KOHTpoJIsT) 1 Peptococcus niger mokas3ano pa3Hyro CTEIeHb Pa3BUTHS BOCHAIMTEILHOTO
nporecca B mpocrare [11]. ABTOpel Ha OCHOBaHHM pE3yJbTaTOB HKCIEPUMEHTA
BBISIBWJIM ~ BEPOATHOCTHYIO  OOJMIAaTHYIO NIPHUYACTHOCTh HEKOTOPBIX  TAKCOHOB
MHUKpPOOPTaHU3MOB K Pa3BUTHUIO MPOCTATUTA, B YaCTHOCTH Peptococcus niger, KoTopble
MOTYT MHIyLMpPOBaThb M MOJAEPKUBATh Pa3BUTHE BOCHAIUTEIBHOIO Ipolecca U
BBICTYNIATh TPUITEPOM aKTHUBAUMKA W WHUIMAIMU BOCHAIUTEIbHBIX HW3MEHEHHMI,
IPOTEKAIOIUX TI0 «IOPOYHBIM Kpyram» Jaxke TMOcCji€ DJJIMMUHAUUM OakTepuid
IIOCPECTBOM UMMYHHOH KJIETOYHOM peakmmu [11].

Takum 00pazoM, B ILEJIOM Yy MAalMEHTOB C XPOHUYECKUM abaKTEPHEIIbHBIM
npoctatutoM (XAII) BeisiBiIsieTcs: pazHooOpa3Has Mukpoouora. He y Bcex OONbHBIX
XAII BBISIBIEHO TOCTOBEPHOE MOBBIIIEHUE YPOBHS MUKPOOPTaHU3MOB 110 CPABHEHHUIO C
KOHTPOJIBHOM TpPYIIION, 4YTO, HA HAll B3IUIAJ, YKa3blBa€T HA HENOJHOLEHHYIO
BEPU(PUKALMIO MHOTUX CYIIECTBYIOUIMX MHUKpoopraHnusmoB metogom ['XMC wunn
BBICOKYIO CTENIEHb MIMMYHHOM 3aIIUThl OPraHu3Ma Ha MOMEHT HCCIIEIOBAHUSA, HECMOTPSI
Ha KJIMHUYECKHUE MpOsBIEHUS 3a0ojeBaHus. B 3TON CBsA3M cieayeT, Mo-BUIUMOMY,
cornacuthcsi ¢ MHeHMeM Korana M.U. u np. (2020) o Tom, 4yTO mpocTaTa HE SIBJISIETCS
crepwibHbIM  opraHoM  [11].  OmnpexpeneHue  ponM  pa3IMYHBIX — TaKCOHOB
MUKpPOOPTraHU3MOB B Pa3BUTHHU PEJIEBAHTHOI'O BOCHAJIMTENIBHOIO IPOLECCa, a TaKKe
paszeneHrue OOJUIaTHBIX YPOMATOI€HOB M TPAaH3UTOPHOM pe3UACHTHOM (IIopbl
MO3BOJIAT MEPECMOTPETh NPEACTABICHHBIE B PAa3jIMYHBIX HCCICHOBAHUAX JAHHBIE IO
pacnpoctpaHeHHocTH XII, 4TO B UTOre M3MEHUT MOAXOMbl K JUArHOCTUKE W TEepanuu

3abosieBanus U notpedyer nepecmorpa kiaccudukanuu NIH-NIDDK (1995).

1.3.3 CocraB MUKpPOOHOTHI AiNYeK U ee GyHKIUH

YTBepmaeHmo, COINTACHO KOTOPOMY TKAaHH ANYCK XaPAKTCPUIYIOTCA HAJIUIUCM
I/IMMYHHOI\/’I IMPUBUIICTUH, IIPOTUBOPCUAT AOKA3ATCIILCTBA BO3MOKHOCTH KOJIOHH3AllUK
IMOJIOBBIX JKCJIC3 HCKOTOPBIMH BHIAMHU 6aKTCpHﬁ. B OwmonTarax sudex IManuc€HTOB C

azoocriepmueii ObLTH OOHapykeHbI mpeactaBuTenu Actinomycetota, Bacteroidota,
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Bacillota u Pseudomonadota. Bonee Toro, mukpoopranmsmbel TtunoB Bacillota,
Actinomycetota, Bacteroidota, a Ttaxxkxe pomo Blautia, Clostridium wu Prevotella
BBISIBJICHBI B 00pa3iiax TKaHU SIMUEK MYXXYHH, CTpaJiaBIIux Oecruionuem [46].

VY MmanmMeHToB C Pa3jIMYHBIMA HAPYIICHUSMH COCTaBa CIIEPMBI U 370POBBIX
JIOHOPOB OBLIM MICHTU(UIMPOBaHbI JakToOakTepuu, Pseudomonas, Prevotella, a taxke
npeacraButenn TumoB Pseudomonadota, Bacillota, Actinomycetota, Bacteroidota u
Fusobacteria, mpuwuém wuymcimo Oakrtepmii poma Prevotella ©Oputo  oOpaTHO
MPOIMOPIIMOHATIEHO KOHIICHTPALUU CIEPMATO30MIOB, B TO BpeMsl KaK MPUCYTCTBUE
TICEBIOMOHA/T KOPPEIMPOBAIIO C IOABMKHOCTBIO criepMaTo3ou1oB [51, 298].

HecMoTpst Ha oOHapyXeHHME MUKPOOHUOTHI B TKaHHW SIMYEK, €€ (DYHKIMS B 3TOM
opraHe Bce emni¢ OKOHYaTeIbHO HE ycTaHOBJeHa. OTHOCHUTEIBLHO HEIaBHO OBLIO
YCTaHOBJICHO, YTO MHUKpPOOHMOTa SHMYEK, TO-BHIMNMOMY, CIIOCOOCTBYET YBEIUYCHHIO
KOJIMYeCTBa TaMma-JieibTa-T-kinetok, BeipadbarsiBatonux MJI-17, B mepuo mosioBoro
CO3pEeBaHUs, TAaKUM OO0pa3oM YYacTBYSl B OCYIIECTBICHHUH HWMMYHOJIOTHYECKOTO
KOHTPOJIS B IOJIOBBIX kele3ax [233].

Crnenyetr OTMETHUTD, UTO aKTyaJIbHbIE UCCIIEAOBAaHUS B 3TOM KOHKPETHOM 00JiacTu
OBLTM COCPEIOTOYCHBI Ha CBS3M MEXIY MHUKPOOMOTON KHIICYHHKA M MHKPOOHOTOM
suyek. Tak, B 9KCIEPUMEHTAIbHBIX HCCIICAOBAHMIX Ha MOJACIN puiOOK manuo Vibrio,
Aeromonas, Pseudomonas u Plesiomonas spp. Oblix 0OHAapY»KeHbI KaK B KHIICUHHKE,
TakK M B TKaHaX snuka [119]. B pamkax Toii ke MOJeIr N30BITOYHOE KOJTUIECTBO JKUPOB
B palyoOHE IPHBOJUIO K PE3KOMY COKpAIICHHIO YHCICHHOCTH BuaoB VIbrio u
Plesiomonas, 4To BbI3bIBAJIO HAPYIIICHHE MEXaHU3MOB TIepeaul CUTHAJIOB, TPAHCIIOPTA
aMUHOKHCIIOT U MeTaboym3ma [337].

YcTaHoOBIEHO, YTO MHUKpPOOMOTA SIMUYEK YYaCTBYET B PETYJSIIIUM CHUTHAJIBHBIX
MEXAaHU3MOB, CBSI3aHHBIX C BUTaMUHOM K M BUTaMMHOM A, a M3MEHEHHE €€ COCTaBa
MOKET MPUBOJUTH K HAPYIICHUSIM CTPYKTYpPhl BHEKJIETOYHOTO MATPHUKCA, YTO B UTOTE
BBI3BIBACT pas3BUTHE MYyXckoro Oecmonus [138, 336]. B xome nampHEHmmx
WCCJICIOBAHMI TI0 3TOMY HAIPABJICHUIO OBLIU MPEACTABICHBI JOKA3aTeIbCTBA TOTO, YTO

I[C(I)I/IHI/IT BUTaMHMHA A HU3MEHSET OCh «KHIICUHUK—SIUYKH) B MOACIN METa00JINIECKOTO
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CUHApPOMA, YTO B KOHEUYHOM CYETE MPHUBOAMUT K HapymieHusiM criepmartorenesza [301,
318, 353].

Hanuune ocu «KUIIEUHUK—SIMUKWY» TOATBEPXKIAETCA AKCIIEPUMEHTATbHBIMU
naHHeIMH. TpaHcranTanus GeKarbHOW MUKPOMIOPHI OT MBIIIEH, MOTYYaBITUX PAMOH
C BBICOKUM COJIEpKaHUEM >KUPOB, HOPMAJILHBIM MbIIIAM MPUBOAWIA K YBEIUYEHUIO
KoMuecTBa Oaktepmii Thma Bacteroidota u poga Prevotella y HopmanbHbIX MBIIIei ¢
MOCJICYIONTUM  pPa3BUTHEM BOCMAJIICHUS KWIEYHWKA MW OHJOTOKCHKO3a, H, B
0COOCHHOCTH, HapYIICHHI criepMaTorenesa [121].

Y MyXuuH Oecriofue XapaKTepu3yeTCsl OTPUIATENIbHON KOPPENSIHed MEXTy
npucyTcTBUEM TpezacraButeneii Bacteroidota m Prevotella u sxu3HECIIOCOOHOCTEIO
CIIEPMATO30UJIOB, YTO JIETJIO B OCHOBY THIIOTE3bI «IBIPSBOro KHIlIeYHUKa». CorjiacHo
ATOW TEOPHH, KUIICUHBIEC YHIOTOKCHHBI MOTYT TPEMSITCTBOBAThH CHHTE3Y TECTOCTEPOHA
B kietkax Jleiimura, TeM caMbIM MPOBOIMPYS YMEHBIICHHE KOJUYECTBA
cnepmato3ouioB [315]. YcraHOBIEHO, YTO DHJIOTOKCUHBI, CBS3BIBASICH C PELIEITOPAMHU
TLR-4, skcmipeccupyeMbIMU Ha MOBEPXHOCTH MMMYHHBIX M IMHUTEIHAIBHBIX KJIETOK,
MOTYT AaKTUBHpOBaTh CUTHaNbHbIH 1myTh NF-kB u  BbI3bIBATH MacCHUBHOE
BBICBOOOYKJICHUE TPOBOCTIAIMTEIBHBIX MHUTOKMHOB [155, 342]. B cBoo ouepensp,
[IUTOKWHBI ~ CTUMYJHUPYIOT  KCAaHTHHOKCHZIA3y, CIOCOOCTBYS TakuM  oOpa3om
MOBBIIICHUIO YPOBHS aKTUBHBIX (JOPM KHCIOPO/a U PA3BUTHIO OKCHIATUBHOTO CTpecca
[252, 281].

AHJpOTeHBl WK APYrHe KOMMYHHUKAIIMOHHBIE (PAKTOPHI, BBIIEISAEMbIE SUUKAMU,
U3MCHSIOT MUKPOOHUOTY KHIIIEYHUKA. B CBOIO 04epeb MUKPOOHOTA KUIIIEYHHKA MOYKET
BIMATH Ha QyHKIMIO stmuek [320].

Bocmanenue, omocpegoBaHHOE TpaHCIOKanued OakTepuid W3  TPOCBETa
KHIIICYHUKA, MOKET OBITh MPUYMHON TIOBPEKICHUS SHIOTEIINS, HApYIICHUH (DYHKIIMH
['Th, a Takxe paccTpoiiCTBa cCIiepMaTOreHe3a ¥ CHIDKCHHS IKHU3HECIIOCOOHOCTH
cnepmatozounioB [52, 305]. Kpome toro, JIK u makpodaru, koTopbie UHPUIBTPUPYIOT
NPUIATOK  sSWYKa, CIHOCOOHBI (DarorMTHUPOBATh CIEPMATO30HMIBI, TEM CaMbIM
CIIOCOOCTBYSl HapylleHuio crepmarorene3a [151]. Jlpyras accomumaius Mexmy

KHUILIEYHON MHUKPOOMOTOM M MYKCKOM pPEenpoAyKTUBHON CHUCTEMON MpeacTaBieHa
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OMOCPEIOBAaHHOM  SHJOTOKCMHAMHU  HMHCYJIMHOPE3UCTEHTHOCTHIO, pa3BUBAIOIIEHCS
BCJIC/ICTBHE U3MECHECHHOM IMPOHUIIAEMOCTH KHIIIeYHHKa [146].

NHCYyNTMHOPE3UCTEHTHOCTD SIBIIETCS COCTOSIHUEM, UMEIOIIMM MAaTOr€HETHYECKOEe
3Ha4YeHHE, MOCKOJIbKY €€ BO3HMKHOBEHHE CMOCOOCTBYET KaK M3MEHEHHIO MHUKPOOUOTHI
KUILIIEYHUKA, TaK U HapylIeHUsIM criepmatoreHesa. [Ipu uzyuenuu mojenen 6ecruioaus
C MHCYJIMHOPE3UCTEHTHOCTbIO ObUIa BBISIBIIEHa 0Oo0Jiee BBICOKAS KOHIIEHTPALIMS
Saccharibacteria u Oonee Hu3kme ypoBHH Actinomycetota u Verrucomicrobia mo
CPaBHEHHUIO C KOHTPOJBHON Mopenbto 0e3 uHcynuHopesucteHTHocTH [110]. Taxxe
YCUJICHUE WHCYJIMHOPE3UCTEHTHOCTH AacCOIMUPOBAHO CO CHI)KCHHEM CEKPEIHH
TeCTocTepoHa KieTkamu Jledaura, B TOM Yucie 3a CYET YMEHBIICHHUS BBLICICHUS
TOHAIOTPOITHBIX TOpMOHOB [220].

[TosiBisieTrcss Bce Ooibllie JOKA3aTeNbCTB TOTO, YTO HW3MEHEHUS CTPYKTYPHI
MUKpPOOHOTO COOOIECTBA TECTUKYIISIPHOM TKAHU SIBJSIETCS KIFOYEBBIMU (haKTOpaMu He
TOJIBKO PEIpPOYKTUBHOTO 3JI0POBBS, HO W CBS3aHHBIX ¢ HUM 3a0osieBaHuil. [[ncO6uo3
MUKpOOMOMa  PENMpOAyKTUBHOTO TpaKTa MOXKET BBI3BIBATh  PEMPOIYKTUBHYIO
bu3MoNOornYecKkyro JTUCHYHKIMIO M BBI3BIBATH COIMYTCTBYIOUIUME 3a00JICBaHUS W
HeOnaronpusaTHbIC ucxoabl OepemenHoctu [130, 267].

Jlo HeaBHETrO BPEMEHHM CYUTAIOCH, YTO MOYa M CIIepMa 3I0POBOTO MY>KUHUHBI HE
coliepKaT OAKTEpH WIIM 4TO OAKTEpHH MPUCYTCTBYIOT JuIlh u3peaka [202]. Oxnako,
MOJIEKYJISIpHAsl JAMAarHOCTHKA MO3BOJIMIIA OOHAPYKUTh MHOTOUYWCIICHHBIE OaKTepUH U
BUPYCHl B MOYE€ U CIEpPME 3J0pPOBBIX MYXYMH. B 4YacTHOCTH, COBpPEMEHHBIE
nabopaTopHble TexHOJIOTHH, Takue kKak NGS, MO3BOJWIM MPOBOAWTH THIATEIHHBINA
aHaJIN3 CIIO’KHBIX MUKPOOHBIX COOOIIECTB B PA3TUYHBIX 00JIACTSAX YEIIOBEUYECKOTO Tea,
B TOM YHCJIC U PEIPOAYKTHUBHOMN cucteme [47].

Hcnonb30BaHne METOIOB CEKBEHHPOBAHMS MPHU aHAINU3E CIIEPMBI MOKA3aJI0, YTO
YyeJioBeuecKas CrepMa He CTepUiIbHA M COJEPXKUT crienuduueckyro diaopy, QyHKIuu
KOTOpOW €Ille MOJHOCThIO He M3yuyeHbl. Kpome TOro, HEsICHO MPOMCXOXKJIEHUE STUX
MuKpooprann3moB [202].

OpHoM 13 BaXKHEUIIUX MPOOJIEM B U3YyUYEHUU CTPYKTYPhI MUKPOOHMOMA TECTUKYJT

SBJISIETCS] OTPAHMYEHHOCTD HAILIMX 3HAaHUW 00 ATUX MUKPOOHBIX coodiiecTBax. B menom
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HEesICHO, Kak  (QopmupyeTcs W MOJCPKHBACTCI  OAKTEPHAIBHBIA  CHEKTP
PETPOIYKTUBHOTO TpakTa. boiee TOro, CymecTByeT JIMIIb HECKOJIBKO HCCIICIOBaHUIA
OTHOCHTEIFHO pPOJIM, KOTOPY0O OHHM MOTYT UIpaTh B OpraHW3Me XO3SMHA |
(YHKITMOHATBHBIX ~ PENPOAYKTHBHBIX  mporeccaX. CpaBHeHHE OaKTepUaTbHBIX
coo011ecTB, OOHApYKEeHHBIX TpH cekBeHUpoBanuu 16S pPHK B criepme, Mode n Mazkax
U3 TPAMON  KWINKH 3J0POBBIX  MYKYWH, IIOKazajgo, YTo TOiIbko 2,3%
UACHTU(DUIIMPOBAHHBIX TAKCOHOB OBUIM OOmMMHM JJs 3THX Tpex cpex u 10% pns
cnepMbl 1 MmouH [119]. Pacmmpenue nuama3ona mpUMEHEHUH 3TUX JaHHBIX MPHUBEIN K
3HAYUTEIILHOMY YBEINYCHHIO 00beMa 3HAHUH O Pa3IMUHBIX OMOJIOTHYSCKUX 00BEKTax,
B YAaCTHOCTH TMO3BOJIMJIM H3YyUYUTh IE€JIble MUKPOOHBIE COOOIIECTBa B 0Opa3lax u
OILICHUTH X B3aMMOJICHCTBUE U BIUSHUE HA CIIEPMATO30HIbI.

B Hacrosmiee BpeMst myOIUKyeTcs OOJBIIOE KOJUYECTBO UCCIEAOBAHUI O CBS3U
MEXKIy MHKPOOPTaHM3MaMH H MYKCKHUM OeCIulofWieM, OJHAaKO MHKPOOHOM
TECTUKYJSIPHOW TKAaHW W3YYEeH HEAOCTATOYHO B CPaBHEHUH C JPYTHMH CHCTEMaMHU H
opranamu. IloaToMy pa3paboTka HOBBIX OMOMApKEPOB MY>KCKOTO OECIIONUS HUMEET
penraroiiee 3HaYCHUE IS YIAYUYIICHUS TUArHOCTUKKA W MPOTHO3a 3TOTO 3a00JIeBaHUS
[272].

[To panmeiM  Alfano M. et al. (2018), TkaHu sHMuYKka C HOPMAJIbHBIM
CIIEpMAaTOreHE30M OXapaKTepH30BaHbI mpeobiamanuem Actinobacteria, Bacteroidetes,
Firmicutes u Proteobacteria xak JOMHHUPYIOIIUX THIIOB, & Y MYXXYHH C a300CIIepMHUEH
ObuH 0OHapykeHbl Tobko Actinobacteria u Firmicutes. Takue oTiauuuss MOTYT OBITH
CIICICTBUEM PA3JIMYUil B KyJIbType, 00pa3e >KM3HM M KYJWHAPHBIX Tpaaulusx. B
MUKpPOOHMOTE TKAaHM SHMYKAa I[MallMEHTOB OOCMX TIPYMI dYalle BCEro BCTPECUYAIHCH
npezacraBuTenu cemericta Lactobacillaceae: B mepBoit rpynme B 87,5% ciaydaes, a BO
BTOpOil rpynne B 54,3% [298]. M3BecTHO, YTO y 3M0POBBIX JKEHIIMH IPeo0agaroT
Oakrepun Lactobacillus koTopbie BBIMONHAIOT MHOMXECTBO 3aIIUTHBIX (DYHKIHHA,
OKa3bIBAIOT BIMSHUE HA €CTECTBEHHYIO OepemMeHHOCTh [238] u pe3yiabTaThbl
sKcTpoKopriopanbHoro omitoforBopenus (DKO) [338]. B myxckoit MHKpoOHOTE
Lactobacillus mornu oka3siBaTh BIMsSHUE HAa TApaMETPhI KAYECTBA CIICPMBI.

YCTaHOBJ'IeHO, 4qTOo MCIHUATOPblI BOCHAJICHUA MOT'YT HAIIPpAMYIO BbI3bIBAThH
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dbparmentanmro JIHK B cmepmarozompgax, 4ro B KOHEYHOM HTOTE OTPAHMYMBAET
CIIOCOOHOCTH 3apOJIBIIICBBIX KJIIETOK K OTUIOOTBOpeHUIO [ 78, 231].

Psn paGoT moCBslIEH OIEHKE BIIMSHUSA OaKTEpPUAIBbHBIX COOOIIECTB Ha CBOM
HKOJIOTUYECKUE HUILU MOCPEACTBOM CBOEH META0OIMYECKON aKTUBHOCTH, B YACTHOCTH,
B HACTOAIEE BpeMs SBISETCA OONIENpU3HAHHBIM, YTO HOPMalbHBIA YypoBeHb PH
BJIATAJIMINA S>KEHIIMHBI oOecrieuynuBaeTcs Onarofaps akKTUBHOCTH JIAKTOOAKTEpUM, YTO
3alUIaeT OT BarMHAJIBLHBIX HHpeKnui [227].

B 1es10M nosyueHHbIE K HACTOAIIEMY BPEMEHU JIAHHBIE CBUJIETEIBCTBYIOT O TOM,
YTO 3J0POBBIM MHKPOOMOM YpeTpbl MpPOCT, CTA0WJIEH M MOXET OBITh CBSI3aH C
BO3JICICTBHEM OKpY)KaloUIed Cpellbl, OAHAKO TAaKCOHOMHYECKOE pa3HooOpas3ue B
OOJBIIMHCTBE TMPOBEACHHBIX K HACTOSIIEMY BPEMEHHU HCCIEAOBAHUM OBLIIO HU3KUM
[275]. OdeBumHO, YTO M3MEHEHUE MHUKPOOHOIO COCTaBa MOXKET IPHUBECTH K JUCOHO3Y,
KOTOPBIH, B CBOIO OYEpPEIb, MOXKET BIMATh Ha (PEPTHUIBHOCTh U MAKPOCKOIUYECKHE
HapylleHusl Moka3areie cnepmsbl. llomydeHHbIE K HAcCTOSMIEMY BpPEMEHU JTaHHbBIC
CBUJETENBCTBYIOT O TOM, YTO y T'€HETHYECKHM BOCIPUHMMYHMBOIO XO3sIMHA JUCOaaHC
B3aUMOJICUCTBUIT MHUKPOOHMOTHI MU UMMYHHOM CHCTEMBI B OMNPEJCICHHBIX YCIOBHUSIX
OKpYXalollel cpelibl CIOCOOCTBYET MAaTOr€HE3y Pa3iuYHbIX UMMYHOONOCPEAOBAHHBIX
HapyIIEHUH, MPUBOAAIINX K PEMPOIYKTUBHBIM MOTEpsiM. M3MeHeHust B MUKpoOOUOTE
MOJIOBBIX MyTEW OKa3bIBAIOT CHEHU(PUUYECKOE BIUSHUE HA PETIPOYKTUBHYIO CUCTEMY, A
KOPPEKIUsI  aHOMAJIbHBIX MHKPOOMOMOB  MOXET TMPUBECTH K  YIYYIICHHIO

PENPOAYKTUBHBIX PE3YyJIbTATOB.

1.4 Oco0eHHOCTH MYKCKOT0 0eCIJIOAMS, ONIOCPEAOBAHHOI0 H3MEHEHUSIMHU COCTABA
MHUKPOOHOTHI

Hecmotps Ha 3HaUMTEIBHBINA IPOTPECC B UCCIIEOBAHUSIX MUKPOOHMOMA, N3YUYECHHE
MUKPO(DIOpPBl MYKXCKHX TOJIOBBIX MyTel BCE el€ HaxXOIWUTCS Ha HayalbHOM JTare.
bonpmHCTBO  paboOT, KacaromMXcs MYKCKOM  PenpoAyKTUBHOM  MHUKPOOHMOTHI,
COCpEOTOYEHBl HAa M3YYEHHMH MHUKPOOMOMa CEMEHHOW XUAKOCTH, B COCTaB KOTOPOH

BXOOUT CCKPET AHWYCK, IPUIAATKOB AWYCK, IM[MPOCTATBI, CCEMCHHLIX IIY3bIPLKOB,
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Oyp00ypeTpanbHBIX U TTapaypeTPAbHBIX Kele3. Takas cpea COAep>KUT MUTATEIIbHbBIE
BCIIIECTBA JIJII MHUKPOOPTAaHU3MOB, OO€cIeurBasi OJATOTPUSTHBIC YCIOBHUS IS WX
passutus [103, 105, 249]. Takum o6pa3om, MUKpPOOHOM CEMEHHOM KMIKOCTH OTpa)KaeT
COCTaB MUKPOQIIOPHI BCEIl MYKCKOM MOJIOBOI CHCTEMBI.

YacToTa BBISIBJICHUS MYKCKOToO (akropa B OecruiofHbx napax jgocturaet 50%,
IIPU 3TOM BXKHEUILIUM ITHOJOTUYECKUM (DAKTOPOM SIBIISIETCS MHPEKIIHUS MOYETIOTOBBIX
nyter [102-104, 105, 249, 263, 283]. YV 25% MyX4WH, WMCIOIHNX aHOMAJIbHbBIE
MOKa3aTelld CIepMOrpaMMbl, YCTAaHABIMBAIOT AUArHO3 HAMOMATHYECKOTO Oecriioaus,
TaK KaK COBPEMEHHBIC TUArHOCTUYCCKUE WHCTPYMEHTHI HE IO3BOJISIOT BBIIBHTH €TO
npuyunk [ 79, 168, 180].

CoBpeMeHHOE olpesiesieHue MyKcKkoro Oecrutoaus, npeanoxenHoe Esteves S.C.
nu Humaidan P. (2023), paccmatpuBaer ero kak 3a0o0JieBaHHUE MYKCKOU
PENpOIyKTUBHOM  CHUCTEMBI, OOYCIIOBJICHHOE BpPOXACHHBIMU U TE€HETUYECKUMU
COCTOSIHUSIMHM,  QHATOMUYECKUMH,  JHIOKPUHHBIMH,  (DYHKIMOHAIBHBIMH  WIH
WMMYHOJIOTHYCCKUMH ~ HapymIeHUsAMH, HWHPEKIUSIMH  MOYETOJOBOTO  TPAKTa,
OHKOJIOTHUECKMMHU 3a00JIEBaHUSIMM M WX JIEYCHHUEM, a TaKKe CEeKCyaJlbHBIMU
pacctpoirictBamu. [Ipu 3TOM moOTYEPKUBACTCS MOTYIUPYIOIICE BIUSHAC HEAIEKBATHOTO
o0Opa3a >KU3HH, BO3/IEHCTBHSI TOKCUKAHTOB M TIOKUJIOTO OTIIOBCKOTO BO3pPacTa, KOTOPHIE
MOTYT CaMOCTOATENFHO WA TOTCHIIUPOBATh JIEUCTBUE W3BECTHBIX MPUYMHHBIX
daktopos [104].

CoBpeMeHHOe olpesiesieHue MYXKCKOro Oecruious, npeayoxenHoe Esteves S.C.
nu Humaidan P. (2023), paccmatpuBaer ero Kak 3a0o0JieBaHUE MYKCKOU
PENPOIYKTUBHONH CHUCTEMBI, OOYCIOBICHHOEC BpPOXKICHHBIMA W TCHETHUYCCKUMU
COCTOSIHUSIMHM,  QHATOMHYECKUMH,  JHIOKPUHHBIMH,  (DYHKIMOHAIBHBIMH  WIIH
UMMYHOJIOTHYECKUMHU ~ HApYyIMICHUSAMH, HWHQPEKIUIMH  MOYETOJOBOTO  TPAKTa,
OHKOJIOTHUECKMMHU 3a00JICBaHUSIMH M WX JICYCHHUEM, a TaKKe CEKCyaJIbHBIMH
pacctporictBamu. [Ipu 3TOM mogu€pKuBaeTCs MOTYIUPYIOIIEe BIUSHAE HEAIeKBATHOTO
oOpa3a KU3HH, BO3JICHCTBHSI TOKCHKAHTOB M TIOKHJIOTO OTIIOBCKOTO BO3pacTa, KOTOPhIE

MOT'yT CaMOCTOATCIIbBHO WKW MOTCHHUPOBATH I[CﬁCTBHG HN3BCCTHBIX IMPUYHUHHBIX

daktopos [104].
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W3BecTHBI TpPagUIIMOHHBIE MEXAHHU3MBI, IMOCPEACTBOM KOTOPBIX IMaTOTCHHBIC
OakTepyy MOTYT HETaTUBHO BIHATH HA MYXCKYI0 (DEepTUIBLHOCTH. HapyIIaTh
MOJABMYKHOCTD M KalallUTAIMIO CIIEPMATO30M/I0B, MHAYLIMPOBATh OKCUIATHUBHBIN CTpece
u amonto3 [102, 103, 137, 185, 200, 263, 283, 326]. Hexoropbie ucciaemoBaTenn
MojiararoT, 4YTo JUCOMO3 CEMEHHOM JKMJIKOCTH TakXe MOXKET OKa3bIBaTh
HEOJaronpusITHOE  BO3JCHCTBHE HAa  MYXKCKYIO  (epTHIBHOCTH  MOCPEACTBOM
JOTIOJTHUTENHHBIX, HO TTOKA eMI¢ HE BRISICHCHHBIX MEXaHU3MOB.

Hecmotpss Ha Hammuume ['Th, MexaHM3MOB HMMYHHOW 3alllUThl SIMYEK U
JOKaJTbHOM  MHKPOOHMOTBI, B  CEMCHHHUKA MOTYT IIPOHHMKATh  IaTOTCHHBIC
MHUKpPOOPTaHU3MBl W3 MOYCHUCITYCKATEeIIbHOTO KaHajma # OaKTepHWH, BBI3BIBAIOIITUE
3a00sIeBaHus, MePEAAIOIINECS MOJOBBIM IMyTEM. OCTPBI YMUAUIUMUT SIBISIETCS BEChbMa
4acTo HaOMIOMaeMbIM  TMPOSBICHUEM HMH(PEKIUA MYKCKHX IIOJOBBIX  ITyTEH;
MOPaKEHHBI TpU 3TOM 3a00JIEBaHUU OpraH HMEET CTPYKTYpPy, BO MHOTOM
COBNAJAIONIYI0 CO CTpOEHHWEM sM4YeK. TKaHM mNpujaTKa SUYKa SBISIIOTCI MEHeEe
UMMYHOJIOTHYECKH TPUBUJICTHPOBAHHBIMU CTPYKTYpaMH TI0 CPABHEHHUIO C TKAHSIMH
SAUYEK, MPU OSTOM TOJOBKAa MpHUIATKA XapaKTEPU3yeTCs OMNpeNeIEHHON CTENeHbIO
UMMYHHOW pPEaKTHMBHOCTH, a TKaHM XBOCTa MPHUAATKa MOTYT MMETh BOCHAIHUTEIbHBIN
npoduis [160].

Y mnamueHToB € AOUANAUMHTOM PETUCTPUPYETCS OUYEHb HHU3KOE KadyeCcTBO
CIIEPMBI, KOTOPOE 3aKITI0YACTCS B M3MEHECHUH OSJTKOBOTO COCTaBa CIIEPMaTO30HI0B, YTO
OPUBOAUT K MYKckomy Oecruiomuto [129]. Croiikoe MOBpeXJeHHUE MO JEUCTBHEM
NATOT€HHBIX MHUKPOOPraHU3MOB MNPUBOAUT K (PUOpO3HON TpaHchopMalMu U
JETCHEePAINN TTUTETHNS PHUIaTKa SIMYKa.

B skcneprMeHTanbHBIX MCCIIENOBAHUSX OBUIO TOKAa3aHO, YTO WHOUIIMPOBAHWE
IPaMOTPUIATCIIBHBIMA W TPaMITIOJIOKUTEIIbHBIMIA OaKTEpUSIMH TPUBOIUT K Pa3BUTHIO
BBIPAKEHHOTO TMPOBOCTAIIUTEILHOTO ITUTOKUHOBOTO OTBETA, COMPOBOXKIABIIETOCS
noBeimieHueM ypoBHs NOS-2 B cemenHukax wmbimm [83, 219]. VYpomarorensnsie
uHpekuy, Bbi3BaHHbIC E. coli, y wmbimei xapakrtepusyrorcs aktusaruei toll-like
receptors (TLR)4 u TLR5 B roioBke mpumaTka SHYKa C BBICBOOOXKIECHHEM

IPOBOCIIAIUTENBHBIX IIATOKUHOB U uHTEpdepona 1-ro Tuma [100].
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Chlamydia trachomatis siBisiercs HanOosiee YacTbIM BO30yauTeNeM 3a00I€BaHUIT,
NEePEJAIOINXCA TIOJOBBIM MYyTEM W TMPUBOASIIMX K XPOHMYECKOMY BOCHAJICHHUIO U
¢bubpo3y mosoBoro Tpakta y wmyxumH [343]. Anrturensr Chlamydia trachomatis
cBsa3biBatoTca ¢ peuentopamu TLR2 u TLR4, a takxke peuentopamu pacro3HaBaHUs
aTOr€HOB, 4TO COIPOBOXKAAETCA MacCHUpPOBaHHBIM BBICBOOOKICHUEM
IPOBOCHAJIMTENBHBIX IIUTOKMHOB; 3TO, B CBOIO OYE€pellb, MOXET OO0YyCIOBIMBATH
NEPEXO/I MpoIlecca B XpOHUUECKYIO CTaanio. YTo KacaeTcsi BUPYCHBIX 3a00JIeBaHUM, TO
PHK-Bupyc »snuaemMuueckoro mnapoTHTa sBISE€TCS HauOojee 4YacTod MNPUYMHOU
SMHUIUJAUMUTA U OPXUTA, KOTOPBIE BBI3BIBAIOT MYyckoe Oecrutoaue [140].

Nmerotcst coobmennss o tom, yto COVID-19 moxer umHUIMpOBAaTH TKaHU
AWYKa, Hapyllas CEKpPELUI0 TECTOCTEpPOHA, TEM CaMblM MPHUBOJAS K IEPBUYHOMY
TUTMOTOHAN3MY WM yCYTYOJIsisi paHee CYIIeCTBOBABINEE CHIDKEHUE YPOBHS MYXKCKUX
MOJIOBBIX TOPMOHOB [72]. B wactHoCTH, Y mamueHToB ¢ COVID-19 6p1710 00HapyXeHO
CHIDKEHHOE KOJMYECTBO KieToK Jleiiaura Hapsay ¢ BBICOKOM 3KcIpeccuen
aHTHOTeH3UHIpeBpalammero ¢epmenta 2 B suukax [219, 232, 355]. Kpome Toro,
cood1anock o BopieueHuu T- u B-muMdonuToB TECTUKYN B MHPEKLIMOHHBIN Mpolece
npu COVID-19 [149].

Pe3ynbrarel uccleOBaHUNA BIUSHUS MHUKPOOMOMOB pPa3jMYHBIX OTJIEJIOB
MOJIOBOM CHUCTEMBI M MPOOMOTHKOB HA MYXKCKYI0 PENpOAYKTHBHYIO (YHKIHUIO

npeacTaBiieHsl B Tadnune 1.1.

Tabmuua 1.1 — Biusiaue MukpoOuoma v mpoOUOTUKOB HA PENPOAYKTHUBHYIO (DYHKLIHIO

Yy MY>XYUH
Mukpoopranu3Mbl OpraH-MuIlIEHb OcHoBHBIE 3P DEKTHI Ccbuiku
(cexper)

Anaerococcus Crniepma Mapxkep Hu3Koro kauectBa criepmbl | [203]

Proteobacteria Crnepma VYBenuunBaeT BSI3KOCTH CEMEHHOM [70]
KHUJIKOCTH

Lactobacillus brevis, | Cnepma CoxpaHSoT CIIEPMATO30HU b [93]

L. salivarius, MOJBMYKHBIMHA U 3AIIUIIAIOT UX OT

L. plantarum JIEUCTBUS AKTUBHBIX dbopm
KHCJIOpO/a
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Mukpoopranu3Mbl OpraH-MuIlIEeHb OcHoBHbI€ 3P (DHEKTHI Ccpuikn
(cexper)
L. rhamnosus PB01 Crepma [ToBelrraer HOJBMKHOCTE | [176]
CIIEPMATO30MI0B M YJIydllaeT WX
KAHEMATHYECKUE TapameTpel (B
AKCIIEPUMEHTE Ha MBIIIIAX)

L. L.rhamnosus Cnepma Viydrienune noaBrkHOCTH | [239]
CECTS361, CIIEpMATO30MJI0OB W  CHIDKCHHE
Bifidobacterium longum crenenn pparmentauun JIHK
CECT7347
L. casei CGMCC 1.570 | Cnepma [ToBwIIeHUE nonBxHOCTH | [123]

CTIEpPMaTO30HI0B u YPOBHS
AKTUBHOCTH WX MUTOXOHIpPUH Ha
(OoHEe TOBPEXKIICHUS, CBSI3aHHOTO C
uHBazuei Pseudomonas aeruginosa
(B DKCIIEPUMEHTE HA CBUHBSIX )
L. rhamnosus | Cnepma Ob6neryaer HETraTUBHOE [44]
CECT8361, BO3/ICICTBHE OKHCIIUTEIIEHOTO
Bacteroidetes  longum cTpecca
CECT7347
TpancrianTanus Svukn Viydmienne kadectBa crepmbl u | [157]
bexanpHOU criepMarorene3a (B JKCIEPUMEHTE
MUKpPOOHOTBI Ha MbIIIaxX)
Clostridium SAnaku [MoBeimenne nponunaemoct ['Th | [311]
Tyrobutyricum (B OKCTIEPUMEHTE Ha MBIIIIAX )
L. acidophilus, [ToBbItieHNEe ypoBHS TecTocTepoHa, |  [306]
Saccharomyces SAnuku KOJMYeCTBAa M Beca ocobeil B
cerevisiae npuiuiofie (B AKCIEPHUMEHTE Ha
KPOJIMKAX)
L. plantarum TW1-1 SAnaku BoccranoBienne — tecTukyssipHoit | [175]
byHKIMN nociie oI ®-
UHIyIIMPOBAHHOTO  MOBPEKICHHUS
(B SKCHEpUMEHTE Ha MBbIIIAX).
JA2I'® —  npudyTrarekcuiadTanat
(1O® — nuoxTundranar)
[Ipenapar [IpencrarenpHas | CHIKEHHE BbIpakeHHOCTH | [122]
PRO-Men Hyperbiotics | xenesza BOCTIAJIUTENILHOTO  Tpoliecca TpHu

PEUUINBUPYIOLEM ITPOCTATUTE
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1.5 I[HCﬁl/IOC} SAHYECK U €10 B3aUMOCBA3b C MYKCKUM 6eCHJIOI[I/IeM

B mocneanue roapl ObLI0O HAYaTO M3YyYECHHE B3aMMOCBS3HM JUCOMO03a B SIMYKAX C
MYKCKHM OecruiojueM. BplIn OlleHEHBI acCOIMAIMKM PA3JIMUYHBIX HAPYIIEHUH COCTaBa
CIEPMBI, BKJIIOYAs OJUTO-a300CHEPMHIO, aCTCHO-a300CTIEPMHIO0 U a300CTIEPMHUIO, C
XapaKTepUCTUKaMU MHMKPOOHOTO cocTaBa CEMEHHOW >kujukoctu. K mpumepy, ObLIO
YCTaHOBJICHO, YTO Y JIUI C a300CTIEPMHECH YBEITHMUYUBACTCS KOJUISCTBO OAKTEPUIl TUIIOB
Bacteroidota u Bacillota, B To BpeMsl kKak 4uCIO TpEACTaBUTENICH TCEBIOMOHAT W
aKTUHOMUIIETOB cHUkaeTcs [220]. Y manueHToB ¢ 0JUTro-acTeHO-TepaTO300CIIepMUEH,
HaIlPOTHUB, OYEHb BBICOKA YacTOTa OOHApY>KEHHUsS MHUKPOOPraHM3MOB pojaoB Neisseria,
Klebsiella 1 Pseudomonas, a Taxke tuna Bacillota, Ho Koau4ecTBO mpeacTaBUTENCH
Lactobacillus 6onee Huskoe [142]. ¥V manueHToB ¢ UAUOMATHIECKON HEOOCTPYKTUBHOMN
a300crnepMHEel ObLIIO BBISIBJIEHO CHUYKEHUE YMCIEHHOCTH OakTepuil poaa Clostridium.

NHTEeHCUBHO M3y4yaeTcsi W BIUSHUE MHUKPOOHMOTHI KEHCKHUX IOJIOBBIX IyTEH Ha
coctaB Mukpoduopsl y myxuuH. Hanpumep, Gardnerella vaginalis u 6akrepuu pozaa
Lactobacillus 6putn OOHapy» eHbI B CEMEHHHUKAaX MY>KYUH MOJIOJIOTO BO3pacTta, B TO
BpeMsl Kak MUKpoopraHnu3Mbl pojgoB Pseudomonas, Flavobacterium u Acidovorax Obuin
BBISIBJICHBI B CEMCHHOM »KUIKOCTH TMOXHWIBIX Jroaei [70, 277]. M3MmeHeHnus cocraBa
CIIEpMBbl  BOCHAJUTEIBHOTO XapakTepa ObUIM aCCOIMUPOBAHBI C  BBISIBJICHHUEM
Streptococcus agalactiae, Gardnerella vaginalis u 6akTepuii, KOTOpbIe 0OHAPYKUBAIOTCSA

npu 0akTepuaabHOM BarnHo3e [89].

1.6 CocTaB MUKPOQIOPHI CEMEHHOM KUAKOCTH U CHUKeHHE (PePTUIIBHOCTH Y
MYKYMH

1.6.1 MeToabl OleHKH MUKPOOHOMA

[lepBoHaYaIbHO HCCIIEIOBAHUSI OAKTEPHATILHOTO COCTaBa CEMEHHOW JKHUIIKOCTU
OCHOBBIBAJIUCh Ha UCIIOJIb30BAaHUU KYJIbTYPAIbHBIX METOJOB, OPHEHTHUPOBAHHBIX

MNpECUMYIICCTBCHHO Ha BBIJACIICHUC XOPOHIO M3BCCTHLIX IMATOTICHHBIX 6aKTepHﬁ, TaKHUX
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kak Staphylococcus, Enterococcus, Escherichia, m Ureaplasma [211, 262, 333].
Pe3ynpTaThl 3THUX HCCIEIOBAaHUN MO3BOJBUIM TOJYYUTh BEChMA OrPAaHUYECHHOE
IPEJICTaBICHUE O MHUKPOOMOTE CEMEHHOW J>KHUIKOCTH, OCOOEHHO O HAJIWYUU B HEU
aHa’po0OB U JAPYTUX MUKPOOPTaHU3MOB, KOTOPBIE CIOKHO BbIpanuBaTh. C TeUeHHEM
BPEMEHU INIOJIYYWIH PAaCHpOCTPAHEHUE METOJbl, OCHOBAaHHBIE HA MCIOJIb30BaHUU
noumepasHo-tienHon peakiuu (I1L[P), koTopbie M03BOIUIN BBISIBUTH 00Jiee MIUPOKUN
CHEKTp MHKpoOpranu3smMoB. OJHaKo, HX pe3yJabTaTbhl TaKKe HE CMOIIH
IPOAEMOHCTPUPOBATh MCUEPIBIBAIOIIYI0 KAPTUHY MHUKPOOMOMa CEMEHHOM >KHUJIKOCTH
[221]. OrpannyenHust ObUTH CBSI3aHBI C TEM, YTO HMCCIIEIOBaHUA, OCHOBaHHbIC Ha [ILIP,
npeanosjaraiyd 3a0aroBpeMEHHOE ONPEEICHUE POJIOB HCCIEAYyEeMbIX OakTepuil —
TakuM 00pa3oM, 3T METOAbl Malod((PEKTUBHb B OTHOILIEHUHU HCCIIEJOBAHMUS
MOJIMMHKPOOHBIX 00pa3IoB.

[TosiBnenne Texnonorun NGS obecrnieunsno 3HaUUTEIbHBIA IPOTPECC B U3YUYEHUU
MUKpOOHMOMa 4eJoBeKa. JTOT MOAXOJ IO3BOJSET HEMOCPEICTBEHHO CEKBEHHPOBATH
JJHK n PHK muxpoopranusmoB 0e3 HEOOXOAMMOCTH WX KYyJbTUBHpPOBaHUA. JIByms
OCHOBHbIMH MeTonamMu NGS, NpuUMEHAEMBIMH Ul ONpPENEICHUS XapaKTEPUCTHK
MUKpOOMOMa,  SBJIAIOTCS  AMIUIMKOHHOE  CEKBEHHPOBAaHME U  METareHOMHOE
CEKBEHMPOBAHUE METO/IOM «apoboBuka» [53, 82].

AMIUIMKOHHOE CEKBEHUPOBAaHHME OCHOBAaHO Ha aMIUTU(UKALKU OINpeAeIEHHOro
yuactka JIHK ¢ momompro IILP w mocnenyromem CEKBEHUPOBAHWU ITOJYYEHHOTO
matepuaina. Kak npaBuio, 310 Bie4€T 3a coOOM HalenMBaHUE HA OJWH MM HECKOJBKO
runepBapualeIbHbIX y4acTKOB reHa OakrepuanbHoil 16S pubdocomuoii PHK (pPHK).
['unepBapuaOenbHble YYaCTKU, KOTOpblE y OaKTEpHil HMMEIOT BBICOKYIO CTENEHb
KOHCEPBATUBHOCTH U HIMPOKOE PacIpOCTpaHEHHUE, MPEACTABISAIOT COOON MOIXOISIIYIO
OCHOBY s aHamm3a [41]. TemM He MeHee, M3-3a NPAKTUUYECKUX OTPAHUUYCHUIA,
CBSI3aHHBIX C MPOAOLKUTEIBHOCTHIO BBIIIOJHEHUS METOJA U €r0 BBICOKOM CTOMMOCTBIO,
JUISL CEKBEHUPOBAHUS OOBIYHO BBIOMpAETCS TOJBKO YacTh OTUX BapuaOeIbHBIX
yuyacTkoB. Takod moAX0A YpeBaT TMOJYyYEHHEM HEOOBEKTUBHBIX PE3YJIbTATOB,
IIOCKOJIbBKY HH oauH Yyyactok pPHK He wMoXeT CciyXuTh OCHOBaHHMEM JUIA

3¢ (HeKTUBHOrO pacno3HaBaHUs BCEX BUJOB OAKTEPHil, a CEKBEHUPOBAHHE KOHKPETHBIX
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rurnepapuadeIbHbIX MOCIEeI0BATEIbHOCTEH MOXKET IPUBECTHU K JIOKHBIM PE3yJIbTaTaM.

B oTnuumne oT aMINIMKOHHOTO CEKBEHHWPOBAHMS, METAT€HOMHOE CEKBEHUPOBAHUE
METOIOM  «JIpoOoBUKa» (shotgun metagenomic sequencing, SMS) no3BoIsIET
BCECTOPOHHE OLIEHUTH Bce mnocienoBatenbHocTu JIHK B umccnenmyemom obGpasue. B
npouecce uccienoanus Bes JJHK oOpasua u3BinekaeTcss U mojaBepraercsi ciydyaiHon
dbparMeHTali C TOCIEAYIONIMM OapKOJAMPOBAHMEM M HAHECEHUEM aJanTepoB Ha
KOKIBIM (parMeHT, 4YTO oO0JerdaeT MalbHEUITyI0 WIACHTH(PUKAINIO OO0pasloB U
cexkBeHupoBanue JJHK. Ilomydyennsle qanHbie 00pabaThIBAIOTCS U COMOCTABIISIOTCS CO
COpaBOYHOM 0a30i JaHHBIX A HWACHTU(QUKAIMM TAKCOHOB U OLEHKU MX
(GyHKIIMOHATBFHOTO TIOTeHIHaNa [41].

B ommuume OT aMIUIMKOHHOIO CEKBEHUPOBaHUA, MeToh SMS mno3Boiisier
oOHapy>xuBaTh napasuton, rpuosl 1 JIHK-Bupycel. Meton xapakrepusyercs BHICOKHM
pa3pelieHueM U YyBCTBUTEIBHOCTBIO B OTHOIICHHMM BBISIBICHHS BHUJIOBOW CTPYKTYpBI
MHUKPOOPIraHu3MoB [41].

B nocnennue rojpl B KIMHHUKO-TA0OPATOPHYIO MPAKTUKY AKTUBHO BHEAPSAETCS
METOJI TPaHCKpUNTOMHOTO cekBeHupoBanuss PHK. TpanckpuntoMm ompenensercss Kak
COBOKYITHOCTh Bcex PHK, mpucyTcTByrOmMX B ONpEeaeIeHHON TKaHU WA OPTaHU3ME B
onpesiesieHHbIE MOMEHT BpemeHH. IIpoBoauTcs u3ydyeHHe MOJHOro Habopa
tpanckpuntoB PHK, mpousBeneHHBIX T€HOMOM, JJi TMOJMYYEHUS MPEACTABICHUS 00
ypoBHe dkcrpeccun PHK. Anamu3 ypoBHs Tpanckpuniuu u skcnpeccun PHK,
(GYHKIUMM U CTPYKTYpPbl TPAHCKPUIITOB U3 PA3IMYHBIX 00pa3loB (KJIETOK WM TKaHEH)
TI03BOJISIET MOJTYYUTh WH(GOPMAIIHIO O TeHOMHOM peryJisiiuu [286, 340].

TpaHCKpUNTOMHBIA aHAIW3 MPOBOJAWJICS IMyTEM HCCIEN0BaHUSA (YyHKUUU
npoaykta TtpanckpuntoMa B dopme PHK, cocrosimeir w3 komupyromei u
nexkoqupytomed PHK. Konupyromas PHK orpannuena mudopmanumonnoit PHK, B To
Bpemsi kak Hekomupyromas PHK cocroutr w3 HECKONBKMX THUIIOB: JJIMHHOU
nekoqupytomern PHK (maPHK), pu6ocomansnoit PHK (pPHK), tpancmoptHoit PHK
(TPHK), manoit PHK, nonyuennoit uz TPHK (1PHK), xonbuesoit PHK (uupPHK). I1pu
TPAHCKPUIITOMHOM CEKBEHHPOBAaHUU MOKHO OINPEIEIUTh TaK Ha3bIBAEMOE KHUBOE

COO0IIIECTBO MUKPOOHOMa, KOTOPOE aKTUBHO B IAHHBIM MOMEHT BPEMEHH, B OTJINUHE OT
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TapreTHOr0 M METAreHOMHOro ImoTtraH cekBeHuposanus JIHK, npu BeimomHeHnn
KOTOpPOro MOTYT BbIABIATHCS cinensl JJHK, HO mpu 3TOM MukpoopraHusM morudaert.
[IpencraBisieTcss NEPCIEKTUBHBIM IPUMEHEHHE JAHHOIO METOJa B OTHOLICHUH

UCCJIEI0BAHNUSI MUKPOOHOMOB C HU3KOW MUKPOOHOI OMOMACCO.

1.6.2 Muxpodiopa ceMeHHOM KUKOCTH 310POBBIX MYKUMH

[To pe3ynbTaTamM aHaIM30B, BBHITOJHEHHBIX C WCIOJIF30BAHNEM YKa3aHHBIX BBIIIC
METOJIOB HMCCJIEOBaHHUM, YHAJIOCh BBIIBUTH CJIEAYIOIIHNE OCOOCHHOCTH MHKpPOOHOMA
CEMEHHOM >KUIKOCTH. Bo-TiepBhIX, ObITM OOHApPYKEHBI 3HAUYUTEIbHBIC PAa3NUYMsl B €€
BUJIOBOM COCTaB€ y pa3HbIX JroAei. Bo-BTopbiXx, Oblla OTMEUEHAa CKIOHHOCTh K
(GOpMHpPOBAHHUIO MHUKPOOHBIX COOOILIECTB, B KOTOPBIX JOMHHHUPYIOT ONpPENEIEHHBIE
BubI [333].

B ogHOM M3 mepBbIX HccieloBaHUM, MPOBEAEHHBIX Ha OCHOBE MeTon0B NGS,
Hou D. et al. (2013) cexBenupoBanu ywyactku V1-V2 renoB 16S pPHK; npu sTom
YCTaHOBWJIM, YTO JIaXKe JSKYJAT 3J0POBBIX JOHOPOB COAEPKUT OYEHb Pa3HOOOPa3HYIO
nomyysinuio  Oaktepuii. Cpeau MHUKpOOPTaHHW3MOB, Hamboyiee paclpoCTpaHEHHBIX B
CEMEHHOU XKHUIKOCTH, ObLTM OoOHapyskeHbl Ralstonia, Lactobacillus, Corynebacterium,
Streptococcus u Staphylococcus. Brienennbie npeacTaBuTe MUKPOGIOph ObLIN
OpPTaHU30BaHbI B IIECTh TPYII, OCHOBAHHBIX HAa BUAOBOM cocTaBe U cTpykrype [203].

B pabore Weng S.L. et al. (2014) aBTOpbl NPUMEHSJIH CEKBCHUPOBAHHUE
runepBapuadenbHoil oomactu V4 rena 16S pPHK nns uccnenoBanus 36 o0pasios
IKYJSITa ¢ HOpMalbHOW crnepMmorpammoi. Haunbonee pacnpocTpaHEHHBIMH poAamMu
oOHapy>KeHHbIX MHKpoopranu3moB Owbutn Lactobacillus, Pseudomonas, Gardnerella,
Prevotella u Rhodanobacter. bakrepuanbubie coobmiecTBa cHOPMUPOBAIA  TPU
OCHOBHBIX Kyiactepa: ¢ npeobnaganuem Pseudomonas, ¢ mpeobnaganuem Lactobacillus
u ¢ mnpeobmamanuem Prevotella. Haumbonee wacTto BeTpedanmach rpymma C
npeobiananreM Lactobacillus [53].

Baud D. et al. (2019) ObuTO BBHIMOJIHEHO CEKBEHUPOBAHHME THIIEpPBapHaOEIbHBIX

obnacteit V1 u V2 rena 16S pPHK B 26 00pa3iiax ceMeHHOM KUJIKOCTHU, MOTYyYEHHBIX
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OT MY)XYHH, TPOXOIAIINX OIEHKY (EepTUIHHOCTH, C HOPMAJIBHBIMH IOKA3aTEISIMU
cnepMorpamMmsl. B pesynbrare ObUIO BBIIEICHO TPU TPYIIIHI B 3aBUCUMOCTH OT COCTaBa
MUKpPOOUOTHI: Tpynmna ¢ mnpeodnaganueM Lactobacillus, rpynna ¢ npeoGiagaHueM
Prevotella u momumukpo6Has rpynma. Hammaue Staphylococcus 6p110 accoruupoBaHo ¢
HOpMaJIbHBIMU pe3yJbTaTaMH CIIEPMOTPpaMMBI, B TO Bpems Kak poxa Lactobacillus
BBIJICJISUTA U3 00pa3lioB ¢ HOpMalbHOM Mopdosioruei [284].

CormacHo pe3ynbratam Jpyroro wucciemoBanusi Lactobacillus, Gardnerella,
Veillonella, Corynebacterium u Escherichia sBisuce Hanbonee pacnpocTpaHEHHBIMU
BUJIaMH, BBIJICIICHHBIMA M3 JAKYJATa MYXXYHUH C HOPMaJIbHOU criepMorpammont [174,
201].

AHanmu3 coctaBa MHUKpoOMOMa CeMEHHOW KUAKOCTH 30 370pOBBIX MYXKYHH,
BeinoaHeHHBIH Bukharin O.V. et al. (2022), mo3BoimiI yCTaHOBUTBH, YTO B KAa4EeCTBE
HanOoJiee pacpoCTpaHEHHBIX POJIOB MUKPOOPTaHU3MOB BBIBIIAIOTCS Staphylococcus,
Corynebacterium, Enterococcus, Neisseria u Veillonella. Pe3ynbpTaThl mccnemnoBanus
Yao Y. et al. (2022), npoaHaJIu3UpOBABIIKNX 00PA3LBI CEMEHHOMN KUAKOCTH 20 MyKUYNH
C HOPMAJIbHOM CIIEpMOTPaMMOM, BBISIBUJIM TaKHE€ OCHOBHBIE POJIbI OakTepuii, Kak
Streptococcus, Lactobacillus, Burkholderia-Caballeronia-Paraburkholderia,
Staphylococcus u Gardnerella. Cpenu 3Toil BBIOOPKM MYXUUH HauOOJbIIIEH
YHCICHHOCTBIO 00J1a1ana rpyimna ¢ npeoodnamaanuem Lactobacillus [270].

Hanpotus, aBropamu B pabore Monteiro C. et al. (2018) ¢ mnomomrsio
CEKBEHUpPOBAaHUS TUIepBapuadenbHbix obmacteit V3-V6 rtena 16S pPHK Obina
oOHapykeHa HHU3Kas pacnpocTpaHeHHocTh Lactobacillus u  Bbicokas yacroTa
BcTpeyaemocTu Enterococcus B 00pa3iiax ceMEHHOM )KUAKOCTH MY>KUYHUH C HOPMAJIbHON
cnepmorpamMmoit. OJHAKO Ba)XHO OTMETHUTh, YTO BCE OOpa3Ibl, KOTOpPbIE ObUIH
POaHATM3UPOBAHBI B 3TOM HCCIEIOBAHUH, MPEICTABIsUIA COOOM OCTaTKU MaTepuania
JUTSL TIPOIIETYP BCTIOMOTATENIbHON PEMPOAYKIINH, ¥ HEJIb3sl UCKIIOUYNTh, YTO HEKOTOpas
J0J1s1 ciydaeB Oecruious Obliia 00ycioBiIeHa My)ckuM (akropom [70].

CexBenupoBanue rurnepBapuadenbHbix obnacter V1 u V2 rena 16S pPHK
npumensuit - Yang H. et al. (2020). Bwuio ycraHoBieHO, 4YTO Hambojee

pacnpoCTpaHEHHBIMU pOJaMu  OakTepuil y 30pPOBBIX MYXKYUH C HOPMaJbHOU
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cnepmorpammoit 0buti Pseudomonas, Propionibacterium, Boseagenosp, Bosea u Afipia.
ABTOpBI HaAOJIIOMANM TOBBIIICHHOE cojaepkanne Lactobacillus B Tex ciydasx, xorma
PE3YNIbTaThl CIIEPMOTPAMMBI  OTIMYAIUCh OT pedepeHCHbIX 3HadeHwid. C ydeTom
pa3Hoo0pa3ust MUKPODIIOUIHBIX KOMIIOHEHTOB JSIKYJISATA U CIOXKHOCTH MHUKpoOHOMa
ObUTO ompezeneHo, uyTo okoyio 30% MHUKPOOPTaHW3MOB MPOUCXOJAT W3 MHKpOOHOMA
MOYEHCITycKaTeIbHOTO KaHaa [233].

Crenuduyeckue poasl 6akTepuii, Takue kak Pseudomonas, Pseudoxanthomonas
u Acidovorax, oOHapyXKuWBadl B MHUKPOOMOME CEMEHHOW >XHIKOCTH Yaile, 4YeM B
MHUKPOOHOME YPETPhl. DTOT (PAKT MO3BOJISET MPEATNOI0KHTh, YTO OHH MPOUCXOMAT W3
AHATOMHYECKUX CTPYKTYP, PACIIOIOKEHHBIX BBIIIIE MOYCHCITYCKATEIILHOTO KaHamna [178,
325]. Takum o00pa3oM, MHUKPOOMOM CEMEHHOM KHUJAKOCTH TIPEICTaBIAECT COOOM
COBOKYITHOCTh MHKPOOHOMOB SIMYCK, MPUIATKOB simuka, I[1DK, CEeMEHHBIX ITy3bIpbKOB U
ypEeTpBI.

3HAYUTEIIEHOE Pa3HOOOPa3ue MUKPOOMOTHI KUIIIEIYHUKA, KOJKH U TIOJIOCTH PTa PSIT
aBTOPOB TMOJAralOT TOJE3HBIM JUISI 3/I0pOBbsA 4YeloBeka. [Ipu 3ToM naHHBIE
WCCJICIOBAaHHM, IMOCBSIIEHHBIX W3YYCHHI0 MHKPOOHMOMA MY’)KCKUX IIOJIOBBIX ITyTEH,
JIOBOJILHO Pa3HOPOAHBI. HekoTophie aBTOPHI MOJAraioT, 4TO OOJBINOE pazHOOOpasue
MHUKPOOHOTHI HEOJIArONPHUATHO ISl COCTOSIHUSA criepMaro3ouoB [269]. TTo MHeHUIO ke
JIPYTUX UCCIeNOBaTeNed, CHIKeHne OuopazHooOpa3uss CEMEHHOM IKUIKOCTH

aCCOIMUPOBAHO C IJIOXUM KavyecTBOM 3sikyisita [199, 271].

1.6.3 Mukpogiopa ceMeHHOM KUIKOCTH MY’KYUH ¢ U3MEHEHHbIM Ka4eCTBOM

IAKYJIATA

B OosbmmHCTBE MCCEA0BaHUN, MOCBSIMIEHHBIX U3YYEHHIO OECIIONHBIX Map, HE
yAQJIOCh YCTAaHOBUTH YOCAUTEIBHON CBSI3M MEXKIY HaIUUUEeM OaKTepuil B CEMEHHOM
KUJKOCTU ¥ aHOMAaJIbHBIMH pe3yibTaTamMu criepMorpammsl [54, 119, 325]. Oxnako, no
nansabIM Ricci S. et al. (2018), B 00pasnax ¢ MoJIOKUTEIBHBIM PE3yJIbTATOM aHau3a Ha

HaJIW4u€ MHKPOOPraHUu3MOB OblJ1a CHM)KEHA MOABHUKHOCTL CIICPMATO30UJO0B. KpOMC
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TOTO, aBTOPHI BBISIBUIA OTPHUIIATEIHHYIO B3aMMOCBsI3b MexAy HanuuueMm E. faecalis u
KauecTBOM dskyisita [150].

AHaJIOTHUHbIE pe3yNbTaThl ObUIH MOdydeHbl rpymmnoi Zeyad A. et al. (2018) —
NPUCYTCTBHE OaKTepuii HETAaTUBHBIM O0Opa3oM CKa3bIBAJIOCh HA KOHIICHTpAIUU |
IOJIBIDKHOCTH criepmarto3onnoB [248]. Mccnenosanue, nposeaéunoe Pagliuca C. et al.
(2021), mHPOAECMOHCTPUPOBAIO  3HAYMMYI)  KOPPEISIMOHHYIO  CBS3b  MEXIY
WHOUIIMPOBAHHOCTHIO, OIEHEHHOH C MOMOIIIBIO 0AaKTEPHOJIOTHYECKOTO UCCIICTOBAHMS 1
[P, 1 00BEMOM 2s5KYJIsATA, KOHIEHTPAIIMEH CIIEPMATO30MJIOB U UX IOJBHXHOCTHIO
[200].

B psae wuccnepgoBanuil Obut mpuMeHeHbl MeTonbl NGS — s u3zyueHwus
MUKpOOMOMa Yy MYXYHH C AaHOMAJIbHBIMH  pe3yjbTaTaMU  CIIEPMOTPAMMBI.
OOmenpru3HaHHO, YTO  OJIMTO300CTIEPMHUS  XAPAKTEPHU3YEeTCS  KOHIICHTPAIMEH
CIIEpMaTO30UJIOB HHKE TMpejiena, YCTAaHOBJIEHHOIO clienuanuctaMu BcemupHo#
opraHm3aluu  31paBooxpaHenus — 16x10° cnepmarozommos/mn [103, 354]. B
uccienopannu, nposencHHoM Okwelogu S.I. et al (2021), Obuta BBISIBICHA CBS3b
HEKOTOPBIX POJIOB OakTepuii ¢ onuro3oocrnepmueid. Hanbomnee yacTo BCTpeUarOMMUCS
ponamu B Takux ciydasx Obutn Prevotella, Escherichia, Lactobacillus, Shuttleworth u
Serratia [201]. IMToaTBepykaarolye 3TO HAOJIIOJACHHUE PE3yJIbTaThl OBLIM TOJYYCHBI B
pabote Lundy S.D. et al. (2021), B koTOpo#i aBTOpaMu ObLIa ONMKCaHa OTPUIATEIbLHAS
CBSI3b MEXIy KosnuecTBoM Prevotella B ceMeHHON JXMAKOCTH M KOHIIGHTpaluen
criepmaro3on1oB [119].

[Toxa3aHo, 9TO TPHUCYTCTBHE OaKTEPUH B IAKYIATE CYIICCTBEHHO BJIUSET Ha
MOJIBIDKHOCTh ~ —  BaXHBIM  IMOKa3aTreab  0Oa3oBoi  cmepmorpammbel  [108].
ActeHo3oocniepmusi  omnpenensierca kak Hamuuue Menee 30%  mporpeccuBHO-
MOJIBM)KHBIX CIICPMATO30M/I0OB WJIM KaK CHWKCHHUE OOINCH IMOIBMYKHOCTH JI0 YPOBHS
menee 42% [105, 354]. B pa6ore Yang H. et al. (2020) O0but0 00HAPYKEHO, YTO IS
MY>KUYMH C acCTEHO300CIepMHUEH XapaKTEepHO TOBBIIIEHHOE conaepxkaHue Sneathia,
Ralstonia, Ureaplasma, Bacteroides u Chryseobacterium. Kpome 3Toro, y nauueHToB ¢
OJIMTOACTEHO300CIepMHe ObUTM pacmpocTpaHeHsl pojasl  Ralstonia, Oscillospira,

Parabacteroides, Lachnospira u Phascolarctobacterium. IlpumedarenbHo W TO, 4TO
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aBTOPHI BBISIBUJIM 00Jiee BRICOKYIO 4acTOTy BeTpeuaeMoctu Lactobacillus y manueHToB ¢
aCTEHO- WJIM OJINTOACTEHO300CIEPMHUEH, YEM Y MYKUYHH KOHTPOJIBHOM TPYNIbI C
HOPMAJIbHBIMU OKa3aTesIMU  0a30BOM CliEpMOTrpaMMbl. ODTH JaHHBIE MO3BOJSIOT
paccmatpuBaTh Lactobacillus B kadecTBe MOTEHIMAIBHOTO  OaKTEPHAIBHOTO
onomapkepa acterozoocnepmuu (BenmmunHa AUC ROC nns maHHOro mokasartens
cocraBuia 0,841) [77].

Amnanornvnele gaHHbie ObuTH moiTydeHbl Yao Y. et al. (2022), oOHapyxuBmme,
YTO y MYXYHMH C AacCTEHO300CIEepMUEH MPEUMYIIECTBEHHO MOXHO BCTPETHUTH
MUKPOOMOM CEMEHHOM >XUAKOCTH, oOorameHHbld Lactobacillus. M3yuuB oOpa3sibl
CEMEHHOU JKMJIKOCTH MY>KYMH, y4acTBOBaBIIMX B mnpouenype 9KO, aBTOpbl OTMETHIIH
OTPHUILATEIBHYIO CBSI3b MEXAY MOJIBUKHOCTBIO CIIEPMATO30MJIOB U BBIIACIIEHUEM THUIIOB
Bacteroidetes, Proteobacteria u kiaccoB Alphaproteobacteria, Sphingobacteria [270].
OnHako Jpyroe MccleOBaHUE JaJI0 MPOTUBOIIOJIOKHBIE PE3yIbTaThl: ObUIO MOKAa3aHO,
YTO MPHUCYTCTBUE B CEMEHHOM JKUAKOCTH MpoTeobakTepuil Pseudomonas HampsiMyro
aCCOIMUPOBAHO C OOIIUM YHCJIOM MOJIBIKHBIX criepMaro3ouioB [178, 325].

OnuroacTeHOTepaTO300CIEPMUsl XaPAKTEPU3YETCs U3MEHEHUEM TPEX OCHOBHBIX
moKasaTenell CHepMorpaMMbl — KOHIICHTpPAIlMH, TMOJBIKHOCTH M MOpP(OIoTHH
ciepmaro3onioB [103]. BrimienepeunciieHHble CIBUTH YKa3bIBAIOT HA CEPhE3HBIC
HapylIeHUs CIepMaToreHe3a M AacCOLUMUPOBAaHbl CO CHIKEHHEM IIAaHCOB Ha
HACTYIUICHHE OCpeMEHHOCTH ecTecTBeHHBIM nyTéM [347]. B pabore Monteiro C. et al.
(2018) mpoaeMOHCTpUPOBAHA CBSA3b OJIMTOACTEHOTEPATO300CIIEPMUU C MPHUCYTCTBHEM
nuaHobakTepuil u (pyzo0akTepuil, MOBBIIIEHHOW pacnpocTpaHéHHOCThI0 Pseudomonas,
Klebsiella, Aerococcus, Actinobaculum u Neisseria, a Takke CO CHH)KEHHEM YaCTOTBI
BeisiBiieHns Lactobacillus u Propionibacterium [70].

TepMuHom azoocrepmusi 0003HaYaETCsI OTCYTCTBHE CIIEPMATO30MI0B B ISKYIIATE
[285]. Tlo pe3ysnbpraTam OOCIEIOBaHUS MYXKYMH, y4acTBOBaBIIUX B mpoienype DKO,
Okwelogu S.I. et al. (2021) oOuapyxwuau, uto Lactobacillus, Enterococcus,
Corynebacterium, Veillonella u Gardnerella sBnsitorcs HanGosiee pacnpocTpaHEHHBIMU
poJaMH MHKpPOOPTaHM3MOB y MYKYMH € azoocrnepmueil. OpHako B yKa3aHHOM

nyOJIMKAlMU aBTOPHI He yTouHsuH e€ npuunny [201].
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Hou D. et al. (2013) He oOHapyXWJIM 3HAYUMBIX PA3IHUUN B OaKTEPHAIHLHOM
COCTaB€ CEMEHHOM J>XUIKOCTH y 3/I0OPOBBIX JOHOPOB U y OCCIUIOAHBIX MYXXYHH C
OTKJIOHEHUSAMH B criepMorpamme. OJHAKO 3TU aBTOPbI BHISBUIIM OTPULIATEIBHYIO CBSI3b
MEXy Ka4eCTBOM JSKYJIATa U HAJTMYUEM aHadpokokkoB [203].

Weng S.L. et al. (2014) mokasanu, 4yTo HaIMYHMEe MUKpOOHOMa ¢ MpeodiiagaHueM
Prevotella cBsi3aHO ¢ HM3KUM KadecTBOM 3sKynsTa [53]. AHaaoru4HbIe JaHHBIC OBLIH
omyonukoBanel Baud D. et al. (2019), npomemoncTpupoBaBmie, uro poxa Prevotella
OblJT B 3HAUUTENBHOM CTEMEHW pPAcCHpOCTpPaHEH Cpelud MYKUYUH C aHOMaJbHBIMHU
TIOKa3aTes MK criepMorpaMMel [284].

[ToBeIieHHAs pacmpoCTpaHEHHOCTh Aerococcus u CHIDKEHHAs
pacmpoCTPaHEHHOCTh KOJUIMHCENT Yy OECIUIONHBIX TMaIllMeHTOB IO CPaBHEHHUIO C
KOHTPOJIBHOH TPpyMIioi ¢pepTHIbHBIX MyK4rH Obuia BeisiBiieHa Lundy S.D. et al. (2021).
B sToM uccnenoBaHuu MyXckoe O€CIIONUE OIMpPENesuloch MO HAJIMYUI0 W3MEHEHUU
OCHOBHBIX IapaMETPOB CIEPMOIPaMMbl M HECIIOCOOHOCTM 3auaTh peOEHKa Iocie
nonbeITOK B Teuenue 12 mecsues [249]. Bukharin O.V. et al. (2022) o pe3yabTaTam
oOcienoBaHus OECIUIOAHBIX MYKYMH HpoAeMOHCTpupoBaid, 4To Staphylococcus,
Corynebacterium, Enterococcus, Streptococcus u Escherichia Obitn  Hanbonee
pacnpoCTpaHEHHBIMH ~ BHJIaMH  MHUKPOOPTaHU3MOB, BBIJICIIEHHBIX W3 CEMEHHOU
xuakocTu [269].

JlefikonTociepMusi XapakTepusyercs HamuuueM oosiee 1,0 MIH. TeHKOIIMTOB Ha
1 mn cemennou >kmakoctu [91]. Kak mpaBuio, 3TOT NPHU3HAK aCCOIMHUPOBAH C
uHpEKIHe  MOYENOJOBBIX  IMyTeH, TOCKOJIbKY  OaKTepHOCTIEpPMHUS  MOMKET
CIIPOBOIIMPOBATh yBENMUYCHHUE KojmdecTBa JjeikoruToB [105]. Omnako m apyrue
MPUYHUHBI, TaKWE, KaK BO3JICHCTBHE BarMHAJIBHOTO CEKpeTa BO BPEMs MOJOBOTO aKTa,
KypeHHe W ayTOMMMYHHBIE 3a00JIeBaHHS, MOTYT CIIOCOOCTBOBATH YBEIMUCHUIO
KOJINYECTBA JICNKOLIMTOB B CEMEHHOM KUJKOCTH.

[lo pmanHBIM OOJBIIMHCTBA HCCIENOBAaHUN, B KOTOPBIX HCIOJH30BAIHCH
CTaHJIAPTHBIE KYJNbTYpalbHBIE METOIbI, OCCCHMITOMHOE TPUCYTCTBHE OakTepuii B
CEMEHHOM JKMJIKOCTH HEe ObUIO acCCOLMHUPOBAHO C YBEIUYEHHEM KOJMYECTBa

nerikonuToB [150], nmake B caydasXx MHUHHMMAJIbHOTO TOPOTOBOTO 3HAYCHUS IS
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neiikomurocrepmun — 0,2x10° neiikomuros/mi [50, 268].

HekoTopsiM aBTOpaM yaanochk 0OOHAPYKUTh CBSI3h MEXKAY JICHKOIIUTOCTICPMUEH U
OakTepuocnepmucii [248, 328]. Tak, Yao Y. et al. (2022), ucronp30BaBIlie METOIbI
NGS nns oneHKM MHKpPOOMOMa CEMEHHOW JKHIKOCTH, BBIIBISUIM Y MYXYUH C
JEHKOIUTOCTIEPMHUEH PEUMYIIECTBEHHO OaxkTepuanbHOE COOOIIIECTBO C
npeobnamganuem Streptococcus. Kpome Toro, aBTOpsl OOHApYXWJIM CBSI3b MEXKIY
JEWKOIUTOCTIEPMUEH 1 TIOBBIIIEHHON pacnipocTpaHeHHOCThI0 THa Bacteroidetes [270].

UccnegoBanne o00pa3lioB CEMEHHOW IKUIAKOCTH MYKUMH, BKJIIOYEHHBIX B
npouexypy DKO, Bemonuennoe Stiepetova J. et al. (2020), mokasalo, 4To y Takux
NMalMeHToB  Haiuuue  poaa  Staphylococcus  ObUIO  accolMUpOBaHO €
neiikorutocnepmucii [304]. B padore Lundy S.D. et al. (2021) ObUIO BBISBICHO, YTO
BBISIBJICHUE JICMKOLIUTOCTIEPMUU HMENIO0 OTPUIATENBHYIO KOPPEISIIHIO ¢ KOJIMYECTBOM
OakTepuil poga Aerococcus. Tem He MeHee, P CPAaBHEHUH MHKPOOHMOMOB CEMEHHOMU
KUJKOCTU OCCIUIOJHBIX MYXYHH C JelkoruTocnepMueir u 6e3 He€ He ObUIo
O0OHApPYKEHO Pa3JIMYMii 110 TIOKa3aTe)IIM OaKTepHaIbHOTO pa3sHooOpas3us [119].

[Ipu My>kCKOM OECIUIOIMU YaCTO OTMEUAIOTCS MPU3HAKK OKCHJIATUBHOIO CTpecca
u (pparmentanua JIHK cnepmaro3ongoB, 4TO MOKET OBITh pe3yibTaTOM aKTUBAIUU
nerikonmToB [102, 103, 263, 283, 307]. Ilpumenenue metrogoB NGS s OLCHKH
MHUKpPOOMOMa CEMEHHOMW KUIKOCTH MYXYHH C MOBBIIICHHBIM OKCUIATUBHBIM CTPECCOM
(OKHUCIMTEILHO-BOCCTAHOBUTEIBLHBIN MOTEHIIHAT Ooiee 1,34 MB/108
criepmaro3ono/mi) mo3soamio Lundy S.D. et al. (2021) BbISIBUTh HE3HAUUTEIILHBIC
pasnuuns B TpEX TakcoHax — Serratia, Streptococcus u Curvibacter [119]. B To xe
BpeMsl B paboTe, MPOBEJAEHHOM ¢ UCTOIB30BAHUEM KYJIBTYpalbHBIX MeTOA0B Zeyad A.
et al. (2018), pasnuunii B ypoBHsx ¢parmentaru JJHK cniepMaTo30u10B y MyXUuH €
OakTeprocrnepmucii u 0e3 He€ BBISABICHO He ObLTO [248].

[To pesynpraram MacmTabOHOTO HCCIICIOBAHUSA, B KOTOPOM MPHUHSIN ydacThe
noutr 5000 GecrioaHbIX MYyK4MH, BeimosHeHHoro Vilvanathan S. et al. (2016), Gsina
BBISIBJICHA OTpHUIATENbHAS CBSI3b MEXKIY IMOJIOKHUTEIBHBIM PE3yJbTaTOM TI0CEBa
ceMeHHOM kuakoctH u 1nenoctHocthio JIHK cmepmatozommor [54]. U3yuenue

06p&3HOB 3J0POBbBIX MYXKYMH C HOPMAJIbHBIMU IIOKAa3aTC/IsIMU  CIICPMOI'PAMMEI,
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npoBenénHoe Fraczek M, et al. (2016), mokasano, uro mnoBpexuaenue JHK
CTIIEpMAaTO30M/I0B ACCOLIMUPOBAHO C TOJOKUTEIBHBIMH PE3yIbTaTaMU IMOCEBA CEMEHHOM
JKUIKOCTH, HO 0€3 YBEeJIUYCHHs MapKepoB OKcuaaTHBHOIO ctpecca [307].

bakTepun B MOYENOIOBOM TPaKT€ MOTYT BBI3bIBATH BOCTIAIMTEIBHBIC PEAKIIHH,
OMOCPEIOBAHHBIC PA3IMYHBIMU LUTOKUHAMH, KOTOPbIE BbIPAOATHIBAIOT JICUKOLIUTHI.
Hcxons w3 53TOro, JOTMYHO MPEAMNOJOXKUTb, YTO XapaKTEPUCTHUKUA MHUKpOOHMOMa
CEMEHHOM KHJIKOCTU MOTYT OBITh CBSI3aHBI C MPOAYKLIHEH MEAHATOPOB BOCHAICHUS.
Bukharin O.V. et al. (2022) npoaemMoHCcTprpOBai, yTO OakTepuu poja Staphylococcus,
BBIJICJICHHBIE U3 CEMEHHOM JKHUJKOCTU 3J0POBBIX MYXuuH, pazpymaror WUJI-10 u -17
0oree WHTEHCUBHO, YeM CTa()UIOKOKKH, BBIICICHHBIE M3 JSKyNATa OECIUIOMHBIX
myxunH [269]. Kpome Toro, 6aktepuu pona Enterococcus, BbiielIiCHHBIC Y O€CIIIOHBIX
MyXKUWH, CcHWkanu ypoBeHb WJI-1, a mnpencraBurenu ponma Corynebacterium,
MOJIYYCHHBIE OT TaKUX MAIMEHTOB, CHMKaIM KoHueHTpaiuio @HO-ansbha B Oonbiiei
CTENICHU, YeM T€, KOTOpble OBUIM MOJYYEHBI OT 3JO0POBBIX MYXYUH. OTH JaHHBIC
CBUCTETBCTBYIOT O TOM, YTO MHUKPOOMOM CEMEHHOH >KHIKOCTH MOXET BIHITH Ha
BOCHAJIMTENbHBIA OTBET OpraHu3Ma, MO KpaiHel Mepe, nokanbHO [58]. Cruemyer
OTMETHTbh, YTO MCCJICIOBAHUS, OCHOBAHHBIC Ha KYJbTYypaJbHBIX METOJIaX, HE BHISBUIN
CBSI3M MEXKJY NPHUCYTCTBUEM OaKTepuil MU YpPOBHEM IMPOBOCHAIUTEIHHBIX MAapKEPOB B

CEMEHHOM KUIKOCTH.

1.6.4 N3meHeHuss MUKPO(QJIOPHI iNYEK U NPUAATKOB SIHYEK

OueHka MUKpoOMOMa MPUJIATKOB SMYEK U TECTUKYJISIPHOW TKaHHW TpedyeT cOopa
OMOJOTUYECKUX JKUJKOCTEH MM 00pa3lloB TKaHEW M3 3TUX OPraHoB. BaKHO OTMETHUTB,
YTO THUCTOJIOTUYECKasl OlLEHKa OWONTaTOB SUYEK YK€ JaBHO MCIOJIb3yeTcs B
KJIMHUYECKON MPAKTUKE AJIsl MPOTHO3UPOBAHUS (PEPTUIIHLHOCTH, B YACTHOCTH, KaK OBLIO
noka3ano Aafjes J.H. ¢ coasrt. (1978), nonykonnyecTBEHHBIN aHAINU3 CIIEpMaTOreHE3a B
OMOICUIHOM MaTrepuaje MMEeT MPOTHOCTUYECKYIO LIEHHOCTh MPH OJUT0300CIEPMUH,
OJITHAKO OTpaHMYEHHash MHPOPMATHUBHOCTh METOAA MPHU THKENBIX (GopMax HapylIeHUs

criepMaToreHesa TpedyeT KOMIUICKCHOTO 1moaxo/a k quarnoctrke [42]. Alfano M. et al.
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(2018) ObBLIO TPOBEACHO WCCIAEAOBAHWE OOPA3IOB TKAHEW SWYEK IMAIMEHTOB C
UAMONATHYECKOW  HEoOCTpykTuBHOM  azoocnmepmuerr (MHOA) u  wmyxumH ¢
HOPMO300CIIEpMHEH, MepeHEcmnX OpXudIKToMU. Mcnone3ys Meroast NGS s
CEeKBEHHPOBAaHUA TumnepBapuadenbHbix ydactkoB V3-V5 rena 16S pPHK, aBtops
OOHApY>KUJTM, YTO TECTUKYJSPHBIM KOMIApPTMEHT HE SIBIISJICS CTEPWIbHBIM. B Tkanu
SAUYEK MYXXYUMH C HOPMAJbHBIM CIEPMAaTOre€HEe30M ObUIM UIACHTU(UIUPOBAHBI THIIbI
Actinobacteria, Bacteroidetes, Firmicutes u Proteobacteria. Ommako B o00pasmax
TECTUKYJISIPHOM TKaHW, MOJYy4YeHHbIX OT mnanueHToB ¢ MHOA, Obun 0OHApYKEHbI
TOJBKO TUIbI Actinobacteria u Firmicutes. MccnenoBanue MUKpoOHOMa TECTUKYIISIPHOM
TKaHu y Myx4unH ¢ MHOA wm monHOM amma3ver 3apOoAbIIIEBBIX KJIETOK BBISIBUJIO
CHIDKEHUE OaKTepuallbHOTO pa3zHooOpasus. [Ipum sToM aoMuHUpYOLUM OBUT THII
Actinobacteria, a pox Clostridia orcyrctBoBan [154].

N3yyeHne MHUKpOOMOMOB SIMUEK MYXYMH C  a300CHepMueH, TsHKEIon
OJIMTOACTEHO300CIEPMHE MM BBICOKOM creneHbto  (parmentanuu JHK Obuio
nposeneno Molina N.M. et al. (2021). ABTopsl HCTIOIB30BAT 00PA3IIBI TECTUKYIISPHOM
TKaHH, MTOJIy4€HHbIE BO BpeMsi MpoleIyp 3adopa ceMEHHOM XuAKOCTH. VccnenoBarenu
BBISIBUJIM HU3KUW YPOBEHBb MPUCYTCTBUS OAKTEpUi U MACHTU(DHUIIMPOBAIIN JECITH POJOB
MUKpoopranu3moB, Bkitoudass Blautia (tunm Firmicutes), Cellulosibacter (Firmicutes),
Clostridium XIVa (Firmicutes), Clostridium XIV B (Firmicutes), Clostridium XVIII
(Firmicutes), Collinsella (Actinobacteria), Prevotella (Bacteroidetes), Prolixibacter
(Bacteroidetes), Robinsoniella (Firmicutes) u Wandonia (Bacteroidetes). Cnenyet
OTMETUTh, YTO, HECMOTpPS Ha CTPOTHE€ AaHTUCENTHYECKHEe Mephl, Ha JOJI0
KOHTaMHUHHUPOBaHHBIX oOpasnoB mnpummioch 50-70% ot Bcex mpod. IToT dakr
CBUJETEILCTBYET O TOM, UTO 3a00p MaTepuasa u3 siMueK MPOBOJIUIICS HE B CTEPUIIbHBIX
ycnoBusix [51].

Lundy S.D. et al. (2021) mnpoxmemonctpupoBaan, uto Collinsella u
Staphylococcus nmpeobnaganu B 00pas3ax CeMEHHOM KUIKOCTU 3J0POBBIX (PEPTUITHLHBIX
MY>KYUH U pexe 0OHapYyKUBaJINCh B 00pa3iax, MOJYyYCHHBIX OT MY>KYHH, TIEPEHECIITNX
Ba33KTOMUIO. Pe3ynbTaThl 3TOr0 HCCIENOBAaHUS IMO3BOJISIIOT MPENINOJIOKUTh, YTO 3TU

JIBa pojia OaKTEpHil ABISIOTCS COCTABJISIOIIMMUA MUKpOOHOMA IMYeK U npuaaTkoB. [1pu
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9TOM CJICAYECT OTMCTUTD, YTO COO6IHGHI/I$I O COCTaBC MI/II(pO6I/IOMa MNPpUAATKOB SAMYCK Ha

JTAHHBI MOMEHT B JIOCTYITHOM JTUTEeparype He mnpeactaieHsr [119].

1.7 ®akTopbl, BIUSIONIHE HA MUKPOOHOM SIHYEK

1.7.1 Jluera 1 MUKPOOMOM KHIIIEYHHKA

N3BecTHO, 4TO palMoH MUTaHUA, IMIUPOKO PACHPOCTPAHEHHBIA B SKOHOMUYECKU
pa3BUTBIX CTpaHax, MU B TOM uuciie B Poccuiicko @enepanuu, ¢ BBICOKUM
COJIEp>KaHUEM JKUPOB M caxapa MOXKET MPUBOJIUTH K OKUPEHUIO, HAPYILIEHUAM OOMeHa
BELIECTB U M3MEHEHUSAM B COCTAaBE KHUIIEYHOW MUKpoOuOTHl [341]. OnHako BiIMsHUE
nucOno3a, BBI3BAHHOIO BbICOKOKHMpoBoM auetod (BIKJ[), Ha penpoayKTHUBHYIO
(GYHKIMIO YETKO HE OXapaKTepu30BaHO. B To ke BpeMs HccienoBaHue, MPOBEIECHHOE
Ding N. et al. (2020), moka3ajgo HaJuuue BBIPAKEHHBIX PA3IUYUNA B OaKTEpHUATbHOM
COCTAaBE KHILIEYHOM MHUKPOQJIOPHl Yy JIOJEH, NPUACPKUBAIOIIUXCI HOPMAIbHOIO
nutanus u BXK/] [155].

CymiecTByroT nanHbeie 0 ToM, 4To BIXK][ cBf3aHa CO CHMKEHMEM UYHMCIECHHOCTH
MukpoopranusmoB Bacteroidetes u Verrucomicrobia u yBeJIMYEHUEM YHUCIEHHOCTHU
npencrasuteneid pogoB Firmicutes m Proteobacteria [314]. Bbsuto oTmedeHo, 4TO
npuBepkeHHOCTh BIKJ[ mpUBOAWT K CHM)KEHUIO KOHUEHTPAlMM W IOABMKHOCTHU
CIIEpPMATO30UJIOB, & TAK)KE€ K YMEHBIICHHUIO KOJIMYECTBAa CIEPMATOLUTOB U KPYIJIBIX
cnepMmaTtua. AHanU3 KUIIEYHOM MHUKpoOMoThl B rpynne BIXX]l BbIssBHII MOBBIIEHHOE
conepkanne Bacteroides, Prevotella, Rikenella u Lactobacillus. HcciaegoBanue
0o0pa3loB Kajla 37J0pPOBBIX JTOHOPOB M OECIIOJHBIX MYXYHMH C aCTEHO300CIEepMUEH,
OJIMTO300CIIEPMHUEN U  TEPATO300CHEPMUEN BBISIBUIO CUIBHYIO OTPULIATEIBHYIO
KOPPEJSILIMIO  MEXKIY MOABHKHOCTBIO CIIEPMATO30MJ0OB M OOLIUM KOJIUYECTBOM
Bacteroides u Prevotella. bonee Toro, nanuune Prevotella copri, tomuHupytomero Buaa
u3 poaa Prevotella, mpoBomupoBano nedexTsl ciepmaToreresa. [IpuBeaeHHbIC TaHHBIC

CBUJIETEIHCTBYIOT O MOTCHIIMAIBHOM BIUSHUMA JTUCOMO3a KHUIIIEYHOW MUKPOGDIOPHI,
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BbI3BaHHOrO BJK/I, Ha HapymieHue criepMaToreHes3a U MOABUKHOCTH CIIEPMATO30UI0B

[314].

1.7.2 CekcyanbHble IPUBBIYKH

HccnenoBanne, OCHOBAHHOE HA UCIOJIb30BaHUU KYJIbTYPAJIbHBIX METOMOB,
MOKa3aJlo, YTO Y MY)KUMH, KOTOpbIE HMKOTJa HE BCTYMald B MOJIOBYIO CBfA3b, OOIIas
KOHIIEHTpAIusi OakTepuil B CEMEHHOM KUAKOCTU U UX pa3HOooOpa3ue ObUIN HUXKE, YEM Y
CEKCyalbHO aKTHBHBIX MYKuuH [152]. McciaenoBanue My 4uH, UMEIOIINX OJHOIOJIbIC
CeKCyalibHbIe OTHoOmeHus, BbimoigHeHHoe Liu C.M. et al. (2014), mokasamo, 4to
OaKTepuu B CEMEHHOM JKUAKOCTU OOCJIEJOBAHHBIX COBMAJAIOT C TEMU, UTO paHee ObLIU
OMHCaHbl B COCTaBe BarMHAJIbHOM MHUKpO(dIOpel, B TOM uHcae Streptococcus,
Corynebacterium, Staphylococcus, Prevotella m Mycoplasma. OmnucaHHbie JaHHBIC
CBUJETENBCTBYIOT O TOM, YTO CEKCyallbHas aKTHBHOCTb NApPTHEPOB BIIMSIET HA COCTaB
MUKpOOMOMa CEMEHHOM kuakocTH. Creayer OTMETUTh, YTO B COBPEMEHHOH
JUTEpAType NPAKTUYECKH HE NPEICTABICHbl JaHHBIE O CBS3M ONPENETIEHHBIX

CEKCYaJIbHBIX MPUBbIUEK C M3MEHEHUSIMHU B MUKpoOroMe [334].

1.7.3 Undexuuun, nepeaawinmecs moJ0BbIM MyTeM

B psne paGoT noka3zaHo, 4TO MHGUUIMPOBAHUE BUPYCOM NANMUIUIOMBI YEJIOBEKA
(BITY) accoumupoBaHO CO CHIDKEHHEM KadecTBa odskymara [113, 143, 282].
MexaHu3Mbl, JeKallue B OCHOBE 3TOM CBSI3U, OCTAlOTCA HESICHBIMH; CHOJA
MPEANOJIOKUTEILHO BKIIIOUAIOT anonrto3, noBpexaenus JHK cnepmarozounnoB wu
BBIPAOOTKY aHTHUCIEPMAIBHBIX aHTHTEN. B  o0pasimax CeMEHHOW >KHUIKOCTH,
ununmpoBanubix  BIIY, Opio  oOHapyxkeHOo 0ojiee  BBICOKOE  COJEpXKaHUE
Moraxellaceae, Streptococcus u PeptoStreptococcus [143].

YcTaHOBIEHO, 4YTO W3MEHEHHS B MHUKPOOMOME CEMEHHOW JKUIKOCTH
HaOMIoAA0TCs NpU MHPEKIUH BUpycoM UMMyHoneduuuta yenoeka (BUY). B xoxe

uccnenoBanus Liu C.M. et al. (2014) ObII0 TPOIEMOHCTPUPOBAHO, YTO Yy MYKYHH C
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BUY-undexnueit cHuxanucy pasHooOpa3ue u HACHIILIEHHOCTh MUKPOOMOMA CEMEHHOU
KHUJKOCTH, KOTOPbIE BOCCTAHABIUBAINCH IMOCIE IIECTH MECSIEB aHTHPETPOBUPYCHOM
Tepanuu. YpoBeHb OaKTepUaIbHOM HArpy3ku B 00Opasllax CEMEHHOW JKHIAKOCTH OBbLI
CBSI3aH C COJACpXKaHHEM MPOBOCIAIUTENBHBIX IUTOKWHOB M BUPYCHOM HAarpy3koi, 4To
yKa3bIBaeT Ha PoJib MUKpoOHoMa B nepenade BIY nonoseiM mytem [334].

Hekortopble aBTOpBI CUUTAIOT, YTO HEOOXOIUMO BBIMOJIHATH JUATHOCTUKY U
Je4YeHHEe TOJIbKO BO30yAMTENeH W3 YMCiIa KIACCMYECKHUX MaTOreHOB, BO30yaMTENei
WMIIIIIT [101, 177]. Ha wHam B3rjasa, JaHHAs IO3MIMS OrPAaHUYEHAa OTCYTCTBHEM
CEepbE3HON JOKA3aTebHOM 0a3bl MO HMHBIM MHUKPOOPTaHM3MaM M, KakK CJEICTBHE,
OTCYTCTBHEM COOTBETCTBYIOIINX KIMHUYECKUX peKOMeHAanui. Jlpyrue crenuanmcTsl,
HaIpOTHUB, CKIOHHBI TPOBOJUTH JI€UEOHbIE MEPONPUATHS B OTHOIIEHUHU JIFOOBIX
OOHApy>XCHHBIX B TMOJIOBBIX MyTAX HWHQEKIUH, YTO SBISIETCA Tropasfgo emie Ooisee
HEa/IeKBaTHBIM MOJIXOJIOM.

Cutyauust oclokHsieTcsi emeé M TeM, YTO MPU HCIOJIb30BAHUM CTAaHJAPTHBIX
METO/IOB BO3MOYKHO BBIABIISITH MeHee 2% HM3BECTHBIX IITaMMOB OakTepuil. [laxe npu
BO3MO)KHOCTH TOYHOM KaueCTBEHHOW M KOJMYECTBEHHOH OLIEHKH Onopa3HooOpasus
HACEJICHUSI  PETMpPONYKTUBHOM  CHCTEMBI,  OCTaeTcs  HEACHOH  BO3MOXKHOCTH
IPAKTUYECKOrO UCMOJIb30BaHUS 3TOM HHPopManuu. Bce 3To0 cBHUaETENbCTBYET O

HGO6XOI[HMOCTI/I IIPOBCACHUA I[aJII)HeI\/JIIHI/IX HCCJ'IGI[OB&HI/Iﬁ B 3TOM HaAIIpaBJICHHMH.

1.7.4 Bansinue MUKpoOMOMAa Ha Pe3yJbTAThl IPMMEHEHHUS BCIIOMOTaTeIbHbIX

PeNPOIYKTUBHBIX TEXHOJIOT M

WccnenoBanusi, OCHOBaHHbBIE HA KyJIbTYPaJIbHBIX METO/IAX, HE BBISIBUIIU PA3IHUUN
B MHUKPOOHOM COCTaBe OJsKyJsTa y MYXKYMH M3 Map, B KOTOPBIX HACTyIujIa
€CTECTBEHHAas: OEPEMEHHOCTb, IO CPABHEHUIO C TEMHU, B KOTOPBIX ATOTO HE MPOU3OILIO0
[308]. B pabGore, Boimonnennoit Eggert-Kruse W. et al. (2007), aHa’poOHbIE |
NOTEHIMAIbHO TATOTreHHblEe OakTepuu ObUIM BBIJEJIEHBI Y COOTBETCTBEHHO 94,7% u
84,2% depTunbubix MyxunH. Kpome Toro, oOcieqoBaHue MO MPOIIECTBUU IIECTH

MECAIIEB HE OOHAPYXKUJIO HUKAKOW CBSI3W MEXIYy MHKPOOHOW KOJIOHM3AIMEeH U
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€CTECTBCHHOH OepeMeHHOCTRIO [255].

[lepen mnpumenenuemM BPT 00blYHO MPOBOAUTCS HCCIEAOBAHHE ITOCEBOB
CEMEHHOM JKMJIKOCTM U cekpera Biaranuma. [lpy 3ToM  HHTeprpeTarus
MOJIOKUTEIIBHBIX PE3YJIbTATOB OAaKTEPUOJIOTMYECKUX MCCIIECIOBAHUIN y MAlMEHTOK Oe€3
CUMIITOMOB MOKET OBITh 3aTPYAHUTEIBHON B CBSI3M C BO3MOXKHOCTHIO KOHTaMHUHAIIUH.
Tem He MeHee, OBLIO MMOKA3aHO, YTO CrieIM(pHUIECKUe MaToreHsl, Takue, kak E. faecalis,
U. urealyticum, M. hominis, G. vaginalis u E. coli, 6oyiee pacrpocTpaHeHbI B TTOJTOBBIX
nyTAX cpenu map, y kotopsix KO He yBeHuanoch ycrnexom [150].

Cnabast oTpuLIaTeNbHAs KOPPEJSIMOHHAS CBSA3b MEXAY OaKTepuocnepMuen u
OIUIOJOTBOPEHUEM Y Tap, KOTOPbIM MpoBoauiuch mnpouenypst IKO, Oblia
3aukcupoBana Zeyad A. et al. (2018) (r=-0,239, p < 0,05) [248]. beuto noka3aHo, 4TO
MPUMEHEHUE TAKUX METOJIOB MOJTOTOBKH ISIKYJIATA, KaK «IIOJHATHE CO JHA» («sSwim-
up») U HEHTpU(PYrupoBaHHE MO IUIOTHOCTH, OOBIYHO HCHOJB3YEMBIX B MPOIECCE
npumeHeHuss BPT, MoXeT CHU3UTH KOJIMYECTBO OakTepuil mNpu OECCHUMITOMHOM
HOCHUTEIBLCTBE Y OCCIUIOAHBIX MYXKUYWH, OJHAKO MOJTHOE OYHUIIEHUE JIOCTUTAETCA PEIKO
[168]. Takum oOpa3zom, mnpencraBisieTcs oueBUaAHbIM, uro BPT, kak mpasuio,
OCYILECTBIISIIOTCSI B HECTEPUJILHBIX YCJIOBHUSIX, HECMOTPS Ha TMPUHATHE Mep s
MpEeIOTBpAIeHUS] KOHTAMUHAIIUKA 00pa3IioB U 000PYTI0BaHHUS.

Pesynbprarel HcciaeqoBaHui ¢ NpUMEHEHUEeM TexHosiorud NGS mnoaTBepaIuiiu
MPEACTABJICHHbIC  BBIIIE  JAHHBIC, UYTO CBUACTEILCTBYET O CBSA3U  MEXKIY
oTnpeeIEHHBIMUA TUITAMH MUKPOOHOMa CEMEHHOM KUAKOCTU U pe3ynbratamu KO mim
MHTPALUTOILIa3MaTHIecKol nHbeKuuu crnepmarosounos (MKCH). Stsepetova J. et al.
(2020) u3yuunu coctaB MUKpOOMOMa HATHUBHOM, 00pabOTaHHOW W WHKYOUPOBAHHOMU
CEMEHHOM JXMIKOCTH, M muTarelbHbix cpea migs OKO B 50 mapax, mpoxoasiux
npoteaypbl BPT. ABTOPHI BBINIOJIHWIA CEKBEHUPOBAHUE TUTIEPBApUAOEIIbHBIX YUaCTKOB
V2 u V3 rema 16S pPHK wu IIIP B peanbHOM BpemeHU. bbUIO BBISBICHO
MIPOTPECCUBHOE CHIKCHHE KOJIMUECTBA 0aKTepUANbHBIX CUNTHIBAHUN B 3aBUCUMOCTH OT
00pasloB AAKYJIsATa, 00Jiee BIpaXKEHHOE B HATUBHOM, YeM B 00pabOTaHHOM Matepuase,

a Takke 0oJiee BEIpAKEHHOE B 00pab0OTaHHOM, HEXENH B MHKYOMPOBAaHHOM MaTepuae

[304].
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HaunGomnee pacripocTpaHeHHBIMU BUIaMH OaKTEpHUH, BBICICHHBIMU W3 HATUBHOU
cemeHHOM kmakoctu, Obumm Lactobacillus, Incertaec sedis XI, Staphylococcus u
Prevotella. B o6paboTanHbIx 00pa3iiax MUKPOOHBIH cOCTaB OB 00JIee Pa3HOPOIHBIM.
[ToBeimiennoe  copepkanne  Alphaproteobacteria u  Gammaproteobacteria B
00paboTaHHOM J4KYJIATE, TAK e, Kak U coaepkanue Corynebacterium sp. B HATUBHBIX
oOpasiax, ObUIO aCCOLIMMPOBAHO CO CHUKEHUEM KauecTBa 3MOpuoHOB. HampoTus, mis
map ¢ OMOpHMOHAMM BBICOKOTO KadecTBa Oblla XapakTepHa Oojiee BBICOKas
KOHIIEHTpaIsi MUKpOOpraHu3MoB rpyrmmbl Enterobacteriaceae B HaTUBHOW CEMEHHOMN
xuakoctu. bakrepun OpuTM 00Hapyx)eHBI B 8% 00pa3uoB nuTarenbHbix cpen aist OKO
¢ noMo1isio MeToJ1IoB NGS u 6osiee uem B 70% o6paszioB — metosioM [P B peanbHoM
BpeMeHu. [Ipu stom Hambosee pacmpocTpaHeHHbIMU poaamu Obutn Lactobacillus u
Phyllocterium [304].

Hekotopsle nccnenoBarenu mojaraimT, YTO MUKPOOPTaHU3MBI, COACpIKaITUECs B
nuTaTenbHbIX cpenax st DKO, mo-BuanMoOMy, HE BIUSAIOT HAa 4acTOTY HACTYIUICHUS
oepemennoctu. B o ke Bpems Okwelogu S.1. et al. (2021) Ha ocHOBaHUH PE3y/IbTaTOB
cekBeHUpoBaHus ydactka V4 16S pPHK mnpoaemoncTpupoBasii, uYTo 00pasiibl
CEMEHHOW KUIKOCTH, TIOJIYYCHHBIE OT TMap C KIWHAYECKH HACTYMHBIICH
oepemennocteio mociie  MUKCHU, Obumn B OonblIe CTENEHU KOJIOHU3UPOBAHBI
Lactobacillus jensenii u Faecalibacterium, uem oGpasiibl OT nap ¢ HEOIArONMPUATHBIMU
ucxogamu BPT. Ilpu »TOoM y mepBbIX map Takke Oblla OTMEUEHa OoJjiee HHU3Kas
KoHIeHTpaIus Proteobacteria, Prevotella u Bacteroidetes [201]. dpyroe ucciaenoBanue,
B KOTOPOM OBLJI UCTOJIB30BaH METOJI CEKBEHHUPOBAHUS BapraOeIbHBIX y4acTKOB 3 u 4
16S pPHK, He BbIsIBWIIO pa3inyuii B COCTaBE MUKPOOMOMAa CEMEHHOU MKUIKOCTH U €ro
pazHoo0Opa3uu y My>KYWH U3 TIap, B KOTOPHIX HacTynuia 6epemenHocts nocie MKCH,
TaK e KaK U y Tex, Juist KoTopblx BPT He Obutn ycrienHbsivu [84].

AHanu3 MukpoOroMa >HIOMEeTpHs KeHuH, nepeHécmmx DKO, mokasan, 4To
73,9% 00pa31oB, HCCIIEIOBAHHBIX ¢ IMMOMOIIBI0O MeT0o0B NGS, ObUIM 3acelIeHBl OJHUM
WM HECKOJBKMMHU MHUKPOOPraHu3MaMu. JTO HaONIoieHHe elié pa3 nog4EpKUBaeT TOT
dbakT, YTO TMPOIECChl PENPOAYKIMU YEJIOBEKAa, TIO-BUIUMOMY, TMPOUCXOIAT B

NPUCYTCTBUU OaKTepUaIbHON MUKPOOHOTHI [98].
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1.8 MeToabl KOppeKIUM TUCOAKTEPHO3a AUYEK

1.8.1 Xupypruueckue MeTOAbl KOPPEKIIUU BapUKOIleJIe B JIeHeHUH 0eCIuIoaus

B kagectBe onHOM M3 Hambojiee pacHpOCTPAHEHHBIX MPUYUH TMEPBHYHOTO U
BTOPUYHOI'O MY’KCKOI'O O€CIIONUs paccMaTpUBAETCA BapHUKOLENE, XUPYpPruuyecKkoe
JICYEHHE KOTOPOTO MOYKET CIOCOOCTBOBATH YJYYIIEHHWIO KAUYECTBEHHBIX IOKa3aTesen
CIEpMOTpaMMbl M YBEJIIMUEHHUIO BEPOSITHOCTU HacTymieHus OepemenHoctd [20]. B To
K€ BpeMsl €IMHOE MHEHUE OTHOCHUTEIBHO BJIMSHMS BApUKOLENIE Ha (DYHKLHIO KIETOK
Jleiiaura ¥ NpoOAyKLIHIO TECTOCTEPOHA, a TAKKE O POJIM ATOrO 3a00J€BaHUs B Pa3BUTHU
OpXaJr'MM JO0 HACTOAILIEro BPEMEHHM He BhIpaboTaHO. Bompocel nenecooOpaszHocTu
OMEPAaTUBHOIO JICYEHUSI BAPUKOILIENIC Y MALUEHTOB C TMIIOTOHAU3MOM U OpXaJruel, a
TaK)K€ CEJIEKUUU MAlUEHTOB JIJIsl MPOBEICHUS BAPUKOLEIIKTOMUHU BCE €ILE OCTAIOTCS
HepelmeHHbIMU. OTAenbHOW MpOoOJIeMON SBJSIETCS IUieMMa JICYEHUsS BAapUKOLENE Yy
OeCILIOHBIX MYXXYHH ¢ azoocrepmueii [159].

HapymieHne LEeIOCTHOCTH T€HETHYECKOIO Marepuaja CIEPMATO30UI0B MOXKET
ObITh BaXHBIM (DAKTOPOM, MPENATCTBYIOIIUM HACTYIUIEHUIO OEpPEeMEHHOCTH Kak
€CTECTBEHHBIM ITyTeM, Tak u ¢ momoinbto npouenyp BPT [20, 264]. K mnacrosmemy
BPEMEHHU YCTAHOBJIEHO, YTO MOBPEXKICHNS T€HETUYECKOr0 MaTeprasa CliepMaTo30110B
B OOJIBILIMHCTBE CITy4aeB SBJSIOTCS CIIEICTBUEM BIMSIHUS 00pa3a KU3HU, HAPYIICHUSIMU
COOTHOUICHHSI TUCTOHBI/IPOTAMUHBI, IIPHUEMA JIEKAPCTBEHHBIX IpernapaToB, WH(MEKINH,
a Takke Bapukouene. OKCHIATUBHBIM CTpecC NpU OSTOM SBISETCA BEAYIIUM
mexanm3moM ¢parmentarun JJHK cnepmarozommos [107]. IlpunsTO Ccumrtath, yTO
NOBBILIEHHE YPOBHS OKCHJIATHBHOI'O CTpECCa Yy IMALMEHTOB C BAapUKOLEJIE CBA3AHO C
HapylICHHEM TEeMOJAWHAMUKH SWYKa W TOBBIIICHHEM BHYTPUTECTHUKYISIPHOU
temnepatypbl [1]. B psge ucciegoBaHuil ObUIO OTMEYEHO YBEJIMYECHHE YPOBHEU
MapKepOB OKCUJATUBHOI'O CTPECCA, KOTOPOE KOPPEIUPOBAIIO CO CTENEHBIO BAPUKOLIEE,
Opyd  3TOM XUPYPIMYECKOE JICYeHHE BapUKOLEJe MPUBOAWIO K  CHHXKEHHIO
KOHIICHTpAIlMu MapKkepoB okcupaTuBHOro ctpecca [302]. B HekoTOphIX MCCIeT0BaHUIX

OblIa Takke IOKa3aHa B3aMMOCBS3b MeEXAy Bapukouene u (parmenrauuen JJHK
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cnepmaro3ousioB. [lpu 3TOM oTMedeHO cHuxeHue ypoBHs ¢parmentanuun JIHK
CIIEPMATO30HIOB ITOCIIE XUPYPTHUECKOT0 JieueHus Bapukorene [235].

Baker K. et al. (2013) ormevanu Hactymienue OepemeHHocTH B 51% ciydyaeB
TOCJIe TIPOBENICHHON XUPYPTrUIecKoi Koppekiuu Bapukorene [237]. CyOuHrBHHATBHOE
MUKPOXUPYPTUYECKOE JIMTUPOBAHUE BEH CEMEHHOIO KaHATHKa MPUBOJMIO K
HACTYIUIEHUIO OepeMeHHOCTH B 55% map, o ganHeiM Leung L. et al. (2013) [290].

Ha ceropssiminuii 1eHb OOLIEIPUHATHIM SIBISIETCS MPOBEIECHUE ONEPATHBHOTO
JeYeHHs y OECIUIOAHBIX MAIMEHTOB C KIIMHMYECKH 3HAYMMOM CTEMEHbIO BapUKOIIEeNe U
natocnepmueil. OHAKO B pAAE CIIy4aeB MYKCKOW (akTop Oecriaoaus MOXKET HUMETh
MECTO M y MAIMEHTOB C HOPMAJIbHBIMU IOKA3aTEJISIMH CIIEPMOTIPAMMBbI, YTO MOKET
OBITh CBSI3aHO C BBICOKMM ypoBHeM (pparmenrtanuu JIHK cnepmaTo3onoB, BbICOKOH
CTENEHBIO AHEYIUIOWJIUU CIEPMAaTO30UJI0OB, AHOMAJIBHOM YIAKOBKOMW XpOMaTHHA —
HapylLICHUSAMH, KOTOpbIE MOTYT HaOMIOJaTbCi B TOM YHUCJIE Yy TMAalHUEHTOB C
HOpMO300cnepMHel. BbuIO TOKa3aHO, YTO XHUpypruuyeckas KOPPEKLHsl BapUKOLENe
MPUBOJUT K YBEIMUEHHUIO YACTOTHI OEPEMEHHOCTH, TOCTUTHYTON €CTECTBEHHBIM ITyTEM,
a TakXke B pe3yibTare JIeYeHUs ¢ MpuMeHeHneM metoauk BPT, uro B onpeneneHHOU
CTENEHU  SBJISIETCSl  CJIEACTBUEM  CHIDKEHHMS  ypoBHA  ¢parmentamuu JIHK
crepMaro3ou10B [237, 266].

Bapukonenskromuss  cnocoOCTBOBajla  CHHKEHHIO  YPOBHS — aHEYIUIOMAUU
crepMaTo3ouioB. B panmomusnpoBaHHOM uccinenoBanud Mansour Ghanaie M. et al.
(2012), BxmrouaBmiem 136 map ¢ mpoOiemoii Hepa3BUBArOIIeics OepeMEHHOCTH, B
KOTOPbIX Yy TMAIMEHTOB UWMEJIOCh BapUKolEene, ObUIO BBIABICHO 3HAYMTEIbHOE
YBEIMYEHHE  KOHUEHTpalMd, TMOJBMXHOCTH W  HOpPMalbHOW  Mop(onoruu
CIIEpMAaTO30UJIOB, a TAK)KE MOBBIIIEHNWE YacCTOThl OEPEMEHHOCTH M CHMXKEHUE YaCTOThI
CIIOHTAHHBIX a0OPTOB B TPYyMIE MNAIMEHTOB, KOTOPHIM MPOBOAWIOCH ONEPATHUBHOE
neuenue [95].

OneparuBHoe neyenue Bapukoiene I u Il creneHu, BBIMOJIHEHHOE O MOBOIY
OpXaJTHH, IPUBOAMIIO K YBEJIMUYCHUIO KOHIIEHTPALMK M MPOTPECCUBHON MOIBUKHOCTH
CIIEPMATO30M/I0B Y MAIMEHTOB ¢ HopMo3ooctepmueit [234]. Takke ObLIO BBISIBICHO

YBCIIMYCHUC CTCIICHU 3PCIIOCTH CIIEPMATO30MA0B MW CTCIICHHW IIPOTaAMHHU3ALNH
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XpOMAaTWHA TIOCJIC BBHITIOJIHCHHUSI BAPUKOIIEIPKTOMUU y TAIMEHTOB, WMEBIINX
HOPMO300CIIEPMHIO TI0 JTAaHHBIM 00CJICIOBAaHUS Iepe]l ONePAaTUBHBIM JicueHueM [349].
Takum 00pa3oM, B OTACNBHBIX CIy4yasix BapUKOIIEIIKTOMHUS MOXKET paccMaTpUBaThCS B
KayecTBE METOa JICUeHUs OECIIIONNA Y TAIUEHTOB C HOPMO300CTIEPMHEH.

Li F. et al. (2012) nmpoBenu MmeraaHain3, BKJIIOYABIIMK 9 ucciaeqoBaHUM, B
KOTOPOM OIIEHMBAJIOCH BIMSHUE OINEPATUBHOIO JICYCHUS BAapUKOILIENE Ha MOKa3aTelu
TECTOCTEpOHA. ABTOpaMH OBUIO OTMEUEHO YBEIWYEHHE YpPOBHS TECTOCTEPOHA B
cpenHeM Ha 97,48 HI/1J1 IO CpaBHEHHIO C COCTOSIHAEM JIO OIepaTHBHOTO JieueHus [92].

Abdel-Meguid T.A. et al. (2014) Taxke BBIIBHIM yBSIMYCHUEC KOHIICHTPAIIUU
TECTOCTEPOHA B CpelHEM Ha 44,7 HI/MJ MOCJe ONEepaTUBHOIO JICYEHUS BapUKOLENIE B
MPOCIIEKTUBHOM HCClieIoBaHUU. bojiee BBIPAKEHHBIH TOJOXKHUTEIbHBIN A EKT
HaOmoancsi y TAIlMEeHTOB, KMEBIIMX H3HAYaIbHO Oo0Jiee HHU3KHE TOKa3aTelu
TectocTepoHa [94].

[TokazaHa Takke poJib XUPYPrHUECKOTO JICUCHHUS BapHUKOIEIE Y MAIMEHTOB C
HEOOCTPYKTUBHOM a300CHEPMHEN — OJHOM U3 Haumboiiee TAKENBIX (POPM MY>KCKOTO
Oecruionusi BapuKolene, Koropas Berpedaercs y 5% mamuentoB ¢ HOA.
[TooxuTenpbHOE BIUSHUE BAPUKOILEIIKTOMHUU Ha KOHIICHTPAIWIO, TOJIBMKHOCTh H
MOP(OJIOTUYECKHE  XapaKTePUCTUKU  CIIEPMATO30MIOB y  MAIlMEHTOB  C
OJIUTO300CIIEpMHUEH OBLJIO MPOJIEMOHCTPUPOBAHO BO MHOTHX XOPOIIIO OPTaHW30BAHHBIX
UCCIICIOBAaHMSIX, OIHAKO BOMPOC O IMeJIecOo0Opa3HOCTH JICUYEHHUS BapUKOIENE Y
narenToB ¢ HOA ocraercs npenMeroM auckyccuu [27].

Ponp Bapukorene B maTtoreHe3e a3o0CIEPMHUU OCTACTCs MPEIMETOM HayYHBIX
UCCIICIOBAaHMW, TEM HE MEHEee TMPEeNojaraercsi, 4YTro XHUPYPrHUECKOoe JICUCHHE
BapHUKOIIEJIE MOXET CHOCOOCTBOBAaThH CHI)KEHHIO  CTPECCOBOTO  BO3JCHCTBUS,
OKa3bIBAEMOT0 Ha TECTUKYJIAPHYIO TKaHb, U YBEIWUCHHUIO IPOAYKIIUH CTIEPMATO30HUI0B.
Matthews G.J. et al. (1998) ObLIM mpeaCTaBICHBI PE3YJIbTATHI JICUEHUS 78 OCCIUIOMHBIX
MyX4lH (22 ¢ aszoocriepMueit U 56 C OJIUrOACTEHO300CHEPMUEH), KOTOPHIM
MPOBOJIAJIACHE MUKPOXHPYpPruyYecKash BapuUKoUEeIdIKToMud. Y 55% MyXuuH C
a300CTIEPMUEH TIOCJIE OMEPATHBHOTO JICUEHUSI B ISKYJISATE ONPEACISUIMCH MOABUKHBIC

cnepmarto3ouipl [194]. B mpocnekTHBHOM HEKOHTPOJUpPYyeMOM HccienoBanuu Abdel-
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Meguid T.A. et al. (2011) onpenesiiiy OABMKHBIC CIIEPMATO30HMIBI B 3sIKyJsATe y 10 u3
31 mnammeHnta, KOTOPHIM MPOBOAMIACH CYOWHTBHHAJIbHAsS MHUKPOXHUPYPTUUYECKas
BapukoremKkromus. [lomoOHbIe pe3ynbrathl Ob1H monydeHsl Kirag M. et al. (2013),
KOTOpbIE  ONPENENSUId  TMOABWKHBIE  CIIEPMATO30MABI B JSKYJISATE  MOCIE
MUKPOXHPYPTUYECKON KOppeKIny Bapukoriene y 7 u3 23 manuentos ¢ HOA [171].

[lo nmaHHBIM MeTa-aHAIU30B, MPOBEACHHBIX B paMKax 3 PpPETPOCIEKTHUBHBIX
UCCIIEIOBaHWM, OB  BBIBJICH  3HAUYUTEIBHBIA  TMOJNIOXKUTEIBHBIA 3P (dEKT
BApUKOLIETIDKTOMUU B OTHOUIEHUU YACTOTHl OOHApYKEHUS CHEPMATO30UIIOB TIPH
BBINIOJIHEHUH TECTUKYJSpHOU 3KcTpakuuu y nanueHtoB ¢ HOA. Ustuner M. et al.
(2015) BBIABWIM THCTOINATOJIOTMYECKUE W3MEHEHUS B TECTUKYJSPHON TKaHU Yy
nanueHToB ¢ HOA mocne nepeHeceHHOM BapuKoLedKToOMuH. KapTuHa, xapakTtepHas
st CepTonu-KIEeTOYHOTO CUHIAPOMA, ONpPEAENsUIach B TMCTOJIOTMYECKUX 00paslax oT
14 u3 19 nanuentoB, HaOpaHHBIX ISl MCCIEAOBaHUA. YIIy4lIEHUE TUCTOJOTUYECKOU
KapTUHBI HA0JII01aJI0Ch Y 5 MAIMEHTOB ¢ KapTUHON CepToan-KIETOYHOIO CUHApoMa. Y
3 DNanMEeHTOB HMMENHCh YYAacTKM (POKaJbHOTO CIIEpMATOreHe3a M y 2 MalMeHTOB
ompenensicss  OJOK  pa3BUTUS HA MO3JHUX  CTaAuAX IIOCJIE€  IPOBEACHHOU
BAapUKOLEIIKTOMUU. TakuMm o0pa3oM, MOCIEIHUE TaHHbIE MOAJIEPKUBAIOT TUIIOTE3Y O
MIOJIOKUTEIIBHOM BIIMSSHUM XUPYPIUYECKOTO JICUEHUSI BAPUKOILIENIE HA CIIEPMATOIEHE3 Y
narenToB ¢ HOA [348].

B Hacrosimee Bpemsi MOSIBISIETCS Bce OOJbllIe CBEAEHUM, MOJITBEPHKAAIOLIUX
CHOCOOHOCTh BapUKOLIEIIKTOMHUM YIy4IlIaTh MOKA3aTeNId LETOCTHOCTH T€HETUYECKOrO
MaTepuana CHepMaTO30MJIOB, a TakKe MOBBIIATH BEPOATHOCTh YCIEXa JeYEHUs
oecrutonust ¢ mpuMenenueM BPT. B meraananuze 7 wuccienoBaHui, BBIIOTHEHHOM
Kirby E.W. et al. (2016), BxmouaBmiem 1241 mnarueHTta, OLECHHBAJIOCH BIIHSHUC
XUPYPTUUECKOTro JICYEHUSI BAPUKOLIETE HA YaCTOTy OEPEMEHHOCTH U KUBOPOXKIACHUS B
rnapax, IpoXOoIsiuX JICUCHUE ¢ UCIOJb30BaHueM BPT, B KOTOpBIX y MyXYMH UMeENach
a300- WM OJINT0300CIEpMHUsA. DBBIIO MOKa3aHO, YTO BapUKOLEIIKTOMMS YJydlnaia
4acTOTy OEpEMEHHOCTH U >KMBOPOKJICHUS y MALIUEHTOB C OJIMT0300CHEPMHUE, a TaKkxKe
4acTOTy OOHapy>KeHHs CIIEpMATO30MOB Yy MalMEHTOB C a300CMEepMHUe. Y MalleHTOB

IMOCJIC BAapPHUKOLCIOKTOMUHU Ha6JHO)IaCTC$I HC TOJIBKO pa3pCHiCcHHUC a300CIICPMHUU C
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MOSIBJIEHUEM CIIEPMATO30MJIOB B ISIKYJIATE, HO U (IIPH COXPAHSIIOLIEICS MTOCIIE ONepain
a300CHEPMHH) TIOBBIIIEHUE BEPOSTHOCTH YCHEHNIHOW TECTHKYJAPHOM AKCTPAKLHMH
CIEpPMATO30UJI0B, YTO TAKXKE COMPOBOXKJIAETCS YBEIMYEHUEM YaCTOThI KUBOPOXKICHUS
IpY TIPOBEICHUH BHYTPUMATOYHOM HHCEMUHAIY [344].

Taxum 00pazoM, JUisl OLIEHKH BIMSHUS XUPYPrUUECKOIo JIEYEHHUs BapUKOLIEE Ha
penpoaykTuBHble HcxoAsl npuMeHeHuss BPT y namuentoB ¢ HOA HeoOXxonnMmel
PaBUIBHO OPraHU30BaHHBIE, PAHIOMU3UPOBAHHBIE KOHTPOJIUPYEMBIE HUCCIEIOBAHMUS.
OnHaKo, COTJacHO MMEIOLIUMMCSl B HACTOSIIEE BPEMs JIaHHBIM, JICUEHHUE BAPUKOLEIE
CIIelyeT paccMaTpuBaTh TNEpel MPOBEAECHUEM TECTUKYJISPHOW OSKCTPAKIUU IS
MHTpalMToIa3Maruueckol nabekuu crepmaro3zonnos (TESE/ICSI) y Bcex mMmyxunH

C asoocnepMHeﬁ, Y KOTOPBIX €CTh KIIMHUYCCKHU 3HAYNMOC BAPHUKOLICIIC.

1.8.2 luera

BriBieHHE B3aMMOCBSI3€M MEXIY COCTaBOM MHUKPOOMOTBI U COCTOSIHUEM
MY>KCKOM pEeNnpOIyKTUBHOW (YHKIMH CIIOCOOCTBOBAJIO TOMBITKAM pa3padOTKu H
anpoOalyud METOJOB JEUEHUS MYKCKOW HMH(EPTHIBHOCTH C YYETOM MOIYYEHHBIX
naHHbIX. COIaCHO KOHLENIHMHM TEePCOHATM3UPOBAHHOW MEIULMHBI, CYLIECTBYET
00JIbI1I0€ KOJUYECTBO J0KA3aTENbCTB TOTO, YTO XapAaKTEPUCTUKHU TUETHl MOTYT BIIUATH
Ha COCTaB MUKpPOOMOTBHI M KAuyeCTBO CHEPMBbI; B YACTHOCTH, 3TH (DAKTOPHI 3aBUCAT OT
KAJIOPUMHOCTH KOMIIOHEHTOB THIIM, a TaKXKe COAEp>KaHWS B HEW >KUPHBIX KHUCIIOT,
yriaeBoJoB U OenkoB. B JaHHOM KOHTEKCTE BBICOKOE IMOTPEOJIEHWE HACBIIICHHBIX
KUPHBIX KUCIOT MOXET MPUBECTU K CHUKEHUIO MYXKCKOU (DEPTUIBLHOCTH, B TO BPEMs
KaK 3/IOpPOBBII pEeKUM MUTAHUA, HAIPUMED, CPEAUZEMHOMOpCKas AUETa, CIOCOOCTBYET
COXpaHEHUI0 MUKPOOUOTHI U KadecTBa criepMbl [118, 161, 291]. U, nanpoTus, Kak yxe
ObLJIO OTMEYEHO, JMEeTa, XapaKTepHas Ui psija dKOHOMHUYECKH Pa3BUTBHIX CTpaH, a
takke PO, nmpuBOgUT K OBICTPOMY pacHpOCTPAHEHUIO OKHUPEHHS, CBA3AHHOTO C
TUTNIEPUHCYIMHEMUEH U TUIIEPIIIMKEMUEN, KOTOPBIE, B CBOIO O4Y€pE/Ib, aCCOLIMMPOBAHBI C
HapymeHusIMA QYHKITMH criepMaTo3oui0B [128].

HCXOI[?I N3 BbIHICIIPUBCACHHLIX OAaHHBIX, ObLIN NpCaIOKCHbI MCpPBI 110
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YIIYUIICHUIO TMATAHUS C [ETBI0 TOMICPKAHUS MYKCKOH PErnpoTyKTHBHOW (DYHKIIHH.
Hanpumep, 65110 MOKa3aHO, YTO CPEAU3EMHOMOPCKAs TUETa MOJOKUTEIHHO BIUAET HA
PENPOAYKTUBHYIO (DYHKIIMIO MY)KYHH, OCOOCHHO B CIIy4ae YHOTPEOJICHUH OJIMBKOBOTO
Macia mnepBoro omkuma. COriacHo MPOBENEHHBIM HCCIEIOBAaHUSAM, MOTpeOICHHE
JAHHOTO TMPOJYKTa CIIOCOOHO MPHUBECTH K M3MEHEHHIO JIMIHAIHOTO COCTaBa MeMOpaH
CTIIEpMAaTO30M I0B, CHUYKAsl OKHCIIUTENBHBIN CTPECC M YCHUIIHBAs (PYHKIIMIO MUTOXOHIPUNA
[214]. Kpome Toro, cpemuM3eMHOMOpCKas JHETa OKa3blBaeT HOPMAIU3YIOIICe
TOMEOCTAaTUYECKOE JICHCTBUE HA YHJAOKPUHHYIO 1 UMMYHHYIO CUCTEMBI, TAK)KE U3MEHSIS
COCTaB  MHUKpO(MJIOpHl  KHWIIEYHWKAa ®W  objagas B 3TOM  OTHOIICHHH
MIPOTUBOBOCIIAJIUTENBHBIM JAccTBHEM [62]. BrmomHe BeposATHO, YTO MOMO00HAs aueTa
MOKET OJIarOMPUATHO BJIUSTH HA MUKPOOUOTY SIMYEK, XOTS YKA3aHHOE MPEITOIOKEHUE

HYXJA€TCS B TAJIbHEHIIIEM TTOATBEPKICHUU.

1.8.3 IIpo0uoTHKM U MX BIMSHIE HA MYKCKYI0 PeNPOAYKTHBHYI0 QyHKIHUIO

CornacHO ompeAeneHnto, MNPOOMOTHKH — 3TO <OKHBBIE MHKPOOPTaHU3MBI,
KOTOpbIE TPU BBEJACHUH B aJICKBATHBIX KOJUYECTBAX MPUHOCIT TMOJIb3Y 370POBBIO
xo3stmHay [228]. Takue mpemapaThl UCHOIB3YIOTCS AJSl YAYYIICHHUS PENpPOAYKTUBHOMN
byHKIMM y MYXKYUH Onaroapsi UX CIOCOOHOCTH YCWIMBATh OaphepHYIO (PYHKIHIO
KHUIIIEYHUKA, TOJABJISATh POCT TMATOTEHHBIX MHKPOOPTaHU3MOB U aKTHUBUPOBATH
umMMyHHBIH oTBeT [315]. IlokazaHo, 4TO y JMII C acTeHO300CTepMuel 3-HeAeTbHBIN
npuém Lactobacillus (L.) rhamnosus u Bifidobacterium longum mnpuBogun K
yIIYYIIEHUIO TIOBUKHOCTH CIIEPMATO30MA0B IIPU OJTHOBPEMEHHOM CHUKCHHUH CTETICHH
¢dparmenranuun JJHK [239].

B apyrom uccnenoBanuu npumeHeHue cuMmOnoTuka Familact®, cocrosiiero u3
mramMmoB Lactobacillus u ¢pykroonurocaxapuioB, y MaiveHTOB ¢ WIUOMATHYECKUM
MYKCKUM O€CIJIONMEM OTMEYaJioCh YIIYYIICHHE KayecTBa CIIEPMbI U YBEIUYCHUE
nenoctHoctd JIHK; mpu 3TOM OBLTO 3aperucTpupoBaHO YMEHBIIEHHE COJIEpIKaHUs
CBOOOJIHBIX PaJuKaioB B criepme [122].

VY MyX4MH C aCT€HO300CIIepMUE HaOII0AAIOCh 001IIee YIyUIlieHue TToKa3aTenen
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criepMorpamMmbl Ha (pOHE TIpueMa JIaKTo- U OuduI00aKTEPHii, MPU ITOM MOJABUKHOCTH
CIIEpMAaTO30MJIOB BO3pOCIIa, a crereHb (parmentaruu JJHK 3amerHo cam3mtack [239].

B okcnepumenTax y Mbliedl ¢ oxupeHuem Ha ¢GOHE AMEThl C BBICOKUM
coJiep KaHreM KUPOB AobaBieHre L. rhamnosus k parimoHy IpUBOINIO K TOBBIIIEHUIO
MOJIBMXKHOCTHU CTIEPMATO30M 0B M YBEJIMUCHUIO YKCIIa KiIeTok Jlelaura. Y 6ecriogHbix
MbIIICH BBeAeHUE KyinbTyp Lactobacillus spp., Bacillus spp., Saccharomyces cerevisiae
(MUBHBIX JApOXOKeW) W (OTOCHHTE3UPYIOMMX OaKTEpUid CHWXXKAJIO BBIPAKEHHOCTH
HapyIlIEHUH cocTaBa CIEPMbl U COMPOBOXKAAIOCH YIYUYIIEHUEM TOJBUKHOCTHU
criepMaTto3ou1oB [176].

B wuccrnenoBaHusax In vivo W In Vitro, a TaKKe Ha MOJENSIX HEKOTOPBIX
3a00jieBaHUM, TIOKa3aHO, 4YTO ONpENeiICHHBIE IITaMMbl OaKTEpU-IIPOOHOHTOB
OJIaroNMpUATHO BO3JCUCTBYIOT Ha KMHEMATHYECKHE TMapaMeTphl CIiepMaTo30uaoB [93,
176]. Tak, noGanenme Lactobacillus rhamnosus PBO1 B kopMm MbImein c
QTMMEHTApHBIM  OXHPEHUEM TPHUBEIO K 3HAYUTEIIbHOMY TOBBIIICHUIO YHUCIA
MIPOTPECCUBHO-TIOBIKHBIX ~ CIIEPMATO30MJ0B, HHTEHCH(DHUIIMPOBATIO  BHIPAOOTKY
PENpPOyKTUBHBIX TOPMOHOB Y >KMBOTHBIX, @ TaKXKE CYIIECTBEHHO YBEIMYMUIIO TEMIIbI
CHIDKEHHSI MacChl TeJIa y B3POCIBIX ocobeii [176].

[ToBbIlIEHNE KauecTBa CIEPMbI M CIIEPMATOreHe3a HaOJI0JAIoCh TakKKe IMOCe
TpaHCIUTAHTAIIMK (PEKaTbHOM MHUKPOOUOTHI, TOJYYCHHOW OT MBIIIEH, KOpMa KOTOPBIX
cozepkaT B OOJIBIIIOM KOJUYECTBE aJbIMHATHBIA OJMTOcCaxapujl. 3a CYET HErO B HX
KHIICYHUKE aKTHBHO Pa3MHOKAIOTCS OaKTepun-mpoOrnoHTsI [157].

DKCIEPUMEHTBI Ha CTApPEIONIUX MBIIIAX MPOJEMOHCTPUPOBAIIH, YTO JO0ABICHUE
NPOOMOTUKOB B  pAIlMOH IUTAaHUSA CIOCOOCTBYET BOCCTAHOBJICHHIO MPOQUIISL
MOTIEPEYHOTO CEYCHMSI CEMEHHBIX KaHAJBIIEB U TMPEKHUX YPOBHEW TECTOCTEPOHA, a
TaK)Xe CTUMYJIUPYET CIIEPMATOTEeHE3 B 3TOM TpyImIie IpbI3yHOB. Takum 00pa3om, MOKHO
3aKJTIOYUTh, YTO MPOOUOTUKHM OKA3bIBAIOT OJArompusTHOE BIWSHHE Ha KauyeCTBO
CIIEpPMBI IIyTEM HOPMaJIM3alii TECTUKYIIpHOHN pyHKIMH [86].

Kpome Toro, pe3ynbTarbl psaa WCCIECIOBAHUN ITO3BOJWIN TPEANOI0KUTh, YTO
MHUKPOOMOM KHIIIEUYHHKA CHOCOOEH H3MEHATh cTerneHb mponumaemoctd ['Th [311].

OmHaKO KOHCEHCYC MO BOMPOCY TOT0, KaKyH POJib TPOOMOTUKU MOTYT UTPaTh B paboTe
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['Th, HEe AOCTUTHYT M 3TOT acmeKT HYXAAaeTcs B JalbHeWleM u Oosee AeTaabHOM
U3YYCHUU.

Emé olHUM MOJOKUTENBHBIM aCleKTOM MPUBHECEHUS IMpenapaToB OaKTepHii-
npoOMOTOB B OpPraHU3M CIIY’KUT YyBEJIMYCHHE KOJIMYECTBA M CpelHEd Macchl Teja
0oco0ell B MPUILIOAE KPOJIMKOB, CAMIIbl KOTOPBIX MHUTAIMCH KOPMOM, COJIep KallluM
MOBBIIICHHbIE ~ KOHIIEHTPAIIMM HUTPATOB. ODTO  SIBJIEHUE CBUJCTEIBCTBYET O
CBOCOOPA3HOM «aHTHCTEPHIU3YIOLEeM» 3P deKkTe MPOOUOTHKOB U UX MOJIOKUTEIHLHOM
BJIMSHUH Ha ITpou3Beaenne noromctna [306].

Ha ceromusmHuii AeHb MPENJIOKEHO HECKOJIBKO THUIOTE3, OOBSICHSIIONIUX
Opupoxy yaydiieHus (YHKIUH CHepMaTo30MI0B Ha (oHE mpueMa MNpPOOMOTHKOB.
Zhang J. et al. (2020) wuccnenoBanu ACHCTBHE JTOMHHHPYIOIIETO POJAA «IOJIC3HBIX»
oaxtepuii (Lactobacillus casei) B nmpucyrcTBun natoreHHsix (Pseudomonas aeruginosa)
Ha MOJIENU In Vitro. ABTOpbl OOHApY>KUJIU, YTO B MOJOOHBIX yCIOBUAX Oaktepuu L.
casel 3HAUUTEJIbHO YBEJIMYMBAIOT MOJIBHXKHOCTh CIIEPMATO30MI0B U CHUKAIOT CTETICHb
BBIPQKEHHOCTH WX MHTOXOHJIIPHAIBHOTO TMOBPEXKICHUS, BhI3BaHHOTO P. aeruginosa.
W3onupoBaHHOE ke MpPUMEHEHHE MpenapatoB L. casel HE U3MEHSET 3TU MapameTphl.
Takum 00pa3oM, YCTaHOBIIEHO, YTO JAKTOOAKTEPUH YIYYIIAIOT KAa4eCTBO CIIEPMBI,
MO/IABJISISI AKTUBHOCTH JJOMUHUPYIOIIEH TPYIIBI MATOTEHHBIX OAKTEPHl U OTpaHUYNBAs
UX HeraTuBHOE BiusHue [123].

UccnenoBanusi, BBIMOJHEHHBIE 1N ViVO, MOKa3alid, YTO MPOOMOTHUKU CIIOCOOHBI
BO3JICCTBOBATh HA TECTUKYISIPHYIO (DYHKITMIO U CIIEpMaTOreHe3 MyTéM MoaudUKaIuu
cOCTaBa MUKPOOHMOTHI KUIIIEYHUKA, a TAKXKE 32 CYET CBOMX aHTUOKCUAAHTHBIX CBOWCTB.
B3anMocCBsI3b MEXKIy KITFOUEBBIMH MPEICTABUTEIIIMA MUKPOOUOTHI KAIIIEYHUKA U SIHUICK
UCCIIEIOBAIM C TMOMOIIBI0 KoppensiuuoHHoro ananmu3a Cnupmena [175]. bsuio
YCTAHOBJICHO, 4YTO Hajdu4ue mnpenactaButenei TumoB Bacteroidetes, Firmicutes wu
cemerictBa Deferribacteres okazanuch B 3HAYUTEIHHON CTETICHH CBSI3aHO CO CHUKCHUEM
TECTUKYJISIPHOM  (DYHKIIMH, OOYCJIOBJICHHBIM TMPHUCYTCTBHEM BBIICISIEMOTO HUMU
muytirekcwndranara (J20'®). KontponupoBaTh UYHUCIEHHOCTh 3TUX OakTepuil u
BOCCTAHABIIMBATh  HOPMAJIbHYIO  (DYHKIIMIO  sSIMYEK  TOCJIE€  TOBPEXKIACHHUS,

OOyCJIOBJIGHHOTO WX WHBa3WeW, MO3BOJSET NpOo(HUIAKTHUECKUN NpUEM MpenapaToB
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Lactobacillus plantarum TW1-1, 4ro Obu10 MPOAEMOHCTPHPOBAHO B IKCIEPUMEHTE Ha
MBIIIAX, moaBeprmmxcs gedcteuto JIOT'® [175]. Takmum o00pa3oM, MOMKHO
IPEIIOJIOKNTh, YTO OT/EIbHBIE IITAMMBI OAKTEPUN-ITPOOMOHTOB CIIOCOOHBI 00JIEr4aTh
CUMITOMBI TECTHUKYJIIPHOTO TOBPEKICHUS HMMEHHO IIyTEM H3MEHEHHUS COCTaBa
KHUIIEYHON MUKPOOHOTHI.

XOpoI110 U3BECTHO U O HEOJIArONPHUATHOM BO3JIEHCTBUU OKUCIUTEIBHOIO CTpeECcca
Ha Mmonekysbl JIHK, mpencraBnennsie B crnepmaro3onaax. HapymieHue 1menocTHOCTH
JIHK pe3ko orpaHn4uBaeT COCOOHOCTU MOCIEAHUX K OIUIOJOTBOPEHUIO U SIBISETCS
[JIABHOM TNPUYMHON WX KIeToyHOM juchyHkumu. IlokazaHo, 4TO Ha3zHaueHUE
npenapatoB L. rhamnosus CECT8361 u Bacteroidetes longum CECT7347 ymyuiaer
NOJIBUJKHOCTb ~ CIIEpMATO30MJIOB, CHMWXKaeT creneHb (¢parmeHtanuun JHK wu
BHyTpuKIeTouHble ypoBHHU HO; B Hux [66]. OueBHAHO, MPOOMOTHUKH CIIOCOOHBI

yJIy4IIaTh KA4eCTBO CIIEPMBI, BRICTYIIAsl B POJIM aHTHOKCHanaHToB [239].

1.8.4 IIpeOMOTHKH, AHTHOKCUAAHTHI M MOJTH(EHOJIbI

Onurodpykros3a, ragakTOOJUTOCAXAPHUIBI U OJUTOCAXAPHUIbl TPYTHOTO MOJIOKA
SBJITFOTCS. HanOoJiee TUIUYHBIMA TPEOMOTHKAMHU, CHOCOOHBIMH IIOBBHIIIATH YPOBHHU
Oouduao- U JMaKToOAKTEpUiA, a TaKXKe KOPOTKOIICTIOYEHHBIX >KUPHBIX KHUCIOT [259]. B
X0J1e TOKJIIMHUYECKOTO MCCIIeIOBAaHUsI ObUIM TPEJICTABIICHBI JOKA3aTeIbCTBA TOTO, YTO
PUMEHEHNE MAHHAHOOIHMTOCaXapuI0B CIIOCOOHO MPUBOJUTH K YCKOPEHHUIO TOJIOBOTO
co3peBaHust y Kpbic [321]. B 4yacTHOCTH, CHMKEHHUE YPOBHSI KOPTUKOCTEPOHA B KPOBH,
HaOJTFOaBIIIeeCs B ATOM UCCIIEAOBAaHNH, MOYKET OBITh CBSI3aHO C IMOBBIIIICHHBIM YPOBHEM
TECTOCTEpOHA W CO3PECBAaHMEM CEMCHHBIX KaHaiblleB. OIHAKO KIMHUYCCKUX
WCCJICIOBAHMI 11O OIIEHKE BO3MOKHOCTH JICUEHUS MYKCKOTO OECIIONUs MPEeONOTUKAMU
HE TIPOBOIUIIOCK.

Butamunpl C 1 E ciocoOHBI 0Ka3bIBaTh 0COOCHHO OJIArOMPHATHOES BO3JICHCTBHC
NP JICUCHUH OCCIUTOAMS y MY)KUMH, CHIDKAsh YPOBEHb aKTHUBHBIX (DOPM KHCIIOPO/a,
MPUBOJS K YJIYYIICHHUIO TTOJBM)KHOCTH CIIEPMATO30M 0B M TIOIEPIKUBAs 1IEJIOCTHOCTh

JJHK [259]. W3 jgpyrux aHTHOKCHUIAHTOB HEOOXOAUMO OTMETHTh JIUKOIIWH,
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COZIEp KAIUIACS B TOMAaTaX M KPacHbBIX (PyKTaX, KOTOPHIH, MO-BHIANMOMY, OKA3bIBAET
MOJIOKHUTEIIBHOE BO3JCHCTBAEC HAa MHUTOXOHIPHH SMYEK, B YAaCTHOCTH, MOIYJIUPYS
MePEKUCHOE OKHMCJICHHE JIUIU0B B MeMOpaHe MmutoxoHApui [187]. OnHako npyrue
UCCJICMOBAHMS, B KOTOPBIX HM3y4alloCh TMPHUMECHEHHE AaHTHOKCHJIAHTOB, HE
IIPOJIEMOHCTPHPOBATIN KaKOT'0-THOO YIYYIICHHS OMOMapKEpOB CIIEPMbI M CHUKCHUS
crenenn pparmentanuu JJHK y myxunn ¢ 6ecrmoauem [90].

[TonmudeHombr — 3TO MPUPOAHBIE COSTUHEHHUS, KOTOPhIE B OCHOBHOM COZACPIKATCS
BO (pyKTax, OBOIlAX, Macjie, BUHE U Kakao [245, 289]. Dt BemiecTBa OKa3bIBAIOT
MOIITHOE MTPOTUBOBOCIIAJIUTEILHOEC W AHTHOKCHIAHTHOE JCHCTBHE HA PA3IUYHBIC THIIBI
KJICTOK, BKJIFOUas criepmaTo3ousl [112, 331]. Beuiu mpoBeIeHbI 3KCIICPUMEHTAIBHBIC |
KIIMHUYECKUE MCCIICOBaHUsS 10 H3y4YyeHHI0 A((PEKTOB KBEpIETHHA W PECBeparpoia,
OJTHAKO MX PE3yJbTaThl OKa3aJINCh JOBOJHHO IMPOTHBOPCUYMBHIMH, ITOCKOJIBKY 00a

YKa3aHHbIX HOJ'II/I(i)eHOJIa 06JlaI[aI-OT KaK aHTHOKCHIIaHTHOﬁ, TaKk H HpOOKCHHaHTHOﬁ

akTUBHOCTBIO [210, 243, 245].

1.9 IlepcnekTUBBI JAJbHENIIUX UCCAEI0BAHUN MUKPOOHOMA MYKCKOM
PeNnpoOayKTHBHOM CHCTEMBI

PazButne cdepsl uccienoBaHuil MUKPOOUOTHI TO3BOJUJIO HM3YUYHUTh CIIOKHBIC
MUKPOOHBIE COOOIIECTBA MYXCKOTO penpoAyKTUBHOro Tpakrta. HecmoTpst Ha
3HAUYUTENBHBIN TPOTPECC, AJOCTUTHYTHIM B XapaKTEPUCTUKE MUKPOOPTraHM3MOB M HX
MOTEHIUAIBHBIX ~ (YHKIMH, HEOOXOJAMMO  COBEPIICHCTBOBAHUE  HCIOJIb3yEeMbIX
MOJIXO/IOB, YTO IO3BOJUT MPOJABUHYTHCS B PEIICHUH MPOOJIEMBI JICUCHUS MY>KCKOTO
oecrutonus [144, 323].

CraHaapTu3upoBaHHbIe NPOTOKOJBI. st oOecrieueHus HAACKHOCTH U
BOCIIPOU3BOJAMMOCTA  PE3YyJIbTATOB  HWCCIEOBaHUN  HeoOXoaumo  pa3paboTaTh
CTaHJApPTU3UPOBAHHBIE MPOTOKOJIBI cOOpa 00pa3lioB U UX O00pabOTKH, a TakKke
Boijienenns JIHK u NGS-ananmuza. D710 00jerdyut cpaBHEHUE JAHHBIX W TO3BOJIUT
O0BEANHSATH U CONOCTABIISAITh ~ PE3YJbTATHI, MOJYYEHHbIE  PA3TUYHBIMHU

uccienoBaTenbckumu rpymmamu [80].
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Bei0op BapualeJbHBIX YYaCTKOB JJsi ceKBeHUpoBaHusi B reme 16S pPHK
MOXXET BIIMATbH Ha TOYHOCTh M JOCTOBEPHOCTh pe3yibTaToB. Creayer yIenuTh
BHUMaHHE ONpeIeNieHni0 Haubosiee WH(GOPMATUBHBIX BapUaOENIbHBIX YYacCTKOB,
CHEHM(PHUUHBIX TSI MHUKPOOMOTHI H3yYaeMBIX OTAEJIOM MYKCKOM PpernpoyKTHBHOU
CUCTEMBI. JTO TOMOXET pa3paboTaTh  CTaHAAPTU3UPOBAHHBIA  TMOJAXOJ K
CEKBEHHUPOBAHMIO, ITIOBBICUT COIMIOCTABUMOCTD PE3YJIbTATOB PA3JIUYHBIX HUCCIEIOBAHUN U
OOJIETYHT MPOBEICHUE METAa-aHATH30B.

MeTareHOMHOe CeKBEHHPOBaHHE METOAOM «Apo0oBHKa». Hecmorpsa Ha ToO,
YyTO OOJIBIIMHCTBO ONYOJMKOBAHHBIX HCCIEJOBAaHUM OBLJIO COCPEIOTOYEHO Ha
uAeHTUUKALMKY OAKTEPHil, MUKPOOMOTA, BEPOSTHO, BKIIFOUAET TAK)KE BUPYCHI U TPUOBI.
B npanpheiimmx  paborax i WACHTUPUKAIMM W XapaKTEPUCTUKU  ITHUX
MUKpPOOPTaHU3MOB CJEAYyET MCIOJIb30BaTh METar€HOMHBIM METOJ, KOTOPBIM MO3BOJIUT
HOJIyYUTh MOJHOE MPEJCTaBICHUE O MUKPOOHOM pa3HOOOpa3uu M €ro MOTEHIUAIbHON
POJIH B pa3BUTHH MY>KcKoro oecrutoaus [204].

Munumu3zanusas KoHTamMuHanuu. KoHTaMuHauusg  SABISETCS  CEpbE3HOM
npo0sieMoil, BO3HUKAWOIIEH MpU HU3YyYEHUH MHUKpoOuoThl. Creayer  yAensarThb
NPUOPUTETHOE BHUMAHUE CTPOTMM MepaM MO MPEAOTBPALIEHUIO U BbISBICHUIO
KOHTaMMHAllUM Ha BcexX OJramax wucciuenoBanus. llenecooOpazHo  BHeOpATH
OTpHUIIATEIBHBIM KOHTPOJL BO BpeMsi coopa obpasnos, uzBneuenus JJHK, moaroroBku
OMOMMOTEKN U CEKBEHUPOBAHMS, YTO MOBBICUT HAEKHOCTH PE3YJbTaTOB U CBENET K
MUHUMYMY BIIMSIHAE MOTEHUHUAIBHOW KOHTAMUHALIMM HA UHTEPHPETALUIO MMOTy4aeMbIX
naHHbBIX [323].

OmnpenesieHHe NATOreHHbIX MTAMMOB. H3BECTHO, YTO HEKOTOpBHIE BUIbBI
OakTepuii MOTYT MMETh IMATOTECHHBIE W HEMATOTeHHBIC IMTamMMbl. [lodTOMy KpaifHe
BAXXHO OTJIMYATh IUTAMMBI, KOTOpbI€ MOTEHIMAIbHO MOTYT NPUYUMHUTH Bped, OT
LITAMMOB, KOTOPBIE SBJISIFOTCS KOMMEHCalaMu. DTH HOATHIIBI MOXHO ONPENEIUTh C
nomoIipio MeTooB NGS u pasmuunbix 0a3 manuaeix [308]. IlomoOHBIA mOIXOM
no3BOJUT  3(pdexkTuBHEE  OMNpelneianTb,  KAKOM  MHUKPOOPTaHWU3M  SBIISIETCS
HEJPYKECTBEHHbIM, a KaKOW — BIOJHE OE3BPEIHBIM WM JaKE TIOJE3HBIM IS

OopraHu3Ma 4C€JI0OBCKaA.
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DOYHKIUOHAJIBHASL POJIb MHUKPOOMOMA MYKCKHMX TMOJIOBBIX NyTeH © ero
BIIUSHAC Ha CIIEPMATOTCHE3 M3YYCHBI KpaliHE HEIOCTATOYHO. BIIONHE BEPOATHO, YTO
MUKpOOMOTAa YYacTBYeT B pEryJllMM WMMYHHOM MHUKpPOCpPEIbl SHUYEK, IMepeaade
CUTHAJIOB W OOECIICUCHUHN IMHUTATEIHLHBIMHU BemecTBaMu. Kak mosaraeT psij aBTOPOB,
BHHUMaHHE B Ipoliecce JaNbHEHIINX HCCIIEOBAHUMN CIIETyeT COCPEIOTOUNTh HE TOIBKO
Ha OIKMCAaHWU KOMIIOHEHTOB MHUKpOOMOMAa, HO M Ha aHaimu3e UX (QPYHKIUU B ITOU
CHCTEME C MCIOJIb30BAHUEM METOJIOB 1n VItro W €X VIVO U W3YYEHHH B3aUMOJICHCTBUS
X035ilMHA U MUKPOOHOMa — aHAJIOTMYHO TOMY, KaK 3TO ObUIO CENaHO ISl KUIIEYHOTO U
pecrnupaTopHOro MUKpooromoB [323].

HccaenoBanue pasjMyHbIX AHATOMHYECKHX 30H. MUKpOOHOM CEMEHHOM
KUJKOCTH, BEpPOSITHO, BENET CBOE IIPOUCXOXKJCHUE M3 HECKOJBKUX YYaCTKOB
penpoaAyKTUBHOTO TpakTa. [lapannenpHasl OlleHKa cOCcTaBa MUKpOOMOMa Ka)Xao0ro W3
OpraHOB — SIMYEK, MPHUAATKOB SIMYEK, CEMSBBIHOCAIIUX IMPOTOKOB, MPEACTATEILHON
JKeJe3bl, CEMEHHBIX IMy3bIPbKOB, MOYEHUCITYCKATEILHOIO KaHajla U IMOJOBOTO 4JieHA —
MOXET JaTh OoJjiee TryOOKoe TmpeAcTaBieHUEe 00 HMX 3HAYUMOCTH ISl JICYCHUs
MYKCKOTO OecIuiofvsi U CIOCOOCTBOBATH IMPOBEACHHUIO O0Jee HMHIAUBUAYATHHOTO
JICUYCHUH.

JIOHruTIOAHBbIE  HCCJeA0BaHMsA. JIOHTUTIOAHBIE  HMCCIENOBAaHUS  UMEKOT
pemraroriee 3HaA4YCHWE U1 BBISIBICHUS JIMHAMHYECKUX HW3MEHEHUHW B MHUKPOOHOTE
CEMEHHOW JKMIKOCTH W TIOHUMaHUS WX TOTCHIMAJIBHOTO BIUSHUAS Ha MYXKCKYIO
dbepTriibHOCTh. B mocienyromeM 1enecooOpa3Ho ylensiTh BHUMAaHHUE TIAHUPOBAHUIO
JIOHTUTIOMHBIX HCCIEAOBAaHUN MJI1 W3YYCHHS BPEMEHHBIX H3MCHCHHH B COCTaBe M
GYHKIHASX MHUKPOOHOTHI YEJIOBEKa NPH Pa3IMYHOM COCTOSHUH PEMPOTYKTHBHOTO
3I0POBbsl. DTO MO3BOJUT OMPENCIUTh BIMSHUE MUKPOOMOTHI CEMEHHOW >KUJIKOCTU HA
(GU3MOJOTHYECKHE M TATOJIOTHYECKUE TIPOIECCh, a Takke e€ 3HAaYMMOCTh B
9THONATOTeHe3¢e OCCIUTONNS U U3MEHEHUH dsKyIisTa [164].

IIpocnekTUBHBIE HCCAET0BAHUSA HEOOXOIUMBI VISl YCTAHOBIICHUS CBS3H MEXKIY
MHUKpPOOMOTOH PENMpPOAYKTHBHOTO TpaKTa M PENPOMYKTUBHBIMH Hcxomamu. [lomoOHbIE
paboThl JOKHBI BKIIOYATh MOHHUTOPHHT MHKPOOHMOTHI PEMPOAYKTHBHOTO TpakKTa y

MYXXYUMH K3 IHap, CTpEMAINNXCA K HACTYIIJIICHUIO 6epeMeHHOCTI/I CCTCCTBCHHBLIM ITYyTEM
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wm  nocpeactsom  BPT.  IIpocnexkTuBHbIE — HCCIEAOBAaHUSA  TO3BOJIMIN OBl
IPOaHAIM3UPOBATh BIUSHUE MUKpOOMOMa CEMEHHOW >KUAKOCTH Ha (EPTUIBHOCTH U
ycnemHocts BPT, comoctaBuB mnpodguian MHKPOOHMOTHI € YaCTOTOM HACTYIUICHUS
OepeMeHHOCTH, pa3BUTHEM SMOpHOHA U ApyruMu ucxogamu BPT.

Biausinue ¢(pakTopoB, NPUBOASIMIAX K MYKCKOMY Oecmuioauio. Myxckoe
Oecriogrie MOXKET OBITb BBI3BAHO pA3JIMYHBIMM TMPUYMHAMH, U B TOM YHCIE —
TCHETHYECKUMU  (pakTOpamMu, TOPMOHAIBHBIM  aAucOamaHcoM, WHOEKIUIMU U
CTPYKTYpHBIMH aHOMaNusiMU. ClielyeT yAeIuTh BHUMAHUE U3YYEHHUIO CIIENU(DUUECKOro
BIMSIHUSL PA3NIMYHBIX MPHYMH O€cryiogusi Ha MHUKPOOMOM CEMEHHOW >KHIKOCTH.
Pe3ynbrarhl momOOHBIX MCCIEOBAHUN TO3BOJSAT BBISICHUTH, CBSI3aHBI JIM Pa3IMYHBIC
MUKpOOHBIE (DAKTOPHI C ATHOJIOTHEH OecIulonusi, a TakXke IOMOTYT pa3padoTaTh
NIEPCOHATM3UPOBAHHBIC CTPATETHH IIeJICHAIIPaBICHHOM Tepanuu [65].

Biusinue JekapcTBeHHBIX mpenapatoB. Ilporiecc JedeHHS MYKCKOTO
OecruioAus MOKET BKJIIOYATh MPUMEHEHHUE PA3IMYHBIX IIPEnapaToB U METOJIOB TEPAIuH,
TaKMX, KaK BHUTAMHHHBIC J00aBKH, AHTHOWMOTHKM W TOPMOHAJBHBIE CpelacTBa. B
MOCJICYIONIEM CIIEyeT BBIICHUTb, BIUSIOT JHU OSTH MEPbl HAa MHKPOOHMOM
pPEeNpOAYKTUBHOTO TpakTa. [loHMMaHne BO3JEHCTBHS MCIONB3yEMbIX TEPAIEBTHUECKUX
MOJIX0/IOB HA MUKPOOHBIE COOOIIECTBA MO3BOJIUT OIICHUTh UX MOTEHIIMAIBHBIN BKJIAl B
(bepTHIIBHOCTD M TIOCITY>KUT OCHOBaHHEM JIsl pa3pabO0TKH MEPCOHATU3UPOBAHHBIX CXEM

JIEYEHUS MAIIUEHTOB C OECIUIOIUEM.

3akJIroueHue

Myxckoe Oecruiogue — CcepbEé3HOoe 3a00jieBaHUE, KOTOPHIM — CTpajaeT
3HAYMTENIbHAs YacTh HAceJIeHHUs, OCOOCHHO B Pa3BUTHIX CTpaHaxX. AHaJIW3 JTaHHBIX
HAaYYHOU JINTEPATYPbI CBUJIETENBCTBYET, YTO YCTAHOBIIEHHOE B OCJIEAHUE NECATUIICTUS
CHI)KCHHE KadecTBa CIIEPMBI, TIO-BHINMOMY, COTIPOBOXKIACTCS TUCOATAHCOM YPOBHEH
PENPOYKTUBHBIX TOPMOHOB M BBICOKMMHU YPOBHAMH SHIOKPUHHBIX IU3PaNTOPOB,
noppexaenusmu  JIHK, a Takxke SOUreHEeTH4eCKUMM W MHUTOXOHIPUATBLHBIMU

Hapymenusmu [336]. OpHako u3-3a pa3sHOOOpa3us HCCICAYEMbIX MOMYJIALUNA U
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pa3auuuil  SMUAEMHOJIOTHYECKUX MOJENed MOJMydyaeMble pe3yJbTaThl, MPOBOJUMBIX
UCCIICIOBAaHUM, HEPEeIKO OKa3bIBAIOTCA MPOTUBOPECUMBBIMU. TeM He MeHee,
HAKOIJICHHBIE K HACTOSIIIIEMY BPEMEHH JJaHHbIE 00YCIOBIMBAIOT PACTYIIMI HHTEPEC CO
CTOPOHBI CHEIHATMCTOB B OOJIACTH 3/paBOOXpaHEHUs, AeMorpaduu U COLUATBHON
MOJINTUKH PA3IMYHBIX TOCYIapCTB.

B nocnennue ronpl mosiBAsSieTCs Bce OOJbINE COOOIICHHH, MOITBEPHKAAOIINX
TUMOTE3y O BIUSHUM MHKpPOOMOMa pPENpOAYKTHBHOTO TpakTa Ha MYKCKYIO
dbepTriibHOCTh. CrienUaInCThl CXOASTCS B TOM, YTO M3YUYEHHME PA3IUYHBIX ACHEKTOB
ATUX BIMSHUI NPEJCTaBIseT cOOOM MEPCHEKTUBHYIO O0JACTh MCCIEAOBaHMM, KOTOpas
MO3BOJIUT OXapaKTepU30BaTh CIIOKHBbIE MHKPOOHBIE COOOIIECTBA, OOUTAIOIINE B
MY’KCKOM PENpOAYKTHUBHOM TpakTe, U OLEHUTh UX posib B pa3Butuu Oecrutoaus. K
HACTOAIIEMY BpPEMEHH YCTAHOBIEHBI CJIOXKHBIE B3aWMOCBSI3U MEXKIY COCTaBOM
MUKPOOPTraHU3MOB, MYXCKON (EpTUIBHOCTBIO W KayeCTBOM ISKYISATA; OOHApPYKEHO
NOTEHUUAIbHOE BIIMSHUE MYKCKOTO MHKPOOMOMa M Ha PENpOAYKTHBHOE 3/10POBbE
xKeHIuH. JlaHHble, COOpaHHbIE B XOJE PAa3IWYHBIX HMCCIEAOBAHUNA C NPUMEHEHHEM
KyJbTypaJbHbIX MeToA0B M NGS, Mo3BoiMIM MNOIYYUTh LEHHYI0 HHQOpPMAIMIO O
coCTaBe, AMHAMUKE PA3BUTHUS U MOTCHIMAIBHBIX (PYHKIIMSIX MUKPOOHBIX COOOIIECTB.
CoBepIlIeHCTBOBAaHHE METOJOJIOTMH  HUCCIIEOBAaHUM B 3TOM 00JIaCTU  MO3BOJIUT
o0ecneunTh HaA&KHOCTh UM BOCIHPOU3BOAMMOCTH PE3YJIbTATOB, KOTOpbIE O00JEryaror
NPOBEJCHNE TOYHBIX CPAaBHEHWW JAaHHBIX M MeTa-aHann30B. ONTHUMAalbHBIA BHIOOD
BapuaOebHBIX YYaCTKOB JUisi cekBeHupoBaHus B reHe 16S pPHK u mpumenenue
METareHOMHBIX TOAXO0M0B (MeToAa «ApOoOOBUKA») ISl OIEHKHM HAJIWYUS BUPYCOB U
rpuOOB B MHKPOOHMOTE CEMEHHOW >KMIKOCTH SIBIISIOTCA UYPE3BBIYAHO Ba)KHBIMU
(dakTopaMu, BIUSIIOIIMMHU Ha YCIIEUTHOCTh OYAYIINX UCCIIETOBAHUIA.

[IpoBeneHue MPOCIEKTUBHBIX M IOHTUTIOAHBIX UCCIEAOBAHNHN, a TAK)KE U3YUCHHE
BJIMSIHUSL PA3NIUYHBIX NPUYUH MYKCKOTO OECIUIOAMSI M JIEKAPCTBEHHBIX IPENapaToB
MO3BOJIUT U3YUUTh CIOXKHBIE B3aMMOCBS3H MEXKIYy MUKPOOHOMOM Pa3INYHBIX OTIEIOB
PENPOAYKTUBHON CHUCTEMBI M PEMPOAYKTHBHBIMU UCXOAaMH. V3ydeHHe STUX acleKTOB
JTACT BO3MOXKHOCTBH TIy0)K€ H3y4UTh MPOOJIEMYy MYKCKOM (PepTUILHOCTH U OTKPOET

nyTh JUJIsl pa3pabOTKU U BHEJIPEHUS B KIIMHUYECKYIO MPAKTUKY MEPCOHATU3UPOBAHHBIX



78
METOJIOB €€ JieueHHs. B cBOIO ouepenp M3ydeHHME MUKpOOHOMA SMYEK M CEMEHHOM
KHUJKOCTU TPEACTaBIsET COOOM AWHAMUYHYI0O M OBICTPO pPa3BUBAIOIILYIOCS 00JacTh
U3YYEHUS MYKCKOIO PENpPOAYKTUBHOTO 370POBbsl, IOTEHLMAJIBHO CHOCOOHYIO
YCOBEPIICHCTBOBATh U TMOBBICHUTh J(PPEKTUBHOCTH METOJOB JICUCHUS MY>KCKOTO

OecItoausl.
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I'/TABA 2. MATEPUAJIBI U METObI UCCJIEJIOBAHUSA

2.1 Opranusanus 4 AM3ailH UCCJICIOBAHMS

[IpoBenieH peTpOCIEKTUBHBIN U MPOCIIEKTUBHBIN aHaIu3 JaHHbIX 108 manueHToB,
MPOXOMBIIMX OOCJIEIOBAHKUE IO MOBOAY MYKCKOTO Oecrutommsi Ha 0a3e OTIEICHUS
BCIIOMOTATENIbHBIX PENPOAYKTUBHBIX TexHosorud LleHTpa penpoayKTHUBHOM U
kierouyHoit MenuuuHbel I'BY3 JII'KB r. KpacHogap MuHucrepcTBa 31paBoOXpaHEHUS
Kpacnogapckoro kpast B 2018-2024 rr.

MarepuanoM UCCIEIOBaHUS TMOCITYXUIN pe3yibTaThl 00CIEOBaHUS, B TOM
yucae oO0pas3ibl TECTUKYJISIPHOW TKAHU HHQPEPTUIHHBIX MAIMEHTOB C Pa3IMYHBIMU
BUJIaMHU a300CIIEPMHUU U COITYTCTBYIOIIMM BapUKOLEIE.

Hcnonp30Banu ciaeAyronme KPUTePU BKIKYEHHUA NAllMEHTOB B UCCIEIOBAHNUE:

- MYXYHMHBI B Bo3pacte 18 jeT u crapuue;

- Oecronue B Opake Oosiee 1 roma mpu peryisipHON IOJOBOM JKHU3HM 0e€3
WCIIOJIb30BaHUs CPEJICTB KOHTPALEIIINH;

- TOATBEpPXAEHHasi 0OCTPYKTUBHAS UM HEOOCTPYKTUBHAS a300CIIEPMUS;

- OTCYTCTBUE B aHaMHE3€ JBYCTOPOHHUX MOPAKEHUHN SUYEK, UX THIOIUIA3UU,
OHKOJIOTHYECKOW MaTONOTUH;

- OTCYTCTBUE KJIMHHKO-JIA0OPATOPHBIX CHUMIITOMOB WH(MEKIUH, MepeaaBacMbIX
MOJIOBBIM MYTEM, B T€YEHUE 3 MECALIEB JO UCCIICIOBAHUS;

- OTCYTCTBME aHTUOAKTepUaJbHOM Tepanmuu B TEYEHUE 3 MEcCALUEB [0
UCCIIEIOBAHUS;

- MOJNHUCaHHOE J0OPOBOJIBHOE WH(OPMUPOBAHHOE COTJacHe IMalMeHTa Ha
y4acTHE B UCCIICIOBAaHUHU.

Kpurepuu HeBK/IIOUYEHMS:

- TIOBBINICHUE KOHIICHTPAIIMU MPOCTATCIEIUPUIECKOTr0 aHTUTEHA B CHIBOPOTKE
KpoBU OoJiee 4 HI/MJ u/1im ero cBoOO HOM (pakimu 0osiee 5 HI/MIT;

- YCTaHOBJICHHBIE TCHETHUECKHUE U SHIOKPUHHBIC (PaKTOPHI OCCTIONHS;

- peFYHHpHBIﬁ IIpueM JICKApCTBCHHBLIX CPCACTB, INPUBOAAINIMX K Pa3BUTHIO
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Oecruio/Ius U TUIIOTOHAAN3MA;

- TsDKeJlas COMaTHU4eCcKasi MaToJIOrUsl HA MOMEHT O00CIIeJOBaHuUS;

- HaJlM4ue OHKOJIOTMYECKOM MaTOJIOTHH;

- npusHaku UIIIII Ha MOMeHT oOcneAaoBaHWs M B TEYEHHE MOCIEIHUX 3
MECSIIEB MEpe]l BKIIOYEHUEM B UCCIIEOBAHNUE;

- BUY-undexnus;

- NICUXWYECKHE 3a00JICBAHUS,

- XPOHUYECKHI AJIKOTOJIM3M U HAPKOMAaHHSI.

C 1enbl0 JUAarHOCTUKHM MOCIE MPEIBAPUTEIIBHOTO OOCIEIOBaHUS C OILICHKOU
00I111eCOMAaTHUYECKOI0 CTaTyca, a TAaKKe MO0 OCHOBHOW MaTOJOTHUM, KKIOMY MallUCHTY
Obita BeimonaHeHa microTESE B pamkax mporokona BPT, a Takke c¢ 1emnbio
JIMAarHOCTUKH OECIUIOMS U BO3MOXKHOCTH KPUOKOHCEPBAIIUH.

[Tonmy4yeHHbI MaTepuan ObUT OTIPaBIECH HA PYTUHHOE MATOTHUCTOJIOTMYECKOE
uccinenoBanue. lIpy TpoBEeNEHWHM THUCTOJOTHYECKOTO AaHAIM3a BAXHBIM ATalloM
MUKPOCKOITMYECKOTO M3YUCHHS OMONTaTa SIMYKa SIBJISIACh OLIEHKA CTETICHU HApYIICHUN
cnepmaroreneza mo mkaige D. De Kretser m A. Holstein, yto mnoarsepxkaano
JIMarHOCTUKY a300CTIIEPMHUU Pa3IMYHOTO reHes3a. [ToMUMO OIEeHKH COCTOSIHUSI CEMEHHBIX
KaHAJIbIEB M3yYAId MEXKAHAJBLEBYID CTPYKTYpYy IApPEHXHUMbl SHYKA, OLICHUBAJIU
COCTOSIHUE MHKPOIMPKYJSITOPHOTO pyclla M COOTHOUIEHWE KieTok Jleilnura,
¢bubpobnactoB, makpodaroB u wmacrorutoB. [ns omnpenenenus NI'X-skcnpeccuu
MapKepOB MAacCTOIMTOB HCIIOJIb30BAIM HUMMYHOTHCTOXUMHYECKYIO OKpPACKy C aHTH-
MCT (Anti-Mast Cell Tryptase).

Jlns  uccnenoBaHUsl CTPYKTYPbl MHUKPOOUOTHI TECTUKYJISIPHOW TKaHU ObUI
MPOBENICH aHAJIM3 aMIUTMKOHOB OakTepuanbHoro rena 16S pPHK ¢ ucnonb3oBanuem
BbICOKOTIpou3BoAuTEIbHOTO NGS. Taxxke 1151 ucciienoBaHusi 0aKTepUaIbHOTO Mei3axa
YPOTCHUTAIIBHOTO TpPaKTa M KOHTPOJISI UYUCTOTHI MeETOoAa ObLI TPOU3BEACH 3a00p
OMOJIOTUYECKOTO MaTepHasia U3 ypeTphbl y KaKJI0ro ManueHTa, KOTOpOMY MPOBOAMIIACH
OuoIICHs STUYKa.

Ju3aitn paboTel npeacrasieH Ha Pucynkax 2.1-2.4.
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Ha nepBom 3Tane uccjienoBaHusi ObUTO BBITIOJIHEHO 0OOCHOBAaHME U arpoOarus
NPUMEHEHHs MeToJa MporHo3a HeoOxoaumocTu mpumeHenus BPT ¢  gonanmeit
CIEpPMATO30UJIOB MpPU MJMOMATUYECKOM OECIUIOAMM y MYKUYMH HAa OCHOBAHHUU
UMMYHOMOP(OJOTHYECKUX ~ XapaKTEPUCTUK TKAaHUW  SIMYKA TPH  HapYUICHHUSX

cnepmarorenesa (Pucynok 2.1).

Jran 1 - OO0ocHoBaHHe H anpodamusi MeTOAa NPOrHO3a HEOOXOAHMMOCTH
npumernennss BPT ¢ jgomanmeii cnepMaro3oHIoB NpH HAHONATHYECKOM
fecyiolM 'y MYXKYHH HA  OCHOBAHHH  HMMYHOMOP(OJIOTHYECKHX
XAPAKTEPHCTHK TKAHH SIHYKA

[TaunenTsl ¢ a3oocnepmueii

(n=34)
I'pynna 1 (n=22) - prnﬁa 2 (n=12)
HeoOcTpykTBHAs OO6CcTpyKTUBHAS
azoocnepMus azoocnepmus

\L l

buoncus auuka

CaeToBasi MUKPOCKOMHUSI TKAHU C OIIEHKOH criepMaToreHesa
Ilutomopdonoruyueckue ucciaenoBanue (OKp. reMaTOKCUIMH-3031H )
C OIIEHKOM COAepIKaHus TYYHBIX KJIETOK B MHTEPCTUIINH

(aOc., oTH. konmu4ecTBO, Nokanu3anus TK KJIeTok B CTpyKTypax simyka)

W

Pazpaborka MEeToJa IIPOTrHO3UPOBAHMS NIPUMEHCHUS
BCIIOMOraTEeABHBIX  PENPOAYKTHUBHBIX TEXHOJOTHNH C  JOoHauuei

CIIepMaro30MJ0B IPH HIHXOMNATHYECKOM 6601’[.1'[0)11/11/1 Y MYXK4YHH C

HEOOCTPYKTUBHOIT a300cnepmueii

ALS

ROC-ananu3 HpOl’HOCTI/I‘JGCKOﬁ 3HaAYUMOCTH MCETOIa C OLIEHKOM
2
Touku cut-off JJIA KOJIMYECTBA TYYHBIX KJICTOK B 1 MM~ UHTCPCTHLIHA

SUYKa y MYXKYHH C TaTO300CNEpPMIei 1 HOPMO300CepMHUeii

Pucynok 2.1 - Oran uccnenosanus 1
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Oran BKIIIOYAT 3KCIEPUMEHTABHOE HCCIEI0BaHUE POIH KapOOKCHUNETHAa3bl 3
(CPA3)-mo3UTHBHBIX TYYHBIX KJETOK SMYKAa B HAPYIICHUSIX CIIEPMATOTCHE3a, B XOJIE
KOTOPOTo OBbLIO MPOBEICHO UCCIEAOBAHUE PACTIPECTICHUS TYUYHbBIX KJIETOK B CEMEHHBIX
KaHaJbllaX MpH Pa3IUYHBIX BHAAX a300CMEPMHM M JaHa IUTOMOp(doIornyeckas
xapaktepuctuka CPA3-TIO3UTUBHBIX TYYHBIX KIETOK Yy IMAIMEHTOB C Pa3JIMYHBIMU
dbopmamu a300CTIEpPMUM.

B wuccrnenoBanme ObutM BKIIOYEHBI 34 MyXYHHBI C a3zoocmepmueit. Bospact
MAIMEHTOB COCTaBUJI OT 24 710 52 JIeT npu HEOOCTPYKTUBHOM a30CIIepMHH U OT 26 j10 49
JIeT TIpU OOCTPYKTUBHOU (popMe MYKCKoro Oecruiofusi. ['maBHbIM KpuTepreM BbIOOpa
NAlMEHTOB CTAJI0 OTCYTCTBHE CIIEMAaTO30MJIOB B JSKYJISAT€ TMpPU OTCYTCTBUU
TeHETUYECKUX HApYIIEHUH, OCTPHIX BOCHAIUTEIBHBIX 3a00JEBaHUN PETPOTYKTUBHOTO
TpakTa, TSKEIbIX META00NIMYECKUX HapyUIEHUH, HAJIUYUH CUCTEMHBIX 3a00JIEBaHUN U
BApUKOIIEJIE.

[Manmentsl ObUIM pa3fielieHbl HA JBE TPyHmbel: | rpynma — MamueHTbl C
HEOOCTPYKTUBHOM a3zoocnepmueil (n=22), 2 rpynma — MalueHTbl ¢ OOCTPYKTUBHOM
azoocriepmueit (n=12).

[lo nokazaHusiM BCE€M TMAaLMEHTaM BBINOJHSUIACH OWONCUSA  AMYKA, C
HoCHeAyoIUM  MOpQOJOTHYeCKUM  Hu3yBeueHueM OuontaroB. CHavana, mocie
CTaHJApTHON THCTOJOTUYECKON MPOBOJKH, CPE3bl OMOINTATOB SHUYKA OKPAIIMBAIINCH
reMaTOKCUJIMHOM H D03MHOM, YTO Jajee C TMOMOIIbI0 CBETOBOM MHUKPOCKOIUU
MO3BOJISVIO  BU3YaJIM3HPOBATh CTPYKTYpbl HM3BUTBHIX CEMEHHBIX KAHAJBLEB U
UHTEPCTULIMS SMYKA W TPOBECTH KOJUYECTBEHHBIM W KAYeCTBEHHBIM aHaIu3
CriepMaToreHesa.

OTu JaHHbIE TIO3BOJIMJIM OCYIIECTBUTh MATOTEHETHUECKOE OOOCHOBAHUE,
pa3paboTKy u anpobaluio airopuTMa rnporuoupoanus npumenenust BPT ¢ nonanueit
CIIEpMAaTO30UJI0B TPU HAMOMNATHUYECKOM OECIUIONUU y MYXYHMH C HEOOCTPYKTUBHOM
a300CIIEpMUEH.

Ha BTOpOM 3Tamne paGoThl BbINOJHEHA pa3paboTKa MaJOMHBA3UBHOTO METOJIA
BbiienieHns OaktepuanbHoi JIHK u3 Omonrara TecTUKyIIpHON TKaHU Y MHGEPTUIHHBIX

My>xuuH (nateHT) (Pucynok 2.2).
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Jtan 2 - PazpadoTka MajIOHHBA3HBHOI0 MeTOa BbIAE/JIeHAsI DAKTepPHAJIbHOM
JJHK u3 Ononrara TeCTHKYJISIPHOIi TKAHH Y HH(ePTHIbHBIX MYKYHH

[Tanuentsl ¢ a300cnepmueii (n=76)

______——-""__________ "Jr’ ____________’_————____3

I'pynna | (n=34) ['pynma 2 (n=21) I'pynna 3 (n=21)
HeoGcrpykTuBHas OGcrpykTuBHAs HeobcrpykTuphas
asoocnepmus asoocnepmus a300Cnepmms

nBanukonene

M \

PazpaboTka meToma MaOMHBa3HBHOTO BbiAeacHus Oaktepuanshoit /JIHK w3 OGuontara

TeCTUKYJISIPHOM TKAaHU

C]f)aBHHTeJ'IbHaH OLCHKa PENpPE3CHTAaTUBHOCTH Cl)Ir‘IJ'[ U CEMEIiCTB MUKPOOPraHu3MoOB, HaCTOoTa
BBIABJICHHA ﬁﬂKTepHaﬂbeIX TakKCOHOB B 06pa3uax TKaHH SAH4YKa H MHKpOﬁI/IOTbI YPETPhI

MamrueHTOB C Pa3jIM4YHBIMHA BHIaMKU a300CIIEPMHH

Pucynok 2.2 - Ortamn ucciienoBadus 2

[IpumeHeHne  ATHX  METONOB  MO3BOJIWJIO  MOJYYUTh  XapaKTEPUCTUKH
TECTUKYJISIPHOM M ypeTpaIbHOM MHUKPOOMOTHI y TAIMEHTOB C Pa3IMYHBIMU BUIAMHU
a300CIIEPMHUH U COITYTCTBYIOIIIUM BAPUKOLEIE.

bbuta  BBINIONIHEHA  CPABHUTENBHAS  OLIEHKA TAaKCOHOMMYECKOIO  COCTaBa
MUKpPOOHOTHI YPETPhI U TKAHU SIMYKA HA OCHOBAaHUH JJAHHBIX O YaCTOTE BCTPEUAEMOCTH
pa3IMYHBIX MpeacTaBUTeNe MUKPOOUOTHI y 76 MalMEeHTOB, B TOM uucie y 34 - ¢
OOCTPYKTHUBHOU azoocriepmuei, y 21 mamuenta ¢ HeOOCTPYKTUBHON a300CTIepMUEH U y
21 nanuenta ¢ HOA u conmyTCTBYIOIIUM BapUKOIIETE.

Tperuii 3Tan uccjeqoBaHus ObUT MOCBSINIECH TOWCKY B3aMMOCBSI3EH ypOBHEU
TOPMOHOB W XapaKTEPUCTUK MHUKPOOUOTHI YPETPhl M TKAHU SWYKA y TAI[MEHTOB C

Pa3IMYHBIMU BUAAMH a300CTIEPMUU U COMYTCTBYIOIIMM Bapukolene (PucyHok 2.3).
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Jran 3 - U3y4enne ypoBHeli rOpMOHOB H XapPAKTEPHCTHK CIePMATOreHe3a B
CONOCTABJICHAH € XaPAKTEePHCTHKAMH MHKPOOHOTHI yPeTPbl H TKAHH SHYKA Y
NANHEHTOB ¢ PA3JIHYHBIMH BHIAMH a300CHePMHH

[launenTsl ¢ a3oocnepmueii

(n=104)
I'pynna 1 (n=72) - ['pynna 2 (n=32)
HeoOcrpykTrBHas OOcTpyKTHBHAS
azo0cnepMus asoocnepmust

] l

Ananus KOHLISHT]JBLIHﬁ TOPMOHOB B IJIa3ME€ KPOBH!

- YPOBEHb TECTOCTEPOHA
- YPOBEHB (JOJUTHKYIOCTUMYIHPYIOLIEr0 TOPMOHA
- YPOBEHB JIOTCHHU3UPYIOLIETO FTOPMOHA

- YpOBeHbL HHIMOUHA

|
\/

Ouenka cnepmarorenesa no mkane De Kretserand Holstein (1976)

[louck crarucTuvecku 3HAYMMBIX B3aMMOCBS3EH XapaKTePHCTHK
MHKPOOMOTBI ypeTpbl C YPOBHSIMH TOPMOHOB H HapyLICHHSIMHU

crepmarorenesa y naiueatos ¢ HOA u OA

[louck CTaruCTHYECKM 3HAYUMBIX B3aHMOCBA3EH XapaKTEpUCTUK
MUKPOOHMOTBl $HYKA C YPOBHAMH T[OPMOHOB M HApYLUCHHAMH
criepmarorenesa y naiuentos ¢ HOA u OA

(KoppensiiinoHuHblit aHanms)

Pucynok 2.3 - Oran uccnenoBanus 3

ITokazaTenn ropMOHAJIBHOIO CTaTyca M IIKalbl OLlEHKM cnepmaroreHeza D. De
Kretser u A. Holstein, ObuiM OlLIEHEHBI Yy MALMEHTOB C PA3IMYHBIMU BUIAAMU

a300CIIEPMUU U COMYTCTBYIOIIUM BapuKoIiesie. bbbl Mpon3BeieH MOUCK CTaTUCTUYECKU
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3HAYMMBIX aCCOIMAIIMN TIOKa3aTeNied cocTaBa MUKPOOUOTHI YPETPhl M TKAHU SUYKA C
KJIIMHUKO-1a00paTOpHBIMU TIoKazaTeasiMu y nanueHToB ¢ HOA u OA.
Ha yerBepToM »3Tame padoThl ObUT TPOU3BEJAEH CPABHUTEIBHBIN aHaIu3
TaKCOHOMUYECKOH CTPYKTYp MHKPOOHMOTHI TECTHUKYJT W ypeTpPhl TMAalUEHTOB C
OOCTPYKTHBHOM a300CIIEPMUEH C TMOJOKHUTEIbHBIMU pe3yibTaTaMu NpuMeHeHus BPT

(poskIeHHBIE JETH) U MALIMEHTOB C OTPUIIATEIBHBIM pe3yibTaToM (PucyHok 2.4).

Jran 4 - PazpaboTka MoJe/1d NPOrHO3HPOBAHHS Pe3yJIbTATOB NPOrPaMm
BPT ¢ ncnonb30BaHHeM XapAKTePHCTHK MHKPOOHOTHI SIHYKA H YPETPbI Y
NANHEHTOB ¢ a300cHepMHueii

[launents! ¢ asoocnepmueii (n=104)

l | ~—_
\|/ ~

['pynna 1 (n=56)
HOA
BPT-

['pynna 2 (n=16)
HOA BPT+

['pynna 3 (n=19)
OA
BPT-

['pynna 4 (n=13)
OA
BPT+

l | L l

ComnocTaBneHne KOHIEHTPAlHii TOPMOHOB B MJ1a3me KpoBH (ypoBHH TecToctepoHa, ®CI,

JII', uHruOuna), penpe3eHTATUBHOCTH ()M M CEMEHCTB MHKPOOPTaHU3MOB B 00pa3zuax
MHKPOOMOTEI YPETPhI U TKAHU SIMYKA Y MAUEHTOB C PA3TUYHBIMU BHIAMH a300CTEPMUH

¢ ucxoaamu npumenenus nporpamm BPT (BPT-, BPT+)

v,

Paspaborka knaccudukaliiOHHON Moie/ TPOrHo3a IGheKTHBHOCTH MPOrPamMm

BPT Ha ocHOBe XapakTepucTHK MUKPOOHOTBI IMYKA U YPETPhl Y NALUEHTOB C
HOA

Pucynox 2.4 - Ortan uccienoBanus 4

3ajmayaMy 3TOrO dTana HCCIEJOBaHUS SBWICS TMOMCK BapuaHTa MHUKPOQIIOpPHI
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YPOT€HUTAIIBHOTO TPaKTa y MAlMEHTOB IMOJOXKUTEIbHBIM pe3yibratoM BPT, a Takxe
BBISIBJIEHUS OCOOEHHOCTEN NPEICTaBIIEHHOCTH OTIEIbHBIX CEMEHCTB MUKPOOUOTHI IIPH
HeynauyHoM ucxozae BPT.

IIpy 5TOM mHPOBOAMIM OLEHKY TOPMOHAJIBHOIO CTaTyca IMAlWEHTOB,
TECTUKYJISIPHOW U ypeTpaIbHOM MHUKPOOUOTHI Yy TMAIMEHTOB C PA3IMYHBIMU BUIAMU
a300CIIEPMUHA B COIOCTABJIEHUU C PE3yJbTaTaMH IPUMEHEHUS BCIIOMOTaTENbHBIX
PENPOOYKTUBHBIX TEXHOJOTMU. bBblT WM3ydyeH ypOBEeHb T'OPMOHOB ILIa3Mbl KpPOBH,
BBINIOJIHEH aHAIM3 XapaKTePUCTUK TAKCOHOMHUYECKOTO COCTaBa MHUKPOOMOTHI TKaHU
AWYKa U ypeTpsl Ha ypoBHE ceMercTB y nanueHToB ¢ HOA u OA B comocTaBieHuu ¢
utoraMu mnpumeHenuss nporpamm BPT. Jlannesle, 00paOoTaHHBIE C [OMOILBIO
MAIIMHHOTO OOYYEHHsI C MCHOJIb30BAaHUEM METO/A «JIEPEBO PELICHUID» MO3BOJIWIN
pa3paboTath Mojelb poruosa s dexktruBHocTH BPT Ha ocHOBE 00OHapyKeHUSI BUOB B

MUKpPOOHOTE IUUKa U ypeTpsl y nanueHToB ¢ HOA.

2.2 MeToabl HCCIAEA0OBAHUSA

2.2.1 Knuanyeckue MeTo/IbI 00C/IeI0OBAHNSA NMAIlUEHTOB

Ha »rame Bk/ItOYEHHUs] MAIIMEHTOB B MCCIEAOBAaHUWE MPOBOAWIA COOp kajoO,
aHaMHe3a, (PM3MKAJBHBI OCMOTP M OO0CJENOBaHME MO CTaHAapTaM IMPOTOKOJOB JIJIs

nap, BCTynarmoumux B npotokosa BPT.

2.2.2 JlaGopaTopHbIe METOAbI HCCIACAOBAHUSA

CnepMorpamMMmy mpoBOAWIM B cooTBeTcTBHM ¢ «PykoBomctBom BO3 1o
7a00paTOpHOMY  HCCIICIOBAHUIO  DJSKYyJIATa  YeJOBEKa U B3aUMOJACHCTBUS
CIIEpMaToO30UJIOB ¢ IlepBUKanbHOM causbto»y (BO3, 2010) mnocne 3-5 nHEBHOTO
MIOJIOBOTO BO3JIEPIKAHUS

Bcem marnueHntaM, BKITIOYEHHBIM B HCCIEIOBAaHWE, MPOBOJWIN CTaHIAPTHHIC

1abopaTOpHbIE UCCIEAOBaHUS KPOBH, KOTOPBIE BKIKOYAIN ONPEEICHUE IPYIIbl KPOBU
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u pesyc-pakTopa, TOCHUTAIBHBIA Komruiekc (aHamm3el Ha BUY, rematuter B, C,
CU(UITUC), KITUHUICCKUN aHAIA3 KPOBU ¥ MOYH, OMOXUMUYCCKUN aHAJIN3 KPOBH, ITOCEB
Mour. OOWmMHA M KIMHUYECKUW aHallu3 KPOBU MPOBOJMUIM HAa TeMaTOJOTHYECKOM
ananm3atope Sysmex XN-1000.

Brinonssui onpezenenne ypoBHel TOPMOHOB B I1a3Me KpoBu: TectocTepoH (T),
HopMa - 8,4-28,1 uHMob/1; homukyaocTUMyupyromuii ropmon (PCTY), nopma - 1,4-
18,1 MME/mun; motennusupyromuii ropmon (JIIN), Hopma - 1,5-9,3 MME/mit; nuHrnoun
B, HopMma - 147-364 nir/mi1. Bce ropMoHBI HCCieA0BATM UMMYHO()EPMEHTHBIM METOIO0M.
OnpeneneHne TOPMOHAIBHOIO CTATyca MO3BOJIWIO UCKIIOUUTH SHIOKPUHHBIA TEHE3
UH(EPTUIBHOCTH y 00CIEAYEMBIX MALIUEHTOB.

AHaW3 I ONpENENeHUusT MUKPOIEIICHH XpOMOCOMBI Y MPOBOJIUIN METOIOM
mynbtuiuiekcHo [TIHP (MIIP) ¢ ogHOBpeMeHHON amIuMpUKanHel HECKOIbKUX
dbparmentoB IHK. Ananuz mukponenenuit B 1okyce AZF npoBoauiu B ABa stana. Ha
MIEPBOM dTare MPOBOAWIN UICHTU(PUKALIUIO TIOJHBIX JIeTICIUH, HA BTOPOM — YaCTUYHBIX
neneunid AZF 0Kyca XpOMOCOMBI Y.

Jist ananu3a OaKTepUaTbHOTO TeH3aka YpPOTCHUTAIBHOTO TpakTa y BCeX
YYaCTHUKOB UCCIIEOBAHUS MPOBOAMIICA 3a00p OMOJIOrMYECKOr0 MaTtepuaia u3 ypeTphl,
a TaKXke OCYIIECTBIIsIIach Ouorcus suuka. bruomornueckuii Marepuan ObLI TIOJIYYEH U3
Ma3KOB YPETpPbl U NYTEM MHUKPOXUPYPrUYECKON SKCTPAKIMHU CHEPMATO30MI0B U3
MapeHXUMbl SMYKa B CTEPWIbHBIX YCIOBUSX B XOJI€ CTAaHAAPTHOW MPOLETYpPbI
U3BJICUCHHUE CIIEPMATO30MI0B U3 simuek (micro-TESE).

Jlns  peanuzanuy  pEeNpOAyKTUBHOTO TMOTEHIIMAda BCEM MallueHTaM Oblia
BemosiHeHa micro-TESE B mportokone BPT. Metoauka mpoBemenmst micro-TESE
BriepBbie omucaHa Schlegel B 1999 r. B kaudectBe HamOosee 3PHEKTUBHON s
U3BJICUCHHUS CIEPMATO30MI0B y HHpepTHWIbHbIX MykunH ¢ HOA u mocnemyronmm
nposeaennem DKO no rexnonornn MKCH [265].

CreneHb HapylIE€HUS CHEPMATOreHE3a y KaKJO0ro MAllMEeHTa OLIEHUBAJIACh IO
JecATuOaNbHON 1IKae, cocTosiHuA criepmarorenesa (Tabmuua 2.1).

UccnenoBanue 6akTEpHAIIBHOTO PA3HOOOpA3Hsl TECTUKYISIPHONW TKAHW M ypPETPhI

OBLIIO BBITIOJIHEHO C UCTIOJIb30BAHUEM BBICOKOITPOU3BOIUTEIHHOTO NGS.
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Tabmuna 2.1 — Illkana ouenku coctosHus cnepmaroreHe3a De Kretserand Holstein

(1976)
Bana I'mcrosiornueckue n1aHHbIE
10 KoaunuectBo | BoicoTa Cnepmuanusi Jluaruos
3peJbIX 3apoAbILIEBOT0
cniepmaTua/ MuUTeIns1 (MKM)
KaHaJell
9 10> 20 80 Yacras WNuTakTHBII
CIEPMATOT€HE3
8 9>20 <80 Penxas OcnabneHHbIi
CIIEpMAaTOTeHe3
(rumocnepMaToreHes)
7 8<20 <80 OtcyTcTBYeT OcnabneHHbIN
CIIEpMAaTOTeHe3
(runmocnepmarToreHes)
6 OrcyrcTBYt0T | MHO)XECTBO - Hapymenune
KPYTJIbIX mudGepeHITUPOBKU
He3pebIX criepMaTHu/I
criepMaTu;I
5 Cnepmatuasl | MHOXECTBO - brokana CO3pEeBaHUS
OTCYTCTBYIOT | IEPBUYHBIX MICPBUYHBIX
CIEpPMATOIIUTOB CIIEpMaTOIIMTOB
4 Cnepmatuipi OTtnenbpHbIE - brnokanma CO3pEBAHUS
OTCYTCTBYIOT | IEPBUYHBIC MIEPBUYHBIX
CIEPMATOIUTHI CIEpPMaTOIIMTOB
3 Cnepmatubl IlepBuunbIe Tonbko bnokana CO3pEBAHUS
OTCYTCTBYIOT | CLIEPMATOILIMTHI CIIEpPMATOTOHUHU | CIIEPMATOTOHHEB
OTCYTCTBYIOT
2 3apojpiiieBsle | TOIbKO — KJIETKH | - CepTronu-Ki1eTOUHbIN
KJIETKH Cepronn CUHIPOM
OTCYTCTBYIOT
1 Herenepupyro | Tonpko  KIETKH | - Cepronu-Ki1eTOUHbIN
mme  kiaetku | Cepronu CHUHJIPOM
Cepronu

JIJ'ISI HMMYHOTHCTOXUMHUYCCKOTO OKpallMBaHUA MCIIOJB30BaJIM CpPE3bl SHNYKaA

TOJIIIUHON 2 MKM.

JenapadguHuzupoBaHHbIC

Cpe3bl

noaBCprajin TCIIJIOBOMY

u3BiedyeHuto antureHa (95°C, 30 mun) B R-YHUBEPCAJIBHOM oOydepe (Aptum
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Biologics Ltd., BenukoOpuranus). [lepBuunbie anTuTeNa HHKYOUpOBaIK B TeueHue 12
gy npu +4°C. CHauana NpoBOJWIM WHKYOAlMIO C MEPBUYHBIM aHTHTEIOM (KPOJIUYbH
noyvkioHanpHbie anTuTena, AbCam, United Kingdom) B passenenun 1:2000 mpu
temneparype +4°C, 4To MO3BOJSET NOTYUUTH O0JIee CUIbHBINA U CrIeU(UIHBINA CUTHAI.
[locne TIIATEILHOTO MPOMBIBAHUS BBIMOIHSIM MHKYOAIIMIO CPE30B CO BTOPUYHOMN
cucteMoil nerekiuu. CBs3aHHBIE aHTUTEIA BU3YAIU3UPOBAIM BPYUYHYIO BTOPUYHBIMU
antutenamu (Dianova/Molecular Probes), konbrorupoBanasiMu ¢ Alexa Fluor-488/Cy3
(5-10 mxr/mn B PBS). CPA3-mo3uTHBHBIC TydYHBbIC KJICTKH BU3YAJIM3UPYIOTCS Kak
KJIETKH C UHTEHCUBHO OKpAIllEeHHbIMH KOPUYHEBBIMU TPAHYJIAMH B LIUTOILIA3ME.

Hns  coBmeménHont aerekumun CPA3-O3UTUBHBIX  TY4YHBIX KJIE€TOK M
AIIACTUYECKUX BOJIOKOH IPUMEHSIIU KOMOMHUPOBAHHBIM IPOTOKOIT
(MMMYHOTHCTOXUMHYECKOE UCCIIeIOBaHUs + OKpacka no Baiireprty).

ConepkaHre TYYHBIX KIETOK B WHTEPCTHIIMHM SMYKAa MPU PaA3IMYHBIX BHUIAX
a300CMEpPMHUM OBUIO OLIEHEHO II0CJIE€ CKaHUPOBAaHUS THCTOJIOTMYECKUX CpPE30B Ha
cka"epe Leica Aperio AT2. [InaHUMeTpUUECKU aHaW3 JJIsl BBISIBICHUS KOJIMYECTBA
TK Ha eguHuIe Moniaau TKaHW siMYKa, a Takke adcomoTHoro uucina TK u npyrux
KJIETOK MHTEPCTHUIMS SIMYKa BBIMOJHSIICA C MOMOIIBI0 MPOrPaMMHOTO OOeCreYeHUs

udpoBoro ananmsa n3oopakenuii QuPath [242].

2.2.3 UHCcTpyMEHTAJIbHbIE METOAbI HCCJIEIOBAHUS

Bcem nmamumenTtamM npu  TOCHHUTAIM3AIMM  BBIMOJTHSIIMCH — MCCIIEIOBAHUA,
OTHOCAIITUECS K KaTeropud 0Os3aTeNbHBIX CKPUHUHTOBBIX, IS  BBISBICHHS
3a00JIeBaHUH CEPJICYHO-COCYAUCTOM, IBIXaTEIbHON CHUCTEMBI, B TOM YHWCJIC BBISBICHHUSI
ouaroB Tyoepkysnesnoi umHbpeknnu. [Ipu HEOOXOAMMOCTH TTPOBOIUIN KOMITHIOTEPHYIO
TOMOTpaui0 OpPraHOB TPYAHOM KJIETKM | OpromHoW mnojocTu. McciaegoBanus
npoBoauian Ha ToMorpadax Phillips Brilliance 64 (64 cpe3a) u Siemens Somatom
Difinition Flash (256 cpe3oB). Y3U nouek, moueBoro my3sipsi, [DK 1 opranoB MoIoHku

NPOBOJMIM Ha anmaparax YyJiabTPa3BYKOBOM HU(PPOBON JAMATHOCTUYECKUN CKaHEP

SONOACE R7-RUS, SONOACE X6-RUS mnuretneiM gatuyukoM LN 5-12MI1g
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BHYTPUIIOJIOCTHBIM MHUKPOKOHBEKCHBIM JaTYUKOM EVN4-OMTI'L,

TpaHCcabIOMUHATLHBIM KOHBEKCHBIM faTdukom C 2-8 MI .

2.3 Cratucruyeckasi 00padoTKa NMOJYYEHHBIX JAHHBIX

CratucTuyecKkuil aHalli3 TOJYYEHHBIX JaHHBIX OCYIIECTBISUIM TPU MOMOIIU
naketa mporpamm Statistica for Windows 10.0 (StatSoft® Inc., CIIIA). Ucnons30BaHbI
METO/Ibl OMHCATEIbHOW CTAaTUCTUKA W DS HEMapaMeTPUUYECKUX KPUTEPUEB IS
MPOBEPKH 3HAYMMOCTU pazianunii. KoandecTBeHHbIE MTOKA3aTeNd MPEICTaBISIN B BUC
M (SD), rne M — cpeanee 3HaueHue, a SD — cpenHee KBaJpaTUYHOE OTKJIOHEHHE, a
takke B Buae Me (25%Q — 75%Q), rne Me — MenuaHHOE 3HAYCHHME IOKazaTens, a
25%Q mn 75%Q — HWKHUA W BEPXHUM KBAaPTHWIM COOTBETCTBEHHO. OIEHKY
pacripefieyieHuss 3HA4eHUWW TMpOBOAWIM Tpu mnomolmu kputepusi Koimoroposa-
CwmupnoBa. [l moka3zaTenei, XapakTepu3yoIIMX KaueCTBEHHbIE TPU3HAKH, YKa3bIBAIIN
a0COJIFOTHOE YKCJIO U OTHOCUTEIBHYIO BEJIMYMHY B MPOLICHTAX.

AHanmu3  pa3auMuMii B HE3aBUCHUMBIX  BBIOOpKAax, TJ€ paclpeesieHue
KOJIMYECTBEHHOTO MPU3HAKA OTJIMYAJIOCh OT HOPMAJILHOIO, TPOBOAMIIUA € TTOMOIIIbI0 U-
Kkpurepust ManHa-YuTHH.

Pa3nuuus KaueCTBEHHBIX IPHM3HAKOB AHAIM3MPOBAIM IPH MOMOLIA KPUTEPHS )
WJIU C UCIIOJIb30BAaHUEM HEMapaMeTPUUECKOTro TOYHOro kputepus duriepa.

C mnomolbl KOPPETSLMOHHOTO aHajiu3a MPOBOAWIIM TOHWCK accolranui
XapaKTEPUCTHK MUKPOOMOTHI TKAHH SIMYKA U TIPOCTATHI C KOHIIEHTPAIUSIMUA TOPMOHOB U
MoKa3aTesieM HapyIlIeHus CliepMaToreHesa.

JI71s1 OLIEHKU XapaKTEPUCTUK MOJIENIM IPOTHO3a METO/a OLEHKU TYYHBIX KJIETOK B

1 MM?

WHTEPCTHIMS SUYKa y MYKYHH C IaTO300CTIEPMHEH W HOPMO300CIepMHUeH
npoBefeH ROC-ananu3z B mporpamme MedCalc statistical software ¢ moctpoeHuem
ROC-kpuBsix u noctpoenneM LOESS-rpadgukoB, KOTOpoe BBITOIHIIOCH B MpOTpamMe
PASTA4.

JIJIst  OIEHKW TMPOTHOCTUYECKON 3HAYMMOCTH MHKPOOMOTHI TKAaHEW sAWYKa U

ypetpbl 'y mnanueHtoB ¢ HOA B koHTekcTe pesynbrara npuMeHeHuss BPT Obuia
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pa3zpaboTaHa Kiaccu(uKalMOHHAsT MOJENTh C WCIOJb30BaHUEM QJITOPUTMA JEpeBa
pemieHuid. B kauecTBe BXOJHBIX MapaMETPOB MCIOJIb30BAIUCH JAHHbIC O HAIMYHUK WU
OTCYTCTBUU ONPENICTEHHBIX OaKTepUaTbHBIX TAKCOHOB.
JIOCTOBEpHOCTh  pa3nWuuii MOATBEPXKAAIACH B CIIy4ya€ HEIOCTHXKEHUS P

MOPOTrOBOI'0 YPOBHS CTATUCTUYECKOW 3HAUUMOCTHU HyJieBoM runoress 0,05.
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TJIABA 3. PA3PABOTKA U ATTIPOBAIISI METOJA IPOTHO3A
HEOBXOJMMOCTH NPUMEHEHHUSI BCHOMOT ATEJIBHBIX
PENPOJIYKTUBHBIX TEXHOJIOT Uil C JOHALIUEI CIIEPMATO30M/I0OB
MPU UJIMONATHYECKOM BECILIOINM Y MYKUMH HA OCHOBAHUH
UMMYHOMOP®OJIOTMYECKUX XAPAKTEPUCTUK TKAHU SIMUKA
IIPU HAPYLIIEHUSIX CIEPMATOT'EHE3A

3.1 NU3yuenune naroreHeTn4eckou poaiu CPA3-1n03UTHBHBIX TYYHBIX KJIETOK AMYKA
B HAPYIIECHUSIX CIIePMATOreHe3a

VYcenemHocTh  ciepMaToreHe3a  HampsIMyl0  3aBHCUT  OT  CTPYKTYPHO-
(YHKIIMOHATBHBIX XapaKTEPUCTUK TKAHEBOI'O MHUKPOOKPY>KEHHSI CEMEHHHMKOB. B 3Tol
CBSI3U JICTAJIbHBIA aHAIU3 KJIETOYHOTO COCTAaBa MHTEPCTULHUS SIMYKA OTKPHIBAET HOBBIC
MEPCIIEKTUBBI I MAaTOT€HETUYECKOTO OOOCHOBAHHUSI JMATHOCTUYECKUX MOJXO/J0B K
MykckoMmy Oecmioguto. Oco0oe BHUMaHHME WCCIEAOBaTENC MPUBIEKAIOT TaKWe
NOMyJsAMY, Kak kieTku Jledaura, ¢uOpoOnactel, makpodaru, JUMEOIUTH U, B
ocobenHoctu, TK, KOTOpbIE A0 CUX MOP OCTAIOTCSI HAMMEHEE U3yYeHHBIMU dJIEMEHTAMU
CTpOMBI. MexXay TeM, CyleCTBYeT MHEHHE, 4TO HMeHHO TK Moryr BbICTymnarh
KJIFOUEBBIMU PETYJISITOpAaMH JIOKAJIbHOTO roMeocrtasza. biarogapsi ImpokomMy CHEKTPY
pPELEeNTOPOB OHM YYacCTBYIOT B pealiM3alldd CUTHAJIBHBIX MMyTeH, 00eCTeYrBarOIINX
pEaKIMI0 TKaHEH Ha BHEIIHUE W BHYTPEHHHE CTUMYJbl. KpoMe TOro, TyuHble KIETKH
CrOCOOHBI M30MpaTENbHO BBICBOOOXKIATH MEIUATOPhl W LMUTOKUHBI, (popMupys
UMMYHHBIN 1 CTPOMANIbHBIN JaHAmadT crenuduieckoil TKAaHEBOM HUIIIU.

KiroueBast posib B CO3aHUHM MPOBOCIAIMTEIBHOTO U MpoduOpo3Horo ¢oHa B
JIOKaJIbHBIX HUIIAX sIMYKa OTBOAUTCA (pepMeHTaTuBHOM akTuBHOCTH TK — nx mpoteaszam
(Tpunitaze, xumasze u kapOokcumentunaze A3). [lo maHHBIM psga aBTOPOB, UMEHHO
aKTUBHOCTh O3THUX (PEPMEHTOB BO MHOTOM OIpeEeiseT BKJIaJ TY4YHBIX KIETOK B
naTtoreHe3 My»ckoro Oecruionusi. OaHaKo, HECMOTpS Ha JOKa3aHHOE Yyd4acTue
kapOokcunientuaazsl A3 (CPA3) B perynsinuu MUKPOOKPYKEHHUSI TKaHEH, BOMPOC O

pomn CPA3-mO3WTHBHBIX TYYHBIX KJIETOK B Pa3BUTHHM HapYILICHWM CIIEpMaTOreHe3a
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OCTaEeTCsl OTKPBITHIM U TPeOyeT JalbHEHUIEro N3yueHusl.

3.2 Kpurepum 1 MeTObI OLICHKU HAPYLICHHUH CllepMaTOoreHe3a

B wuccnenoBanne BrimoueHo 34 MyX4MHBI C azoocrnepmuert (22 — ¢
HEOOCTPYKTUBHOH (opmoii, 12 — ¢ oOcTpykTHBHOM), cpeauuit Bo3pact — 35,7+10,8
net. Bcem manyienTam BhinosiHeHa Ouorncus simuka B npotokosie BPT ¢ nmocnenyronmm
MOP(OJOTUYECKUM aHAIU30M OHONTATOB [JIsl OLICHKHM COCTOSIHUSI CIIEpPMAaTOTEHE3a.
Bo3spacT B rpynie HeoOCTpYKTUBHOUM azoocnepmuu coctaBui 38,2485 roga, B rpymnie
oOcTpykTUBHOM — 35,7+6,8 rona. CreneHp HapylleHUs CliepMaTOreHe3a y MalueHTOB
OLICHMBAJIACh MO JECATUOANBHON LIKAJIE.

Takke ¢ TIOMOIIBIO CBETOBOM MHUKPOCKOIMM Ha Cpe3axX, OKpaUIEHHBIX
reMaTOKCUJIMHOM Y DJ03WHOM  BBITIOJHSJIM  OIICHKY KA4eCTBEHHBIX  CJBUTOB
CIIEpMaTOreHe3a Ha OCHOBAaHUM pPE3yJIbTAaTOB MOP(OJIIOTHYECKOTO HUCCIEIOBAHUS B

COOTBCTCTBHH C KPUTCPUSAMU, ITPCACTABJICHHBIM B Ta6J'IHLIe 3.1.

Tabmuua 3.1 — KadectBeHHble  MOpPQOJOTHYECKHE TPU3HAKK  HAPYIICHUS

CIICPMATOI'CHEC3a

KayecTBeHHbBIE Mopdomnoruueckue npu3HaKu
Mopdonoruueckue
XapPaKTCPUCTHKHU
HapyLICHUS
criepMaToreHesa

I'mnocnepmarorenes IIpocBeT H3BUTOrO CEMEHHOTO KaHaJbllda BBINVIIIUT Oojiee MIMPOKUM
OTHOCHUTEIIBHO AMaMeTpa KaHaJblla.

B cnepMaTtoreHHOM 3MUTENIMU NPUCYTCTBYIOT BCE THIIBI Pa3BUBAIOLIUXCS
MOJIOBBIX KJIETOK: CIIEPMATOTOHMHU, CIIEPMATOLUTHI (OCOOCHHO BUAMMBIC B
Meio3e — B CTaJNH MaxXUTEHbl), EAMHUYHBIE KPYTJIbIe CliepMaTH/IbI. 3pebie
CIIEPMaTO30M/IbI B IIPOCBETE U3BUTOIO0 CEMEHHOT'O KaHAIbIA OTCYTCTBYIOT.
[TocnenoBarenpHOCTH CO3pPEBAHUS MOJOBBIX KJIETOK HE HapymeHa. Kierku
pacrojioKeHbl MPaBWIBHBIMM CJIOSIMHM OT 0a3albHOM MeMOpaHbl K
npocseTy. I[IOCKOIBKY KOJIMYECTBO TE€PMMHATUBHBIX KIETOK CHUXKEHO,
kineTkn Cepronu cTaHOBsTCS Oosiee 3aMeTHBIMH. MX sapa (KpymHble,
One/IHbIe, C SIPBIIIKOM) BU3YalbHO KAXKYTCS Yallle BCTPEUAIOLUIUMHUCS, XOTS
UX abCOIOTHOE KOJIMYECTBO OOBIYHO HE YBEIUYEHO
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[Tponomxenue Tadbaus 3.1

KauecTBeHHEIE Mopdoorudeckue npu3HaKH

MOP(OJIOTHYECKHE

XapaKTePUCTUKHU

HAapyLIEHUS

CIIEpMATOreHE3a

OcTtaHoBKa 3HAYUTENIbHOE YMEHBIUICHUE TOJIIUHBI ClIEpMaTOreHHOro ’nuTenus. M3-3a

CIIEpMATOreHE3a MpPEKpalleHUss pPa3BUTHS ITOJIOBBIX KJIETOK HA OINPEICICHHOW CTaJauu
OTCYTCTBYIOT KJIETKH 00JIee 3peibIX CTaauid CriepMaTOreHe3a Mociie TOYKH
octaHoBKkM (cmepmaroruthl Il  mopsiaka, yAJIMHEHHBIE U KPYIJIbIE
criepMaTHbl, CIIEPMATO30HUbI), IIPH STOM KJIETOK 00JIe€ paHHHUX CTaauid
cliepMaToreHesa (cmepmatoronuw, CIIEpPMATOLIUTHI I MOPSI/IKA)
COXPAHSFOTCHL.
Knerku  Ceproiam  xopowo  BHU3yalIM3UPYIOTCA,  MOLYT  OBITh
HEU3MEHEHHBIMH HJIM COJIEPKATh BAaKyOJIM B IUTOILIA3ME

Cunapom Hannuus | [lonHoe omycTomieHue crnepMaTOr€HHOIO SIUTENUS M3BUTHIX KaHAJbLIEB

TOJIBLKO KJIETOK | (OTCYTCTBHE KIJIETOK CIIepMATOreHe3a) C COXPAaHEHUEM TOJIbKO KIIETOK

Cepronu Cepronu. [IpocBeT U3BUTOr0 CEMEHHOTO KaHAIbIA IyCT

«CmMmemaHHas OnHOBpeMEHHOE MPUCYTCTBUE HA THUCTOJIOTMYECKOM CpE3€ KaHaNbLEB C

aTpodus pa3HO# CTENEeHBIO TOBPEXKJICHUS criepMarorene3a u ¢uobposa. Hammuwme
BBIPQXXEHHOT'O 0YaroBOI'0 pa3pacTaHUs KOJUIAT€HOBBIX BOJIOKOH B 000JIOUKE
MOBPEKJICHHBIX M3BUTBIX CEMEHHBIX KaHAJIbLUEB U B OKPYKAIOIIEM HX
WHTEPCTULAN

Ilonnas atpodus | Ckiepo3 HU3BUTBHIX CEMEHHBIX KaHablleB. | epMUHATHBHBIE KIETKH U

KaHaJIbIEB CYCTEHTOLUTBl OTCYTCTBEIOT. (OTMeYaeTcsi 3HAUYUTEIbHOE YTOJIEHUE
0azanbHON MeMOpaHBl 3a CYeT OTJIOKeHHUW KoiareHa [V, nmamuHuHaA H
npyrux OenkoB. J[namerp KaHaIbIEB 3HAUUTEIHHO YMEHBIIEH (MHOTIA 10
pa3mepoB Tskel). BuaHbl MaCCUBHBIE OTJIOKEHUS KOJIJIAaT€HOBBIX BOJIOKOH
BOKPYT arpopOBaHHBIX KaHAIBIEB. BO3MOXKHO HEoOpaTUMOE 3aMelleHre
M3BUTBHIX CEMEHHBIX KaHAJIBIIEB U MHTEPCTHUIUS SnuKa GrUOPO3HOIN TKAHBIO

I[JI?I HMMYHOTHCTOXUMHWYCCKOI'O OKpallluBAHUA HMCIIOJIb30BaAJIM CPC3bl AHMYKa

TOJIILITHOUN 2 MKM.

3.3 XapakrepucTiKa HAPYILIEHUI ClIEPMATOreHe3a y NALMEHTOB ¢ PA3JIMYHbIMHA

BHJIaMH a300CIEPMHUHA

Y manMeHToB TepBOM TpyNIbl MPH MOPQOJOTHIECKOM aHAIHW3€ HATHBHBIX
OouonTatoB sMYKa ObUIM MOJIydeHbl crnepMarto3oujsl b y 4 (18,2%) Myxuun

(Pucynok 3.1). YV abcomorHoro OombimuHcTBa — 18 mamuentoB ¢ HOA (81,9%)
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pe3yNbTaThl OMONICHH SMYKA OKa3aJuCh HEYIOBICTBOPUTEIHLHBIMHU: TIOJOBBIE KIETKU
oOHapy>keHbl He ObTH. B TO XKe BpeMs y TAIMEHTOB BTOPOW TPYIIIBI TIPH
MOP(OJOTUYECKOM aHAJIU3€ HATUBHBIX OHONTATOB sSIMYKA OBUIM  TOJYYEHBI
CIIEpMAaTO30U/Ibl cTaTUCTHYeCKH 3HaunmMo yatie — y 10 (83,3%) myxuuH, TOoraa kak B 2
ciydasx (16,7%) cnepmaro3ouabl OTCYTCTBOBaiIM. Takum obOpazom, B rpymnmne HOA

CIIEpPMAaTO30U/Ibl OOHAPYKUBAIUCH CTATUCTHYECKH 3HAUYMMO yamie — B 4,6 paza (p <

0,001).
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fpynna 1 (HOA) lpynna 2 (OA)

83,3

Pucynok 3.1 — YactoTa moxy4eHus CriepMaTo30uA0B MPH MOP(POTOTHIECKOM aHAIN3E

HATHBHBIX OMOIITaTOB

JlnmutensHoCTh Oecmuionusi y manuentoB ¢ HOA cocraBuna 6,8 + 2,7 ner, BO
Bropoit rpymmne (OA) — 4,2 + 1,8 jmer, nmpu 3TOM CTAaTHCTUYCCKH 3HAYMMBIX
MEXTPYNIOBBIX pa3nuuuii BbisiBIeHO HEe Obuto (P < 0,05). ¥V Bcex obciemyembix
MAIMEHTOB M3MCHEHWI KapHOTHUIIA OTMEYCHO HE OBLIO, YPOBEHH TOJOBBIX TOPMOHOB
OblT B mpenenax pedepeHTHBIX 3HAYEHUH, KOJIMYECTBO JIEMKOIMTOB W YPOBHH
UMMYHOTJI0O0YTHHOB A B G B dSKYJIATE HE MPEBBIIIATN PePEPCHTHBIX 3HAYCHUT.

Mopdomornuecknii aHaau3 OWONTATOB SMYKa TOKa3aj, YTO XapaKTEPHUCTHUKH
criepMaToreHe3a B TpyNmax MalMeHTOB CTAaTUCTHYECKH 3HAYMMO pPa3iuvyaliuCh H
coctauin B rpynmax 1 (HOA) u 2 (OA): 2,77 £ 0,71 u 5,83 £ 0,93 Gamwios

coorBercTBeHHO (p = 0,001) (Pucynok 3.2).
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Bbannbli 5,83

2,77

O B N W A U1 O N

pvnna 1 (HOA) pvnna 2 (OA)

Pucynok 3.2 — CreneHp BbIpa)KEHHOCTU HAPYIICHUH CIIEpMAaTOreHe3a y MalueHTOB C

Ppa3JIMYHBIMHA BapHaHTaMH a300CIICPMUHU

3.4 CpaBHUTe/IbHAS OLIEHKA pacnpeaeJeHNs TYYHbIX KJIeTOK B CeMEHHBIX

KaHAJbLAX PHU HEOOCTPYKTUBHOM M 00CTPYKTHUBHOM 2300CIIEPMHUU

AHaM3 pacnpenesieHus] TYYHBIX KJIETOK B CEMEHHBIX KaHallbllaX 00CIIeIyeMbIX
MaIMEeHTOB TMoKa3al, 4To kojandectBo TK B 1 MM? TKaHM sudka coctaBmio 45,22 + 9,08
y nanueHTtoB ¢ HOA, B To Bpems kak B rpymme 2 (OA) 3HaueHue mokazaressi ObUIo

CTAaTHCTUYCCKHU 3HAaUMMO Hike — 26,05 + 10,31 (p = 0,012) (Pucynoxk 3.3).
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Pucynok 3.3 — CoaepkaHue Ty4HbIX KJIETOK B MHTEPCTULMHU SIMYKA y MMAIUEHTOB C

HEOOCTPYKTUBHON M OOCTPYKTHUBHOM a300cTepMuei
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[TnanuMeTpuveckuil aHanu3 BeISIBII HepaBHOMepHOe pacnpeneneHune CPA3*TK
B HHTEepcTHIMM simuka. OOpamano Ha cebsa BHuUMaHHE, 4TO OonbimMHCTBO TK
JOKQJIM30BAJIUCh B MEXTYOYJISIPHOM HHTEPCTULIMU SWYKAa HE3aBUCHUMO OT BapuaHTa
MY>KCKOTO OecCIIonusi, 3HAUMTENbHO MeHblee konmudecTBO TK ObLIO JOKamu30BaHO
BOJIM3M MUKPOLMPKYJISITOPHOIO pyclla WM BOKPYT M3BUTBIX CEMEHHBIX KaHAJIbLICB
(Tabmuua 3.2). Ilpu uzydyeHnn MEXTYOYISIPHOTO UHTEPCTHIINS OBIJIO YCTAHOBIICHO, YTO
y nanueHToB ¢ HOA cratucThyeckd 3HauuMMO BbIlie, 4yem B rpymnmne OA ObUI0 Kak

a6COJII-OTHOG, TaK ¥ OTHOCHTENIbHOE KonuecTBo TK B HHTCPCTUIIUH HA 1 MMZ.

Tabnmuma 3.2 — KomudectBennble mnokazaTenun CPA3-akTUBHBIX TY4YHBIX KJIETOK B

WHTEPCTUIINH SIMYKA Y MYKYMH C HEOOCTPYKTUBHOM U OOCTPYKTUBHOM a300CTIEpMHEH

I'ucroronorpadust KosimdyecTBO Ty4HBIX KIIETOK ['pymmel nanueHToB
TK I'pynna 1 HOA ['pynna 2 OA
(n=72) (n=32)

MexTyOysIpHBINA AGCOMIOTHOE KOMMYECTBO Ha | MM? 27,64 +9,31 19,09 £2 ,73*

UHTEpPCTULMH indKa | OTHOCUTEIBHOE  COJEp)KaHHWE B 0,51+0,12 0,32 +0,06*
CTPYKTYype KieTok unrepctunus (%)

[TepuryOynspHoe AGCOJIIOTHOE KOJIMYECTBO Ha 1 MM?2 7,36 £1,27 1,94 + 0,05*

MHUKPOOKPYKEHHE OTHOCHTEIPHOE  COJICp)KaHHE B 0,13+ 0,08 0,03+ 0,02*
CTPYKTYype KJIeTOK uHTepcTunus (%)

[TepuBackynsipHOe AGCOIOTHOE KOJIMYECTBO Ha | MM? 10,22 + 2,69 2,62 +0,08*

MUKPOOKPYKEHUE OTHOCUTENBHOE  COJEpKaHUE B 0,18+ 0,10 0,05+ 0,03*

CTPYKTYp€ KJIeToK uHTepctuius (%)

[Ipy ananuze nepuTyOyISIPHOTO MUKPOOKPYKEHHUSI BBISBICHHBIE COOTHOLUEHUS
COXpPaHWJIMCh U ObLIM ellle OoJiee BoIpakeHHbIMU. [Ipu 3TOM B 00eux rpynmnax 3HauYeHUs
ATUX MOKa3aTened ObUTM CYIIECTBEHHO HUXE JUIsl NEPUTYOYIIPHOTO MUKPOOKPYKEHHS,
YeM JIJIsl MeKTYOyJIIpHOTO MHTEPCTULIUA.

[TokazaTemu xommuectBa TK B mepuBackynspHOM ObUIM MPUMEPHO HA ypPOBHE
TaKOBBIM ISl MEPUTYOYIISIPHOTO OKPY>KEHHH, BBISBICHHBIE MEXIPYIIOBBIE Pa3IUUUs
coxpanwmch: B rTpymmne 1 (HOA) BenumumHa aOCONIOTHOTO W OTHOCHTEIHHOTO
conepxkanusi TK B CTpyKType KJIETOK MHTEPCTHULIMSI ObUIM CTaTUCTHYECKH 3HAYUMO
BbIllIE, yeM B rpynie 2 (OA).

[Ipumeuanue: paznuuusa craTuctuyecku 3Hauumbl (P < 0,05) mo cpaBHEHHIO C
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nokasaressiMu mpu OA o kputepuro MaHHa-YUTHH.

Takum o00pa3om, wu3ydeHue ocoOeHHOcTel Jokamu3anuu TK B manmmadre
TKAHEBOTO MUKPOOKDPYKEHHUSI BBISIBHJI WX JIOCTOBEPHBIC Pa3IUYMUs TPU Pa3IAYHBIX
dbopmax maronoruu. B wactHocTH, y maruenToB ¢ HOA mo cpaBaernio ¢ OA Oosnbimas
nons CPA3" TK murpmpoBana B MepHBacCKyJISpHOE M MEPUTYOYISIPHOE TKAaHEBOE
MUKPOOKPY>KEHUE SUYKA.

Pacnpenenenne CPA3+ TydHBIX KJIETOK B 3aBUCUMOCTH OT BBISBICHHBIX
KaueCTBEHHBIX MOP(HOJIOTHYECKUX M3MEHEHUW U COOTBETCTBYIOIIUX HapylICHUUN
CliepMaToreHe3a B M3BUTHIX CEMEHHBIX KaHajbllaX NalueHToB rpymn 1 u 2

npejcTaBiieHo B Tabmure 3.3.

Tabmuua 3.3 — KonnuectBo CPA3+ Ty4HBIX KJIETOK B 3aBUCMMOCTH OT BBISIBICHHBIX

MOp(l)OJ'IOI’ WYCCKUX U3MEHEHHMI B U3BUTBIX CEMEHHBIX KaHaJIbllaX ITAlIMCHTOB I'PYIIIL |7

2, Me (Q25; Q75)

KauectBennbie nokasarenm | ['pynma 1 HOA (n=72) I'pynma 2 OA (n=32)
HapyIlIeHHs CliepMaToreHe3a

['umocniepmarorenes - 12,9 (11,42-14,4)
OcraHOBKa criepMaToOTeHe3a 29,1 (26,0-34,5) 27,2 (23,7-32,0)
CunapoM Tonbko kietok CepTonu 46,6 (35,8-57,1) -
«CwmemanHast aTpodus» 77,9 (77,3-78,5) -
[Tonnas aTpodust kKaHaIBIIEB 97,7 -

B rtabnuue  mpencTaBieHbl  KAueCTBEHHbIE — [OKA3aTeId  HAPYIICHHH
criepmaroresesa.  Jlng  rpynmel ¢ OJIMTO300CHEPMHEN  ONMCaH  Ciy4dau
TUIIOCIIEPMATOT€HE3a, B TO BpEMS KaK B TPyNIe C HOPMO300CIEPMHUEN TakKoe
n3MeHeHue He Obulo 3adukcupoBaHo. OCTaHOBKA CIIEpMATOreHe3a OTMEUYeHa B 00enx
rpynnax, Npd 3TOM YpPOBEHb BBIPAKEHHOCTH ATOW MATOJOTMU OKAa3aJCs CXOXKHUM.
Cungmpom Tonbko kieTtok Ceprosum HaOmOJaeTcs TOJABKO Y MYXKYUH C
HOPMO300CIIEPMHE, B TO BpeMsI KaK B TPYIIE C OJUT0300CIEePMUEH ITOT CUHAPOM He
BBISIBJICH.

Taxoke ObL1a 3aperucTpupoBaHa BHICOKAs CTENEHb CMEIIaHHOM aTpOo(uHU TOJIHKO B
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nepBOM rpymnmne, a mojHas aTpodusi KaHaiubleB Oblia 3aUKCHpOBaHA TOJBKO Cpenu
NAlMEHTOB C HOPMO300CIEpMUEH. OTH pe3yJbTaThl AKUEHTUPYIOT BHHUMAHHE Ha
MOPQOJOTUYECKUX PA3IUUMIX U U3MEHEHUSX KOJIMYECTBEHHOTo conaepxanusi CPA3+
TYYHBIX KJIETOK MEXAYy ABYMS TpPYIIaMH IALMEHTOB, YTO MOYKET HMETh Ba)KHOE

3HAYCHUC OJISI JTUArHOCTUKU U IIOHUMAHUS ITPUYINH 6€CHJIOIII/IH.

3.5 llutomopdosorndyeckas xapakrepucTuka CPA3-no3uTHBHBIX TYYHBIX KJIETOK

Y HaMUEHTOB C Pa3JIHYHBIMHU (l)OpMaMI/l a300CliepmMun

N3yuenue muroronorpapuyeckux ocodeHHocreir CPA3 moka3ano mpUCYTCTBHE
nByx Mopgosornyeckux TunoB TK, CTpyKTypHBIE XapaKTEPUCTUKH KOTOPBIX 3aBUCEIH
oT Tonorpaduu KJIETOK B MHTepCTHLMHU sindKa. TK, BKIIOUEHHbIE B CTPYKTYPY CTEHKHU
W3BHUTHIX CMEHHBIX KaHAJIBILIEB, XapaKTEPU30BAINCh YIIMHEHHON BBITSHYTOU (OPMOIA,
KOTOpasi COOTBETCTBOBAaja PAaCIOJIOKEHUI0 MHOUAHBIX KIETOK CEMEHHBIX KaHAJIbLIEB
(Pucynku 3.4, 3.5). Ilo-Bumumomy, momoOHass ¢opMa KIETOK CIIOCOOCTBOBAJIA
YBEIMYEHHIO TIOAAN KoHTakTa TK ¢ MHOMIHBIMY KJIETKAMU U YCUJICHHUIO UX BIHSTHUS

Ha TeMaTO-TECTUKYIISIPHBINA Oapbep.

Pucynok 3.4 — Conokasin3anusi IByX TUIIOB TYYHBIX KJIETOK B HHTEPCTUIIMU SIWYKa!
OKpPYIJION U BBITSHYTOU (hopMbl. MOHOIIJIEKCHOE UMMYHOTUCTOXHUMHYECKOE

uccienosanne CPA3 TyyHBIX KJIETOK
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Pucynok 3.5 — Ty4Hble KJIETKU BBITAHYTON (DOPMBI B COCTaBE CTEHKH CEMEHHOTO
KaHaJIbLIa, HAOJIIOAAETCS BBIBEAICHUE CEKPETOPHBIX IPaHyJI BO BHEKJIETOYHBIN MaTPUKC -

yKa3aHO CTpeNKor (MyJIbTHUILICKCHAs Bu3yanu3anus CPA3)

TK, nokanusyromuecss B MEXTYOyJISIpHOM HHTEPCTULIMM SIMYKa, ObUIM Ooliee
KPYIHBIMH pa3Mepamu, ux ¢popma ObLTa OKPYTJION U MOTJIa U3MEHATHCS B 3aBUCUMOCTH
ot ¢ynkiuoHanbHOW Harpy3ku. [Ipomeccunr CPA3 B TK snuka Obll aHalOTHYeH
MexaHu3MaM OuoreHes3a crneuuGuueckor mpoTeasbl B TYYHBIX KIETKAX APYTUX OpPraHoB.
CPA3 nokanu3oBanach MPEUMYIIECTBEHHO B CEKPETOPHBIX TpaHylaX W B MEHbIIEH
Mepe aKKyMYJIMPOBaJaCh B MEXIPAHYJISIPHOM MTPOCTPAHCTBE.

[{uto - u ructoronorpaduueckue xapakrepuctukn CPA3*TK y mammeHTOB C
HOA otmnuanuce ot TakoBeix mpu OA. B uactHOcTH, mOMHUMO 0o0jiee BBICOKOTO
conepxxanusi TK B uHTEpCTUIIMU siMUKa, OblJIa OTMEUYeHa 00Jiee MHTEHCUBHASI CEKpeLUs
CPA3 BO BHEKJIETOYHBII MAaTPUKC K COOTBETCTBYIOLIUM PETYIHPYEMBIM MUILICHSM.
Oo6pamaiia Ha ceOsi BHUMaHMe dalile HaOmromaBmiascs murpanus TK K sHIOTENIHIO
MUKPOLUPKYJSITOPHOTO  pyclia, a TakkKe BbIpaXEHHash CEKpelUus MpoTeasbl,

NEeUCTBYIONIEN Ha KiIeTku sHaoTenus (Pucynok 3.6).
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Pucynok 3.6 — ['ucrotonorpadudeckas xapakrepuctuka CPA3-nosutusasix TK mpu
HEOOCTPYKTUBHOH (popMme azoocnepmuu, nepukanwuisipias TK B cOCTOSSHUM akTUBHOU

cekpernu CPA3 (monormiekcHas UI'X CPA3 TydHBIX KJIETOK)

Kpowme toro, mpu HOA TK 6onee yarie, yem ipu OA, BBISBIISIIMCH OKOJIO CTCHKH
U3BUTBIX CEMEHHbIX KaHaibleB (Pucynok 3.7), B KOTOpbIX OHHM AaKTHUBHO
JerpaHyJIupoBalivi, 4To crnocoOcTBoBaio mnoctyrieHuio CPA3 BO BHEKIETOUYHBIN
matpukc. Taxxke TK akTMBHO MUTpUpOBaIM B  NApakKpUHHOE  TKAHEBOE
MUKPOOKpY)eHHE KJIeToK CepToyii U TECHO KOHTAKTUPOBAIM C MUOUIHBIMU KJICTKAMU

(Pucynok 3.8).

Pucynox 3.7 — I'ucroronorpadudeckue ocooennoctn CPA3-nmo3utuBabix TK mipu
HEOOCTPYKTUBHOM opMme azoocnepmud, Jokanuzanus TK B CTeHKE U3BUTHIX

ceMeHHBIX KaHaubleB (MoHoruiekcHass MI'X CPA3 TydHBIX KJIETOK)



Pucynox 3.8 — ['uctoronorpaduyeckue ocooennoctu CPA3-nozutusabix TK mpu
HEOOCTpYKTUBHOU (hopme azoocriepmun, Oym3kas Jokanusanus CPA3-no3utuBHbIX TK

K kiaetke Ceprou (MonomiekcHast MI'X CPA3 Ty4HBIX KJICTOK)

B otnenphbix cinyuasx CPA3*TK dakTtuuecku SIBISUIHCH TOCPETHUKAME MEXKTY

KJeTkamu Jlelaura u cTeHKoi ceMeHHoro kaHanbila (Pucynok 3.9).

_—
‘b 4

.

Pucynok 3.9 — I'ucrotonorpaduueckue ocooeHHoctn CPA3-no3utuHbix TK ipu
HEOoOCTpYyKTUBHOU (hopme azoocniepmuu, Osn3kast mokanuzanus CPA3-no3utuBHbix TK

k kietkaMm Jleiaura (MmoHoruiekcHas MI'X CPA3 Ty4HBIX KJIETOK)
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Obpamiano Ha cebs BHUMaHUE Takke yactoe obHapyxkeHue TK okomo kierox
bubpobmacTruueckoro auddepoHa MHTEPCTUIMSA, B TOM yuciae Muopudpodmactos. B
WHTEPCTUINH SUYKA YaCTO BBISABISINCH OOIITMPHBIC TIOJIS, 3aII0JITHEHHBIC aBTOHOMHBIMU
CEKPETOPHBIMU TpaHyJIaMH, B KOTOPBIX YacTO COXPaHsIIOCHh Mepudepudeckoe
pacnionoxenue CPA3. DTu XapaKTepUCTUKH COYETAIUCHh C OOHApYKCHHUSIEM CETH
AMACTUYECKUX BOJOKOH B WHTEPCTUIMH SIMYKa TPH HEOOCTPYKTHUBHOU (opme
a300CIEpMHUH, a TakKe Ooyiee BBICOKOW dYacToThl conokanmuzanuu CPA3*TK ¢

BOJIOKHUCTBIM KOMIIOHEHTOM BHEKJIETOUHOro MaTtpukca (Pucynok 3.10).

Pucynoxk 3.10 — I'ucroronorpadguueckue ocooennoct CPA3-no3utuBnbix TK npu
HOA, axtuBHnoe yuactre TK B peMoeIupoBaHUU 37aCTUYECKUX BOJIOKOH
(mmmyHoructoxumudeckas aetekuus CPA3 ¢ ofHOBpeMEHHBIM OKpaIlIMBaHUEM

AIIACTUYECKUX BOJIOKOH IO MeTo/uke Beiirepra)

[Tpu oOcTpyKTUBHOM (hopMe a300CMEPMHH, TaK XKe, KaK U IPU HEOOCTPYKTUBHOM
dopme, TK pacnonaranucs B MexXTyOyIsipHOM HHTEepcTHIMM sinuka (Pucynok 3.11). B
TO k€ BpeMsi kKoiudecTBO TK ObIJIO cTaTUCTUYECKH 3HAYMMO MEHbINE 110 CPABHEHUIO C

COOTBETCTBYIOIIIUM ITOKa3aTeIeM MPH HEOOCTPYKTBUHOI popMe a300cepMHuH.
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Pucynok 3.11 — Mopgonoruueckas xapakrepuctuka CPA3-nozutuBabix TK mpu OA,
MPEUMYIIECTBEHHAS JOKAIN3AlUA TyYHBIX KJIETOK B UHTEPCTULIMU STUYKA MEKITY
U3BUTHIMU CEMEHHBIMH KaHAJIbLIaMH, B YBEJIMYEHHOM ()parMeHTe CTPEJIKH YKa3bIBAIOT
Ha CEKPETOpPHBIE TpaHybl, T} (Py3HO pacnooKeHHbIE B UHTEPCTULIMHU STUYKA

(moHorutekcHast UII'X CPA3 Ty4YHBIX KJIETOK)

CTOUT OTMETHUTH, YTO CEKPELHsl aBTOHOMHBIX I'PaHyJl BO BHEKJIETOYHBIN MaTPUKC
HaOJM0anach peke IO CPaBHEHHUIO C HEOOCTPYKTUBHBIMH (OpMamMH MY>KCKOTO
oecrutogusi.  Kpome Toro, cHuxanoch kojaudectBO TK  BOKpyr 3ieMeHTOB
MUKPOLIMPKYJISITOPHOTO pPycClla M CTEHKH HU3BUTHIX CEMEHHBIX KAHAJBIEB, 4YaCTOTa

MpUJIC)KAHUA K KieTkaM Jlenaura, mpu COXpaHEHUHU YPOBHSI CEKPETOPHOU aKTUBHOCTHU

TK (Pucynoxk 3.12).

Pucynok 3.12 — Mopdonoruueckas xapakrepuctuka CPA3-no3utuBnbix TK npu
oOCTpYKTHBHOM (hopMe a300cnepMun, epuBacKysipHas jokanuzamnus TK, ¢
cekpeneir CPA3-mo3uTHBHBIX TpaHy K 6a3anpHOM MeMOpaHe YHI0TEHs, YKa3aHbl

cTpernkoii (MynbTHIICKCHAs Bu3yanu3aius CPA3)
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Hecmotpss Ha wnHabmomaemyro wmwurpanuio TK HEmocpencTBEHHO B CTEHKY
CEMEHHBIX KaHAJIbIIEB, HEOOXOAMUMO OTMETUTH 00JIee PEAKYI0 YacTOTY 3TOTO SBJICHUS

upu OA (Pucynok 3.13).

Pucynok 3.13 — Mopdonornueckas xapakrepuctuka CPA3-nozutuBnbix TK npu
O0OCTPYKTHUBHOH (popMe a300cnepMUn, BapuaHT Mopdonoruueckoit nuarerpaunn TK B
000JI0YKY U3BUTOIO CEMEHHOT'O KaHAJIbIIa, U PACIIOJI0KEHHE MEKTy MUOHTHBIMU

KJIeTKamu (MynbTUIUICKCHAs Buzyanusaius CPA3 u aSMA)

Hecmotpss Ha Oosiee BbICOKOe oOTHOcHTenbHOEe coaepxkanne CPA3'TK B
MEXKaHAJIbLIEBOM MHTEPCTULIMM SUYKa y MaudeHToB rpynnbsl OA, HeoOxoaumo
oTMeTuTh Oojiee penkyro conokamuzamnuio TK ¢ ¢ubpobiacramu, >1acTUYECKUMU

BosiokHamu (Pucynok 3.14).

kS

CPA3 -
Elastic fibers

B : =
Pucynox 3.14 — I'ucrotonorpaduueckue ocooenHoctu CPA3-no3utuBHbix TK mpu

o0cTpykTHUBHOM (hopMme azoocnepmu, yuactrue TK B peMoaeTupoBaHruU 2JIaCTUUECKUX
BOJIOKOH (MMMyHOrucToXumudeckas aetekuus CPA3 ¢ oflHOBpeMEeHHBIM

OKpAIIIMBaHUEM 3JIaCTHYECKHUX BOJIOKOH MO0 MeTouke Beiirepra)
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Koppemsinyuonnslii  aHanu3  CBUAETEIBCTBOBAI O  HAJIMYUMUA  CHJIBHOU
CTaTUCTUYECKU 3HAYMMOW B3aWMOCBSI3M BBIPA)KEHHOCTH HApPYLIEHUI criepMaToreHesa
no  JaHHBIM  MOP(}OJOTHYECKOTO  HccleAoBaHUS  (CHHKEHUS  IOKa3aTels
BBILIENPUBEICHHOM mKanbl) oT koaudectBa CPA3*TK B 1 MM? MHTEPCTULIUS AUYKA, TO
€CTh OTpHIIaTeNIbHON 3aBUCUMOCTH. [Ipu 3TOM KO3 duLMeHT Koppensiuu CnupMeHa B
rpymie nanueaToB ¢ HOA cocraswmi r=-0,763 (p < 0,001).

AHanornyHasi Koppensiuusi Oblia BBIABICHBI M JUIsl MauueHToB ¢ OA, 3HaueHue
koadduimenta koppemsuun coctaBuiao -0,759 (p = 0,004). Takum oOpazom,
yBenuuenne konnuectBa CPA3'TK B MHTEpCTHIIMU SUYKAa HETATUBHO OTPAKACTCS HA

CIICPMATOI'CHE3C.

3.6 Pazpa0boTka MeTo/1a NPOTrHO3MPOBAHUS PUMEHEHHUS BCIIOMOTaTeJIbHbIX
PenpoAyKTHBHBIX TEXHOJIOTHI ¢ JOHAIIEH CTIEPMATO30MI0B NIPH

HAMONATHYECKOM 0eCIJIONM Y MYKUYMH ¢ HEOOCTPYKTHUBHOM a3oocnepMuei

3.6.1 CoBpemMeHHBIe MOAX0AbI K OLICHKE HAPYIICHUI ClIepMaToreHe3a npu

MYKCKOM 0eCIioanu

PyTuHHBIM = MeTOIOM  OLEHKM  (EpPTHIBHOCTU  3SKYJSTa  BBICTYNAET
CIepMorpamMma,  BKJIIOYAIOLIAs  ONPENEICHHE  KOHLEHTpPAlUWW,  MOJABHKHOCTH,
KU3HECHOCOOHOCTH M Mopdosioruu  crepmaTo3onoB. OnHAKO  CTaHAApTHHIE
napaMeTpbl  CliepMOrpamMMbl  00JIalal0T  OTPAaHMYCHHOM  JMArHOCTHUYECKOW U
IIPOTHOCTHUYECKOW 3HAYMMOCTBIO, ITOCKOJIBKY HE ITO3BOJISIOT B IOJHOW MEpPE CYAUTh O
(GyHKIHMOHAJIBHOM MOTEHUHMane ramer. Mopdoioruueckoe ucciaegoBaHue OMONTATOB
SAUYKa ¢ IPUMEHEHUEM TPAJAUIIMOHHBIX OKPACOK, XOTA U NaET HHGOPMAIUIO O TEKYIIEM
COCTOSIHUM  CHEPMATOTEHHOTO  AOUTENus, He  Oo0ecneyuBaeT  BO3MOXHOCTh
JOJITOCPOYHOIO MPOTHO3UPOBAHHUSI €TO COXPAHHOCTH.

K 4ucny npuHIMNUATBHBIX OTPAaHUYEHUN KIIACCHYECKOW MOPQOIOTHIECKOM
OLICHKM DJSKYJSiITAa OTHOCATCS: CYOBEKTHBU3M 3aKJIOUEHHUs, Oa3upyrolerocs Ha

BU3YaJIbHOM aHajJM3€ OrpaHuYeHHOro Habopa Mop(hodyYHKIHMOHAIBHBIX MPHU3HAKOB,
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HEBO3MOXHOCTb  YCTAHOBJICHMSI OTHOINATOI€HETUYECKUX MEXaHU3MOB MYKCKOIO
Oecriomusi; a Takke BbIcOkas uactora (mo 40% wu Oonee) HemH(pOPMATUBHBIX
pe3yibTaTOB TMpU HUAUONaTHUYeCKuX ¢GopMax, Korja I[oKa3aTesld CIepPMOrpaMMbl
COOTBETCTBYIOT HOPMATHUBHBIM KPHUTEPUAM (QEPTHIBHBIX MYKYUH. YKa3aHHOE
IpoTUBOpEYrEe OOYCIOBIIEHO OTCYTCTBMEM B PYTMHHOM AaHAJIU3€ WHTETPATUBHBIX
MapKkepoB,  OTPAXKAIOIIMX  TIIYOMHHBIE  MOJIEKYJSPHO-KJIETOYHBIE  MEXaHU3MBbI
JTUCPETYJISALMU CIIEPMATOTreHE3A.

B nonbITke MpeoaosieTb 3TU OTpaHUYEHUS MPEIJI0KEHBI METObI, HAIIPABIICHHbBIC
Ha  JETEKUMIO  MOJEKYISPHBIX  NOBPEXKACHUM  TIE€HETUYECKOTO  MaTepHalia
cnepmato3ousioB: TUNEL-tecT, peructpupyromuii pparmentanuio JJHK no koHueBbM
meueHusiM; Comet assay (IIENIOYHOW W HEHUTpaIbHBIA 3JIEKTpodOpe3 eAMHUYHBIX
KJIETOK B arapose), BHU3YAJIM3UPYIOMMK OAHO- W JBYHHUTEBbIE pa3pbiBbl; SCSA,
OLICHUBAIOIMKA CTPYKTYPHYIO LEJIIOCTHOCTh XPOMAaTHHA U CTENEHb €ro JACHATypaluH,
YTO KOppeaupyeT ¢ GepTHIHbHOCThIO KaK B €CTECTBEHHOM IIMKJIE, TaK U B MPOTpaMMax
BPT. KonuuectBeHHbI aHaimm3 kiIeTok ¢ mnoBpexaéHHon JIHK ocymectBusercs
METOIaMH MPOTOYHOM IIUTOMETPUH WK (PIIyOPECIIEHTHON MUKPOCKOITUH.

HecmoTpss Ha JMarHOCTHYECKYIO LIEHHOCTh MEPEYHUCICHHBIX MOAXOAO0B, HX
KJIINHUYECKOE BHEAPEHUE CACPKUBACTCA BBICOKOM CTOMMOCTBIO M HENOCTATOYHOU
CTaHJapTU3aIMel TPOTOKOJIOB, YTO OOYCJIOBIMBAET BapHaOENbHOCTh TOJy4aeMbIX
pe3ynbratoB. KpoMe TOro, TMCKYCCHOHHBIM OCTAa€TCsl caM OMOJIOTMUECKUIT MEXaHU3M,
JIeXKAIIUid B OCHOBE JIETEKTUPYEMbIX ToBpexaeHuit: pparmentanusa [JHK moxer ObITh
CJIIEICTBUEM PA3HOPOAHBIX IMATOTEHETUYECKUX IPOLECCOB — NEPBUYHBIX HAPYLIEHUU
CIepMaToreHe3a,  arloNTOTUYECKOM  TuOeld  TepMUHATHUBHBIX  KJIETOK WM
OKCUJATHUBHOTO cTpecca. [Ipum 3TOM BakHO MOM4YepKHYTh, uTO (Pparmentarnus JIHK
npeacTaBisgeT coOOM MO3IHMI MapKep amnonTo3a U He MO3BOJISIET WAECHTU(UIUPOBATH
TPUTTEPHBIC MEXAaHU3MBI JUCHYHKIIUNA CTIEPMATOTEHHOTO AITUTEIHS.

B cBsI3M C BBIIEU3IIOKEHHBIM, HA HACTOSILEM 3TAle MCCICAOBAHUS BBINIOJHEHA
MONBITKA YCTAHOBKM KOPPEJALMOHHBIX B3aUMOCBS3€M MEXKIY KOJIMYECTBEHHBIM
coaepkanrueM TK B MHTEpCTULMAIIBHON TKAaHHW SMYKA U BBIPAXKEHHOCTBHIO HAPYLICHUU

CriepMaToreHe3a y NalUMEHTOB C HAMONMATHUYeCKOW (opMoil MyxKckoro Oecruionus.



108
OOHapyXeHUE CTaTUCTUYECKH 3HAYUMMBIX ACCOUMALUMA  MEXIYy  yKa3aHHBIMU
napaMeTpamMu MOXET CIYKUTh MaTOTeHETHYEeCKHMM OOOCHOBaHUEM ISl TPUHATHS
KJIMHUYECKOI0 pEelIeHUs O IienecooOpa3HocTu npuMmeHeHus BPT ¢ ucnosnb3oBaHueM

JAOHOPCKHUX CIICPMATO30HUI0B.

3.6.2 KosinuecTBeHHAsI OLICHKA TYYHbIX KJI€TOK B HHTEPCTULIUU SAMYKA

Hamu npenmoxkeH MeEToOJ NPOTHO3UPOBAHMS HAPYUICHHM CIEpMATOreHE3a
HEYCTAHOBJICHHOTO T€HE3a, KOTOPBIM OCHOBAH HAa JAHHBIX TMCTOJOTMYECKOTO aHAIN3a
OMOITATOB STMYKA.

Y MyX4yuMH C UAMONMATHYECKOW a300CIEepMHUEN NOJIy4aroT OuonTaT sAHYKa,
METOJIOM CBETOBOW MHMKPOCKONMH OLEHHUBAIOT COCTOSIHUE CIIEPMATOrE€HE3a B MU3BUTHIX
CEMCHHBIX KaHalbllax B Oamrax. Takke B YCIOBHUSAX CBETOBOM MHKPOCKOIHHU
OLICHUBAETCSI HTEPCTUIIMI SIMYKA M HAIUYUE B HEM Tpunra3zaakTuBHbIX TK. OTnenbHO
npousBoauics Mmophomerpuueckuii noacuer TK B 1 MM? M onpe/iesieHHE COOTHOIICHUS
MX KOJIMYECTBA C HAPYILICHUEM CIIEPMATOTEHE3A.

Bricokoe coxepxkanne TK B 1 mm?

UHTEPCTUINS SUYKA CBUJETEIBCTBYET O
BBIPOXEHHOM  XPOHHYECKOM  BOCHAJEHUU TOHaJbl, O MajJol TMepClEeKTUBE
BOCCTAaHOBJIEHUS] CIIEPMATOT€HHOIO JMHTENNs, HU3KOW 3(P(PEKTUBHOCTH MOJIYYECHUS
COOCTBEHHBIX CIIEPMATO30MJOB M TMPOTHO3UPOBAHUSA HEOOXOJUMOCTH BBIIOJIHEHUS
nporokosia BPT ¢ nonanueint criepmMato3ouioB.

C nenbio pazpaboTku pepepeHCHBIX 3HAUYECHUM IS KOJMYECTBA TYYHBIX KJIETOK B
UHTEPCTULIMH AU4YKa Hamu Obl1 npoBeneH ROC-aHanu3 kIMHUYECKOoN 0a3bl MalueHTOB
(n=32), oOpaTUBIMIMXCA B KJIMHUKY IO JICUCHHUIO OECIUIOAMS, B XOJI€ KOTOPOro Oblia
omnpezeNeHa Touka pasjeneHus (Cut-off) mis konMyecTBa TydHBIX KIETOK B 1 M2
MHTEPCTULMS STUUKA Y MY>KYHH C TATO300CIIepMHUEH 1 HOPMO300CTIEPMHUEH.

IIpu cratuctuueckoit oOpaboTke monyudeHHbIX nAaHHbIX (ROC-ananmu3) Obuia
onpenenena miomans ol ROC-kpuBoi, KOTOpas COOTBETCTBYET B3aUMOCBS3HU
2

IMPOTrHO3a MaTO300CIICPMHUHN U KOJIMYCCTBA TPHUIITA3AdKTHUBHBIX TYYHBIX KJICTOK B 1 MM

MHTEPCTUIIMS STUUKa y My 4uH 1 coctaBuna 0,994 + 0,01 ¢ 95% JAU: 0,979-1,0.
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[ToporoBoe 3HaueHHE KOJIMYECTBA TPUITA3aaKTUBHBIX TYYHBIX KJIETOK B TOYKE
cut-off cocrapuno 39,0 ma 1 Mm% Ilpu BBISABIEHMM KOIMYECTBA TYYHBIX KJIETOK B
UHTEPCTUIIMM  SIMYKa B  PAaBHOM WM  MPEBBIMIAIONIEM JIaHHOE  3HAYCHUE
IPOTHO3UPOBANIACh TsDKENasi CTemeHb Oecriogusi (IMaTO300CHEPMUU) C  HUBKOU
sbdextuBHOCTEIO DOKO/MKCHU ¢ npumeHeHHMEM COOCTBEHHBIX CIIEPMATO30UIOB U
BbICOKMI nporHo3 npusepxeHHocTd MKCU ¢ ucnonb3oBaHUEM JOHOPCKON CHEPMBI.
YyBCTBUTENBHOCT, M crneuuduuHocTh Merona coctaBuna  95% wu 100%

COOTBCTCTBCHHO.

3.6.3 AJITOPpUTM KJIMHHYECKOT0 NPUMEHEHHUs MeTo/1a

buoricuss svuka OblIa BBINOJIHEHA COTJIACHO OOMICTPUHATHIM MEAUIIMHCKUM
crangapraM BPT nocpencTtBoM Xupyprudeckoro H3BICYEHHsS CIIEPMAaTO30UJI0B
METOZOM MHUKPOXMPYPTUYECKON SKCTpakuuu crepmaTtozonnoB (Micro-TESE) [270].
[Tocne 3aBepilieHHUs] MPOUEAYPHl HEUCIOJIB30BAHHBIE OMONTATHI OBUIM TMOJBEPTHYTHI
¢ukcaimu B OydepuznpoBaHHOM pacTBope 4%-ro (QopmannHa W mOCIEIyIOUIEH
3aJMBKE B apa@UHOBbIE OJOKH JUIs MOCIEYIOIIET0 TUCTOJIOTMUYECKOT0 UCCIIEJOBAHMS.

NMMYyHOTHCTOXMMHAYECKYIO JETeKUUI0 TpunTassl TK mpoBoawim ¢ mOMOIIBIO
antuten Anti-Mast Cell Tryptase antibody (kmon AA1, #ab2378, passenenue 1:2000;
Abeam, BenukoOputanusi). B kauecTBe BTOPUUYHBIX UCIIOJIB30BAINCH KO3bM AHTHUTENA
#AS-M1-HRP, xpomoreHHas JOeTeKIMS KOTOPBIX TPOBOJAWJIACH  PEarcHTOM
IMMPACTTM DAB Peroxidase Substrat Kit (#SK-4105) cormacHO HHCTPYKIIUH
MPOU3BOMUTEIIS.

ITocne craHmapTHOM TpolEAypbl O00E€3BOKMUBAHUS CpE3bl  3aKIOYaid B
MOCTOSIHHYI0O MOHTaxHyt0 cpeny (Vector Laboratories, Burlingame, CA, USA,
#H1000). Mukpockonuio nIpoBOIMWIM ¢ ToMolbio Mukpockona «01ympus CX43» npu
oO1ieM yBenueHun onTudeckout cuctemsl X 400.

OLEHMBAIN KOJUYECTBO TYyUHBIX KJIETOK B 1 MM? HHTEPCTULIUS AUYKA.

KauecTBOo cmnepmaroreHe3a OLEHMBAJIM Ha TOMNEPEYHBIX Cpe3ax M3BUTHIX

CCMCHHBIX KaHaJIbllaX B 0ammax ¢ HCIOJB30BAaHUEM IIIKAJIbI OLCHKHN COCTOAHUA
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cnepmatorenesa De Kretserand Holstein (Ta6auma 2.1).

B ciydae BhIABIICHWS y TAIMEHTa WHTCHCHBHOW WHQHIBTPAIMA WHTEPCTUIINS
MYKa TPUITA3aaKTUBHBEIMHU TYYHBIMH KIeTkamu 6onee 39 B 1 Mm? Ha (oHE HapyIIeHHs
CriepMaToreHe3a, OILICHEHHOTO0 Ha YypoBHE 6 0amioB W HMXKE, ITPOTHO3UPOBAIU
HEOO0XO0MMOCTh BHITIOTHEHHS TpoTokosia BPT ¢ moHammei ciepmaTo3ouaoB.

[lo HamieMy MHEHHWIO, MPUMEHEHHE BBIMICOMMCAHHOTO IIOAXO0/a TO3BOJISET
TOBBICUTH 3P PEKTUBHOCTH mporpamm BPT, TeM caMbIM MPUHATH CBOCBPEMEHHBIC MEPBI
K pealu3alyyd TOBTOPHOTO TpoTokoida BPT ¢ wucmonb30BaHMEM ayTOCTIEPMHUEB WIIH
JOHAIMEH IOJIOBBIX KJIETOK, YMEHBIIUThH JUIMTEILHOCTH NPOrPpaMMbl W CHH3HTH

CyOBEKTUBHOCTH MOP(OJIOTHYECKOM OIEHKHU CIIepMaTOreHe3a.

3.6.4 Kiimnuyeckue npuMepbl IPUMEHEHUsSI MEeTOAa

Kaununveckunii npumep 1.

ITammuent A., 37 ner.

Jlnarsos: My>KcKoe Oecrioue B T€YeHHUE S5 JeT.

[To maHHBIM criepMOTpamMMbl U KIMHUYECKOTO OOCIIEeIOBaHUS - WAHONATHYECKas
HEOOCTPYKTHUBHAS a300CIIEPMHUS.

OrneHku criepMaTorenesa — 2-3 6asna.

KonuuecTBO TPUNTA33aKTUBHBIX TYYHBIX KIETOK cocTaBmwio 114 wmm? B
MHTEPCTUIIMHN AndKa. Mopdonornyecku 3penble CepMaTo30ubl P OMOTICUM SHYKa
He ObutK noJryueHsl. [IporHo3 BoccTaHOBIIEHUS ClIEpMATOreHe3a — OTPUIATENIbHBIM.

Kaunuveckuii npumep 2.

ITammuent K., 27 ner.

Jlnarno3: my»ckoe Oecruioaue, 3 roja.

[lo pe3ynbTaTaM KIMHUYECKOTO OOCIEIOBAHUS W JAHHBIM CIEPMOIPAMMBI —
uaAMonaTHIecKasi HeoOCTpyKTHBHAs azoocnepmusi. OLEeHKa cliepMaTorene3a cocTaBuiIa
6 Oamnos. Komudectso TpunrazaaktuBHeix TK — 39 MM? B MHTEpPCTULMM SMYKA.

Mopdonoruuecku 3penbie CepMaTo30uabl P OHONCUU SUYKA MOJYyYEeHbl HE OBLIU.

[IporHo3 BOCCTaHOBJIEHHUSI CIIEPMATOTEHE3A — OTPULIATEBHBIN.
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[Tanmenty pexomenmoBano npumeHeHue BPT ¢ unTpanuronnasmarudeckou
WHBEKIMEN CIIEPMATO30M1a C UCTIOJIB30BAHUEM JOHOPCKOU CIIEPMBI.

Kinunnyeckuii npumep 3.

ITaruenT M., 30 ner.

Juarnos: My»xckoe O6ecruiofue B TeUeHHe 3 JIeT.

[To maHHBIM KIMHUYECKOTO OOCJIEIOBAHMS U CIIEPMOTPaMMbl — UANONATUYECKAS
HEOOCTPYKTHUBHAS a300CTICPMUSI.

CnepMartoreHes OlleHEH Ha ypOBHE 7-8 0aslioB.

KomunuectBo TpunrazaaktuBHbix TK coctaBuno 35 Ha MM? B VHTEPCTULIAU SUYKA.
[Ipu Owomncum smMyka OBUIM TOJYYEHbl €IUHUYHBIE MOP(OJIOTUYECKH 3pEeible
CIEpMaTO30M/Ibl, TMO3TOMY Y MYKUMHBI Obula o00OOpaHa TKaHb sIMYKa JAJis
KpHOKOHCEpBalU U nocienyromero BoimonHenus MKCHU nocne mimaHnoBoi NOATOTOBKH
napTHepIu K TpaHcdepy IMOpHOHA.

Bo Bcex mpuBENEHHBIX KIMHUYECKHUX CIIydasX MY)KCKOro OecIuloAusl TaHHbIE
7a00paTOPHOTO U UHCTPYMEHTAIBHOT'O MCCIIEOBAHUS HE BBISIBUIIM SIBHBIX OTKJIIOHEHUH.
OnHaKo MpOCIEKMUBAETCA YeTKas TEHJIEHUUS YXyJIUIEHHUs cliepMaToreHe3a Ha (oHe
YBEJMYECHHUs MOKa3aTels KOJMYECTBA TYYHBIX KIETOK B 1 MM? TKaHM SMYKA, YTO
IIOATBEPKAACT CIEIIAHHOE HAMHU IIPEIIOJIOKEHHUE O TOM, YTO MeHblIee KoauyecTtso TK
B MHTEPCTULMH sHYKAa AaCCOLMMPOBAHO C JYYUIMM IPOTHO30M COXPAaHHOCTH
CIIEpPMATOreHE3a B U3BUTOM CEMEHHOM KaHAJIbLIE sIMYKa U ycrexa nmporpamMmsl BPT.

B umenom pesynbrarel  HCCNEAOBAaHMS ~ IOKa3ajld, YTO, BBICBOOOXKAAS
MPOBOCTIAJIUTEIBHBIE MEIUATOPBI, XEMOTAKCUYECKUE (DAKTOPHI 1 UMMYHOPETYJISITOPHbBIE
LIUTOKUHBI,  KOTOpbIE  CINOCOOCTBYIOT  mporpeccun  (uOpummiorenesa,  TK,
pacnoJIOKEHHbIE B MHTEPCTUIMM TKAHW SWYKAa, MOTYT BBI3bIBATh CHHYKEHUE
TECTUKYJISIPHOW (YHKUMHM M HapylleHus crepMarorenesa. JlaHHbIA (akT Haien
NOJTBEPXKJIECHUE B KIMHUYECKUX HAOMIOACHUAX MAIUEHTOB C HEOOCTPYKTHUBHOU
a300cTiepMHUE M 0e3 SIBHBIX OOBEKTUBHBIX MPUYMH MYKCKOTO (hakTopa Oecruionus, y
KOTOPBIX B HHTEPCTULIUATILHOM MPOCTPAHCTBE sinuKa OblIn oOHapyskeHbl TK.

Ycranosneno, uto TK sBrnsroTcss TpurrepoMm B (GOPMHUPOBAHUU MATOCTIEPMHUH 32

CUET BBICOKOM CIIOCOOHOCTH K MuUrpanvumn B COG)II/IHI/ITCJ'H::HOI\/’I TKaHH, KOTOpas
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YCHJIMBAETCSI BO BPEMS BOCIIAJICHUS, M BEIPAOOTKH MHOYKECTBA MEAMATOPOB, HAUMHAS OT
NpeaBapuTeIbHO  CHOPMHUPOBAHHBIX  MPOTE€a3 W THUCTAMHHA,  3aKaHUYUBas
CUHTE3UPOBAHHBIMHU d€ NOVO UTOKMHAMU, XEMOKMHAMU U JTUMUIHBIMH MEIUATOPAMH.
Taxkum 00pa3oM, MOBHITIICHHOE KOJIMYECTBO TYYHBIX KJIETOK MOXKET CIIY)KHUTh MapKepOM
B TAKTHKE TIPEOJI0JICHUS MYKCKOT0 (pakTopa Oecruioausi.

Pa3paboTanHblif METOJ JUArHOCTUKHM TO3BOJISIET MOJydYaTh HMHQPOPMALUIO O
TSOKECTH HAPYIICHWH CIepMaToreHe3a, OOYyCIOBICHHBIX HM3MEHEHUSMH KJIETOYHOTO
MUKPOOKPY>KE€HUS B MHTEPCTULIMU AMYKA, a TAK)KE 00ECIICUMBAECT MOBBIIIEHUE TOUHOCTH
JIMarHOCTUKU HUJUONATUYECKOTO OecIUionusi MY>KYMH U OIEHKY IEePCHEKTUBBI
COXPAHHOCTU Pa3BUTUSI MYKCKHUX IOJIOBBIX KJIETOK. B ciydae, korjga mepcreKTUBbI
KOHCEPBATUBHOTO M XHPYPTUYECKOTO JICYCHUS MYKCKOTO OecCIionus y MaiueHTa
OTCYTCTBYIOT, CJIEIYET PEKOMEHJOBATH CYNPYKECKOW IMape BBINOJHEHUE MPOTOKOJa

BPT c nonamuei criepmMaro30u/ioB.
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I'JIABA 4. CPABHUTEJIbHASI XAPAKTEPUCTUKA TECTUKYJIIPHOM U
YPETPAJIBHOU MUKPOBUOTHI Y MAIIMEHTOB C PA3JIMYHBIMUA
BUJIAMMU A3OOCHHEPMHUU U COIIYTCTBYIOIIUM BAPUKOLEJIE

Ha panHoM »sTame paboThl OBLJIO MPOBEACHO U3YYEHHE YpEeTpaIbHOU U
TECTUKYJISIPHOM MHUKPOOHOTHI Yy 76 MYXUMH C TOATBEPXKAEHHOM a300CHepMUEH H
COMYTCTBYIOLIMM BapuKoliesie B Bo3pacte oT 23 1o 49 net (cpeanuit Bo3pact 28,5 £ 5,1
JIeT).

B 3aBucumoct OT AuarxHo3a McclelyeMble MalMeHThl ObUIM pa3JiefieHbl Ha TpU
rpynnsl. B rpynny 1 6sumn Bkitouensl 34 nanuenta ¢ HOA, rpynmy 2 npeactasisia 21
naimeHT ¢ OA, B rpynmy 3 6bu1 BkitoueH 21 mamuent ¢ HOA u comytcTByromem
Bapukoiiene (Bap).

UccnenoBanue ObUTIO MPOU3BEIECHO C HCIOJIB30BAHHEM pa3paOOTaHHBIX HAMHU
MaJIOMHBA3UBHBIX METOJOB BblIeneHUs OakrtepuanbHoit JIHK u3 Ouonrara TkaHu

IpeACTaTEeNbHOM JKee3bl M OMoITaTa TECTUKYIISIPHON TKaHH

4.1 Pazpa0dorka MeT01a MAJIOMHBAa3UBHOIO BbiAejJeHus OakrepuaabHoit JHK u3

OuonTarTa TeCTUKYJISAPHOA TKAHHU Y MHPEPTHIBHBIX MYKYMH

bosnbmmHCcTBO  coBpeMeHHbIX  MeTonoB  Bblaenenus JIHK w3 Tkanew
PACTUTEIIBHOTO W KMBOTHOTO IPOMCXOKICHUSI COCTOAT W3 MOCIEAYIOINIUMX ITaloB:
paspylleHHe KIETOYHBIX CTEHOK; JIM3UC KJIETOYHBIX MeMOpaH; O4YHMCTKa OT
uHruouTopoB  (pepmenraruBHbix peakuuit ([P, pectpukiuu). Pazpymenue
KJIETOYHBIX CTEHOK OCYIIECTBISETCA MEXaHUUECKU MEPETUPAHUEM C OKCUAOM KPEMHUS
(MJIM OKCHJIOM QJIFOMUHUS) WIIH C UCITOJIB30BAHUEM KUIKOTO a30Ta.

Ha ceroansmHuil 1eHb B TOCTYIIHOM HAay4YHOM JIMTEPATYPE UMEETCS JIUIIb OJHO
COOOIIIEHUE O BBIIECTICHUH MUKPOOPTaHU3MOB U3 TECTUKYJSIPHON TKaHU. Tem He MeHee,
ONMKCaHWE, OCOOEHHO  Kacawomleecss [MOATOTOBUTENBHOIO  3Tala  W3BJICUCHUS
0aktepuanbHoi JIHK u3 HatuBHOrO OMONTAaTa SIMYKOBOM TKaHH, MpUroaHoro st NGS-

CCKBCHHUPOBAHUA, ABJIIACTCA HCOOCTAaTOYHO I/IH(I)OpMaTI/IBHBIM. B HYaCTHOCTH,
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OTCYTCTBYET XapaKTepHU3allus UCIOIH30BAHHBIX cpell U Oy(epHBIX PaCTBOPOB, a TAKXKE
HE YyKa3aHbl KOHIICHTPAIMH, BPEMS OKCIO3WIMH U PEXKUMBI NEHTPpUDYTUpOBaHMS,
HEOOXoAMMBbIEC [UIsl TIOJNy4EeHHsI J0CTaTodHoro ooObema OakrtepuanbHod JIHK wu3
TECTUKYJISIPHOTO MaTepuaa.

Hamu pazpabotan U anpoOupoBaH B paMKaxX HACTOSILErO MCCIEIOBAHUS METOJ
Bbiiesiennst 6akrepuansHoit [JHK y uHGEepTUIbHBIX My YUH U3 TECTUKYJISIPHON TKaHU
nmyTeM OUOIICUU SINYKA.

B omepalluoHHBIX YCIOBHUSIX, IO CTaHAAPTHOM METOJUKE OWOICUU SUYKa
MPOU3BOJIWIIA 3a00p TECTUKYJSIPHOM TKaHM Yy TMAalMeHTOB. TKaHb IOMEIaid B
CTEPWIbHBIN (DU3UOJIOTHYECKUN pPACTBOP HMHTPAOINEPALIMOHHO W 00padaThiBaIM TSt
XpaHEHUsI B CTEPWIbHBIX YyCIOBUSAX B TedeHue 30 MUHYT mnOpH TemmepaTrype
Kpuoauccekiuu e 0osee -30°. Bee nponeaypsl BBHITOTHSIN B CTEPUIIBHBIX YCIIOBUSIX, C
UCIIOJIb30BAaHUEM OJTHOPA30BBIX MaTepuaioB u oOopynoBanusi. [lo 3aBepiieHuun
OTIEPAaTUBHOIO MOCOOUS TPOBOIMIMN 3a00p 0Opaslia, OTACIIEMOro CIU3UCTON 000IOUKU
ypeTpbl (Ma3Ku), UCMOIb3Yys CTAOWIM3AIMOHHBIN Oypep ¥ KOMIUIEKT JJis BbIICICHUS
JHK u3 snurenust yperpsl.

Cnenyromum 3tanoM npoBoauian ounctky nHtaktHou JIHK w3 tectukynsapron
Tkanu ¢ nomompio Habopa TheReliaPrep™ gDNATissueMiniprepSystem, Promega
(CIA), uro obecneynBano OBICTPYIO M TpocTylo ouucTtky uHTakTHOM JIHK wu3
TECTUKYJISIPHOW TKaHHU.

OOpa3ipl  BBIACISUIM € HMCIHOJIb30BAaHUEM MHUHHU-KOJIOHOK B  HACTOJBHOMU
mukpouentpudyre. I'enomnas JAHK, BbigeneHHas Takum crnocoOOM, UMEET BBICOKOE
KaueCcTBO W MOXeT ObIThb wucnosib3oBaHa B [I[P-anamuze. K kaxagomy oOpasiyy
TecTUKyJsipHOro Omonrara nobasinsu 160 mxn TE-Oydepa, 3atem 20 Mk au3omnuma ¢
KOHLeHTparueit 50 mr/mu.

B pamkax  BBIIICONMCAHHOTO  METOAA  MPEIJIOXKEHO  HCIOJIb30BaTh
NpeIBapuTeNbHYI0 UWHKyOaruu Jnm3omuMoM B TE  Oydepe s paspymieHus
OakTepuabHON KJIETOYHOM CcTeHKH. JIn3ouum BHOCHIU B 00beMe 20 MKJT U3 CTOKOBOTO
pacTBopa ¢ KoHIeHTparmerdr 50 wmr/mi corimacHo Mmetoay bupuOoiima-/lomu [57].

O6paboTka IM30IIMMOM CIIOCOOCTBYET YBEJIMUEHUIO BbIxo1a OakTepuanbHoit JTHK.
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Copepxumoe MpOOMPOK TIIATEIHHO IMEPEMEIINBAIU HAa BOPTEKCE M OCAXKIAIU
nyTeM IeHTpu(yrupoBanus. 3aTeM IPOBOAUIN UHKyOaIluio B Tepmocrate npu 37°C B
TeueHue 1-2 Jacos.

K romorennsupoBanHoMy oOpasity modasisumm 20 M pactBopa [Iporennassr K
(PK) u 200 mxn JIusuc-Oydepa ¢ 1enpio JU3uca KIETOK B MPOOHPKE, OCYIIECTBIISIIN
nepeMenMBaHue Ha Boptekce B TeueHue 10 c. 3arem BHOBb HHKYyOUpoBaiu mpu 56°C B
teueHue 2 4. Ilocne storo gobasmsmm no 20 mxn pactBopa PHKa3zel A k kaxaomy
oOpaslly, TnepeMenMBall Ha BopTekce B TeueHue 10 ¢ ¢ ToOCIeqyIONIUM
MHKyOupoBaHueM B Tepmoctare npu 56°C B Teuenue 10 MUHYT.

Craenyrommm 3TanoM 100aBIsIN B M3BJICUEHHBIC MTPOOUPKH n3 Tepmocrtara 250
MKJI cBsi3biBatoniero Oydepa (BBA), BoprekcupoBanum B TeueHHME | MHUHYTHI C
MOCJIEYIOUIUM KPAaTKUM LIEHTPU(DYTUPOBAHUEM.

Casi3pIBatolMe KOJIOHKM IMOMEIIAI BHYTPb NMPOOUPKHU U Kaxaoro odpasia,
NEPEHOCHIIN YaCTh >KUJIKOCTH 00paslia Ha CBA3BIBAIOIIYIO KOJIOHKY, C MOCJIEIYIOIIUM
HEeHTpU(pyrupoBaHueM B TeueHue | MuHyThl Ha ckopocTtd 3000 00OpOTOB B MHHYTY.
[Tpu Hanmuuu nu3aTa cBepXy Ha MeMOpaHe LEeHTpU(YTrupoBaiu KOJIOHKU B TeUeHUE |
MUHYTBI. 3aT€M U3BJIECKAIM MPOOUPKH C MPOTEKIIEH >XKUIKOCThIO W TMepeMellann
CBSI3BIBAIOLIYIO KOJIOHKY B HOBYIO IPOOMPKY ¢ mocieayromuM godasiaeHueM 500 Mk
pactBopa i npombiBkH  koioHOK (CWD) B kojonky. [IpousBoawiu
HEeHTpU(PyrupoBaHue B TeueHHe 2 MUHYT Ha ckopocTu 3000 o0/MHH, 3aTEM OTAEIISIN
IPOTEKIIYIO0 JKHJIKOCTh. [IaHHBIM 3Tanm NOBTOPSIM ABAXAbI, IOCJIE YEro MOMEIIAIN
KOJIOHKY B UACTYIO 1,5 MJI MUKpOLUEHTPUDYKHYIO TPOOUPKY U 100aBisid 50 MKIT BOABI
0e3 HykJea3 B KOJOHKY. IIpousBoaunu neHtpudyrupoBanue B TedeHUE | MUHYTHI Ha
MAaKCHUMaJIbHOUW cKopocTu. Ilociie yaaneHus CBsI3bIBAIOMIEN KOJIOHKM COXPAaHSUIA JIIF0aT
C LEJIBIO MOCIEIYIONIEro CEKBEHUPOBaHUs MeTo oM NGS.

[Io pesynpraTam ampoOamuu METOAbl ObUIO MPEANIOKEHO HCHOJIb30BaTh B
nentpax BPT c¢ nenpio nedenus Oecriionus y MHOEPTHIBHBIX MYXYHH C TSDKEITBIMU
HapYILIEHUSIMU CTIEpPMATOTeHE3a.

Pa3paboranHass HaMu TNpenU3MOHHAsE TEXHOJIOTHs BbIAEICHUS OaKTepHUaaIbHOU

JJHK wu3 TkaHu Ouonrara sHM4Yka TMO3BOJIIET YCOBEPIICHCTBOBATh MOJIXOIbI K
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XapaKTEPUCTHUKE  MHUKPOOMOTHI ~ TECTUKYJISIPHOM TKaHM W TEM  CaMbIM
YCOBEPIIEHCTBOBATh MOJXOJbl K OLIEHKE MY>KCKOTO PENpOIyKTUBHOIO MOTEHLHAJA.
[IpensioxkeHHBIA KOMIUIEKC MEpPOIMPHUATUN IMO3BOJMI OOOCHOBATH QJIrOPUTM BbIOOpA
TaKTUKH TPEOJOJICHHS MY>KCKOW HHPEPTUIHHOCTH, B TOM YUCIE IyTeM 3(PPEKTUBHOTO
npuMeHenus: BPT.

Knunnveckuii npumep 1

[Tamment C., 1982 r.p.

Oo6paruncsa B llentp Penponykuuu c xamobamMu Ha OTCYTCTBHE HACTYILICHUS
OEpEeMEHHOCTH y CYNpyru OoJiee 7 jieT 0€3 MPUMEHEHHS CPEICTB KOHTPALICTILINH.

B nepBom Opake onun pebenok. Cympyra, 29 ner. 1-a nombiTka OKO — 06e3
ycnexa.

AHaMHe3 JKHM3HU: TIE€peHECEHHbIe 3a00JieBaHUsl OTpULAET, Npod. BPEAHOCTU
OTpHIIAET, MOJIOBAs )KU3Hb C 15 5er, B HacTosAwee BpeMs peryisipHas. [locemenue 6anu
- peaxo.

Panee no moBoay 6ecrioausi HEOAHOKPATHO Jieunics, 0e3 ycrexa.

[To pesynbpTaTam obcnenoBanusa no craHgapty nenrpa BPT B cnepmorpamme —
a300CTEePMHUSI.

AZF-, CFTR -MyTanuii He BBISIBIIEHO, KapHOTHIUPOBaHue — 46XY (HopMma).

UccnenoBanue sskynsaTa Ha 6akTepuaibHyio (aopy: MUKpodopa HE BBIJCICHA.
bakTepualibHbIN TOCEB CEKpeTa MpocTaThl: MUKpodopa He BoiaeneHa. I[P na UIIIIIL:
MUKpo(hI0pa HE BbIIETICHA.

Muarno3: Myxckoil ¢akrop Oecruiogus. HeoOcTpykTMBHAsE a300CHepMHS.
XPpOHUYECKUH TPOCTATUT B CTAIUN JJATEHTHOTO BOCTIAJIEHUS.

B ycrnoBusix omepanmoHHOW TIO CTaHAAPTHOM METOJWKE OWONCHH SUYKa
MpOU3BeICH 3a00p TECTUKYJIIPHON TKAaHU y MaleHTa. TkaHb MOMEIIeHa B CTEPUIIbHBIN
(bU3MOIOTHYECKU pacTBOp, 0OpaboTaHa JJis XpaHEHUS B CTEPUIIHHBIX YCIOBUAX B
teueHne 30 muHyT npu Temmeparype kpuoauccekuuu -30° C. Bce mnpouemyps
BBITIOJIHSUTA B CTEPUJIbHBIX YCJIOBHUSX C HCIOJIb30BAHUEM OJHOPA30BBIX MATEPUAIOB U
o0opyaOBaHUS.

ITo 3aBepieHHIO0 OMEPATUBHOIO IMOCOOMS OBLT OCYyIIECTBIEH 3a00p oOpasia,
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OTIEISIEMOTO  CIM3HCTOM  OOOJIOUKM  ypeTpbl (Ma3Ku) C  HCIOJIb30BAHHEM
cTabmin3aroHHoro OydepHoro pactBopa m Komruiekta i Beiaenenus JIHK w3
AIUTENHS YPETPHI BHIIICONUCAHHBIM METO/IOM.

B pesynpraTe OblTa ompemeneHa pPa3sHOBUIHOCTh 146 TaKCOHOB MHKPOOHOTHI
YPOT€HUTAIBHOTO TPAKTA U3 TECTUKYJSIPHOM TKAHU M YPETPbl MAlMEHTa PU HAIUYUU
CTEpPWJIbHBIX TOCEBOB, BBIMOJIHEHHBIX CTAHJAPTHBIM METOJOM. OTO TO3BOJIAIIO
CKOPPEKTUPOBATH AQJITCOPUTM JICUCHHS] M OCYIIECTBUTH CaAHAIMIO YPOTCHUTAIBHOTO
TpakTa MY>KUYHUHBI ITyTeM MPOBEACHUS aHTHOAKTEPUATBHON XUMHUOTEPAIIUU.

Hcnonb30oBaHre BBINIEU3I0KEHHOTO MOJX0/4a 00€CEeUMIIO MPaBWIBHBIN BBHIOOD
TAKTUKA W OCYIIECTBICHUS MPOTHO3a PE3YyJbTATOB HCIOIb30BaHuss BPT, u4ro
MO3BOJIMIJIO COKPATUTh BpEMsl JICUECHUS U PEeaOMIUTAIIMM U JOCTHYb IMOJIOXKUTEIHLHOTO
pe3ynbTara — 0epeMEHHOCTH MAPTHEPIIIH.

Kaununveckuii npumep 2

[Manuent K., 1982 r.p. O6paruncs B Llentp Pempoaykiuu ¢ sxamobamu Ha
oecrutonubii Opak Oonee 3 net. Ilpenpiaymue 2 mombiTku DKO 0e3 ycmexa. Ilapa
TOTOBUTCS BHOBB JIJIsl TpoBeaeHus mpotokoia DKO B CBA3M ¢ MYKCKUM (DakTopom
OecILIOansI.

Anamues. [lepsriii Opak. [ereit B Opakax panee He Obuto. Cympyra — 27 ner,
oepemennocteir He Obl10. Ilepenecennniec 3aOoneBanus MIIIIII - xmuHHYeCKH
canupoBanbl. [Ipodeccronanbubie Bpennoctu orpunaet. [lonosas xu3nb ¢ 16 jer.

B macrosimiee Bpemsi MmojioBasi KU3Hb pPeEryJsisipHasi, 0€3 MPUMEHEHHUs CpPEICTB
KoHTpareniuu (2-3 paza B Heaemo). [locemenne 6anm — penko. Panee mo moBomy
oecrutonus euunsicsa 6e3 a¢gdexra ¢ quarnozom Mb-1 Azoocniepmusi.

Pesynbratel oOcnemoBanus. Cnepmorpamma — aszoocnepmusi. AZF-, CFTR-
MyTalWi He BBISBIEHO. [Ipu o1ieHke ypoBHEl ropMOHOB B 11a3me kposu: Tc, JII', ®CIT,
NPOJIAKTHH — BAPHAHT HOPMBI. Y poBeHb MHIHOMHA B — 319 nir/mut (Hopma).

UccnenoBanue 25KymnsaTa Ha 6akTepuanbHyio (aopy: MUKpodopa HE BBIJCICHA.
baktepuanbHbIN TOCEB CEKpeTa MPOCTaThl: MUKpO(dIIOpa HE BhIACICHA.

[IpoBenen 3a00p OMOJOTMYECKOTO MaTepHaia W3 TECTUKYJSIPHOW TKaHU U

ypeTpbl, UHKyOUpoBaHue B TepmocTate npu 37°C B TeueHue 2 4. BrIsiBIIeHO Haluuue
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Bo30ynuteneir UIIIIII B HeBricokOM OakTepuanbHoM TUTpe Ureaplasma urealiticum u
Hecnermduueckor nHdexuu E. coli B MuHUManbHOM TUTpe, a Takke 191 Takcon
Pa3HOBUAHOCTH YPOIr€HUTAIBHOTO MUKPOOHOMA.

JlaHHas KJIINHUYECKast KapTHHA noTpebdoBaia JOTIOJIHUTEIIbHOU
IpEIONEPAMOHHON IMOATOTOBKM U OOYyCIOBWJIA HW3MEHEHUE TAKTHKU BEICHUS
NAUEHTA, YTO O3BOJMIIO B MOCIEAYIOIEM COKPATUTh CPOK peabUINTALMU TAllUEHTa U
3aTpaThl HA JICYCHHUE.

JIOCTUTHYT MOJIOKUTEIbHBIA pe3yabTaT Npotokona BPT — mporpeccupyromas

OEpEMEHHOCTh U BO3MOXHOCTh KPHOKOHCEPBALIMH 37J0POBBIX SMOPHUOHOB.

4.2 TakCOHOMHMYECKHUI COCTAB MUKPOOMOTHI YPeTpPbI

B ananmmsupyembix oOpasmax BblJeJeHbl OCHOBHbIE (uibl: Bacteroidota,
Firmicutes C, Patescibacteria, Fusobacteriota u Desulfobacterota I. Kaxgomy dury
MPUCBOCHBI CPEIHUE 3HAYCHHUS C OILIEHKOW BapHAaTUBHOCTU. JlaHHBIE MOKAa3bIBAIOT
3HAUUTEIbHBIC PA3JIUYUsl B OTHOCHUTEIBHOW PENpPEe3EHTATUBHOCTU MEXAY TpyIIaMU,
ocobenHo s Bacteroidota u  Firmicutes C, rme HaOmogaercss  BBICOKas
CTaTUCTUYECKasi 3HAYMMOCTh, Ha YTO YKa3bIBaIOT BeMWUYUHBI p. OOIee pacnpeeneHme
MHUKpPOOHOTHI AEMOHCTPUPYET, UYTO COCTAB M Pa3HOOOpa3ue MUKPOOPTAaHU3MOB B ypeTpe
MOXXET 3aBHCETh OT COCTOSIHUSI 3JI0POBbSl TMAIMEHTOB, YTO IMOJAYEPKUBACT
HEOOXOJMMOCTh JAIBHEHIIEr0 H3y4YeHUsS] B3aWMOCBSI3U MEXKIY MHUKPOOMOTON W

IIaTOJIOTUYCCKUMHU COCTOAHUSAMU.

Tabnuua 4.1 — Ioka3aTenn oTHOCUTENbHOM perpe3enTatuBHoCcTU Gui (%) B oOpasuax

MUKpPOOHOTHI ypeTpbl, M+m

I'pynma 1 ['pynma 2 I'pynma 3 P1-2 P1-3 P2-3

Ouns (HOA), n=34 | (OA), n=21 | (Bap), n=21
Bacteroidota 6,78+1,82 14,75+2,17 | 16,81+1,91 0,10 <0,01 0,09
Firmicutes C 3,80+0,74 3,30+0,66 7,69+0,93 1,00 0,02 0,02

Patescibacteria 0,31+0,05 0,01+0,01 0,15+0,03 0,48 0,02 0,02
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[Tponomkenue Tadbmuipl 4.1

I'pynna 1 ['pymma 2 I'pynmna 3 P1-2 P1-3 P23
Ousl (HOA), n=34 | (OA), n=21 | (Bap), n=21
Fusobacteriota 1,00+0,18 0,04+0,01 0,46+0,14 0,51 0,02 0,02
Desulfobacterota_| 0 0,01+0,01 0,12+0,04 0,56 | <0,01 | 0,01

Ha ypoBHE ceMEiCTB BBISBIICH Psii TAKCOHOB C BBIPAKCHHBIMU MEXTPYIIITIOBHIMU
pazmuunsmu. Tabnuma 4.2 mpemocTaBiseT NaHHBIE O TIOKa3aTeNIX OTHOCHUTEIBHOMN
PENPE3CHTATUBHOCTH  PA3MYHBIX CEMEWCTB  MHUKPOOPTraHM3MOB B  0oOpasmax
MHUKpPOOHMOTHI ypeTPhl, BHIPAKEHHBIX B MPOICHTaX. [[aHHBIE TPYNIUPYIOTCS MO TPEM
paznuuyHbBIM Tpynnam o0pasios: nepsoi rpymme (HOA), cocrosimeit uz 34 o0pasios,
BTOpoil rpynme (OA) ¢ 21 ob6pasuom u Tpetheit rpynmne (Bap), Takxke ¢ 21 oOpasiom.

Tabnmuua 4.2 neMoHCTpUpYyeT pa3HOOOpasve M OTHOCUTEIbHBIE MPOMOPLUU
ceMeMcTB, Takux Kak Bacteroidaceae, Streptococcaceac m Micrococcaceae, cpeau
IpyruX. YKa3aHHbIC 3HAYCHHS TOKA3bIBAIOT CPEIHWE JTAaHHBIC C y4EeTOM BapHaIlui,
o00o3HaueHHbIX kKak M#m. Cratuctuyeckas 3HaYUMOCTh PA3IMUUNA MEXKTY TpYIIaMH
TaK)Ke yKa3aHa 4epe3 p-3HAYCHMsI, YTO TMO3BOJIAECT MMOKA3aTh, TN¢ ObUIM OOHAPYKCHBI
CTATUCTUYECKHU 3HAYUMBIC OTITHYIHS.

Takas crpykTypa Tabmuubl oOecreyrMBaeT YETKOE U OpPraHW30BaHHOE
MIPE/ICTABIICHUE O COCTaBE MHUKPOOHOTHI B Pa3IMYHBIX TPYIIAX, YTO MOXKET HMETh
BKHOE 3HAUCHHUE JJIS JAJbHEHIIETr0 aHajdn3a U MHTEPIPETAIluU JAaHHBIX B KOHTEKCTE

BJIIMAHUSA 3TUX MUKPOOPTaHU3MOB Ha 3JOPOBLC U IIATOI'CHC3.

Tabmuna 4.2 — Ilokazarenu OTHOCUTENIBHOW peNpe3eHTaTUBHOCTU cemeicTB (%) B

oOpaslax MUKpOOHOTHI ypeTpbl, M+m

I'pynmal | I'pynma2 | I'pynma3 | pi2 | P13 P2-3
CewmetlicTBa (HOA) (CA) (Bap)
n=34 n=21 n=21
Bacteroidaceae 5,74+0,51 | 13,12+2,97 | 12,42+1,71 | 0,20 | 0,01 | 0,19
Streptococcaceae 9,35+1,52 | 0,80+0,18 | 4,59+0,41 | 0,27 | 0,03 | 0,01
Micrococcaceae 0,49+0,13 | 0,86+0,15 | 2,18+0,22 | 0,99 | 0,04 | 0,04
Lachnospiraceae 1,66+0,33 | 0,27+0,05 | 2,16+0,60 | 0,60 | <0,01 | <0,01
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I'pymmal | I'pymma 2 | I'pymma3 | pi2 | P13 P23

CemeiicTBa (HOA) (OA) (Bap)
n=34 n=21 n=21

Weeksellaceae 0,27+0,05 | 0,10+0,03 | 1,52+0,30 | 0,36 | 0,03 | 0,18
Porphyromonadaceae 0,16+0,02 | 1,16+0,02 | 1,46+0,37 | 0,21 | <0,01 | 0,03
Acutalibacteraceae 0,03+0,01 | 0,10+0,02 | 0,78+0,16 | 0,15 | <0,01 | 0,01
Ruminococcaceae 0,14+0,02 | 0,07+0,01 | 0,30+0,06 | 0,77 | 0,04 | 0,08
Negativicoccaceae 0,49+0,11 | 0,88+0,16 | 2,90+0,61 | 0,99 | 0,03 | 0,03
Enterococcaceae 0,28+0,07 | 0,12+0,02 | 1,52+0,26 | 0,82 | 0,04 | 0,02
Fusobacteriaceae_993521 0,39+0,09 0 0,37+0,07 | 0,46 | 0,01 |<0,01
Flavobacteriaceae 0,05+0,02 0 0,06+0,01 | 0,31 | 0,12 | 0,04
Coprobacillaceae 0,08+0,03 | 0,03+0,01 | 0,23+0,05 | 1,00 | <0,01 | 0,01
Brevibacteriaceae 0,12+0,04 0 0,26+0,07 | 0,29 | 0,14 | 0,04
Peptostreptococcaceae 256921 | 0,09+0,02 | 0,14+0,5 | 0,41+0,08 | 0,29 | <0,01 | 0,06
Oscillospiraceae 88309 0,01+0,01 | 0,04+0,1 | 0,17+0,04 | 0,89 | 0,03 | 0,04
Microbacteriaceae 0,22+0,06 | 0,03+0,1 | 0,29+0,08 | 1,00 | 0,05 | 0,047
Helicobacteraceae 0,03+0,01 | 0,01+0,01 | 0,44+0,12 | 0,85 | 0,01 | 0,02
0__ Bacteroidales, f 0,00+0,00 | 0,11+0,03 | 0,15+0,05 | 0,22 | 0,01 | 0,21
Rikenellaceae 0,01+0,01 0,00 0,30+0,06 | 0,87 | <0,01 | <0,01
Desulfovibrionaceae 0 0,01+0,01 | 0,12+0,04 | 0,56 | <0,01 | 0,01
o__Christensenellales, f 0 0,02+0,01 | 0,07+0,01 | 0,33 | 0,03 | 0,23
CAG-74
c_ Clostridia_258483,0 0 0 0,07+0,01 | 0,52 | 0,02 | 0,08
UBA1381,f UBA1381
Tannerellaceae 0,01+0,01 0 0,15+0,04 | 0,72 | <0,01 | <0,01

IIpu ouenke anb(a-pazHooOpasus, XapaKTepU3YIOIIEr0 BHIOBOE OOraTcTBO

MUKpPOOHMOTHI, HAaUMEHBIIIUE 3HaUYCeHUs 3auKCHpoOBaHBl B Tpymnme mnanueHToB ¢ OA
(rpynma 2), Torma Kak HamOoJiee BBICOKOE MHUKpPOOHOE pa3HOoOpasue BBHISBICHO B
rpynmne narueHToB ¢ HOA u comyrcTByromum Bapukorene (rpynna 3). Ilokazarenu
anbda-pazHooOpasuss B rpynne mnamueHToB ¢ HOA 0e3 Bapuxomene (rpymma 1)
3aHMMAIOT  MPOMEXKYTOUYHOE  TOJOXKEHHE  MEXAY  yKa3aHHBIMH  TPYyIIIaMH.
CraTUCTHUECKH 3HAYMMbIE pa3WYMsl yCTAHOBJCHBI TMPU CPAaBHEHWU TPYIIBI 3 ¢
rpynnoil 1, a Takxke rpynnel 3 ¢ Tpynmod 2, 4TO MOXKET CBHJIETEIbCTBOBATH O
MOTEHIIMATHHON aCCOLMAIIMU BAPHUKOIIEIIE C MIOBHIIIEHHBIM MHUKPOOHBIM pa3HOOOpazueM
YPOT€HUTAIBHOTO TpaKTa. U 2 HE JOCTUIH

Pasznmuunsa wmexny rpynnamu |
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CTATUCTUYCCKON 3HAYUMOCTH (noapoGHme KOJIMYCCTBCHHLIC TaHHBIC IIPCACTABIICHBI B

Ta6mue 4.3).

Tabmuma 4.3 — [lokazaTenp anbdha-pazHooOpa3usi OTHOCUTEIHLHON PENpe3eHTaTUBHOCTH

TaKCOHOB B 00pa3iiax MUKpOOUOTHI ypeTpsl, M+m

I'pynma 1 (HOA), | I'pymma 2 (OA), n=21 | I'pynmna 3 (Bap), n=21 | pi-2 P13 | P23
n=34

79,00+7,16 49,29+4,62 88,86+7,96 0,72 | 0,01 | 0,02

Takum 00pa3om, OJlyYeHHbIE JaHHBIE JEMOHCTPUPYIOT, uTo OA accouuupoBaHa
C MUHUMAJIbHBIM pa3HO00pa3ueM U OeIHbIM TAKCOHOMUYECKHUM COCTaBOM ypEeTpaJIbHOU
MUKpoOuoThl, Torga kak npu HOA, oco0eHHO B COYETaHMHM C BapUKOLEIE,
HaOJII0JaeTCsl JOCTOBEPHOE YBEINYEHHE KaK TAKCOHOMUYECKOIO pa3HOoOpasus, Tak U
o0mnMs onpenenéHHbIX CEeMENUCTB U (WIOB, NOTEHLUMAIbHO aCCOLMHUPOBAHHBIX C
BOCIHAJIEHUEM W JUCOMO30M. OTH Pa3duyuMsi MOTYT OTpa)kaTh HApYIIEHUE MECTHBIX
OapbepHBIX MEXAHU3MOB U UMMYHHOU PEryJialMU Ha (POHE BapUKOLEJE, YTO TpeOyeT
JaJbHENIIET0 U3y4YeHUs] ¢ MO3ULMI MaToreHe3a MY>KCKOro OECIIoNus M BO3MOXHBIX

MUKpPOOMOM-MOIYJIUPYIOIIUX CTPATETUM.

4.3 YacToTa BCTpPe4aeMOCTH PAa3JIMUYHBIX NMPeJACTaABUTE /el MUKPOOHOTHI YPeTPhl

CpaBHeHHE KauyeCTBEHHBIX MaHHBIX (HalIM4yue JHUOO OTCYTCTBHUE TAaKCOHa B
oOpasiie), nokazano, yto HOA u OA paznuyaroTcs 4acTOTOM BCTPEUYAEMOCTH TOJIBKO
¢unsl Bacteroidota, mpu cpaBHEHHH BUAOBOIO COCTaBa MUKPOOPTraHW3MOB Yy MAIIMEHTOB
C BapuKOLeJie U TpylNnaMu IalHUEeHTOB C a300CMEepMHEH HEBO3MOXKHO BBIICIUTH
ornpeaeneHHbIe (QUITBI B CHITY UX IIIUPOKOTO Pa3HOOOpa3usl.

CpaBHUTENbHBIN aHaIN3 KayeCTBEHHOI'O COCTAaBa YPETPAIbHOM MHMKPOOHMOTHI,
POBEAEHHBIA HA OCHOBAHMU YacTOTHI BCTPEUAEMOCTH TAaKCOHOB (HAJIMYME/OTCYTCTBUE
B oOpasiiax), BBISIBIJI CYIIECTBEHHBIC pa3IU4MUs MEXKAY TPYyNIIaMH TMAalueHTOB C
paznuyHBIMA (pOpMaMH a300CTiepMUN U HanmuuueMm Bapukoiiene (Tabmumna 4.4). Cpenu

MPEJCTAaBJICHHBIX TaKCOHOB HauOoOJbIee pacnpocTpaHeHue umeeT Bacteroidota,
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KOTOpBI HaOdromaercs y OOJIBIIMHCTBA MAIMEHTOB IEpPBOM Tpymmbl U Yy BCeX
NPEACTaBUTENCd BTOPBIX W TPETBUX T[PYII, YTO YKa3blBa€T HA €ro BBICOKYIO
pacnpoCTpaHEHHOCTh B UcCleayeMblX nomyisuusax. TakcoH Firmicutes C mposiBisieT
3HAYUTEIBbHOE MPUCYTCTBUE B TPETHEW IPYIIE, B TO BpEMS KaK B MEPBBIX ABYX IPYIIIAX
HaOJI0JAI0TCsl 3HAYUUTENbHO Oosiee Hu3kue ypoBHU. Takcon Fusobacteriota unmeer
OTHOCUTEIBHO HM3KHE YPOBHM BBISBICHUS B IIEPBBIX M BTOPBIX TIPYIIAX U
JIEMOHCTPHUPYET 3aMETHOE YBEIMUeHUE B TpeTbel rpynmne. Hakonen, Desulfobacterota I
IIPEICTABIEH BO BTOPOM TPYIIE C HEKOTOPBIM YPOBHEM, KOTOPBIA CYLIECTBEHHO
BO3PACTAET B TPETHEU IPYIIIIE.

B Tabmuue 4.4 Taxxke MNpeACTaBICHbl JaHHbIE CTAaTUCTUYECKOTO AaHAIIM3a,
YKa3bIBAIOLIUE Ha 3HAYMMOCTh Pa3IMYMi B pachpeleieHUd OaKTepHalbHBIX (DUIIOB
MEXIy Trpynmnamu. Hampumep, s CONOCTaBIEHUS MEPBOW M BTOPOW TPyl IS
Firmicutes C uMeIOTCS CTAaTUCTUYECKU 3HAUUMMBIE pa3jiiyusi, B TO BpeMs Kak Jis
JPYTUX CpaBHEHUHN HAOJIOJAI0TCSl HE3HAUUTEIIbHBIE Pa3INyusl.

OOmmii aHanu3 JaHHBIX MOJYEPKUBAET pa3HOOOpa3ne OakTepuanbHOU (JIOphl B
ypeTpe U €€ CBs3b ¢ BBIOpaHHBIMU TPYIIIaMU NAIlMEHTOB, YTO MOXET UMETh 3HAaUEHUE

AJIs1 TIOHMMAaHUs IaTOreHe3a U moAxXod0B K TCpaIlliu B YPOJIOTHH.

Tabmuma 4.4 — YacToTa BBISBICHHS OaKTepUAIBHBIX TAaKCOHOB ((UIBI) B ypeTpe B

rpynIax cpaBHeHUs, %

Oubl I'pynmma 1 |[I'pynma 2 I'pynma 3| pi2 P1-3 P2-3
(HOA), | (OA), | (Bap),
n=34 n=21 n=21

Bacteroidota 70,6 100,0 100,0 0,01 0,01 1,00
Firmicutes C 52,9 57,1 95,2 0,79 <0,01 0,01
Fusobacteriota 20,6 14,3 52,4 0,72 0,03 0,03
Desulfobacterota_| 0 48 28,6 0,38 0,01 0,14

Ha ypoBHE cemeicTB pa3nuunsi oka3zaiuch enié 06ojee BhIpaKeHHBIMU. Tabnuia
4.5 mpencraBisieT coOOW aHalW3 4YacTOThl BBISABJICHHUS Pa3IMYHBIX OaKTepHaTbHBIX

TaKCOHOB (CEMEICTBA) B ypeTpe Cpelld TpeX TPy CpaBHEHUs. J[aHHbIE MOKA3bIBAIOT,
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YTO B TpYyIIeE C Bbicoyaillield yactoToi (rpynmna 3) HaOMIOJaeTCs 3HAYUTENIbHOE
npeo0aanne HeCKOJIbKMX TaKCOHOB, TakmxX kak Bacteroidaceae, Burkholderiaceae u

Streptococcaceae, B CpaBHEHUU C IPYTUMU TPyIIIaMHU.

Tabnuna 4.5 — YacTora BbIsiBIIeHUs] OaKTepUaIbHBIX TAKCOHOB (CEMENCTBa) B ypeTpe B

rpynmnax cpaBHeHus, %o

CewmeiicTBa I'pymma 1 | I'pymma 2 | I'pymma 3 | pi-2 P1-3 P2-3
(HOA), (OA), (Bap),
n=34 n=21 n=21
Bacteroidaceae 61,8 85,7 95,2 0,11 | 0,03 | 0,61
Burkholderiaceae_ A 580492 38,2 42,9 76,2 0,78 | 0,03 | 0,09
Streptococcaceae 44,1 33,3 81,0 0,57 0,02 0,01
Lachnospiraceae 35,3 52,4 85,7 0,27 | <0,01 | 0,06
Pseudomonadaceae 17,6 28,6 52,4 0,50 | 0,04 | 0,31
Porphyromonadaceae 17,6 33,3 71,4 0,21 | <0,01 | 0,04
Acutalibacteraceae 8,8 28,6 61,9 0,07 | <0,01 | 0,07
Fusobacteriaceae_993521 11,8 48 429 0,64 0,03 0,03
Coprobacillaceae 8,8 9,5 42,9 1,00 | 0,02 | 0,049
Peptostreptococcaceae 256921 5,9 19,0 42,9 0,19 | <0,01 | 0,19
Helicobacteraceae 2,9 4,8 28,6 1,00 | 0,03 | 0,14
0__ Bacteroidales; 0 9,5 23,8 0,21 0,02 0,41
Rikenellaceae 2,9 4,8 38,1 1,00 | <0,01 | 0,03
Desulfovibrionaceae 0 48 28,6 0,38 0,01 0,14
Tannerellaceae 2,9 0 28,6 1,00 | 0,03 | 0,03

Takum 00pa3oM, CpaBHUTENbHBIA aHAIN3 KAaYeCTBEHHOTO COCTaBa ypeTpalbHOU
MUKPOOHOTHI MOATBEPKIAET TUIIOTE3Y O HAJTMYUU BBIPAXKEHHBIX MHUKPOOMOJIOTHUYECKIX
pa3auuuMii  y TAalMeHTOB C BapUKOLEle [0 CpaBHEHHI0O ¢ obeumu (opmamu
azoocnepmuu. Ilpu s3ToM pannsie nanumeHtoB 1 rpynmbel (HOA) u 2 rpynmer (OA)
JEMOHCTPUPYIOT OTHOCUTEIBHOE CXOJACTBO IO HAJIWYHIO/OTCYTCTBHIO OOJIBIIMHCTBA

TaKCOHOB, 3a HCKIoueHneM Bacteroidota.
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upokuii criekTp QUIOB M CEMENUCTB, HOCTOBEPHO Yallle BCTPEUYAIOUIUXCS MPU
BapUKOLIETIE, YKA3bIBAET HA BO3MOYKHOE HApPYIIEHHE MUKPOOHON rOMEOCTa3uu B ypeTpe
Ha ()OHE BEHO3HOrO 3aCTOSl M JIOKAJIBHOTO BOCHAJIEHMS, YTO TpeOyeT AalbHEHIIEro

HN3Yy4YCHUS B paMKax IaToreHe3a My>KCKOro 6CCHJ'IOI[I/I$I.

4.4 TakcoHOMMYECKHI COCTAB MUKPOOMOTHI TKAHU SIMYKA

AHanu3 TaKCOHOMHMYECKOTO COCTaBa MHMKPOOMOTHI TKaHU SIMYKA BBISBUII
CTaTUCTUYECKH 3HAYMMBbIE pa3iuuus B anb(a-pazHooOpa3ud U OTHOCHUTEIbHOMN
penpe3eHTaTUBHOCTH TaKCOHOB Mexay maruentamu ¢ HOA (rpynma 1), OA (rpynna 2)
n HOA B coueTtanuu ¢ Bapukoriene (rpymma 3).

Ha takcoHomMuueckoM YpoBHE (UJI. BBISBICHBI 3HAYMMbIC PA3IUYUsl KaK B

COCTaBE JOMHUHHUPYIOUIUX (U, TAK U B PACIPEACICHUH OTIEIbHBIX CEMEUCTB OAKTEpHiA

(Tabmuma 4.6).

Ta6numa 4.6 — [lokazaTenu OTHOCUTENBHOM penpeseHTaTuBHOCTU (uil. (%) B oOpasmax

MUKpPOOHOTHI simuka, M+m

Dubl I'pynma 1 I'pymma 2 I'pynmna 3 P1-2 P1-3 P2-3
(HOA),n=34 | (OA),n=21 | (Bap),n=21
Actinobacteriota 8,30+0,94 19,46+1,71 16,81+1,98 0,01 0,01 | 0,84
Proteobacteria 65,09+3,60 34,06+2,19 44324396 | <0,01 | 0,01 | 0,45
Firmicutes_D 8,99+1,31 16,57+1,85 13,93+1,34 0,03 | 0,047 @ 0,74
Firmicutes_ A 5,63+0,32 8,15+0,97 8,58+0,82 0,049 | 0,04 | 0,77
Bacteroidota 3,45+0,33 9,93+1,38 6,05+0,22 0,01 | 0,01 | 0,66
Firmicutes_C 0,95+0,18 1,58+0,28 1,63+0,99 0,04 | 0,04 | 0,79
Deinococcota 0,14+0,03 0,33+0,08 0,31+0,04 0,17 | 0,01 | 0,23

Hanbonee BwIpakeHHOE paznuuue HaOogaercs B coctaBe Proteobacteria, rie
rpynna 1 JeMOHCTpUPYET 3HAYMTENIbHO OOJiee BBICOKHI MPOIEHT MO CPaBHEHHUIO C
rpynnamu 2 u 3. Kpome toro, Firmicutes u Bacteroidota Ttakxke mnoKa3bIBalOT

CTAaTUCTHUYCCKHU 3HAYUMBLIC pPa3jIniusd, 4YTO MOXKET YKa3biBaTb HaA BO3MOKHBLIC
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(I)YHKI_[I/IOHaJ'IBHBIe OTIINYHA MI/II(pO6I/IOTBI sAU4YKa B 3aBUCUMOCTHU OT COCTOSHUS TI'PYIIIIBI.

XoTs A HeKOTophIX (humyMoB, Takux kak Firmicutes C u Deinococcota, paznuuus He

JOCTHUTI'aI0OT CTaTUCTUYCCKOM SHAYMMOCTH, PC3YJIbTAaThl IIOAYCPKHUBAIOT CJIIOKHOCTb H

BapUAaTUBHOCTD MI/IKpO6I/IOTBI B Pa3HbIX YCJIOBHUAX.

Ot JaHHBIC MOT'YT CIT0COOCTBOBATH ﬂaHLHCﬁmeMy N3YUCHUIO POJIA MI/IKpO6I/IOTI>I

B PCIPOAYKTHUBHOM 3J0POBLBC M OTKPBLIBAIOT HOBBIC IICPCIICKTUBBI IJIs1I ITOHHUMAHUA

BJIMSTHUS PA3NIUYHBIX (DAKTOPOB HA COCTaB MUKPOOUOTHI STMUKA.

Ha YPOBHC CEMEHCTB BBISIBJICHbI MHOXXECTBCHHBIC CTATUCTUYECKH 3HAUYMMBIC

paznuuust (Tabnuua 4.7).

Tabmuna 4.7 — Ilokazarenu OTHOCUTENIBHOW pENpe3eHTaTUBHOCTU ceMmeicTB (%) B

oOpa3zuax MUKpOOHOTHI situka, M+m

I'pymma 1 | I'pynma 2 | I'pymma 3 P1-2 P1-3 P2-3

CemelicTBa (HOA), (CA), (Bap),
n=34 n=21 n=21

Mycobacteriaceae 4,34+0,25 | 9,78+1,72 | 7,48+0,21 | 0,03 | 0,01 | 0,97
Peptoniphilaceae 3,06+0,38 | 5,40+0,90 | 4,37+0,32 | 0,01 | 0,01 | 0,91
Bacteroidaceae 1,18+0,05 | 3,81+0,70 | 2,20+0,66 | 0,08 | 0,03 | 0,57
Staphylococcaceae 3,59+0,42 | 4,28+0,28 | 5,55+0,80 | 0,34 | 0,02 | 0,19
Streptococcaceae 1,23+0,11 | 6,07+0,82 | 2,01+0,19 | <0,01 | 0,01 | 0,58
Lactobacillaceae 1,71+0,15 | 1,91+0,34 | 3,53+0,46 | 0,09 | 0,04 | 0,58
Micrococcaceae 1,60+4,49 | 2,12+0,18 | 3,60+0,82 | 0,10 | <0,01 | 0,15
Moraxellaceae 2,32+0,19 | 1,89+0,12 | 3,94+0,83 | 0,64 | 0,02 | 0,07
Pseudomonadaceae 0,94+0,06 | 1,55+0,22 | 1,64+0,57 | 0,35 | <0,01| 0,04
Weeksellaceae 0,44+0,02 | 1,14+0,16 | 1,01+0,21 | 0,01 |<0,01| 0,37
Porphyromonadaceae 0,33+0,06 | 0,34+0,07 | 0,48+0,06 | 0,26 | 0,02 | 0,25
Acutalibacteraceae 0,14+0,03 | 0,58+0,06 | 0,63+0,07 | 0,45 | 0,01 | 0,07
Dermabacteraceae 0,16+0,04 | 0,82+0,09 | 0,17+0,02 | 0,02 | 0,25 | 0,23
Pasteurellaceae 0,14+0,06 | 1,20+0,12 | 0,41+0,03 | 0,12 | <0,01 | 0,19
Sphingomonadaceae 0,42+0,09 | 0,39+0,08 | 0,37+0,06 | 0,36 | 0,03 | 0,22
Enterococcaceae 0,07+0,01 | 0,04+0,01 | 0,27+0,09 | 0,86 |<0,01| 0,01
Flavobacteriaceae 0,11+£0,02 | 0,46+0,09 | 0,45+0,07 | 0,07 | 0,02 | 0,54
Alcanivoracaceae 0,07+0,04 | 0,12+0,02 | 0,49+0,08 | 0,33 | <0,01| 0,01
Sphingobacteriaceae 0,04+0,02 | 0,56+0,04 | 0,40+0,04 | 0,24 | <0,01 | 0,02
Beijerinckiaceae 0,56+0,06 | 0,14+0,05 | 0,71+0,05 | 0,28 | 0,03 | 0,01
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CemelicTBa I'pymma 1 | I'pynma2 | I'pynma 3 P1-2 P1-3 P2-3
(HOA), (OA), (Bap),
n=34 n=21 n=21
Bacillaceae H 294103 0,10+0,03 | 0,01+0,01 | 0,18+0,04 | 0,61 | <0,01 | <0,01
c__Alphaproteobacteria. 0,11+0,03 | 0,21+0,04 | 0,27+0,01 | 0,37 | 0,02 | 0,14
Marinococcaceae 0,04+0,01 | 0,14+0,02 | 1,16+0,18 | 0,41 | 0,03 | 0,18
Nitrococcaceae 0 0,04+0,01 | 1,41+0,11 | 0,59 | <0,01 | <0,01
Nanopelagicaceae 0,02+0,01 | 0,50+0,05 | 0,01+0,01 | <0,01 | 0,52 | 0,03
Helicobacteraceae 0 0,03+0,01 | 0,42+0,08 | 0,51 | 0,01 | 0,04
Deinococcaceae 0,13+0,04 | 0,28+0,03 | 0,18+0,03 | 0,27 | 0,02 | 0,32
Legionellaceae A 0,06+0,01 | 0,27+0,03 | 0,03+0,01 | 0,047 | 0,74 | 0,09
Gemmatimonadaceae 0,07+0,01 | 0,18+0,04 | 0,12+0,05 | 0,04 | 0,80 | 0,07
Propionibacteriaceae 0,05+0,01 | 0,02+0,01 | 0,14+0,02 | 0,98 | 0,01 | 0,01
Rhizobiaceae_ A 499470 0,02+0,01 | 0,07+0,01 | 0,28+0,07 | 0,76 | <0,01 | <0,01
Listeriaceae 0 0,06+0,02 | 0,10+0,02 | 0,30 | 0,04 | 0,27
Vibrionaceae 0 0 0,12+0,02 | 1,00 | <0,01 | <0,01
Gaiellaceae 0 0,21+0,05 | 0,04+0,01 | 0,03 | 0,33 | 0,23
Blastocatellaceae 430966 0 0,15+0,03 | 0,01+0,01 | 0,02 | 0,52 | 0,08

Pe3ynpraThl 1EMOHCTPHPYIOT 3HAYMTEIFHOE Pa3HOOOpashe B COCTaBE CEMEHCTB

MI/IKp06I/IOTI>I, IIpu4ceM MHOI'HC M3 HHX IIOKA3bIBAIOT CTATUCTHYCCKH 3HAYHUMBIC

paznmuuus  Mexay ~— rpynnamu. — Hampumep,  cemelictBa ~ Mycobacteriaceae,

Peptoniphilaceae u Streptococcaceae UMEIOT SIBHbIE OTJIMYUS B OTHOCUTEIHLHON 4acTOTE
MEXIy TpynmaMd, UYTO MOXET CBHUJCTEIBCTBOBATH O

BIIUSIHUM  yCJIOBUM,

ONaronpHUsTCTBYIONINX WU TIOJABJISIFOIINX Pa3BUTUE OMPENCTICHHBIX TAKCOHOMUYECKHIX
rpym.

Hekortopsle npyrue cemeiicTa, Takue kak Lactobacillaceae u Micrococcaceae, He
JEMOHCTPHUPYIOT 3HAYMMBIX Pa3IMYUii, YTO MOXKET yKa3blBaTh Ha CTAOMIBHOCTH WX
pPEeNpEe3eHTaTUBHOCTY B Pa3HBIX COCTOSHUSAX. BaXHO OTMETHTh, 4YTO JaHHBIE O
3HAYUMOCTH PA3TMYUil TO3BOJSIOT BBIACTUTH KIIOYEBBIC CEMEHCTBA, KOTOPHIE MOTYT
UTpaTh 3HAYUTENBHYIO pPOJIb B IMATOJOTUU WM HOPME Ha YPOBHE PENpPOAYKTHBHOIO
3J10POBBSI.

Takum oOpa3oM, M3ydeHHUE OTHOCHUTEIBLHON PENpe3eHTATUBHOCTH CEMEWCTB B
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MHUKPOOHMOTE SIMYKA OTKPHIBAET HOBBHIE MEPCIEKTUBBI JJIs TATbHEHINETO aHalnu3a POJIU
MHUKPOOMOTBI B KOHTEKCTE PENPOIYKTUBHOTO 3/I0POBbsl, a TaKKe MOTICPKUBACT
HEOOXOJMMOCTh 00Jiee TITyOOKHX WCCIICIOBAHHM ISl TOHUMAHUS B3aUMOCBSI3H MEXKITY
COCTaBOM MHKPOOHOTHI U COCTOSTHHEM 30POBBSI.

ITokazarenu anbda-pazHoodpaszus, Bkiatouas phylogenetic diversity mo Faith,
quciao HaOmogaeMbix TakCOHOB (observed features), muaekc IllenHoHa W HWHACKC
CumricoHa, JEMOHCTPUPYIOT JOCTOBEPHOE YBEIWYCHHUE MUKPOOHOTO pa3HOOOpas3us B
nocienoBarenbHoctd oT rpynmbl 1 (HOA) k 2 (OA) u nmanee k rpynne 3 (HOA ¢
Bapukoriene) (Tabmauna 4.8).

Ta6J'II/I]_Ia 4.8 — 3HauuMBbIe pa3ianduAa OTHOCHUTEJIBbHOM PCIPC3CHTATUBHOCTH TAKCOHOB

(%) B 00pasax MUKpPOOUOTHI TKaHU stmuKa, M+m

Anbda- I'pynna 1 ['pymma 2 I'pynmna 3 P2 | P13 | P23
pasHooOpasue (HOA), n=34 (OA), n=21 (Bap), n=21

faith_pd 31,59+1,66 46,32+4,78 88,82+8,82 0,046 <0,01 | 0,08
observed_features| 63,32+2,10 99,90+7,98 180,57+9,12 | 0,04 | <0,01 | 0,02
shannon_entropy 3,41+0,64 4,514+0,98 4,95+0,22 0,047 | <0,01 | 0,21
simpson 0,78+0,06 0,89+0,07 0,86+0,15 0,046| 0,02 | 0,61

Haubonee BbIpa)keHHbIE pPa3IMYUsl OTMEUEHBbl MEXAY MalueHTaMu | Trpymnmbl
(HOA) u 3 rpynnet (HOA ¢ Bapukoriene): y maiieHTOB ¢ BapuKoIlesie Habo1aercs
noutu TpExkpaTHoe TmoBbIIeHHEe phylogenetic diversity, a Takxe 3HAUMTEIbHOE
YBEJIIMYCHUE YKCIa YHUKAIbHBIX TAKCOHOB M 00Jee paBHOMEPHOE MX paclpe/esieHue.
DTH 1aHHbBIE YKa3bIBAIOT HA 00JIe€ CIOKHYIO U YCTOWYMBYIO MUKPOOHYIO SKOCHCTEMY B
TKaHU SIMYKa y TALMEHTOB C BAapUKOIIEJIE [0 CPaBHEHUIO C MEHEee pa3HOoOpa3zHOMU
MUKpoOnoTor mipu wu3onupoBanHo HOA (rpymma 1), 49To MOXKET oOTpaxkaTh
HEOJAronpusiTHbIE MHUKPOIKOJIOTHYECKUE YCIIOBUS, CBSI3aHHbIE C HapylIeHUEM
TKaHEeBOM nep(y3nn, OKCUIATUBHBIM CTPECCOM WJIM XPOHUUECKUM BOCHIAJICHUEM.

[Tonmy4yeHHbIE PE3yNbTAThl YKA3bIBAIOT HA TO, YTO MUKPOOMOTA TKAaHMU SIMYKA
0o0JaziaeT BBICOKOM UYBCTBUTEJIBHOCTHIO K MaTO()U3MOIOIrMUYECKUM HN3MEHEHHUSIM,

COMPOBOXKJAIOIIMM  pa3InuHbie  (QOPMBI  MYXKCKOTo Oecrionus. XapaKTepHbIC
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W3MEHEHUsT MUKPOOHOTO pasHoobpasus u coctaBa nmpu HOA (1 rpymma), OA (2 rpynma)
u HOA c Bapukouene (3 rpynma) MOTyT paccMaTpUBaTbCi KakK MOTEHIHAIBHBIE
JMAarHOCTUYECKHE M TMPOTHOCTUYECKHE OWOMAapKephl, a TaKkKe KaK MUIICHW s
OyoyllMX TEpaneBTUYECKUX  BMEIIATEIbCTB, HANpPaBICHHBIX HAa  MOAYJSALHUIO

JJOKAJIbHOTI'O MI/IKpO6HOFO OKPYKCHUAI.

4.5 YacToTa BCTpPEYaeMOCTH PA3JIMYHbIX NPeCTABUTEIE MUKPOOHOTHI INYKA

AHanu3 3HaYMMBIX Pa3IU4YUiA YaCTOT BCTPEUAEMOCTH OaKTEPUATIBbHBIX TAKCOHOB B
TKkaHu simuka y nanueHToB ¢ HOA (1 rpynma), OA (2 rpynmna) u Bapukouesie (3 rpynmna)
BBISIBUJI YETKUE TEH/ICHLIMU B PacpOoCTPaHEHHOCTH Kak (U, TaKk U ceMEICTB OakTepuil,
NOATBEPKIAEHHBIE CTATUCTUYECKH JIOCTOBEPHBIMU PA3NHUMUAMH [0 pe3yibTaTam
TOYHOro Kpurepuss Pduinepa ¢ NONPaBKOM HA MHOXKECTBEHHBIE CPaBHEHHS METOJIOM

benxamuun—Xox06epra (Tabnuia 4.9).

Tabnuna 4.9 — Yactora BbIsBICHHS] OaKTEpUATbHBIX TAKCOHOB ((h1J1) B TKAHU SIMUKA B

rpyIIax cpaBHeHUs, %

Dubl I'pynna 1 I'pymma 2 I'pynna 3 P1-2 P13 | P23
(HOA), n=34 (OA), n=21 (Bap), n=21

Actinobacteriota 73,5 95,2 100,0 0,11 | 0,03 | 1,00

Firmicutes_C 35,3 66,7 76,2 0,04 | 0,02 | 0,73

Fusobacteriota 20,6 33,3 57,1 0,35 | 0,03 | 0,32

Deinococcota 8,8 28,6 47,6 0,11 | 0,01 | 0,34

Pe3ynbTaThl MNOKa3bIBalOT, 4YTO TakcoHbl Actinobacteriota, Firmicutes C wu
Fusobacteriota mpucyTCTBYIOT B pPa3iMYHBIX MPOMOPLUUSIX B H3y4aeMbIX TpyIIax.
Hanpumep, HaOmomaeTcss TEHACHIMS K  YBEIUYCHHIO YacTOTHl  BBISIBICHUS
Actinobacteriota B rpynmnax OA u Bap no cpaBuenuto ¢ rpynnoit HOA, uto moxer
yKa3bIBaTh HAa MX BO3MOXXHOE 3HAUCHHME B MATOTE€HE3€ WJIM MAaTOJIOTUU. AHAJOTHYHbIE
paznuuust otmevatorca U s Firmicutes C u Fusobacteriota, rae rpynnet OA u Bap
MOKa3bIBAIOT O0JIee BHICOKHE MOKa3aTeNu Mo cpaBHeHUIO ¢ rpynmnoid HOA.

Takcon Deinococcota 1eMOHCTPUPYET MEHBITYIO YaCTOTY BBISABIICHHS, OJHAKO B
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rpynnax OA wu Bap Takke oTMedaeTcsi 3aMETHOE YBEJIWYEHHE, YTO MOXKET
MO/Ipa3yMeBaTh X aJaNTUBHBIE MEXaHU3MbI B OTBET Ha CIIeIU(PHIECKUE YCITOBUS.

OTU JaHHBIE TMOAYEPKUBAIOT BAXKHOCTh HU3YYEHHUS MHUKPOOMOTHI B KOHTEKCTE
PENPOAYKTUBHOTO 3JIOPOBbS M MOTYT CIYKUTh OCHOBOM [JIsl  JalIbHEHIIUX
UCCJICIOBAHNM, HANpPABJICHHBIX HAa TOHMMAaHHWE POJIM OaKTEpHUATbHBIX COOOIIECTB B
3JI0POBbE SIMYKA M UX B3aUMOCBSI3b C PA3IMYHBIMU 3200JIEBAHUSIMU.

Ha ypoBHE cemMENCTB BBISBICH WIUPOKHM CHEKTP TAKCOHOB C JOCTOBEPHBIMHU
pa3IMyusIMU B 4acTOoTe OOHAPYKEHHSI MEX]y rpynnamMu. B yacTHOCTH, y MalueHToB 2
rpynnsl (OA) m 3 rpynmbel (BapHKOIEle) CYIIECTBEHHO BBIINIEC YaCcTOTA BBISIBICHUS
ceMeiicTB Mycobacteriaceae, Peptoniphilaceae, Streptococcaceae, Lactobacillaceae u
Micrococcaceae no cpapHenuto ¢ HOA (1 rpynma), mpu 3ToM 1o Mycobacteriaceae

nocturaet 100% y mauuenToB ¢ Bapukotiene (p < 0,01) (Tabmnuia 4.10).

Tabmuna 4.10 — YacToTa BBIABICHHS OaKTEpPUAIbHBIX TaKCOHOB (CEMEHCTB) B TKaHU

AWYKa B TPYIIAax CpaBHEHUSA, %o

CemeiicTBa I'pynma 1 I'pymma 2 I'pynmna 3 P1-2 P1-3 P2-3
(HOA), n=34 | (OA), n=21 | (Bap), n=21

Mycobacteriaceae 50,0 85,7 100,0 0,01 |<0,01| 0,23
Peptoniphilaceae 38,2 81,0 90,5 <0,01 | <0,01 | 0,66
Bacteroidaceae 55,9 81,0 90,5 0,12 | 0,02 | 0,66
Streptococcaceae 44,1 76,2 85,7 0,04 | 0,01 | 0,70
Lactobacillaceae 41,2 76,2 85,7 0,02 | 0,00 | 0,70
Micrococcaceae 441 71,4 95,2 0,09 | <0,01 | 0,09
Lachnospiraceae 47,1 57,1 90,5 0,58 | <0,01 | 0,049
Aerococcaceae 26,5 42,9 66,7 0,25 | 0,01 | 0,25
Veillonellaceae 23,5 52,4 61,9 0,06 | 0,03 | 0,76
Moraxellaceae 38,2 52,4 85,7 0,40 | <0,01 | 0,06
Pseudomonadaceae 29,4 42,9 95,2 0,39 | <0,01 | <0,01
Weeksellaceae 29,4 66,7 85,7 0,02 | <0,01 | 0,28
Neisseriaceae 563222 32,4 52,4 76,2 0,20 | 0,01 | 0,20
Porphyromonadaceae 14,7 28,6 52,4 0,30 | 0,02 | 0,30
Acutalibacteraceae 23,5 28,6 61,9 0,75 | 0,03 | 0,09
Ruminococcaceae 26,5 33,3 61,9/38,1 0,76 | 0,04 | 0,18
Pasteurellaceae 59 23,8 47,6/52,4 0,14 | <0,01 | 0,20
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CewmelicTBa ['pynma 1 ['pynma 2 ['pymma 3 P1-2 P1-3 P2-3
(HOA), n=34 | (OA), n=21 | (Bap), n=21
Xanthomonadaceae 29,4 42,9 76,2/23,8 0,39 | <0,01 | 0,09
616009
Pasteurellaceae 5,9 23,8 47,6/52,4 0,14 | <0,01 | 0,20
Sphingomonadaceae 20,6 38,1 66,7 0,22 | <0,01| 0,18
Enterococcaceae 2,9 4,8 33,3 1,00 | 0,01 | 0,07
Flavobacteriaceae 20,6 42,9 57,1 0,19 | 0,03 | 0,54
Alcanivoracaceae 2,9 14,3 47,6 0,15 | <0,01 | 0,06
Sphingobacteriaceae 2,9 14,3 47,6 0,15 | <0,01 | 0,06
Beijerinckiaceae 23,5 9,5 57,1 0,29 | 0,03 | 0,01
Bacillaceae_ H 294103 8,8 4,8 47,6 1,00 | 0,01 | 0,01
c__Alphaproteobacteria 17,6 28,6 57,1 0,50 | 0,01 | 0,18
Nitrococcaceae 0 4,8 38,1 0,38 | <0,01 | 0,03
Nanopelagicaceae 5,9/94,1 38,1 14,3 0,01 | 0,36 | 0,24
Helicobacteraceae 0,0/100,0 4.8 23,8 0,38 | 0,02 | 0,28
Deinococcaceae 5,9/94,1 23,8 38,1 0,14 | 0,01 | 0,51
Propionibacteriaceae 8,8/91,2 9,5 42,9 1,00 | 0,02 | 0,049
Rhizobiaceae A 5,9/94,1 9,5 52,4 0,63 | <0,01| 0,01
499470
Vibrionaceae 0 0 23,8 1,00 | 0,02 | 0,07
B IecJIoM ITOJIYUCHHBIC JAHHBIC CBUACTCIILCTBYIOT BBIPA’KCHHBIX nu

CTaTUCTUYCCKN  JOCTOBCPHBIX H3MCHCHUAX

TKAHEBOU

MUKPOOHOTHI

JU4YKa B

3aBUCUMOCTH OT ITHOJOTUU MYXKCKoro oOecruioaus. Y mamuentoB 1 rpymmsl (HOA)

HaOJII0/1aeTCsl OrPAaHUYCHHOE MPHUCYTCTBHUE OOJBIIMHCTBA TAKCOHOB, TOT/Aa KaK MpHU

Bapukouene (rpynna 3) ¢opmupyercs Ooraras W pa3HooOpazHass MHUKpOOHas

HKOCUCTEMA C TIpeolIaaHreM CICIU(PUISCKUX CEMEUCTB. DTH pa3Iudusl MOTYT UMETh

IMaTOIrCHETUYCCKOEC 3HAUYCHHUEC U IIOTCHLHAJT OJIs1 p33pa6OTKI/I MI/IKpO6I/IOJ'IOFI/I‘ICCKI/IX

OMOMapKepOB U NEPCOHATMZUPOBAHHBIX TEPATIEBTUICCKUX TTOIXO/IOB.




TJIABA 5. PE3YJIBTATBI IOMCKA B3AMMOCBS3EN YPOBHEM
I'OPMOHOB, XAPAKTEPUCTUK MUKPOBHUOTHI YPETPbBI U TKAHU
ANYKA Y TAHUMEHTOB C PA3JIMYHBIMU BUJJAMU A300CIIEPMHUHA U
CONIIYTCTBYIOIIUM BAPUKOILEJIE

Ha nanHOM 5Tame paboThl ObUIa BBIOJIHEHA CPaBHUTENIbHAs OLIEHKA YpPOBHEM
TOPMOHOB M IIKajJdbl HapylleHWd crepmarorene3a y 104 mnanumeHToOB, KOTOpBIE
COCTABUJIN:

- rpynmy 1 (HOA) — 72 nauuenta ¢ HOA;
- rpyniy 2 (OA) — 32 nanuenta ¢ OA.

[lomyueHHble JaHHbIE OBUIM TPOAHAJIU3UPOBAHBI HA TMPEAMET BBISBICHUSA

CTaTUCTUYECKM 3HAYMMBIX ACCOLMAUMK KOHLEHTPALMM TOPMOHOB, HAapyIIECHUU

CIICPMATOI'CHC3a U XaPaKTCPUCTUK MI/IKpO6I/IOTI>I YPCTPHL U TKaHEH sIMYKa.

5.1 [oka3aTej TOPMOHAJIBLHOTO CTATYCA U IIKAJIbI HAPYIIEHUH cCIepMaToreHes3a y

MaUuEeHTOB C Pa3/inNYHbIMHU BHIAaMH a300CIIEPMHUMA ! CONMYTCTBYKOIIIMM BapuUKOLEJI€

B Tabnume 5.1 mpencraBieHbl 3HAYEGHMS]  OCHOBHBIX  IOKa3aTelew,
XapaKkTepU3yIMX TOPMOHAIBHBIM CTaTyC M CIIEPMATOr€HE3, B 3aBUCHUMOCTH OT
nuartoza Mexnay asyms rpynnamu: rpynmna 1 (HOA) u rpynma 2 (OA). Iokazatenu
BkimovatroT ypoBHu @DCI, JII', unrubmna B, TectocrepoHa U OIEHKY HapylIeHUUN

CIICPMATOI'CHEC3A.

Tabnuna 5.1 — 3HaYeHUs TIOKa3aTesei B 3aBUCUMOCTH OT quarHo3a (M+m)

[Toxazatens I'pymma 1 HOA, (n=72) ['pynma 2 OA, (n=32)
@CT, En/n 6,1+1,2 14,6+3,0%*
JIT, En/n 4,8+1,1 7,3+1,4*
Nuarnbun B, nr/mn 89,4+5,8 96,4+8,2
TecroctepoH, HMOJB/1T 5,7£1,5 9,6+2,8%*
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[Tpogomxenue Tadbaus 5.1

[TokazaTens I'pymma 1 HOA, (n=72) I'pynma 2 OA, (n=32)
[Ikama HApYLICHUN

2,3+0,5 3,1+0,6
CIepMaToreHesa

CpaBHHUTENBHBI aHAIM3 IOKa3blBa€T, YTO Yy NAUUMEHTOB u3 rpymmbl OA
HaOMoJa0TCsl 3HauuTenbHo Ooisiee Bbicokue ypoBHH OCI, JII' u TectoctepoHa mo
cpaBHeHuto ¢ rpymnnoid HOA. Otu paznmuuus ABISIFOTCS CTaTUCTUYECKH 3HAYMMBIMU,
YTO MOJKET CBHJIETEIIbCTBOBATh O TOPMOHAJIBHBIX M3MEHEHHMSX, CBSI3AHHBIX C JAHHBIM
JUarHo30M. YpPOBHU MHTMOMHA B He MpoeMOHCTPUpPOBAIM 3HAYUTENBHBIX PA3IAYUMA
MEXAy Tpynmnamu, YTO MOXKET YKa3blBaThb HA €ro CTa0WJIbHOCTh HE3aBUCUMO OT
COCTOSIHUS ITALIUEHTA.

OneHka HapylIeHHWI CIIEpMAaTOreHe3a TakKe IIOKa3blBaCT TEHJEHLUUIO K
yBeIM4eHHIo B rpynne OA, 4To MOXKET yKa3bIBaTh Ha 00Jiee BbIPAXKEHHbBIE MPOOJIEMBI C
JNaHHOW (yHKUMENH. DT pe3ynbTaThl MOAYEPKUBAIOT BAXKHOCTh TOPMOHAIBHOTO (POHA B
KOHTEKCTE JUAarHOCTUKM H IIOAXOJOB K JICYEHUIO HAPYLIEHWHW PENpOAYKTUBHOU
(GYyHKUMMA Y TO3BOJISIIOT IPEAnojiaratb HajaM4he pa3IuyHbIX MEXAHU3MOB, BIUSIOIIMX
Ha CIIEpMAaTOrE€HE3 B 3aBUCHUMOCTHM OT JMAarHosa. JlaHHble MOI'YT CTaTb OCHOBOW s
JATbHENIINX UCCIEA0BAHUI B 001aCTH PENPOIYKTUBHOM SHAOKPUHOJIOTUHA U MY>KCKOTO

3JIOPOBBSI.

5.2 BzaumocBs3b cOCTaBa MUKPOOHMOTHI YPETPbI ¢ KIMHUKO-J1a00pATOPHBIMH

MOKa3aTeJsIMH NANMEHTOB ¢ HeOOCTPYKTHUBHOI a300cnepMueii

Pe3ynbraThl momcka B3aMMOCBS3EH COCTaBa MUKPOOMOTHI YPETPHl C KIMHHUKO-
nabopaTopHbIMU TIOKazatensiMu y mnarueHToB ¢ HOA mpexacraBinensl B Tabmwmie 5.2.
AHaM3 accouuanuii MeXJIy TaKCOHOMHUYECKHM COCTaBOM MHUKPOOHOTHI YPETphl U
KIIMHUKO-TTa00paTOPHBIMU  XapakTepucTukamu y manueHtoB ¢ HOA BwisiBUI psn
CTATUCTUYECKH 3HAUYMMBIX KOPPEJISIMOHHBIX CBS3EH, YKa3bIBAIOIMIMX HA Yy4acTue

YPETPAIbHBIX MHUKPOOHBIX COOOIIECTB B PEryJAlUU JIOKAJIBHOTO TOMEOocTa3a M



pPEenpOAYKTUBHON (PYHKIIHH.
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Tabmuua 5.2 — 3HauMMble KOPPEISAIUU MEXIY MHUKPOOHOTOM YpeTpbl U KIMHUKO-

7a00paTOPHBIMU MOKA3aTEISIMHU y MALMEHTOB C HEOOCTPYKTUBHOM a300CcniEpMUEi

Knunnueckuit nokasarens | Takcon / [Tokazarens MUKpOOUOTHI R p
TecTocTepon ASYV (o6r1ee unciio) —0,349 0,003
TectocTepon Streptomycetaceae -0,350 0,027
OCI Acutalibacteraceae -0,386 <0,001
oCr Desulfovibrionaceae -0,307 <0,001
oCr Lachnospiraceae -0,302 0,012
JIT Acutalibacteraceae -0,434 0,009
JIT Lachnospiraceae -0,366 0,002
JTr Coriobacteriaceae -0,375 0,019
JIT Microbacteriaceae -0,315 0,003
JIT Burkholderiaceae A -0,320 <0,001
JTr Oscillospiraceae -0,329 0,031
JTr Coprobacillaceae —0,308 0,011
WNuruoun B Microbacteriaceae 0,319 0,041
WNurubun B Negativicoccaceae 0,317 0,008
Nurubun B Dermabacteriaceae 0,332 0,004
[Ikana Hapymenuii | Burkholderiaceae A 0,352 0,002
CIICpMATOTCHE3Aa

[TokazaTenu roHaJOTPONHON PEryJsiMU OKa3ajJUCh TECHO CBA3aHBI C COCTAaBOM
MUKpOOHOTHI ypeTpbl. Tak, ypoBenb @CI' 1ocTOBEpHO OTPULIATENBHO KOPPEIUPOBAI C
OTHOCHTENIbHBIM cosiepkanreM Acutalibacteraceae (R = —0,386; p < 0,001) (PucyHok
5.1), Desulfovibrionaceae (R = —0,307; p < 0,001) u Lachnospiraceae (R =-0,302; p =
0,012), a yposens JII' — ¢ uncnennoctoio Acutalibacteraceae (R = —0,434; p = 0,009),
Lachnospiraceae (R = —0,366; p = 0,002) (Pucynok 5.2), Coriobacteriaceae (R = —
0,375; p = 0,019), Microbacteriaceae (R = —0,315; p = 0,003), Burkholderiaceae A (R =
—0,320; p < 0,001), Oscillospiraceae (R =-0,329; p = 0,031) u Coprobacillaceae (R = -
0,308; p = 0,011). OTu gaHHBIE MOTYT yKa3bIBaTh Ha TOPMOHO3aBUCUMYIO MOIYJISIIUIO
MUKPOOHBIX COOOIIECTB, OTPAKAIOIIYI0 M3MEHEHHSI B META0OJUYECKUX M UMMYHHBIX

YCIOBHUSIX YPETPAIBHOU CPEIBL.
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Pucynok 5.1 — Bzaumocssa3p ypoBHs @CI ¢ uncnenHocThio Acutalibacteraceae
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Pucynok 5.2 — B3aumocssass ypoBas JII' ¢ uncinennoctrio Lachnospiraceae

CHmxenue YPOBHA TCCTOCTCPOHA OKa3aJIOChb aACCONMHMPOBAHO C YMCHBIICHHCM

MUKpPOOHOTO pa3HooOpa3usi B ypeTpajibHOM HHUIIE.

YcranoBiieHbI

JOCTOBEPHbBIE
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OTpHUIIATEIbHBIC KOPPENSIMA MEXKIYy YPOBHEM TECTOCTEpPOHA W HHACKCAMHU aibda-
paszHoobpasust — uagekcom Cumrcona (R = -0,326; p = 0,003), uanekcom [llennona (R
= 0,328, p = 0,009), a Takxke OOMMM YHCIOM BapHAHTOB AaAMILJIMKOHHOMU
nocnenoBarenpbHocTd (ASV) (R = —0,349; p = 0,003) (Pucynok 5.3). Kpome Toro,
BBISIBJICHA OTpPHIIATENbHASI CBSI3b MEXKIY YPOBHEM TECTOCTEpPOHA W YHCICHHOCTBHIO
npeacraBuTenei cemeiictBa Streptomycetaceae (R = —0,350; p = 0,027), uto MoOXeT
CBUJIETEIHLCTBOBATh O JECTAOWIM3AIMU MHUKPOOHOW 3KOCHUCTEMBI TPH HaPYIICHUU
CTEPOUIHOM MPOIYKITUH.
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Pucynok 5.3 — BzaumocBs3b ypoBHs TecTocTepoHa ¢ ASV

HaunOosplee KoanyecTBO 3HAYMMBIX acCOLIMAIIMNA HaOromaeTcs i1 MHrnonHa B
— Mapkepa ¢yHKiuu kietok Cepronu. Ero ypoBeHb MONOXHUTEIHLHO KOPPEIUPOBAT C
YUCJICHHOCTBIO MpEeICTaBUTENIEH TaKUX TaKCOHOB, kak Dermabacteraceae (R = 0,332; p
= 0,004) (Pucynok 5.4), Microbacteriaceae (R = 0,319; p = 0,041), Negativicoccaceae
(R =0,317; p = 0,008), Burkholderiaceae_A (R = 0,285; p = 0,025), Acutalibacteraceae
(R = 0,273; p = 0,044) u Coriobacteriaceac (R = 0,261; p = 0,019), yto Moxer

yKa3bIBaTh HA HAIMYUE CIEIMPUICCKUX MUKPOOHBIX MPOQUiICH, aCCOIMUPOBAHHBIX C
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COXPaHEHHOW CIIEPMATOICHHONW aKTUBHOCTHIO M HMMYHOJIOTHYECKAM KOHTPOJIEM B
JTUCTAJIHBIX ~ OTJAENaX IIOJIOBOro TpakTa. Ilpm 3TOM ypoBeHb wuHrHOMHa B
JICMOHCTPUPOBAJI  YMEPEHHYIO OTPHIATEIBHYI0 KOPPEJSIIHI0O C  COJEpKaHHEM
TaKCOHOMUYECKH HeomnpeaenéHubix Mukpooprann3moB (Unassigned) (R = —0,320; p =
0,016), 9TO MOXXET CBUACTEIBCTBOBATh O CHIKCHHMM MHKPOOHOW CHEIU(PUIHOCTH U
HOTCHIIMAILHOM POCTE YCJIOBHO-NIATOTCHHON WM Hepe3uaeHTHOH (iopbl Ha (oHe

HapymieHus QpyHkuuu kietok CepTou.
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Pucynok 5.4 — BzaumocBs3b ypoBHsi uHrHOnHa B ¢ uncnennoctsio Dermabacteraceae

BripaxkeHHOCTh U3MEHEHUH, OLICHEHHAs T10 LIKaJle HAPYLICHUN CIIEpMaTOTreHesa,
TAK)KE€  acCOIMMPOBaaCh C  OCOOCHHOCTSAMHM MHUKPOOHOTO  COCTaBa  ypeTphl.
VYcTaHOBIEHBI OTPUIATENBHBIC KOPPEISIIIMN MEXAY OauiaMy 1O IIKaJIe W HWHACKCOM
Cumncona (R = -0,317; p < 0,001), ungekcom Ilennona (R = -0,312; p = 0,003), a
TaKXK€  COAEPKAHMEM  TAaKCOHOMHUYECKHM  HEOMPEICIEHHBIX  MHKPOOPTAHU3MOB

Unassigned (R = -0,282; p = 0,011). Dtu naHHbIe YKa3bIBAIOT Ha CHHKECHHE
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MUKPOOHOTO pa3HOoOOpaswsi W YBEIWYEHUE JIOJM HEONpPENeIEHHBIX TAaKCOHOB IPHU
HajmnunK Bocnasienus. HampoTtus, monoxutenpHas koppensinus ¢ Burkholderiaceae A
(R = 0,352; p = 0,002) (Pucynok 5.5) moarBep:kaaeT paHee ONHMCAHHBIC JAaHHBIC O
BOBJICUYEHHOCTH JAHHOTO TAaKCOHA B BOCIAJIWTEIBHBIC IMPOIECCHI YPOTEHUTATHHOTO
TpakTa W TO3BOJSET pacCMaTpuUBaTh €ro KaK BO3MOXKHBIA MHKPOOHBIH MapKEp

JTUCPETYJISIIIUY CIIU3UCTOT0 UMMYHHOTO Oaphbepa.
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Pucynok 5.5 — B3auMocBsI3b Moka3aTesnei MKajlbl HApYILIEHU CIEpMATOIreHE3a C

yrcinenHocteio Burkholderiaceae A

Takum o6pa3zom, Mukpobmora yperpbl y marueHtoB ¢ HOA nemoHcTpupyer
CIIOKHBIC W 3HAYMMBIC CBS3W C KIIOUEBBIMU TapaMeTpaMH TOPMOHAJILHOTO (oHa,
BOCIMIAJMTENIBHOTO CTaTyca M (DYHKIIMOHAJIBHOW AaKTUBHOCTH CIEpMaToreHe3a. ITH
JAHHBIC TTOAYCPKUBAIOT TIOTCHIMAJIBHYIO 3HAYUMOCTh YPETPATbHBIX MHUKPOOHBIX
COOOIIIECTB B IMAaTOTCHE3¢ MY)KCKOTO OECIIONNS M OTKPBIBAIOT TICPCIICKTHUBBI IS
JTATbHEHIINX WCCIICIOBAHUM, HAIPABIEHHBIX HA N3YYECHUE MEXaHW3MOB MUKPOOMOMHO-

9HAOKPHUHHOI'O BSaHMOHGﬁCTBHH.
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5.3 Pe3yabTaThl NOMCKA B3aMMOCBSI3€eil COCTABA MUKPOOHOTHI YPETPbI ¢ KIMHUKO-

J'IaﬁOpaTOle)IMI/I NnoKa3aTejJasIMi MAaluCHTOB C OﬁCprKTHBHOﬁ asoocnepMneifl

VYV manuentoB ¢ OA ObUIM BBISIBIEHBI CTaTUCTUYECKU 3HAYMMBIE acCCOIMALUU
MEXJYy TaKCOHOMHUYECKUM COCTaBOM YpEeTpPaJbHOM MHUKPOOMOTHI M OCHOBHBIMHU
KJIMHUKO-Ta00paTOPHBIMU  MMapaMeTpamMH,  XapaKTEepU3YIOIMMU  TOPMOHAJIbHBIN
nporib, BOCTIAMTEIIbHBIE M3MEHECHHSI M COCTOSIHHE criepMaroreHnesa. [lomydeHHbIe
JTAaHHBIE MOJYEPKUBAIOT MOTEHIIUAIBHYIO POJIb YPETPAIbHOU MUKPOOUOTHI B ITATOTCHE3E
OA, HecMOTpsi Ha COXpPaHEHHYIO CHEpPMATOreHHYH (YHKIUIO NMpU JaHHOU (dopme
OecILIOaHSI.

Yposenb OCI' 1eMOHCTpUPOBAIT TOJOXKUTEIBHBIE KOPPETSIUU C YUCIEHHOCTHIO
HECKOJIbKMX OakTepuanbHbIX cemeiicTB: Burkholderiaceae A (R = 0,419; p = 0,018),
Neisseriaceae (R = 0,409; p = 0,010), Obscuribacteraceae (R = 0,406; p = 0,004) u
Chitinophagaceae (R = 0,435; p = 0,013) (Ta6suna 5.3; Pucynok 5.6).

Tabnuna 5.3 — 3HaurMble KOPPENISAIMHA MKy MUKPOOUOTOM TKaHU YPETPhI U KIIMHUKO-

7a00paTOPHBIMU MOKA3aTENSIMU Y MALIMEHTOB C OOCTPYKTUBHOM a300cniepMueit

Knunnyeckuit nokazarens | Takcon / [Tokazarens MUKpOOUOTHI R p
oCT Burkholderiaceae A 0,419 0,018
OCI Neisseriaceae 0,409 0,010
OCI Obscuribacteraceae 0,406 0,004
oCT Chitinophagaceae 0,435 0,013
JIT Nnnexc Cumicona -0,386 0,029
WNurubun B Staphylococcaceae -0,433 0,013
Nuruoun B Bifidobacteriaceae 0,405 0,013
Nurubun B Veillonellaceae 0,400 0,034
WNuruoun B Neisseriaceae -0,392 | <0,001
Tecroctrepon Mycoplasmoidaceae -0,375 0,034
[Ikana HapyieHui | Acetobacteraceae 0,373 0,015
CIICPMATOTCHEC3a

[Ikana HapyIIeHui Actinomycetaceae 0,400 0,021
CIICPMATOTCHEC3a

[IIkana HapyieHui | Leptotrichiaceae -0,495 0,004
CIIEpMATOTCHE3Aa
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Pucynok 5.6 — Bzaumocssi3s yposast OCI ¢ uucnennoctsio Chitinophagaceae

[TosyueHHbIE JTaHHBIE OTPaXKAlOT CBSA3b MEKJIYy TOPMOHAJIBHOM peryisauuen u
JIOKAJIbHOM MHUKPOOHOW Cpeloil ypeTphl, a TakKe MOTEHIIMAIbHOE yJacTHe YKa3aHHBIX
TAKCOHOB B IpoLiecCax PEeryysiiuy MyKO3aJbHOTO UMMyHHTETa. OCOOEHHO MHTEpecHa
MOJIOKUTENbHAS CBsI3b C Neisseriaceae, YYHTHIBas y4dacTHE IMPEACTABUTEICH 3TOTO
ceMeiicTBa B KOJIOHM3AIlMM CJIM3UCTOM IMOJIOBBIX IyT€M U BO3MOXHYIO pOJb B
MOJYJIALIMA UIMMYHHOT'O OTBeTa. [[J1s1 JII0TeMHU3HUPYIOIIEero ropMoHa ObUla yCTaHOBJIEHA
oTpuIaTenbHas koppeisusa ¢ uaaekcom Cumncona (R = —0,386; p = 0,029) (PucyHok
5.7), 9TO0 MOXKET CBUIETEIHCTBOBATh O CHWIKEHWHW MHKPOOHOTO pa3HOooOpasusi mpu
MTOBBIIEHHOM CEKPELMU TOHAIOTPONMHA. ITO MOXKET OTPAKATH CUCTEMHOE BisiHuE JII°
HA UMMYHHYIO PETYJSALHI0 CIU3UCTON OOOJOYKHM WITM, HAMPOTHUB, BOCIIATUTEIIBbHBIN

OTKJIMK, BIIMSIOIINA Ha COCTaB MUKPOOHOT'O COOOIIIECTBA.
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Pucynok 5.7 — B3aumocss3p ypoBHs JII' ¢ uHaekcom Cumncona
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[Tokasarenn, Xapakrepusymoomue (yHKIUIO KiIeTok CepToiii, TakkKe MOoKa3aid
ornpeaenEHHble accoruanuy. Tak, ypoBeHb HHTHOMHA B MON0XHUTEIEHO KOPPETHpOBAIT
C uucleHHOCThIO mnpencraButened Bifidobacteriaceae (R = 0,405; p = 0,013) u
Veillonellaceae (R = 0,400; p = 0,034), 9T0, BO3MOXHO, OTPaKaeT CBS3b MEXKIY
COXpaHEHHOW CIIEPMATOTCHHON AaKTHUBHOCTBIO W TIPUCYTCTBHEM TaKCOHOB C
MOTEHIINATHHO MPOOMOTHYESCKIMH U MPOTHBOBOCHIAIMTEILHBIMU CBOMCTBaMHU. B TO ke
BpPEMS BBISBIICHBI OTPHIIATEIbHBIC KOPPEISAINNA MKy HHTHOMHOM B M 4HCIEHHOCTBIO
Staphylococcaceae (R = -0,433; p = 0,013) (Pucynok 5.8), a Tak:ke Neisseriaceae (R =
—0,392; p < 0,001), yT0o MOXET CBHAETEILCTBOBATh O HEOJIATONMPHUATHOM BIUSHUU
JaHHBIX ~ MHKPOOHBIX TPYIIl HA  JIOKAJbHBIC  YCIOBHUSA,  IOJACPKHUBAIOIIHIEC

GyHKIHOHATBLHOCTD Ki1eTOK CepTomu.
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Pucynok 5.8 — BzauMocBsi3b ypoBHs HHruOuMHa B ¢ urcnenHocThio Staphylococcaceae

YpoBeHb TECTOCTEPOHA MPOJAEMOHCTPUPOBAT OTPUIIATEIBLHYIO KOPPEIALHIO C
YUCJICHHOCTBIO TIpeAcTaBuTeNe cemeiictBa Mycoplasmoidaceae (R = —0,375; p =
0,034) (Pucynok 5.9), 4To MOKET yKa3bIBaTh Ha BO3MOYKHYIO CBSI3b MKy CHHIKCHHEM
aHJPOTEHHOW AKTUBHOCTH W  KOJIOHHM3AIlUEH  ypeTphl  yCIOBHO-ITATOTCHHBIMH
MHUKOIIJIa3MaMH, HW3BECTHBIMH CBOWM YyYacTHEM B XPOHHUYECKHUX BOCIATUTEIHHBIX

IpoLeccax ypOr€eHUTAIBHOIO TPAKTA.
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YpoBeHb TeCTOCTEPOHA
(=]

Mycoplasmoidaceae =
PucyHok 5.9 — B3anMocCBsA3b ypOBHS TECTOCTEPOHA C YHCICHHOCTBIO

Mycoplasmoidaceae

BripaxkeHHOCTh BOCTIAIMTENIbHBIX U3MEHEHUH, OIIEHEHHAs MO IIKajie HApYIICHUM
cCriepMaToreHe3a, TakKe MPOJACMOHCTPUPOBAia 3HAYUMBIE KOPPEISLUU C PAIOM
TakcoHOB. [lonoxuTenbHas koppensiius Obluia BbisiBIeHA 11l Acetobacteraceae (R =
0,373; p = 0,015), Torma kak OTpHUIIATEIbHbIE AaCCOLMAIMA HAOIIOJAINCH C
Actinomycetaceae (R = —-0,400; p = 0,021) u Leptotrichiaceae (R = —0,495; p = 0,004)
(Pucynok 5.10). [TocnenHss U3 HUX SBJISIETCS HAUOOJIEE BHIPAKEHHOM O CTCTICHU CBSI3U
U MOXET yYKa3bIBaTh HA CHMYKEHUE YUCIICHHOCTH OTPEACIIEHHBIX OaKTEPUATBHBIX TPy
Py HapacTaHWH BOCHAJIUTEIBHBIX W3MEHCHHH, BEPOSTHO BCJICACTBHE WMMYHHOTO

OTBETA WM U3MEHEHUS YCIIOBUN yPETPAIbHOU CPEJIBI.
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Pucynok 5.10 — B3auMocBsi3b noka3aTesnei mKajabl HapyIIeHU CIEPMATOTeHE3a C

yrcIeHHOCThI0 Leptotrichiaceae
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Takum oOpaszom, wmukpoOuora yperpsl mpu OA XxapakTepusyercs psaoM
3HAQYMMBIX aCCOLUMALNM C YPOBHAMHM TOHAJOTPOIHMHOB, AHJIPOTCHOB U MapKepOB
BOCHAJICHUS. OTU JAaHHbIE TMOATBEPKIAIOT Y4YacTHE YpPETpPaJIbHONM MHUKPOOHOU
HKOCUCTEMBI B JIOKAJIBHOM pEryjasiiud HMMYHHOro OajaHca M IOJYEPKHUBAIOT €€
BO3MOXKHYK) JIHarHOCTMYECKYI0 WM IPOTHOCTUYECKYK) IIEHHOCTh IIPU OLICHKE
COCTOSIHAS MY)KCKOTO PENPOAYKTUBHOIO TpaKTa JaK€ B YCIOBHUSAX COXPAaHEHHOIO

CIICPMATOICHE3A.

5.4 Pe3ybTaThl NOMCKA B3aMMOCBSI3€i XaPAKTEPUCTHK MUKPOOHOTHI TKAHU
SIMYKA ¢ KJIMHUKO-JIA00pPaTOPHBIMH MOKA3ATEJAMHM NALMEHTOB C

HEOOCTPYKTHMBHOM azoocnepMuei

[IpoBenEHHBIN KOPPEISIHIUOHHBIN aHAJIW3 TO3BOJIMJI BBIIBUTH CTATUCTUYECKH
3HAUMMBbIE aCCOIMAIIMU MEXIY XapaKTepUCTUKaMH MHUKPOOMOTHI TKaHU SHYKa U
KJIIMHUKO-1a0opaTopHbiMK  Tlapamerpamu y nanueHToB ¢ HOA. VYcraHoBiieHbl
MHOTOYMCIICHHBIE CBSI3M MEXIY MHUKPOOHBIMM TaKCOHAMH M YPOBHSIMU TOJOBBIX
TOPMOHOB, MapKEpaMH CIIEPMATOrE€HEe3a, a TAKKE BBIPAXKEHHOCTHIO BOCHAIUTEIIBHBIX
W3MEHEHUM.

Kak Bumno u3 TabGmuiel 5.4, BBISBICHBI OTPHUIATEIbHBIC KOPPETSALUUA MEXKIY
ypoBHeM OCI" u paznuyHbIMH MOKa3aTEIIMA MHUKPOOHOTO Pa3HOOOpa3usi U COCTAaBOM
TECTUKYJISIPHOM MHKPOOUOTHI, YTO MOXET YKa3blBaTh Ha BO3MOXKHOE IOJaBJICHUE
JIOKaJIBHOTO MHUKPOOHOTO pa3HOOOpa3usi TpPH BHIPAKEHHON THIEPTrOHAJI0TPOITHON

CTUMYJIALINN.

Tabmuma 5.4 — 3HauuMble KOPPEISIIIUN MEXKY XapaKTEPUCTHKAMU MUKPOOMOTHI TKAaHU

SJUYKa " KJII/IHI/IKO-J]360paTOpHBIMI/I IMOKa3aTcsiMU |y MallMCHTOB C HCO6Cpr1(THBHOI71

azoocrnepmMuen
ITokazarens Taxcon / Ilokazarens MUKpOOHOTHI R p
OCT duoreHeTUYECKoe pasHooOpas3ue -0,314 0,007
oCT Lactobacillaceae —-0,383 <0,001
OCT Streptococcaceae —0,357 0,012
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[Tponomxenue Tabauisl 5.4

ITokaszarens Takcon / [loka3aTesnb MUKpPOOHOTEI R p
OCT Veillonellaceae 0,332 0,034
OCI Moraxellaceae 0,340 0,028
OCI Pasteurellaceae -0,317 0,041
OCI Xanthomonadaceae -0,312 0,015
JIT ASYV (o6miee uncio) —0,312 0,006
JIT Lactobacillaceae -0,320 0,017
JIT Moraxellaceae -0,393 <0,001
JIT Porphyromonadaceae 0,303 0,004
JIT Flavobacteriaceae -0,400 0,001
JIT Dermatophilaceae 0,344 0,030
JIT Sphingobacteriaceae 0,342 0,024
JTr Salinicoccaceae -0,304 0,046
Nuruoun B Bacteroidaceae 0,409 0,028
Nurnoun B Burkholderiaceae_A 0,445 <0,001
Nurubun B Pasteurellaceae 0,479 <0,001
Nuruouu B Aerococcaceae 0,318 0,016
WNuruoun B Acutalibacteraceae 0,375 0,004
Nuruoun B Coriobacteriaceae 0,326 0,014
TectocTepon Burkholderiaceae A 0,328 0,001
Tecroctepon Actinomycetaceae 0,404 <0,001
TecTocTepon Streptomycetaceae 0,368 0,024
[lkana Hapymenuii | Burkholderiaceae A 0,309 0,008
CIICPMATOIcHC3a

Illkana  wapymenuit | Pseudomonadaceae 0,289 0,006
CIICPMATOIcHEC3a

[IIkana Hapymienuii | Acutalibacteraceae 0,259 0,019
CIICPpMATOTCHE3A

[kama HapymeHUH Pasteurellaceae 0,297 0,034
CIICPMATOIcHEC3a

Hlkana Hapymenuii | Dermabacteraceae 0,293 0,027
CIICPMATOTCHEC3a

[IIxana HapyieHnui | Marinococcaceae 0,232 0,036
CIIEpMATOTCHE3A

[Ikana Hapymenuii | Coprobacillaceae 0,266 0,022
CIICPMATOTCHEC3a

[Ikana  wapymenuii | Haliangiaceae 0,254 0,013
CIICPMATOTCHEC3a

[IIkana Hapymenuii | Caulobacteraceae 0,244 0,047

CIICpMATOTCHE3A
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Pucynok 5.11 — B3zaumocssi3b yposast @CI' ¢ uncinennoctrto Lactobacillaceae

AHaJIIOTMYHBIM 06pa30M, YPOBCHb JII' mokaszajx cTaTUCTUYECKU 3HAYUMYIO
OTPHIIATEILHYIO Koppelsuio ¢ oomuM unciaom ASV (amplicon sequence variants) (R
=-0,312; p = 0,006), a Takxke ¢ OTHOCHTENBHBIM conepkanreM Lactobacillaceae (R = —
0,320; p =0,017), Moraxellaceae (R =-0,393; p < 0,001), Porphyromonadaceae (R = —
0,303; p = 0,004), Flavobacteriaceae (R = -0,400; p = 0,001) (Pucynox 5.12),
Dermatophilaceae (R = -0,344; p = 0,030), Sphingobacteriaceae (R = -0,342; p =
0,024) wu Salinicoccaceae (R = -0,304; p = 0,046). OTu pAaHHBIE MOTYT
CBUIACTCIIBCTBOBATH O CHCTCMHOM BJIUSIHUAU FOH&I[OTpOHHOﬁ JUCPCTYIIOMKY  Ha

JIOKaJIbHbIE MUKPOOHBIE COOOIIECTRA.
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Flavobacteriaceae =

Pucynok 5.12 — B3aumocss3b yposas JII' ¢ uncnennocteio Flavobacteriaceae
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B mpoTuBOmonoXHOCTH 3TOMY, YpOBeHb HHruobuHa B, orpaxaromuit
(GYHKIIMOHATBHYIO AKTUBHOCTh KJIETOK CepToiM, MOJOXKUTEIBHO KOPPETUpoBal ¢
YHCICHHOCTHIO PAa3JIMYHBIX OaKTepHalbHBIX TakcoHOB: Bacteroidaceae (R = 0,409; p =
0,028), Burkholderiaceae A (R = 0,445; p < 0,001), Pasteurellaceae (R = 0,479; p <
0,001) (Pucynoxk 5.13), Aerococcaceae (R = 0,318; p = 0,016), Acutalibacteraceae (R =
0,375; p = 0,004) u Coriobacteriaceae (R = 0,326; p = 0,014), yTo MOKET yKa3bIBaTh Ha
BO3MOXKHYIO CBSI3b MEXJy COXpaHEHHON (yHKUIMEH TMOANEPKUBAIOIINUX KIETOK U

HaJIMYHUEM OMpPeNeIEHHON TECTUKYISIPHON MUKPOOHOTHI.
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Pasteurellaceae =

Pucynok 5.13 — B3aumocBsi3b ypoBHs uHrHOnHa B ¢ uncinenHocteio Pasteurellaceae

KpOMe TOIro, YPOBCHb TCCTOCTCPOHA TIIOJOKHUTCIIBHO ACCOIMHUPOBAJICA C
npeacrasutessmu Burkholderiaceae A (R = 0,328; p = 0,001), Actinomycetaceae (R =
0,404; p < 0,001) (Pucynok 5.14) u Streptomycetaceae (R = 0,368; p = 0,024), uto
TAK)K€ MOXKET OTpaxaTb POJIb AHAPOTCHHOM PETYJSALUMU B  MOJAJEPKAHUU

OINPEJEIEHHOr0 MUKPOOHOTO OaliaHca.
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Pucynok 5.14 — B3auMocBsi3b YpPOBHSI TECTOCTEPOHA C YUCIEHHOCTHIO

Actinomycetaceae

I/IHTepeCHHe 3dKOHOMCPHOCTHU Ha6J'IIO,Z[aJ'II/ICL IIpx ONCHKC BBIPAKCHHOCTH
BOCITAJINTEJIBHBIX M3MEHEHU O IIKAJIE HAPYLWIEHNH criepMaTorene3a. OTHOCUTENbHOE
oounmue Burkholderiaceae A mokasano yMepeHHYIO IMOJIOKHTEIBHYIO KOPPEJSIHIO C
Ooammamu mo mkame (R = 0,309; p = 0,008) (PucyHok 5.15), 4To mMO3BOJSCT
MPEANOJIOKUTh ydacTHE TMPEeACTaBUTEICH JMaHHOTO TaKCcoHa B (opMUpOBaAHUU
JIOKAJIBHOT'O BOCIHAJIUTCIBbHOI'O OTBETa. Taxoxe CTaTUCTHNUYECKU 3HAYUMBIC
IMMOJIOKUTCIIBHBIC KOppesIMU C YPOBHCEM BOCIIAJICHUSA ObLIH 33(1)I/IKCI/IpOBaHBI JJIs
Pseudomonadaceae (R = 0,289; p = 0,006), Acutalibacteraceae (R = 0,259; p = 0,019),
0,293; p = 0,027),
Marinococcaceae (R = 0,232; p = 0,036), Coprobacillaceae (R = 0,266; p = 0,022),
Haliangiaceae (R = 0,254; p = 0,013) u Caulobacteraceae (R = 0,244; p = 0,047), uro

Pasteurellaceae (R = 0,297; p = 0,034), Dermabacteraceae (R

MOJXXET CBUACTCIBCTBOBATH 00 ux POJIN B IATOICHE3C XPOHUYCCKOTO BOCIIAIUTCIBHOI'O

nporiecca.
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Burkholderiaceae_A =

PucyHok 5.15 — B3auMocBs13b IOKa3aTeNe MIKalbl HAPYLIEHUN CIEPMATOTEHE3A C

yrcienHocTeio Burkholderiaceae A

Takum o0Opa3oM, MOJy4YEHHBIE [AHHBIE YKa3bIBAIOT HA HAJIMYME CIOXKHBIX
B3aHUMOCBSI3€M MEXAY TOPMOHAJIBHBIM CTaTyCOM, BOCHAIMTEIBHBIMM MAapKEepaMu U
CTPYKTYpOi MHKPOOHBIX COOOIECTB TKaHW simdyka y marueHtoB ¢ HOA, gacTth u3
KOTOPBIX MOXET OBbITh KIMHHUYECKH 3HAYUMOW M TpeOyeT JaJbHEHUIIero u3ydeHus B

paMKax NaToreHesa HapylleHUH ClIepMaTOreHe3a.

5.5 BzaumMocBsA3b cOCTaBa MUKPOOMOTHI TKAHU SIMYKA ¢ KJIMHUKO-I1A00paTOPHBIMHU

NMOKAa3aTeJsIMH MAUMEHTOB C 00CTPYKTHBHOM a300CIepMHei

Koppensiuonnslii  aHanu3, NPOBEAEHHBI y TAIlMEeHTOB € OOCTPYKTHUBHOU
dbopmoii a3o0cnepMHuM, BBISIBUN Psii CTATUCTHMUECKH 3HAYMMBIX ACCOLUMALUNA MEXIY
TaKCOHOMUYECKUM COCTaBOM MHUKpPOOHOTHI TKaHM SIMYKA U KJIHOYEBBIMU KIMHUKO-
71a00paTOPHBIMU MIOKA3aTEeIsIMH, OTPAXKAIOIIUMHU TOPMOHAJIBHBIN CTaTyc,

CIIEPMATOr€HHYI0 aKTUBHOCTh U HAJIMYKE BOCTIAIUTEIbHBIX n3MeHeHul (Tabnuua 5.5).



Tabnuna 5.5 — 3HaunMBble KOPPEISILIMA MEXTy MUKPOOUOTON TKaHH SWYKA U KIMHUKO-
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7a00paTOPHBIMU MOKA3aTEISIMHU y MALMEHTOB C OOCTPYKTUBHOM a300CIIEpMUEN

CIICPMATOTCHEC3a

Knunnueckuii mokaszarens | Takcon / ITokasarenn R p
MUKpPOOUOTHI
OCT Streptococcaceae 0,659 <0,001
OCI Ilumatobacteraceae 0,368 0,028
OCI Rhodanobacteraceae -0,387 0,014
Jr Streptococcaceae 0,490 0,004
JIT Weeksellaceae 0,424 0,048
JIT Porphyromonadaceae 0,397 0,037
Nuruoun B Bacteroidaceae 0,459 0,010
Nuruoun B Acetobacteraceae 0,381 0,022
Nurubun B Enterobacteriaceae_A 0,537 <0,001
Nurubun B Dialisteraceae 0,489 0,031
Nuruoun B Pasteurellaceae 0,386 0,044
Nurnoun B Bacillaceae_H 0,379 0,027
Nuruouu B Marinococcaceae 0,386 0,039
Nuruoun B Oscillospiraceae 0,563 <0,001
WNuruoun B Coprobacillaceae 0,430 0,002
Nurubun B Beijerinckiaceae 0,417 0,037
Nuruouu B Peptostreptococcaceae 0,372 0,049
Nurubun B c__Polyangia;.o_ DRWMOZL;f_J 0,381 0,012
AAZOPO1
HNurubun B Coriobacteriaceae 0,479 0,024
Nuruoun B Listeriaceae 0,433 0,008
Nuruoun B c__Alphaproteobacteria; _; 0,379 0,038
HNurubun B Xanthobacteraceae 0,528 0,019
WNurubun B 0__Vicinamibacterales; 0,501 0,009
f  UBA2999
Nurubun B 0__ Burkholderiales; f SG8-39 0,463 0,015
HNurubun B Rhodanobacteraceae 0,458 0,043
Nurubun B o__ Bacillales B;f DSM-18226 0,366 0,046
Nurnbun B Streptosporangiaceae 0,376 0,038
TectocTepon Bacteroidaceae 0,388 0,014
TecTocTepon Dermabacteraceae -0,441 0,012
Tecroctrepon Pelagibacteraceae -0,390 0,040
[Ikana Hapymenuii | Burkholderiaceae_ A -0,379 <0,001
CIIEpMaTOTCHE3A
[Mxamna HapyuieHuii | Aerococcaceae 0,379 0,017




[Tponomxenue TadbmUIbI 5.5
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Kinunnueckuit mokazarens | Takcon / [TokazaTenn R p
MHUKPOOHOTHI
[Ikana napymenuii | Veillonellaceae -0,361 0,009
cIiepMaToreHesa
[Ikana napymenuii | Obscuribacteraceae -0,390 0,023
criepMaToreHesa
[Ikama Hapymenunii | Chitinophagaceae -0,408 0,002
criepMaToreHesa
[Ikana napymenuii | ¢ _Polyangia;.o DRWMO01;f _J 0,437 0,012
criepMaToreHesa AAZOPO1
[Ikana Hapymienuii | Haliangiaceae -0,431 0,009
criepMaToreHe3a
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Streptococcaceae =

Pucynok 5.16 — Bzaumocss3b ypoBHs @CI' ¢ uncnenHocThio Streptococcaceae

ITockonbky npu OA ypOBHHU TOHAJOTPOMMHOB OOBIYHO HE TOBBIIIEHBI, TaKUE

acconmannmn MOTYT OTpaxXaTb 0COOEHHOCTH MECTHOM

MUKPOOHOU  Cpefbl,

IIOTCHIIUAJIBHO BOBJICUEHHOM B pPETYIAONI0 HMMMYHHBIX IIPOLECCOB B YCIOBHUAX

ooctpykimu. JII'  Takxke

ITOJOXHUTCIIBHO KOppCInpoOBal C

YHUCJICHHOCTBIO
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Streptococcaceae (R = 0,490; p = 0,004) (Pucynok 5.17), a Takke C TaKCOHAMH
Weeksellaceae (R = 0,424; p = 0,048) u Porphyromonadaceae (R = 0,397; p = 0,037),
4TO MOXKCT YKa3bIBdTb Ha OIIOCPCAOBAHHOC BJIMSAHHC aHIIPOFCHHOfI OCHU Ha COCTaB
JOKAJIbHOM MHUKpPOOMOTHI WM, HAa00OpOT, Ha HWMMYHOMOJYJIHpPYIOIIEE JCHCTBHUE

yYKa3aHHBIX MUKPOOHBIX TPYIII, aCCOMUPOBAHHBIX C MPOAYKIIUEH TOHAOTPOITMHOB.
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Streptococcaceae =

Pucynox 5.17 — B3aumocssi3b yposns JII' ¢ uncnennoctsio Streptococcaceae

OcoOblil MHTEpEC MPEACTABISAIOT KOPPEISAUUN MEXKIY MUKPOOHMOTOM M ypOBHEM
uHrubnHa B — Ounomapkepa (QyHKIIMOHAJIBHOW AaKTUBHOCTH KieTok Cepronu W,
KOCBEHHO, COXpPaHEHHOTO cCIiepMaToreHe3a. YpoBeHb MHrubumHa B mokazan
MHOTI'OYHCJIICHHBIC ITIOJIOKUTCIIBHBIC KOPPCIIHUU C pPa3iIndHbIMU 6aKTepI/IaJII>HBIMI/I
TakcoHamH, BKIro4as Bacteroidaceae (R = 0,459; p = 0,010), Acetobacteraceae (R =
0,381; p = 0,022), Enterobacteriaceae_A (R = 0,537; p < 0,001), Dialisteraceae (R =
0,489; p = 0,031), Pasteurellaceae (R = 0,386; p = 0,044), Bacillaceae H (R=0,379; p
= 0,027), Marinococcaceae (R = 0,386; p = 0,039), Oscillospiraceae (R = 0,563; p <
0,001) (Pucynok 5.18), Coprobacillaceae (R = 0,430; p = 0,002), Beijerinckiaceae (R =
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0,417; p = 0,037), Peptostreptococcaceae (R = 0,372; p = 0,049), Coriobacteriaceae (R
= 0,479; p = 0,024), Listeriaceae (R = 0,433; p = 0,008), Xanthobacteraceae (R =
0,528; p = 0,019), a Takxke Cc PsAAOM TAaKCOHOB, 0003HAYCHHBIX Ha 00Jiee BHICOKOM
TaKCOHOMHYECKOM YypoBHe (Hampumep, O__Vicinamibacterales;f UBA2999 — R =
0,501; p = 0,009, o_Burkholderiales;f SG8-39 — R = 0,463; p = 0,015,
0__ Bacillales_B;f DSM-18226 — R = 0,366; P = 0,046,
c_ Polyangia;.o DRWMO1;f JAAZOPOl1 — R = 0,381; p = 0,012). Dt naHHBIC
MOTYT OTpaxaThb (OPMHUpPOBaHUE OJAroNMpUITHOM MHUKPOOHOM cpenbl Ha (¢GoHe

coXpaH€HHOU (pyHKIMHK KieToK CepTosii ¥ NOAAEp KaHHs JOKAIBHOTO TOMEOCTa3a.
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Oscillospiraceae =

Pucynok 5.18 — B3aumocssi3b ypoBHst nuaruOuHa B ¢ uncinennocteio Oscillospiraceae

YpoBEeHb TECTOCTEpOHA MPOAEMOHCTPUPOBAN PA3HOMPABICHHBIC KOPPEISIIHN:
noyioxkuTenbHyto ¢ Bacteroidaceae (R = 0,388; p = 0,014) u orpunarenbHbie ¢
Dermabacteraceae (R = —0,441; p = 0,012) (Pucynok 5.19) u Pelagibacteraceae (R = —

0,390; p = 0,040). Ilocneguue MOryT OBITh HMHTEPIPETHPOBAHBI KAK OTPAKEHUE
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MUKpPOOHOTO aucOanaHca MpU CHUKEHHHM aHAPOTEHHOM CTUMYJSIUHU, YTO Tpedyer

AOIOJHUTCIIBHOI'O N3YUCHH.
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Dermabacteraceae =

Pucynok 5.19 — B3auMocBs3b YPOBHS TECTOCTEPOHA C YUCIEHHOCTBIO

Dermabacteraceae

AHaJIi3 B3aUMOCBSI3U C BHIPAXKEHHOCTHIO BOCTIAIUTEIIBHBIX U3MEHEHUI 10 IITKAJIe
HAapyLICHUH CIIEpMATOT€HE3a TaKkKe IMOKa3al psifl 3HAUMMBIX Koppesauui. B yactHoCTH,
ObUTM BBISIBJICHBI OTpHUIATEIbHBIC CBA3M ¢ 4uciaeHHOCThIO Burkholderiaceae A (R = —
0,379; p < 0,001), Veillonellaceae (R = -0,361; p = 0,009), Obscuribacteraceae (R = —
0,390; p = 0,023), Chitinophagaceae (R = —0,408; p = 0,002), Haliangiaceae (R = —
0,431; p = 0,009) u Takcona ¢__Polyangia; o DRWMO01; f JAAZOPO1 (R = -0,437;
p = 0,012) (Pucynok 5.20). DT KOppesSIMHd MOTYT yKa3biBaTh Ha MOTCHIIMAILHOE
CHUYKEHHE YUCJIEHHOCTHU MUKPOOHBIX rpymnmn c npeArnojiaraeMomn
MPOTUBOBOCIAJIUTEIILHOW aKTUBHOCTHIO Ha (oHE (HOPMUPOBAHUSI BOCHATUTEIHLHOIO

mpoliecca B TECTUKYIISIPHOM TKaHU MPU OOCTPYKTUBHON a300CTIEPMHUH.
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¢__Polyangia;.o__ DRWMO01;f_JAAZOPO01 =

Pucynok 5.20 — B3auMocBs3b IOKa3aTeNE MIKaJIbl HAPYLIEHUN CLIEPMATOTEHE3A C

gyucienHocteio C__Polyangia; o DRWMO1; f  JAAZOPO1

Takum oOpazoM, MUKpOOMOTa TKaHH sinuka ipu OA JTEeMOHCTPUPYET MHOKECTBO
3HAUYMMBIX aCCOIHAIUNA C TOPMOHAJIBHBIMH M BOCTAIUTEIBLHBIMH TapaMmeTpamMu. B
OTIIMYME OT HEOOCTPYKTUBHOW (opmbI, 31ech HabOmomaeTcs mpeolIagaHue
TIOJIOKHUTEIIBHBIX KOPPEISAIUA MEXITYy MHUKPOOHBIMH TaKCOHAMH M YPOBHEM WHTHOWHA
B, 4To MOXeT yKka3plBaTh Ha pPa3IUYHYI0 CTPYKTYPY MHUKPOOHBIX TATTEPHOB B
3aBUCUMOCTH OT TIATOTEHETUYECKOTO BapuaHTa a300CIEepMHUHU. OTH JIAHHBIE
MOMYEPKUBAIOT BAXKHOCTh Y4ETa MHUKPOOHOTO KOMIIOHCHTA B KOMIUICKCHOM OIICHKE

MY>KCKOT'O OECTIOIUS.
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I'TABA 6. PABPABOTKA MOJAEJIA ITPOI'HO3UPOBAHUSA PE3YJIBTATOB
IMPOT'PAMM BCIIOMOI'ATEJIBHBIX PEITPOAYKTUBHBIX
TEXHOJIOT'MA HA OCHOBAHUU XAPAKTEPUCTUK MUKPOBHUOThI
SIMYKA U YPETPBI AIIMEHTOB C A300OCHEPMUEN

B  pamkax  Hacrosmero - HMCCleIOBaHUA ~ OBUTM  MpPOaHATM3UPOBAHBI
MUKPOOMOJIOTUYECKHE TIMapaMeTphl y TMAlWeHTOB ¢  Pa3Iu4HbIMA  (opMamMu
a300CIIEpMUH, C YIETOM UCXOJ0B mpuMeHeHus BPT.

Bcero uccnenoano 208 06pa3ios, noiaydeHHbix oT 104 maruenToB. OT KaXa0ro
nanueHTa ObUIO MOJIYYEHO JiBa TUMa 0Opa3lioB — OMONTATHI TKAHU SIMYKAa U Ma3Kd U3
ypetpsl. [larmenTsl ObuM CTpaTUGUIIMPOBAHBI IO ABYM OCHOBHBIM JIMArHOCTHYECKUM
kateropusim — HOA u OA - ¢ nocieayromum pasaesieHueM no pesyibraram BPT.

Y 72 nammentoB auarHoctupoBaHa HOA, u3 xoTopeiX y 56 ObUT mOJyudeH
oTpullaTeIbHBIM pe3ynbrar (rpynna 1A), y 16 ObUI TOJYyY4EeH MOJOXKUTEIHHBIN
pesynbrar BPT (Hanimuue 6epemenHocty y naptHépum) (rpynna 1b). B rpynny ¢ OA
Bouwy 32 nanuenrta: y 19 uz aux BPT 3aBepmmnocsk oTCyTcTBUEM pe3ylibTaTa (Tpymmna
2A), y 13 ObL1 NOTyYEH MONOKUTENBHBINA pe3ynbTat (rpynna 2b).

Hcnonb30BaHHBIA  AW3aiH  MCCIICIOBAHHUS TIO3BOJUJI  OOECIEUUTh MPSMOE
COTOCTAaBJICHUE JIOKAJTLHOTO MHKPOOHOTO MpOoduis ypeTpbl U TKAaHU SIUYKa C
KIMHUYeCKUMH ucxoaamu BPT, 49To co37a€T mNpeanochUIKUM JJIsi  BBISIBJICHUS

MUKPOOMOMHBIX MapKepOB MPOTrHO3a YPPEKTUBHOCTHU JICUCHHUS.

6.1 VYpoBHH ropMOHOB M MOKa3aTeJsieil MKaJIbl HAPYIIEHUH cliepMaToreHes3a y

MAaUEHTOB C pa3/iINYHbIMH (l)OpMaMI/I 4300CIIEPMHUH M pE3yJbTaTaMi IPUMEHCHUHA

BPT

Onenka ypoBHss ®CI' mokasana, yto B rpymnme 1A (HOA, BPT-) 3nauenue
nanHoro mokaszarens cocrapwio 7,0 = 0,7 En/n , B rpynne 16 (HOA, BPT+) Gbuio
HECKOoJIbKO HUXke — 5,5 = 1,0 En/n. MakcumanbHOl ObUla BeIWYMHA KOHIICHTpAIlUs

OCI' y nanmentoB ¢ OA u oTpuuareabHbiM pe3yibTaToM npumenenus BPT — 17,0 +
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2,18 En/n, 3nauenune mokaszaTesns ObLIIO cTaTUCTUUECKH 3Ha4uMO BhIte (P < 0,05) aByx
BBIIIICYKA3aHHBIX YPOBHEH, a Takke 3HaueHus B rpymme 2b (OA, BPT+) — 9,2 + 1,2

En/a (Pucynoxk 6.1).

En/a
20 17

15
9,2

F
9,5

10
5 . .

0
1A (HOA) BPT- 1B (HOA) BPT+ 2A (OA) BPT- 2B (OA) BPT+

Pucynok 6.1 — Konnentpanuu QosmukyI0CTUMYIUPYIOIIETO TOPMOHA Y TTAIIUEHTOB C

pa3IMYHBIMU OpPMaMHU a300CIIEPMUU U pe3ybTaTaMu pumeHeHus BPT

Anamu3 yposHei JII' moka3zai, uyro B rpynnax nanueHToB ¢ HOA koHUIeHTpannun
ATOTO TOPMOHA ObUTH MUHUMaNIbHBIMU: 4,2 + 1,0 u 5,2 = 1,2 En/i1, cOOTBETCTBEHHO, MPH

OTPULIATETILHOM M MOJIOKUTEIBLHOM pe3yiibTaTax npuMmenenust BPT (PucyHok 6.2).

En/n
10

8,2
8 5,2 54

4,2

1A (HOA) BPT- 1b (HOA) BPT+ 2A (OA) BPT- 2b (OA) BPT+

6

SN

N
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Pucynok 6.2 — KoHlieHTpauuu JI0TEMHU3UPYIOIIETO TOPMOHA Y TAIUEHTOB C

pa3IMyHBIMU OpMaMHU a300CIIEPMUU U pe3ybTaTaMu pumeHeHus BPT

MaxkcumansHoi Obuta KoHIeHTparwus JII' B rpynme 2A (OA, BPT-) — 8,2 + 1,6
En/n, 3Hauenne nmokazaTens ObLUTO JOCTOBEPHO BBIIIE TAKOBBIX B OCTAIBHBIX IpyMIax, B

tom uncie B rpynme 2b (OA, BPT+) - 5,4+ 0,5 Exn/n.
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CpaBHenne ypoBHEH MHruOMHA B mokasano, 9To B rpynmax ¢ MOJIOKHUTEIbHBIM
pesyapTaroM npumeHeHuss BPT BennunHa AaHHOTO MapaMmeTpa Oblla CTATUCTUYECKU
3HayuMo Bheimie (P < 0,05), yem B rpynmax ¢ OTpULATENIbHBIM pe3ynbTaToM BPT

(Pucynok 6.3).

nr/mJ
160
140

138
125
&

80 42,5
60
40
20

0

1A (HOA) BPT- 1B (HOA) BPT+ 2A (OA) BPT- 2B (OA) BPT+
Pucynok 6.3 — Konuentpanuu nHruOvHa B y manueHToB ¢ pa3inyHbIMU (OpMaMH

a300CIEPMHUH U pe3yipTaraMu npuMeHeHus BPT

OneHka ypoBHsI TeCTOCTepoHa Mokaszana, uyto B rpymnmne 1A (HOA, BPT-) ero
3HayeHue Obu1o MuHUMaIbHBIM — 3,9 + 0,6 Hmonw/n, B rpynme 1b (HOA, BPT+)
KOHIICHTpAIUs 3TOr0 TOPMOHA OblIa CTaTHCTHYECKU 3HaunMo Boimie (P < 0,05) — 7,1 +
1,1 amons/n. B rpynnax mamuentoB ¢ OA BenuuMHA JAHHOTO TMOKa3arens Oblia
nocroBepHo Bhime (P < 0,05), yem B rpymme 1A, coctaBuB B rpymie 2A (OA, BPT-) 9,4
+ 1,9 umonsw/n, B rpynmna 2b (OA, BPT+) — 10,2 £ 1,7 amouns/n (Pucynok 6.4).

HMOJIB/J
12

10,2
9,4
10 7,1
: I I

1A (HOA) BPT- 1b (HOA) BPT+  2A (OA) BPT- 2b (OA) BPT+

o N B~ O 0

Pucynok 6.4 — KoHLleHTpaluu TECTOCTEPOHA Y MAIMEHTOB C Pa3IMYHBIMU (POpMaAMHU

a300CHEPMHUH U pe3yipTaraMu npuMeHeHus BPT
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ConocraBneHre YpOBHEW OIEHKM HapyILICHWH cliepMaToreHes3a Mokas3aio, 4To B
rpynne 1A (HOA, BPT-) 6bu10 Munumansueim — 2,3 + 1,0, B rpynnax 16 (HOA, BPTH)
u 2A (OA, BPT-) BennunHa nokasatess JaHHOW HIKabl ObliIa JOCTOBEPHO BbIMIE (P <
0,05), coorBercTBenHo 3,8 + 0,2, B rpynme 16 (HOA, BPT+) Heckonbpko HUXE — 3,4 +
0,3 (Pucynok 6.5).

3,8
4,5 38

4 3,4
3,5

2,3

3
25

2
15

1
0,5

0

1A (HOA) BPT- 15 (HOA) BPT+  2A (OA) BPT- 25 (OA) BPT+

PucyHnok 6.5 — YpOBHUM OLICHKH M0 MIKaJ€ HAPYLUICHHUI CIIEpMAaTOTeHE3a y MAUEHTOB C

pasIUYHBIMHU (OpPMaMHU a300CTIEPMUH U pe3yiabTaTaMu pumeHeHus BPT

6.2 TakCOHOMHYECKHUIT COCTAB MUKPOOHOTHI TKAHU SINYKA y NALMEHTOB C

pa3anuHbIMU GopMaMu a300CTIEPMUH

AHaian3 TaKCOHOMHYECKOM CTPYKTYphl MHKPOOHMOTHI OMONTATOB TKaHHU SHYKa
BBISIBUJI Pa3iIU4UUs B PACHPECICHUN JOMUHUPYIONUX (I, B 3aBUCHMOCTH OT ()OPMBI
azoocniepmur U pe3ynbrara npumeHeHuss BPT (Ta6muma 6.1). HambGonee mmpoxo
npeCcTaBICHHON (UIION BO BCeX MCCeQyeMbIX IpyIax okasaiach Proteobacteria, c
MAaKCUMAJIBHOM OTHOCUTENBHOM MPEICTABICHHOCThIO y manueHtoB ¢ HOA wu

otpuniarenbHbIM pe3yibratoM BPT (34,9%).
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Tabmuma 6.1 — TakcOHOMHYECKHII COCTaB MHUKPOOHMOTHI SIMYKa (OTHOCHUTEIbHAS
NPEICTaBICHHOCTh (U) y TAUEHTOB C pa3IUYHBIMH BHJAMHU a300CHEPMUU B

3aBUCUMOCTH OT pe3yabprara BPT, %

['pynma 1A I'pynna 1b I'pynma 2A I'pynma 2b
(HOA, BPT-) | (HOA, BPT+) | (OA, BPT-) (OA, BPT+)
®duira n=56 n=16 n=19 n=13
Proteobacteria 34,9 33,2 23,6 18,1
Firmicutes_D 9,3 6,3 8,9 9,3
Actinobacteriota 6,2 7,6 6,9 9,2
Firmicutes_A 4,2 51 5,8 2,9
Bacteroidota 3,8 5,2 3,3 5,9
Other 41,6 42,6 51,5 54,9

[lonmy4yeHHble pe3ynbTaTbl MOTYT CBUIETEIBCTBOBATH O IMOTEHUUAIBHOW CBS3U
u30bITOUHOTO TpUCyTCTBUS Proteobacteria ¢ HeOnmaronpustHeiMH ucxonamu BPT u
BBIDQKEHHBIMHA HapylmieHus MM crnepmartorene3a npu HOA, orpaxare ydactue
npexacrasuteneid Bacteroidota B MOIyIALIMM MMMYHHOM CpeJibl IMYKA WJIW BIMSIHUU Ha
MeTaboIMYEeCKyl0 aKTUBHOCTh KieTok Cepronu u JleWaura, CBHUIETENBCTBOBATH O
00J1€€ BHICOKOM MHKPOOHOM Pa3HOO0pa3vu B YCIOBHUSX aHATOMUYECKON OOCTPYKIUHU U
COXpaHHOCTH 0aphEePOB MEKY MUKPOOHOH M CIIEPMATOT€HHOM HUIIIAMU.

AHnanu3z MukpoObHoro mnpoduis TkaHu smuka y marmueHtToB ¢ OA u HOA

MPOJIEMOHCTPUPOBANT BApUAOEIHLHOCTh OTHOCUTEIIBHOM TPEACTaBICHHOCTU KITFOUEBBIX

OaKTEepHAIBHBIX CEMEICTB B 3aBUCHMOCTH OT (POPMBI a300CIEPMUU U KIMHUYECKOTO

ucxoaa BPT (Tabnuua 6.2).

Tabmuma 6.2 — TaKCOHOMUYECKHI COCTaB MHUKPOOMOTHI SIMYKa (OTHOCUTEIIbHAS
MIPE/ICTABIICHHOCTh CEMEHCTB) Yy MAIlMEHTOB C PAa3jIMYHBIMH BHUIAMH a300CIIEPMUU B

3aBUCUMOCTH OT pe3yabsTara BPT, %

I'pynna 1A I'pynmna 1b I'pynna 2A | I'pynmna 2b
(HOA, BPT-) (HOA, (OA, BPT-) | (OA, BPT+)
CemelicTBO n=56 BPT+) n=16 n=19 n=13
Enterobacteriaceae A 17,6 6,7 5,3 7,6
Burkholderiaceae_ A 580492 9,3 16,9 4.3 79
Acetobacteraceae 3,7 1,6 0,6 1,0
Mycobacteriaceae 2,8 2,3 3,1 54
Peptoniphilaceae 2,0 2,0 1,6 2,5
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[Tponomxenue Tabauisl 6.2

Staphylococcaceae 1,8 2,2 3,2 1,4
Bacteroidaceae 1,4 1,9 3,1 0,4
Lactobacillaceae 1,3 2,4 1,4 1,0
Lachnospiraceae 0,9 2,4 1,8 0,6
Obscuribacteraceae 0,9 0,7 2,7 4,3
Streptococcaceae 0,7 1,7 2,3 1,5
Chitinophagaceae 966727 0,3 0,3 2,1 1,1
Other 57,1 58,8 68,5 65,3

Y CTaHOBJIEHO, YTO TOMUHUPYIOIIMMHU TAKCOHAMU BO BCEX UCCIEAYEMBIX IpyImax
SBJISIFOTCS IpEICTaBUTENN ceMeincTBa Enterobacteriaceae A U
Burkholderiaceae A 580492, yTo yka3pIBaeT Ha UX 3HAYUTENIbHYIO POJb B MUKPOOHOM
DKOCUCTEME.

Haubonwimas npeactaBieHHOCTh Enterobacteriaceae A HabmomaeTcst B rpymie ¢
HOA wu HeratuBHbIM pe3ynbratoM BPT, uTo MOXET yka3slBaThb Ha MX aCCOLUALUIO C
HEONAronpusITHBIMAU  MUKPOOMOJIOTUYECKUMH  YCJIOBHUSIMH,  CIOCOOCTBYIOIIMMU
CHIKEeHUIO ycnexa npouenyp BPT. B to xe Bpems, B rpyniie HOA ¢ mosioxuTenbHbIM
ucxogoM BPT naOmromaercs 3HauMTENbHOE CHIMXKEHHE JOJM 3TOTO CEMEICTBa, 4YTO
MOXET CBHJIETEIBCTBOBATH O OJIArONMPUATHOM BIMSHUM HOPMalIM3alUUd MHUKPOOHOM
NOMYJISIUUNA HA PENPOAYKTUBHBIE PE3YJIbTATHI.

CewmelicTBO Burkholderiaceae. A 580492 JEMOHCTPUPYET oOpaTHYIO
3aBUCHMOCTB: €ro nojs BospactraeT B rpynne HOA ¢ ycnemssiM ucxogom BPT,
npezmnosaras, 4ro nNoJ00HbIe TAKCOHBI MOTYT UTPaTh MPOTEKTUBHYIO POJIb B KOHTEKCTE
PENpPOIYKTUBHOIO 370pOBhs. Takke oTMEUYeHO, YyTo mpeacraBurenu Mycobacteriaceae
YBEJIMYMBAIOT CBOIO JIOJIO B TpyNNax ¢ yCHEIHbIM pe3yibraroM BPT, uro MoxeT ObITh
CBSI3aHO € WX (QYHKIUSIMU B TMOJJIEP)KaHWM TKAHEBOI'O TOMEOCTa3a W PEeryJsluu
UMMYHHOTO OTBETA.

Hlpyrue wuHTEpecHble pe3yibTaThl KacaroTcsi cemelcTB Bacteroidaceae w
Obscuribacteraceae, KOTOpble TMOKa3alM JAUHAMUKY  MPEACTABUTEIBHOCTH B
3aBUCUMOCTH OT ycriemrHocTH BPT, uTo MoeT yka3pIBaTh Ha UX MOTEHIUATBHYIO POJIb
B BOCHAJIMTENBHBIX MTPOLIECCaX, BIUSIONIMX HA UMIUIaHTAI[I0 SMOpPHOHA.

Hekoropsle cemelicTBa, Takue kak Lachnospiraceae u Lactobacillaceae, numenu
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NOBBIIIEHHBIE MOKA3aTENN B IPYIIAX C MOJOXKUTENbHBIM McxooM BPT, npennaras nx
ydacTue B MO >KaHUHM MUKPOOHOH paBHOBecus U 6apbepHOi 3amuThl. B rpynme OA
OTMEYaeTcsl HanOOoJIbIIasi TAKCOHOMHUYECKAs BApUaOeIbHOCTh, YTO MOXKET OBITh CBSI3aHO
C aHATOMUYECKUMHU U (PU3HOTOTHUECKUMUA OCOOCHHOCTSIMHU.
Takum oOpa3om, pe3ysbTaThl MOAYEPKUBAIOT 3HAUUMOCTh MUKPOOUOTHI SIMUKA B
KOHTEKCTE PENpOAYKTHUBHOIO 3710poBbsi U 3p¢extuBHocTH BPT, OTKpbIBas HOBBIE

TOPU30HTHI JJIs1 JANTbHEHIIIETO 3yYeHHsI €€ PO B MY>KCKOM (PepTHUIIBHOCTH.

6.3 TakcoHOMHYeCKHIT COCTAaB MUKPOOMOTHI YPeTPhI HA ypoBHE U1y

MManmMeHToB C a300cnepMnel“4

AHanu3 TaKCOHOMUYECKOTO MPO(HIIE MUKPOOHOTHI YPETPHI MOKa3all pa3inyuus B
OTHOCUTEJIHHOM MPEACTABICHHOCTH OAaKTEPHAIBbHBIX (PUII B 3aBUCUMOCTH OT (DOPMBI

azoocrepMuu (OOCTPYKTHMBHasi WJIM HEOOCTPYKTHBHas) M ucxona npumeHenuss BPT

(Tabmuma 6.3).

Tabmuua 6.3 — TakCOHOMHUYECKHH COCTaB MHUKPOOHOTHI YpeTpbl (OTHOCUTEIbHAsS
NPEJICTaBICHHOCTh (U) y NAUUEHTOB C pa3IMYHbIMM BHUJAMHU a300CHEPMUU B

3aBUCUMOCTH OT pe3ynbTata BPT, %

I'pynma 1A I'pynna 1b I'pynna 2A I'pynna 2b
(HOA, BPT-), (HOA, BPT+), | (OA,BPT-), | (OA, BPT+),
®duna n=56 n=16 n=19 n=13
Firmicutes_D 21,6 14,9 19,5 24,7
Firmicutes_ A 18,4 12,2 17,4 18,2
Actinobacteriota 15,5 5,9 21,4 7,2
Proteobacteria 13,1 7,5 9,7 4,9
Bacteroidota 9,2 14,9 6,1 8,8
Firmicutes C 3,8 4,1 3,5 3,8
Other 18,4 40,4 22,4 32,4

OcHoBHoe BHUMaHue yiaemsercs Guiaam  Firmicutes, Actinobacteriota,
Proteobacteria u Bacteroidota, KOTOpble AEMOHCTPUPYIOT 3aMETHBIE PA3TUUYUS MEXY

IpyIIIaMHU.
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@una Firmicutes, Bkmtowas mnoarpynnsl Firmicutes D, Firmicutes A wu
Firmicutes C, mpencraBiieHa JOCTaTOYHO BBICOKMMH 3HAYCHHSIMH BO BCEX TPYIINAX,
Py 3TOM HauboJjee BBIpaKEHHAs J0JiI OTMEeYeHa y manueHToB ¢ OA U yCIEIIHBIM
ucxogoM BPT. Cumxenne nonu Firmicutes mpu mojoxxutenbHoM pesynbrare BPT y
nanueHToB ¢ HOA MoOXeT CBUETEILCTBOBATh O CMEIIEHUH MUKPOOHOT0 OamaHca.

Otnuuus B TpeacTaBIeHHOCTH Actinobacteriota yka3pIBalOT Ha BO3MOXKHYIO
KOPpEISIUI0 ¢ MEHee OJIarOMpUATHBIM MHUKPOOHBIM COCTOSSHUEM, OCOOEHHO Y
nanueHToB ¢ HOA. CHmwxkenue nonu Proteobacteria npu nmosnoxurensHoM ucxojae BPT
TaKKe€ MOXET YKa3blBaTh Ha BOCCTAHOBJICHNE MUKPOOHOTO PaBHOBECHS, YTO BAXKHO IS
CHIKEHUS OaKTEepUaIbHON HArpy3KH U BOCTAIUTEIBHBIX MPOIECCOB.

B To xe BpeMms noBsinieHue 1011 Bacteroidota mpu monoXuTeabsHOM pe3ysibTare
BPT y myxuun ¢ HOA MOKET TOBOPHUTH O UX MOTEHIUAIBHOW MOJIOKUTEIBHON POJIA B
HOpMaIM3auu MUKpoOHOU cpenbl. Hakoner, kateropus "Other" ¢ Bo3pacTtanuem 1071
y TMAalUEHTOB C TOJIOKUTENbHBIM ucXxoaoM BPT MoxeTr oTpaxaTb BBICOKYIO
BapuaOEIbHOCTh MHUKPOOUOTHI WM BBITECHEHUE JOMUHHUPYIOIIUX TAaKCOHOB MEHEe
pacrpocTpaHEHHBIMUA 0aKTEPUSMU, KOTOPHIE MOTYT BBITIOIHATD 3aIIUTHBIC (DYHKITHH.

Takum 00pa3oM, pe3yiabTaTbl TaOIUIBI MOAYEPKUBAIOT BAXKHOCTH JETATBLHOTO
U3YYEHUs] MUKPOOHOTO COCTaBa ypeTphl B KOHTEKCTE (PEPTUILHOCTH U YCIEIIHOCTH
PENPOAYKTUBHBIX TEXHOJIOTHIA.

TakCOHOMHYECKUM aHaIN3 MHUKPOOMOTHI ypETpbl Ha YPOBHE OaKTepHUATbHBIX
CEMEHNCTB BBISIBWI CYIIIECTBEHHBIC PA3IMUUS B MUKPOOHOM Mpoduie MEKIY rpyIaMu

nareHToB ¢ OA u HOA, a taxxe B 3aBUCMMOCTH OT pe3yiabTata BPT (Tabmuma 6.4).

Tabmuma 6.4 — TakCOHOMHUYECKHA COCTaB MHUKPOOHMOTHI YypeTphl (OTHOCHUTEIhHAS
MPEJCTAaBICHHOCTh CEMEHCTB) y MAaIMEHTOB C Pa3IMYHBIMU BUIAMU a300CIEPMUM B

3aBUCUMOCTH OT pe3yabrTara BPT, %

I'pynna 1A I'pynmna 1b I'pynma 2A I'pynna 2b
(HOA, BPT-), | (HOA, BPT+), | (OA, BPT-), | (OA, BPT+),
CewmelicTBO n=56 n=16 n=19 n=13
Mycobacteriaceae 19,6 4.8 31,1 12,2
Staphylococcaceae 79 15,7 5,8 12,6
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[Tponomxenue Tabauisl 6.4

['pynma 1A I'pynma 1b I'pynma 2A I'pynma 2b
(HOA, BPT-), | (HOA, BPT+), | (OA, BPT-), | (OA, BPT+),
CemMmeiicTBO n=56 n=16 n=19 n=13
Lactobacillaceae 7,7 1,7 0,9 3,7
Peptoniphilaceae 7,4 59 10,9 6,5
Bacillaceae H 5,6 1,1 3,0 0,007
Lachnospiraceae 4,7 13,9 7,4 7,6
Weeksellaceae 4,7 8,5 0,08 2,7
Bacteroidaceae 2,5 0,2 3,4 0,5
Streptococcaceae 2,2 1,0 0,001 1,6
Micrococcaceae 1,4 3,8 6,5 3,1
Moraxellaceae 1,2 2,0 1,7 1,8
Bifidobacteriaceae 1,1 3,4 1,3 2,4
Enterobacteriaceae_ A 0,91 0,26 1,2 2,3
Neisseriaceae 0,78 2,85 0,04 1,2
Beijerinckiaceae 0,08 0,41 0,12 6,30
Other 32,1 34,5 26,6 35,4

[Tony4yeHHbIE JaHHBIE TEMOHCTPUPYIOT KaK HAMYUEe JOMHUHUPYIOIIUX CEMENCTB
C YCTOWYMBBIM NPHUCYTCTBMEM BO BCEX IpyMNMax, TaK U MOSBIECHUWE MOTEHIUAILHO
MPOTHOCTUYECKHU 3HAYMMBbIX TAKCOHOB, BapHUAOEIHLHOCTh KOTOPBIX MOXET ObITh CBSI3aHA
c wucxogom BPT. Hampumep, cemeiictBo Mycobacteriaceae HMEET BBICOKYIO
MPEACTABICHHOCTh Y MAlUEHTOB C OOCTPYKTHMBHOM a3zoocnepMueid U OTpHUIATEIbHBIM
ucxonoM BPT, uro MOXeT CUTHAIIM3UPOBATh O HAJIMYKMU BOCIIAIMUTEIIBHBIX MPOLIECCOB,
HETaTUBHO BJIMSIONIMX Ha PEe3yJbTaTUBHOCTH BMeINIaTebcTBA. HampoTus, yBeaudeHue
nonu ceMeiicTBa Staphylococcaceae B rpynmnax ¢ MoJoKUTEIbHBIM PE3YIbTATOM MOXKET
yKa3bIBaTh HA UX POJIb B OAJIEP>KAaHUH CTAOUIILHOTO MUKPOOHOTO OanaHca.

Kpome Toro, Beiciiasi mpeCcTaBIeHHOCTh ceMeiicTBa Lachnospiraceae B rpymme ¢
HOPMaJIbHOMN azoocrepMuei u MOJIOKUTENIBHBIM ~ PE3YJIBTATOM MOXET
CBUJIETEJIbCTBOBATh O HMX BOBJIEYEHHOCTH B MUMMYHOPETYJSILIMIO M BOCCTAaHOBJIEHUE
romeocrasa, B TO BpeMmMsi Kak cemeiictBa Bacteroidaceae wu Bacillaceae H
MIPOAEMOHCTPUPOBAJIM CHUKEHHE B Tpymmnax ¢ ycrnemHbiM BPT, uro moxer orpaxars

ITOJOXUTCIIbHBIC N3MCHCHUSA B MI/IKpO6HOM COCTOSHHHMH.
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Taxoxke 3HaUWTENBbHOE yBEIMYECHHE ceMeilcTBa Beijerinckiaceae y mamueHTOB ¢
OA u nonoxurenbHbIM pe3ynbraroM BPT mMoxeT yka3piBaTh Ha UX POJIb B MUKPOOHOM
nepecTpoiike, crnocoOcTByrome ycnexy JseueHus. Hakonen, kareropus "pyrue"
MOKAa3bIBACT BBICOKUN YpPOBEHb TAaKCOHOMHUYECKOTO pa3HooOpasus B Tpymmax c
YCHEIIHBIM HCXOJOM, YTO MOJKET CIYXKUTh II0KA3aTElIeM YJIy4dlIEHUS COCTOSIHUSA
MUKpoOHOTHl. TakuM 00pa3oM, pe3ysabTaThl JTEMOHCTPUPYIOT CIOKHBIE B3aWMOCBSI3U
MEXAY MUKPOOHUOTON YPETPHI U KIIMHUYECKHUMH UCXOJaMHU B KOHTEKCTE a300CIIEPMHUH U

tepanuu BPT.

6.4 CpaBHHTEJIBLHBII aHAJIN3 HHIEKCOB aJIb()a-pa3Hoo0pa3usi MUKPOOHOTHI

ypPeTpbl U TKAHU SIMYKA

Ouenka anb(a-pazHooOpaszusi MUKpOOMOTBI TKAHU SIMYKA U YPETPhI y MAllUEHTOB
OA n HOA He BBISIBWIA CTATUCTHYECKHU JOCTOBEPHBIX Pa3IMUMil MEXIy I'pPyIIIaMHU C
TIOJIOXKHUTEIBHBIM U OTPHUIATEIBHBIM pe3ysibTaToM npumeHeHuss BPT (Tabnuma 6.5).
Tem He MeHee, psi1 HaOII01aeMbIX TEHACHIINI 3aCITy’)KMBAET BHUMAaHUS ¢ TOUKU 3PEHUS

BO3MOYKHBIX OMOJIOTMYECKUX WHTEPIPETAIINM.

Tabnuna 6.5 - Uaaekcs! anbda-pasHoodpasus B ucciieayeMbix oopasiax (M+m)

buonornueckuit CovimL Pesynbrar| Komn-Bo |®unorenetnueckoe| Mupexc | Mupaekc
oOpaszert 124 BPT ASV paznooOpa3ue |Cumncona lllennona
['pynma - 109,54+97,5 54,2+69,5 0,81+0,13 | 3,8+1,5
1A

(Hoa)  t 1204803 55,7+56,3 | 0,84+0,14  4,4+14

- 126,3+106,9 40,4+60,4 0,88+0,11 | 4,7+1,7

TkaHb AUYKa + 73,0£60,3 42,0+44,4 0,86+0,10 | 4,1+1,2
I'pymma - 102,3+£105,2 61,3+92,7 0,82+0,16 | 4,0+1,6
2 (0A) + 47,4+27.0 12,0+10,7 0,75+0,25 | 3,3+1,3

- 175,0+251,1 114,9+173,8 0,81+0,14 | 3,9+1,9
+ 44,5+20,2 13,9+10,1 0,83+0,14 | 3,6+1,1
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B mMukpoOuoTe TkaHu sinuka 3HaueHus: konnuectBa ASV u nnnekcos lllennona u
Cumricona Obun comoctaBuMbl Mexay rpynnamu HOA/BPT- u HOA/BPT+, ne
JEMOHCTPUPYSI TOCTOBEPHBIX PA3TUUUH.

HecMoTpss Ha OTCYTCTBHE CTAaTHCTHMYECKOW 3HAYMMOCTH, HaOII0Janach
TEHJEHIUSI K OOoJbllled MUKPOOHOW HACHIIIEHHOCTH U Pa3HOOOpa3Hi0 y MalUEHTOB C
ycnemHbsiM  ucxonoM BPT, 4To MokeT KOCBEHHO CBHIIETEILCTBOBATH O Ooliee
cOamaHCUPOBAaHHOM MHUKPOOHMOME TMPH COXpPAaHEHHOW KJIETOYHOH H HMMYHHOMH
apXUTEKType TKaHW suuka. VHTepecHOU siBisercs oOpatHas kaptuHa npu OA, yTo
MOXXET OTpakaTb cHeuupuyeckre OCOOEHHOCTH MHKPOOHMOTBI B YCIOBHSX
MEXaHUYECKOM  OOCTpYKUMH: BO3MOXHO, MEHEe HACBIIIEHHOEe, HO  OoJee
CHEIUATN3UPOBAHHOE MHUKPOOHOE COOOIIECTBO MOXKET OBbITh OoJyiee aganTHUBHBIM K
JIOKaJIbHBIM YCJIOBHSIM M CLIOCOOCTBOBATH 00JIEE YCIIEITHOMY OIIOJJOTBOPEHUIO.

B oOpasnax, nony4eHHbIX U3 ypeTpbl, TaKKe HE ObLIO BBISBICHO JOCTOBEPHBIX
paznuuuit Mmexxay rpynnamu BPT+ u BPT-, oqnako BeipakeHHOCTh U3MEHEHUH alnbda-
pazHooOpa3us ObL1a 6oJiee OTYETINBOM, ocoOeHHo pu HOA.

OTU JaHHBIE TOATBEP)KIAIOT, YTO M30BITOUHOE MUKpPOOHOE pa3HooOpaszue B
ypeTpe MOXET He Bcerja ObITh OJaronpusTHBIM, OCOOCHHO B YCIOBHUSX MEXaHUYECKOU
OOCTpYKLHH, TJ€ CHWKEHHE MHKPOOHOW Harpy3kd MOMKET YMEHbIIaTh PHUCK
BTOPUYHOTO BOCIAJICHUS MJIM MUKPOOHOU TPaHCIOKAIUH.

Takum oOpa3zoMm, HECMOTPSI HA OTCYTCTBUE CTATUCTHYECKH 3HAYMMBIX Pa3IHUnl
MEXIy TpYIIaMH 1o Moka3areisiM anbda-pasHooOpasusi, Hab01aeMble TEHEHIIUN K
CHW)KEHUI0O MHUKpOOHOro OorarctBa M (DUIOrE€HETHMUECKOW  CIOXHOCTH P
nojoxkutenbHoM ucxone BPT, ocobenHHo B ypeTpaidbHON HUILE, MO3BOJISIIOT
IPEINOJIOKUTh, YTO HOpMalIHU3alusl MUKPOOHOTO COCTaBa W YCTpPaHEHHE M30BITOYHOU
TaKCOHOMUYECKOM MEperpy3kd MOXKET ObIThb OJaronpusTHeIM  (akTopoMm s
HACTYIUICHUsI O€pEeMEHHOCTH. OTH BBIBOJBI TPEOYIOT MOATBEPXKACHUS B OyAyIINX
HCCJIEIOBAHMSIX C OOJIBITICH BEIOOPKOH M IOTIOJTHUTEILHBIMU METOIaMH CTPATU(DUKAITUN

MMaIUCHTOB.
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6.5 CpaBHeHHe TAKCOHOMMYECKOI0 COCTABA MUKPOOMOTHI TKAHM SIMYKA U YPeTPbI
Ha ypoBHe ceMeiicTB Yy nauueHToB ¢ HOA B 3aBMCHMOCTH OT pe3yJIbTAaTOB

npuMmeHenusi BPT

TakcoHoMu4eckuil aHanu3 MHUKPOOUOTHI TKaHM sAuyka y manueHToB ¢ HOA
BBISIBWJI CTAaTHUCTHUYECKH 3HAYMMbBIC DPa3jvuMsi B MPEACTaBICHHOCTH OaKTEepUaTbHBIX
CEMEUCTB MEXIY TPYyIIaMUd C TOJOXKUTEIbHBIM W OTPULATEIBHBIM PE3YJIbTATOM
npumeHennss BPT. B wactHOCcTM, y mDamueHTOB C yCHemHbIM ucxogoM BPT
HaOJII0/1aJIOCh  IOCTOBEPHOE YBEJIMYEHUE OTHOCUTEIIBHOM TmpejacTaBiieHHocTH 11
OakTepUalbHBIX CEMEICTB. DT U3MEHEHUS 3aTparuBaju Kak yCJIOBHO-KOMMEHCAIbHbBIC
TaKCOHBI, TaK U MPEJCTaBUTENICH C peanoaaraeMbIMi METa00IMYECKU aKTUBHBIMU HIIH

UMMyHOMo Ty pytomumu GyHkuusmu (Tadouua 6.6).

Ta6J'II/I]_Ia 6.6 — BaKTepI/IaJIBHBIG CeMefICTBa, OTHOCHUTCJIbHAA IIPCACTABICHHOCTD

KOTOPbLIX CTATUCTHUYCCKH 3HAYUMMO pPa3indacTCia B MI/IKpO6I/IOTC TKaHHU SAHWYKa Y

nanuenToB ¢ HOA B 3aBucumocTu ot pe3ynbraroB BPT, M+m

CewmeiicTBO I'pynma 1A I'pynna 1b p
(HOA, BPT-), (HOA, BPT+),
n=56 n=16

Acutalibacteraceae 0,120+0,039 0,469+0,177 <0,001
Pasteurellaceae 0,155+0,094 0,229+0,087 0,004
Coprobacillaceae 0,015+0,006 0,155+0,062 0,006
Ruminococcaceae 0,144+0,048 0,653+0,286 0,022
Trueperaceae 0,024+0,024 0,102+0,071 0,027
Cellvibrionaceae 0,005+0,004 0,665+0,582 0,030
Eggerthellaceae 0,0002+0,0002 0,055+0,051 0,036
Alcanivoracaceae 0,104+0,046 0,284+0,133 0,038
Porphyromonadaceae 0,193+0,105 0,333+0,162 0,044
Coriobacteriaceae 0,064+0,024 0,171+0,081 0,046
Lachnospiraceae 0,934+0,198 2,400+0,799 0,049
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Haubonee BrIpaxkeHHbIE pa3nmuums Kacamuch cemeiictB Acutalibacteraceae,
Cellvibrionaceae, Coprobacillaceae, Ruminococcaceae, Trueperaceae u
Eggerthellaceae.

[IpencraBaeHHOCT, 3THUX CEMEWUCTB ObLIa MOYTH B TPU pas3a BbBIIIE MPH
MOJIOKUTENbHOM pe3yibrare BPT, uro moaTBepkmaer THmoTe3y 00 MX BO3MOXKHOM
poJu B 00€CTIeUeHNH JIOKaTbHOTO MUKPOOHO-TOPMOHAIBHOTO OaaHca.

AHanu3 MHUKPOOHOTHI YPETPhl TAKKE BBISBHJ 3HAUYMMBIC H3MEHCHHS MEXKIY

rpynmnamu cpaBHenus (Tabnuia 6.7).

Tabmuua 6.7 — bakrepuanabHble CEMENCTBA, OTHOCUTENbHAs MPEICTABICHHOCTh
KOTOpPBIX B MHUKpoOMOTe ypeTpbl y mnanueHToB ¢ HOA cratucTudecku 3HaYUMO

pasnuyaeTcsl B 3aBUCUMOCTH OT pe3yapTatoB BPT, M+m

I'pynma 1A I'pynma 1b

CemeticTBO (HOA, BPT-), n=56 (HOA, BPT+), n=16 p
Enterococcaceae 0,114+0,056 1,572+1,095 0,006
Brevibacteriaceae 0,006+0,004 0,326+0,282 0,013
Unassigned 2,450+0,629 0,203+0,143 0,018
Streptococcaceae 7,669+2,571 1,569+0,787 0,047
Microbacteriaceae 0,266+0,143 0,865+0,539 0,047
Rikenellaceae 0,041+0,022 0,213+0,146 0,049

IIpn monoxwurensHOM ucxone BPT mocTtoBepHO CHMXanach OTHOCHUTENbHAS
NPEeJCTaBICHHOCTh CeMelicTBa Streptococcaceae u neonpenenaéuusix (Unassigned)
TAKCOHOB, YTO MOXET OTPa)KaTh CHUKEHUE MUKPOOHON HArpy3ku U BOCCTAHOBJICHUE
TaKCOHOMUYECKON CINEeU(PUUHOCTH YPEeTpaIbHOro coodiiectBa. [loBblieHne ao0au
Enterococcaceae, Brevibacteriaceae, Microbacteriaceae u Rikenellaceae B rpymme
BPT+ Moxer cBUAETENbCTBOBaTH O (POPMHUPOBAHMU MHUKPOOHOrO mpoduiisa, mMeHee
CKJIOHHOTO K IPOBOCHAIUTEIBHBIM pEaKUUsAM W Jy4dlle aJalTUPOBAHHOIO K
(bU3HOIOTMYECKOMY COCTOSHUIO.

Oco0eHHO TOKa3aTeNbHON SBISIETCS pe3Kas pa3HUIAa B MPEACTaBICHHOCTU
Enterococcaceae cemelicTBa, HEPEOKO CUMUTAIOUIETOCS YCIOBHO-MATOT€HHBIM, HO B

ONpEAENEHHBIX YCIOBUSAX CIOCOOHOTO BBINOJIHATH NPOTEKTUBHYIO GyHKUMIO. VX noss
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npu BPT+ yBenwmumBamace Oonee vyem B 10 pa3, 4YTO, BO3MOXKHO, OTpa)k,aeT
(EHOTUNTMYECKYIO Pa3HUIy IITAMMOB HJIM METa0OJIMYECKYI0 KOOMEPaIUio C APYTUMHU
MPEACTaBUTEISIMU YPETPATILHOTO MUKpOOHOMA.

CHmxenne wHeonpenenéuuplx (Unassigned) takconoB npu BPT+  moxer
WHTEPHPETUPOBATHCS KaK UHAMKATOP O0Jiee CTaOMIBLHOTO M XOPOIIO CPOPMUPOBAHHOTO
MHUKpPOOHOTO COO0OIIIEeCTBa, TOT/a KaK MX BBICOKASI MPEICTABICHHOCTbh Yy MAIMEHTOB C
BPT- MoxeT cBHIETEIhCTBOBATH O MHUKPOOHOW HECTAOMIBLHOCTH, AUCOWO3€ WU
MPUCYTCTBUM HENOCTATOYHO M3YYEHHBIX MHKPOOPTraHM3MOB C NOTEHUUAIBHOU
MAaTOT€HHOCTBIO.

Takum 00pa3oM, BBISIBJICHHBIE Pa3IMUMs B MUKPOOHMOTE TKAHU SIMYKA U YPETPHI Y
naupeHToB ¢ HOA B 3aBucumoctu ot ucxoga BPT momuepkuBaroT BakHYKO pOJIb
MUKPOOHOr0 cooO0IIecTBa B MAaTOPU3MOIOTUM PENnpoayKTUBHOM ¢yHKIMU. Poct
MPEICTaBUTEIHCTBA METAOOIUYECKN aKTUBHBIX U UMMYHOMOIYJIMPYIONIUX TaKCOHOB B
TKaHHU AUYKa, a Takxke (popmupoBaHue Oosiee cOATaHCUPOBAHHON MUKPOOUOTHI YPETPhI
y nauueHToB ¢ ycrnemnsiM BPT, Moxer oTpaxaTs yinydllleHHe JOKaIbHOTO MUKPOOHO-
rOPMOHAJIBHOIO OajaHca, YTO CIOCOOCTBYET JOCTUKEHHUIO OEPEMEHHOCTH Y MapTHEPIL.
DTH JaHHBIE OTKPBIBAIOT MEPCIEKTUBBI JIJII KCTI0JIb30BaHUSI MUKPOOUOMHBIX Mpoduieit
KaK MPOTHOCTUYECKUX OMOMApPKEPOB U MOTECHIIMAIBHBIX MUIICHEH 111 MUKPOOHATIbHON
KOPPEKIUY C 11eNbi0 ToBbIIeHus dddextuBHoctu BPT.,

IIpy cpaBHEHUHM YacCTOThI BCTPEYAEMOCTH OaKTEpUAIBHBIX CEMEUCTB B
MUKpOOMOTEe TKaHu sudka mnarueHToB ¢ HOA cratucTuyecku 3HAUYUMO pexe
OOHapy>KMBAIOTCA MATh CEMEICTB y MAalMEHTOB C OTPHUILATENIbHBIM pe3yJIbTaTOM

npumenennst BPT (BPT-) o cpaBuenuro ¢ rpynmoit BPT+ (Tabnuna 6.8).

Tabnuua 6.8 — bakrepuanbHble ceMENCTBA, JUIsl KOTOPHIX BBISBIEHBI CTATUCTHYECKHU
3HaYUMbIC Pa3IUuus IMPEACTABICHHOCTH B MHUKPOOMOTE TKaHU SMYKA MAIUEHTOB C

HOA B 3aBucumoctu ot pesynbratoB BPT, a6c¢. (%)

['pynma 1A I'pynma 1b
CemeiicTBo (HOA, BPT-), n=56 (HOA, BPT+), n=16 p

Acutalibacteraceae 17 (30.4%) 12 (75.0%) 0,003
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[Tponomxenue Tabaus! 6.8

['pynma 1A I'pynma 1b
CemeiicTBO (HOA, BPT-), n=56 (HOA, BPT+), n=16 p
Pasteurellaceae 10 (17.9%) 9 (56.3%) 0,004
Coprobacillaceae 8 (14.3%) 7 (43.8%) 0,017
Eggerthellaceae 1 (1.8%) 3 (18.8%) 0,033
Ruminococcaceae 19 (33.9%) 10 (62.5%) 0,048

BbIBIICHHBIE pa3iuyusi, PACCUATAHHBIE C HCIOJIB30BAHMEM TOUYHOTO KpHUTEpUs
®duiiepa, yKa3blBalOT Ha CyHIECTBEHHOE BIUSHUE COCTaBa MUKPOOMOTHI TKAHU SIMYKa Ha
ycnemHocTh npumeHeHnss BPT. Ywmenemenwe pnonm npeacTaBUTENEd yKa3aHHBIX
CEMEHCTB y MAIMEHTOB C HEYAA4YHbBIM HMCXOJOM MOJXET OTpa)kaTb yTpary
METa0O0JIMYECKH BaXHBIX W HMMYHOMOAYJIUPYIOIIUX OakTepui, CIOCOOCTBYIOIIUX
NOJIJIEP>KAHUIO JIOKAIBHOIO TOMEOCTa3a U IMOJTHOLIEHHOMY CIIEPMATOI€HESY.

AHanu3 4YacToThl BCTPEYAEMOCTH TAKCOHOB B MHUKpPOOHMOTE YpETphl BBISBUII

aHaJIorMYHbIe 3akoHOMepHOCTH (Tabmuia 6.9).

Tabmuua 6.9 — bakrepuanbHble CEMENCTBA, JUIsl KOTOPHIX BBISBIEHBI CTATUCTUYECKU
3HaYUMbIE pa3IUuUs MPEICTABICHHOCTH B MUKpPOOMOTE TKAaHU YpETphl MAIMEHTOB C

HOA B 3aBucumoctu ot pesynbratoB BPT, a6c. (%)

CewmeiicTBO I'pynna 1A I'pynna 1b p
(HOA, BPT-), n=56 (HOA, BPT+), n=16
Enterococcaceae 8 (14.3%) 7 (43.8%) 0,017
Streptococcaceae 36 (64.3%) 5 (31.3%) 0,024
Brevibacteriaceae 3 (5.4%) 4 (25.0%) 0,039
Unassigned 28 (50.0%) 3 (18.8%) 0,043
Burkholderiaceae_ A 580492 22 (39.3%) 11 (68.8%) 0,048

Kpome TOro, moBbIIIEHHAs 4YacTOTa TAKCOHOB, OTHECEHHBIX K KaTEeropuu
Heonpenenéuueix (Unassigned), B rpynne BPT- MoxkeT cBUaeTenbcTBOBaThH O

I[I/IC6aJ'IaHCG 1 TOBBILICHHOM A0JIC MMOTCHIHUAJIbHO IMAaTOI'CHHBIX WM MaJIOM3YHYCHHBIX
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MUKPOOPTaHU3MOB, CIIOCOOCTBYIOIIMX HApYIICHHIO MUKPOOHOTO paBHOBecHs. Taxke
CTaTUCTHYECKM 3Haunmo 4vame B rpymne BPT+ Bcrpewaercs cemencrBo
Burkholderiaceae_ A 580492, 4ro, BeposATHO, OTpa)kaeT pOJb 3TOI0 TaKCOHA B
HOJIIepKAaHUH OJaronpusTHOTO MUKPOOHAIFHOTO KIMMAaTa YPETPHI.

Takum 00pa3oM, aHanM3 MOJYYEHHBIX JAHHBIX MOATBEPAMII, YTO YCIEUIHOCTH
npumenenus BPT y nanuentoB ¢ HOA accouuupyercst ¢ 60jee 4acTbIM NpUCYyTCTBUEM
ONpeaeNEHHbIX OAKTEPHAIBHBIX CEMEWCTB KaK B TKAaHU SIMYKA, TaK U B ypETPaIbHOU
MukpoOuore. OTCyTCTBHE WIH peAKOoe OOHApyKEHHME 3THX TaKCOHOB B Ipylmax ¢
oTpuuateiabHbiM ucxonoM BPT cBuueTensCTBYeT O BO3MOXKHOM HEOIAronpUsATHOM
BJIUSIHUA MUKPOOHMANBbHOTO JucOanaHca Ha PEenpOayKTUBHBIA MOTEHIMAN. DTH JIaHHbIE
NOTYEPKUBAIOT NEPCIIEKTUBHOCTh JAJIbHEHIIIET0 U3y4yeHUs: MUKPOOUOTHI Kak (hakTopa,
Biusitomiero Ha 3@gexkruBHocTh BPT, U MOryT cioyXuTh OCHOBOHM Mg pa3pabOTKU

MI/IKp06I/IOMHO-OpI/I€HTI/IpOBaHHI>IX TCPAIICBTUYCCKUX CTpaTGFHﬁ.

6.6 CpaBHeHHE TAKCOHOMHMYECKOI0 COCTABA MUKPOOMOTHI TKAHM SIMYKA U YPETPbI
HA YPOBHe ceMeilcTB Yy nanueHToB ¢ OA B 3aBHCHMOCTH OT pPe3yJIbTAaTOB

npuMeHnenusi BPT

[IpoBenéH cpaBHUTEIBHBIM aHAIN3 TaKCOHOMHYECKOIO COCTaBa MHKPOOHMOTHI

TKaHU siMYKa y nanueHToB ¢ OA B 3aBUCHUMOCTH OT pe3yibTata npuMeHenuss BPT

(Tabnuia 6.10).

Tabmuua 6.10 — bakrepuanbHble ceMeCTBA, OTHOCUTENbHAs IPEICTABICHHOCTh
KOTOPBIX CTAaTUCTUYECKU 3HAUYUMO pA3IMYaeTcs B MHUKPOOMOTE TKAaHM SMYKa Yy

nanreHToB ¢ OA B 3aBUCUMOCTH OT pe3ysibTatoB BPT, M+m

CewmeiicTBa I'pynma 2A I'pynma 2b p
(OA, BPT-), (OA, BPT+),
n=19 n=13
Streptosporangiaceae 0,131+0,081 0 0,003
Bacillales_B 0,207+0,089 0 0,003
Beijerinckiaceae 0,332+0,139 0 0,005




[Tponomxenue Tadbmauist 6.10

170

CewmelicTBa ['pynma 2A I'pynna 2b p
(OA, BPT-), (OA, BPT+),
n=19 n=13

Burkholderiales;f SG8-39 0,119+0,059 0 0,006
Rhodanobacteraceae 613067 0,193+0,131 0 0,006
Legionellaceae A 0,025+0,025 0,21+0,15 0,007
Streptomycetaceae 0,970+0,910 0 0,01
c__Actinomycetia; ; 0,144+0,071 0,004+0,004 0,013
Oscillospiraceae_88309 0,271+0,109 0,004+0,004 0,017
c__Bacilli;o_ RFN20;_ 0,382+0,244 0 0,020
Xanthobacteraceae 503485 0,137+0,069 0 0,020
0__Mycobacteriales; 0,007+0,007 0,223+0,134 0,025
Bacillaceae H 289398 1,188+0,547 0 0,030
Usitatibacteraceae 0,058+0,037 0 0,031
Halomonadaceae 0,399+0,123 0,059+0,044 0,032
Bacteroidaceae 3,118+1,721 0,423+0,192 0,037
o_ Bacillales_ B _302584;f 0,140+0,082 0 0,038
DSM-18226 301387

Marinococcaceae 0,403+0,155 0,047+0,047 0,038
Gemmatimonadaceae 0,166+0,093 0,012+0,008 0,045
Actinomycetaceae 0,165+0,063 0,067+0,067 0,047
Tepidisphaeraceae 0,087+0,051 0,009+0,009 0,050

AHanu3 BBISIBWJI CTaTUCTHUYECKM 3HAYUMBbIE pa3Myusi B OTHOCUTEJIbHOU
MPEACTABICHHOCTU 19 GakTepuaIbHBIX CEMENUCTB MEXy TpylnnamMu ¢ OTPULATEIbHBIM
(rpynma 2A) u monoxwutenbHbiM (rpynma 2b) pesyasratom BPT. V manuenTtoB ¢
oTpuLaTedbHbIM  pe3yibraroM BPT  HaOmionaercs  3HAYUTENBHOE  CHHD)KEHHE
MPEACTaBUTEIIBHOCTH TaKUX CeMEHCTB Kak Streptosporangiaceae, Bacillales B u
Beijerinckiaceae, cpeau mnpoudmx, YTO MOXKET CBHJACTEIHCTBOBATH O HAPYIICHUU
MUKpPOOHOTO pa3HO00pa3us U GyHKIHMOHATBHOCTH B ATUX CIIy4dasiX.

CemeiicTBa  OakTepuii, HMEIONIME MEHBIIYI0O  MPEACTABICHHOCTh  TpHU
OTpUIIATeNbHBIX pe3ysbratax BPT, BkiIo4aloT oOpraHu3Mbl, CIOCOOCTBYIOIINE
IPOAYLUUPOBAHNUIO OMOAKTUBHBIX META0OJIMTOB, U BIUSAIOT HA UMMYHHBIN CTaTyC TKaHU
snyka. B To ke BpeMs, B MUKpPOOHOTE MAIlMEHTOB C MOJIOKUTEIbHBIMU PE3yJIbTaTaMU

BPT wnaOmomaercss Oojiee BBbICOKas MPEACTaBIECHHOCTh TaKUX CEMEWCTB Kak
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Legionellaceae A, Halomonadaceae wu Bacillaceae H 289398, wuto moxer
CBUCTEIHCTBOBATh O UX POJIM B MOJACPKAHUK OanaHca MUKPOOHOTHI U ONTUMAIbHOU
MUKPOCPE/IBI.

[lomydeHHble AaHHBIE YKa3bIBAIOT HA CYIIECTBEHHOE H3MEHEHHE CTPYKTYpPbI
MUKPOOHOTO COOOIIecTBa B 3aBUCUMOCTH OT pe3yiabTatoB BPT, 4uto momdyepkuBaet
BaXHOCTh MUKPOOHMOTHI B KOHTEKCTE MATOJOTHUHU SUYCK M €€ BO3MOXKHOTO BIIMSIHHUS Ha
KJIMHUYECKHE UCXOIbI JICUCHUSI.

AHanu3 MHKPOOHMOTBHI YpEeTphl TakkKe MPOJAEMOHCTPUPOBAT CTATUCTHUCCKH
3HaYMMOE€ CHIDKEHHUE TMPEACTABUTENBCTBA 5 OAKTEpUATBHBIX CEMEICTB y MAIlMEHTOB C
OA u orpunarensubsiM pesyibtatoM BPT. Tak, Burkholderiaceae A, Chitinophagaceae,
c_ Polyangia, Obscuribacteraceac u  Peptoniphilaceae = 3HauuTenbHO  MeHee
npezactasiensl B rpynmne BPT- no cpaBuenuto ¢ BPT+ (Ta6numa 6.11). [loBbiieHHast
IPEJICTAaBICHHOCTh 3TUX TAKCOHOB Yy MAallMEHTOB C ycnemHbM ucxoaoM BPT moxer
OTpa)kaTb HOPMAJIM3ALUI0 MUKPOOHOTO OanaHca U (PyHKIHMOHAJIBbHOE BOCCTAHOBJICHUE
MECTHOTO MHUKPOOHOTO COOOINECTBA, YTO MOTEHIIMAIBHO CHOCOOCTBYET YJIYUIIICHUIO

YCIIOBU JIJIs1 criepMaTtoreHes3a u nosbimieHus s dexruBnoctu BPT.

Tabmuma 6.11 — bakrepuanbHble CEeMEMCTBA, OTHOCHUTEIbHAs IIPEACTaBICHHOCTD
KOTOPBIX B MHUKPOOHMOTE ypeTphl y marueHToB ¢ OA CTaTUCTUYECKH 3HAYUMO

pasnuyaeTcsl B 3aBUCUMOCTH OT pe3yapTaToB BPT, M+m

CewmeiicTBO I'pynna 2A I'pynma 2b p
(OA, BPT-), n=19 (OA, BPT+), n=13
Burkholderiaceae A 0,001+0,001 1,64+1,08 0,005
Chitinophagaceae 0,009+0,008 0,31+0,13 0,008
c_ Polyangia 0 0,05+0,03 0,01
Obscuribacteraceae 0,157+0,157 1,724+1,05 0,034
Peptoniphilaceae 7,18+2,38 21,12+6,17 0,044

B uenom mnonyyeHHblE JaHHBIE IEMOHCTPHUPYIOT, uTO y mnaimueHTtoB ¢ OA
MHUKpOOMOTAa TKaHU SIUYKAa U YPETPhl y JIMIl C TOJOXKUTEIBHBIM pe3yiabrarom BPT
xXapakTepusyercsi 0osee cOalaHCHPOBAaHHBIM M 0OraTbiIM TAKCOHOMUYECKUM COCTaBOM.
[Tpu 3TOM HanMuue WM OTCYTCTBHE psAja OaKTEpUATBHBIX CEMEHCTB MOXKET WUIpaTh

KJIFOYEBYIO POJIb B POPMUPOBAHUN MUKPOOHOTO MUKPOOKPYKEHHSI, CTIOCOOCTBYIOIIETO
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WIN TIPEMSITCTBYIOLIETO JOCTHKEHUIO OEPEMEHHOCTH. DTH Pe3yNbTaThl MOAYEPKUBAIOT
BAXHOCTh MHKPOOMOMHBIX XapaKTEpPUCTUK KaK TMOTEHUIUATbHBIX OHOMapKepoB
MIPOTHO3a M NIEPCIEKTUBHBIX MUIIIEHEH SISl MUKpOoOHanbHOU Tepanuu B pamkax BPT.

AHanu3 pe3ylbTaTtoB, MOpelacTaBileHHbIX B Tabmuune 6.12, mo3BoiseT
KOHCTaTUPOBaTh, 4TO y nauueHToB ¢ OA u BPT- BBISIBJIEHO CTaTUCTUYECKU 3HAYMMOE
MOBBIIIEHUE YaCTOThI BCTPEYAEMOCTH TPEX OaKTEpUANIbHBIX CEMEMCTB MO CPABHEHUIO C
rpynnoi BPT+.
Tabnuna 6.12 — bakTepualibHble CeMEICTBA, NJI1 KOTOPBIX BBISBICHBI CTATUCTUUYECKU
3HAYMMBIE PA3IMYUS MPEACTABICHHOCTH B MUKPOOHOTE TKaHU SIMUKa NManueHToB ¢ OA

B 3aBUCUMOCTH OT pe3ysibratoB BPT, abc. (%)

CewmeiicTBO I'pynma 2A I'pynna 2b p
(OA, BPT-), n=19 (OA, BPT+), n=13
Beijerinckiaceae 8 (42,1%) 0 0,010
Actinomycetaceae 8 (42,1%) 1 (7,7%) 0,049
Oscillospiraceae 8 (42,1%) 1 (7,7%) 0,049

ILaHHaH 3daKOHOMCPHOCTb CBHJACTCILCTBYECT O BO3MOXHOM Y4YaCTHM JOTHX

TaKCOHOB B  (OpPMUpOBaHUM  HEOJArONMPUATHOIO  MHUKPOOHOTO  OKpPYXKEHUS,
aCCOIIMUPOBAHHOTO C HApPYIICHUEM CIepMaToreHe3a WM JIOKaJIbHOW WMMYHHOW
nuc(yHKIMEH, 4TO OTPHUIIATEILHO CKa3bIBACTCS Ha 3PPEKTUBHOCTH PEIPOTYKTUBHBIX
BMEIIATEIIbCTB.

[lpu cpaBHEHUM MUKPOOMOTHI ypeTpbl y manueHToB ¢ OA BBISBICHO, YTO Y
rpynnel - BPT-  3HaumrensHO pexke BerpewaroTcst cemeiictBa Burkholderiaceae,
Polyangia u Chitinophagaceae mo cpaBHeHHIO C MallMCHTaMU C MOJOXKHUTEIbHBIM

pesyasTtaroM BPT (Ta6numa 6.13).

Tabmuma 6.13 — bakTepuaibHble CEMENCTBA, NI KOTOPBIX BBISIBJICHBI CTATUCTHYECCKU
3HAYMMBIC PA3INYMs MPEACTABICHHOCTH B MUKPOOHOTE TKaHU ypeTphl manueHToB ¢ OA

B 3aBUCUMOCTH OT pe3ynbratoB BPT, abc. (%)

CemelicTBO I'pynma 2A I'pynma 2b P
(OA, BPT-), n=19 (OA, BPT+), n=13
Burkholderiaceae 1 (5.3%) 7 (53.8%) 0,003
Polyangia 0 (0.0%) 4 (30.8%) 0,012
Chitinophagaceae 2 (10.5%) 6 (46.2%) 0,038
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CHIKEHHE YacTOThl MPEACTABUTENICH ITUX CEMEHCTB y JIMII C OTPHUIATEIHHBIM
HCXOJIOM MOXET CBHJICTEILCTBOBATH O HAPYIIICHUHW MHUKPOOHOTO OajaHca ypeTpabHON
Cpellbl, KOTOpas B HOpPME CHOCOOCTBYET NOJJEPKAHUIO JOKAIBHOIO HMMYHHOIO
roMeocTa3a W OJIarONPUATHOMY PENPOAYKTUBHOMY MoTeHInany. OcoOeHHO 3amMeTHa
pasnunia 1o ceMmeiictBy Burkholderiaceae, wurparomemy, 10 JaHHBIM —psjaa
UCCJIEIOBAHUM, BAKHYIO POJIb B MUKPOOMOMHOM PEryssiiiiy CIU3UCTHIX 000JI0YEK.

Takum oOpa3oM, MONMy4YEHHBIC JaHHBIC TOATBEPKAAIOT 3HAYMMOE BIIHSHUE
cnenupuIecKoro cocTaBa MUKpOOMOTHI TKAHU SIMYKA U YPETPBI HA UCXO]T TPUMEHEHUS
BPT y mnanuentoB ¢ OA. Hamumume mnoBeimieHHON uacToThl Beijerinckiaceae,
Actinomycetaceae u Oscillospiraceae B Tkanu smuka npu BPT- ykassiBaer Ha
MOTEHIIMAIBHOE YYaCTUE ITUX TAKCOHOB B MTATOTE€HE3€ HEOIAronpusTHBIX UCXO0J/I0B, B TO
BpeMsi Kak CHIKeHHas npeacTtaBieHHocTh Burkholderiaceae, Polyangia wu
Chitinophagaceae B ypeTpe MOXET OTpakaTb JUCOMO3, CHOCOOCTBYIOIIHMA
PEenpOyKTUBHBIM HapYLICHUSM. JlaHnHbIe pe3yJIbTaThI MO TYEPKUBAIOT
MEPCIEKTUBHOCTh HM3yYEHUS MHUKPOOMOTHI KaK MPOTHOCTHYECKOro ¢akropa U

BO3MOKHOW MHILICHHU AJI KOPPCKOHHA C LCJIBIO ITOBBIMICHU S 3(1)(1)€KTI/IBHOCTI/I BPT.

6.7 Pa3paboTka KiaccupUKAMOHHONH MO/IeJ U MPOrH03a 3(PPeKTUBHOCTH
nporpamMMm BPT Ha ocHOBe XapaKTepHUCTHK MUKPOOHOTHI AUYKA U YPETPbI y

NANMEHTOB C HEOOCTPYKTUBHOM a300cnepMuei

JIJIst  OIEHKH MPOTHOCTUYECKON 3HAYMMOCTH MHKPOOMOTHI TKaHEW sAUYKA U
ypeTtpbl 'y mnanueHntoB ¢ HOA B koHTekcTe pe3yinbrata npumeHeHus BPT Obuta
pa3paborana kiaccu(UKalMOHHAs MOJCIbh C MCIOJIB30BAaHUEM ajropuTMa JiepeBa
perieHnii. AHaIW3 MPOBOAWICS TONBKO aiisi manueHToB ¢ HOA, mockonbKy 00BEM
BbIOOpKK B rpymnne OA okaszajicsi HEAOCTaTOYHBIM [IJIsi MOCTPOCHHUSI CTaTUCTHYECKU
HaIEKHOM MoAenu. B kadecTBe BXOAHBIX IMApPAMETPOB HCHOJIB30BAIUCHh JTaHHBIE O
HAJIMYUU 17R10 OTCYTCTBUU ONpEAECTEHHBIX OakTepUabHBIX  TaKCOHOB,
MPEUMYIIIECTBEHHO MJACHTU(GUIIMPOBAHHBIX O YPOBHS BHJAA, YTO TMO3BOJSET B

I[ElJ'IBHCfIHICM aJalITUPOBATb MOACIIb IJIA IIPAKTHYCCKOT'O IIPUMCHCHMA.
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Haubonee TouHast Mojenb, MOCTPOEHHAsI HA OCHOBE MUKPOOUOTHI TKAHU SIMUKA,
npenacraBieHa Ha Pucynke 6.6. Ona oOecnednMBaeT MPaBWIBHYIO KIAaCCH(PHUKAIUIO
nosioxkuTeNbHbIX UcxooB BPT (BPT+) B 93,75% cnyuaeB (15 u3 16 manueHToB) U
orpuniatenbHbiX ucxonoB (BPT-) B 91,1% cnyuaeB (51 u3 56 manuenrtoB). OOmias

TOYHOCTH Mojienu coctaBuia 91,9%.

Leuconostoc falkenbergense

Hanuywe OTeyTCTBME

Ruminococcus_E sp003438075
BPT+ Hanuuue

OTcyTCTBME

Bifidobacterium adolescentis

BPT+ Hanuume

OTcyTCTBIE

g_ Staphylococcus

OTeyTCTBME

BPT+ Hanuy HE
. g_ Rubellimicrobium
BPT- OTCyTCTBYE

g_Bacillus_P_294101

Hanuyue

B PT+ Hanuyue

OTcyTcTRMe

\ ¢_Bacilli

BPT+

s OTCcyTCTBME
\\

L
BPT+ BPT-
Pucynok 6.6 — Moaens mporaosa pe3yibTaToB puMeHenus nporpamMmm BPT na

OCHOBEC BHIOBOI'O COCTaBa MI/IKp06I/IOTBI SIM4YKa

KitodueBbIMM  TUCKPUMHUHAHTHBIMH ~TaKCOHaMH, BKJIIOYEHHBIMH B  MOJCIb,
OKa3aJIiCh Leuconostoc  falkenbergense, Ruminococcus E  sp003438075,
Bifidobacterium adolescentis, g__Staphylococcus, g__Rubellimicrobium,
g Bacillus P 294101 u ¢ Bacilli. IIpucyrcTBUE HEKOTOpPBIX BHAOB, B YAaCTHOCTH
Bifidobacterium adolescentis u Leuconostoc falkenbergense, accomuupoBasioch ¢
onaronpustHeiMu ucxonamu BPT, torma kak otcyrctBue ¢ Bacilli u nHamuuue
g Staphylococcus nmoBbIIIan0 BEPOATHOCTh HEY IauH.

Mopenb, OCHOBaHHasT Ha  XapaKTEPUCTUKAX  MHUKPOOHMOTHI  YpPETpHI,

npejacTaBiieHHast Ha Pucynke 6.7, mokasana BhICOKYIO CEUU(PUUHOCTh MPU YMEPEHHON
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YyBCTBUTENHHOCTU. OHA MO3BOJIMIIA KOPPEKTHO MpeackazaTh 68,75% MonoXUTENbHBIX
pesyabTaroB BPT (11 u3 16 nmanuentoB) u 98,2% oTpUlIaTeNbHBIX pe3yabTaToB (55 u3

56 manueHToRB), o0ecreunBas 00IIyI0 TOUHOCTh kinaccudukanuu 91,2%.

. AN _xﬁomnebacten’um glucuronolyticum

-
- -
.-"r -H-"\-.
- .

Hanwume _— T OTeyTeTEME

L .
- -,
- -,
- -
-
- e

L& Enterococcus faecalis x‘}@; Dialister invisus

/

HBHWV

BPT+

A
OTcyTcTBMe Hanu4une ff \ OTCyTCTBKE

rd
/
!

A\ f_Neisseriaceae_563222 ¢ ‘e
BPT+  BPT-

Hanwune OTcyTCTEME

{\ Bifidobacterium vaginale

BPT+ /

Hanwuue f*’ .lx"x___DT{'_'fTCTBME
.-"f‘j | 9
. ®
BPT+ BPT-

Pucynok 6.7 — Moaens nporsosa pe3yspTatoB npuMmeHeHus nporpamm BPT Ha ocHoBe

BUJIOBOTO COCTaBa MUKPOOUOTHI YPETPhI

Haulonee 3HauMMbIMH TIpU3HAKAMH B JIAHHOW MOJIENU SIBUJIOCH HAJIMYUE TaKHX
npezacraButeneii MukpoOnoThl, kak Corynebacterium glucuronolyticum, Enterococcus
faecalis, f Neisseriaceae 563222, Bifidobacterium vaginale u Dialister invisus.
OrcyrctBue Dialister invisus u Bifidobacterium vaginale, dyro garmie HaOMIOIAI0Ch Y
MTALIMEHTOB C yCNEMHbIM pe3yibratom BPT.

Takum  oOpa3oMm,  MOJIydeHHbIE  MOJEIM  JEMOHCTPUPYIOT  BBICOKYIO
IPOrHOCTUYECKYIO IIEHHOCTh XapaKTEPUCTHUK MHUKPOOHOTHI, OCOOCHHO MpH aHallnu3e
TKaHu sinuka. [IpuMeHeHune pa3pabOTaHHBIX 3aBUCHMOCTEH MO3BOJIUT OCYILIECTBISATH
NEPCOHAIN3AIIMIO TTOAXO0I0B K JeueHuto oecrionus y myxuuH ¢ HOA u moxer cratpb
OCHOBOM i1 pa3pabOTKU  MUKPOOMOJOTMYECKUX  JIMarHOCTMYECKUX  TECTOB,
HANpaBIIEHHBIX HAa OILEGHKY pPEMpOAYKTHBHOTO TIPOTHO3a TMPH IUTAHUPOBAHHUU

npoBeneHus BPT.
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I'JTIABA 7. OBCY/KAEHHUE ITOJYYEHHbBIX PE3YJIbTATOB

[lo paHHBIM crnenManTucToB BceeMupHOW  opraHu3aluu  31paBOOXpaHEHUS
HapyIIeHNEe PEMPOTYKTUBHOTO 370POBbS MYXXYMH HA CETOHSAINIHUN JIEHb SBISICTCS HE
TOJIbKO MEIUIIMHCKOM, HO M COIUaNbHON mpooOiemoirt [32]. M3BecTHO, YTO MYIKCKOM
daktop Oecruonus BeisiBisieTcs: B 50% ciydaeB OecrionHbix OpakoB. Kpaiineit popmoit
MY>KCKOTO OecIuiofusi sIBIIsieTCs a3oocmepMus. PacmpocTpaHEHHOCTh a300CHEpPMUN B
MOMYJISIIUKA BCEX MY>KUMH COCTaBIsieT nmpuMepHo 1%, cpenu OeCIIOAHBIX MYKUYHUH — /-
10% [2]. HOA npencraBisier co00# MaTOJOTHYECKOE COCTOSIHHE, XapaKTePU3YIOMIeecs
HapyIIeHHEM TpoIiecca CO3PEBaHUs CIIEPMATO30HI0OB WIM UX TIOJHBIM OTCYTCTBHEM, H
ABJIIETCST HamOoJiee Cephe3HOM MNpUYMHOW Myxkckoro Oecmumoaust [86]. Ilocne
BHeJlpeHus B kuHUKY BPT y manuentoB ¢ HOA mnosiBuics maHc Ha OMOJOTMYECKOe
OTIIOBCTBO, OJJHAKO YAacCTOTa HACTYIUICHUS OCPEMEHHOCTH W POXKICHHUS peOeHKa MIpH
ATOM BHJI€ a300CIIEPMHUU COCTaBIISIET HE Ooee 27%.

B OonbmuacTBe cnydaeB HOA BoO3HMKAaeT mpu HapylIEeHWH CIEpMaToreHesa,
CBA3aHHOTO C TEHETHYECKUMH, OHHIOKPUHHBIMH, a TaKkKe BOCHAIUTEIbHBIMU
3a0oneBanusMu. OJHAKO, HENABHHWE WCCIENOBAHUS I[IOKa3ald, 4YTO MHUKpPOOMOTa
KHUIIIEYHUKA W YPOTEHUTAJBHOTO TpaKTa TakKe WIPaeT HEMAJIOBAXKHYIO pOJb B
Pa3BUTHH PEIIPOAYKTUBHOM cUCTeMBbI [279].

[TosBnsieTcst Bce OOJbINE MOKA3aTEIbCTB TOTO, YTO HW3MEHEHHS CTPYKTYPHI
MHUKPOOHOTO COOOIIECTBA TECTUKYIISIPHOM TKAHU SIBJISIETCS KIFOYEBBIMU (haKTOpaMu HE
TOJIBKO PEIMPOIYKTUBHOTO 3J0POBBS, HO M CBS3aHHBIX ¢ HUM 3a0osieBaHuil. J[ncOmo3
MHUKpOOMOMa  PEMpOAYKTUBHOTO TpaKTa MOXET BBI3bIBATh  PEMPOIYKTUBHYIO
bu3MoNOTuYecKyt0 JTUCHYHKIIMIO W BBI3BIBATH COMYTCTBYIOIMIUE 3a00J€BaHUS U
HEeOIaronpusITHBIC UCXObI OepeMeHHOCTH [267].

Jlo HEemaBHETO BPEMEHHM CUYMTAIOCH, YTO MOYA M CIIepMa 3JI0POBOTO MY>KUMHBI HE
coziepKaT OAKTEpHil WM 4TO OAKTEpHH MPUCYTCTBYIOT JuIllh u3peaka [202]. Oxnaxko,
MOJICKYJIIpHAs JUArHOCTHKA IT03BOJIMIA OOHAPY)KUTh MHOTOYHCIICHHBIC OaKTepuu M
BUPYCHl B MOYE€ U CIEpPME 3J0POBBIX MYXYMH. B HYacTHOCTH, COBpPEMEHHBIE

JabopaTopHbIe TEXHOJOTHH, Takue Kak NGS, mo3BOJWUINM TPOBOJAUTH TIIATEIHHBIN
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aHaJIHN3 CJIOKHBIX MUKPOOHBIX COOOIIECTB B PA3IMUHBIX 00IACTIX YETOBEYECKOTO Tea,
B TOM 4YHUCJIE€ U pEnpoayKTUBHOW cucteMe [47]. Hcnonb3oBaHuE METOIOB
CEKBEHUPOBAHUS TPHU aHAJIMU3E CIEPMbI IOKa3ajo, YTO YeJIOBEYECKas cCIiepMa He
CTEpWJIbHA U COACPKUT crerupuyueckyro Guopy, GyHKIIHMH KOTOPOH €II1e TTOJTHOCTHIO HE
u3ydeHbl. Kpome Toro, HEsICHO MPOMCXOXKICHUE ITUX MUKpoopranu3MoB [202].

OnHoit 13 BaXKHEUIIUX MPOOJIEM B U3YyYEHUU CTPYKTYPhl MUKPOOHMOMA TECTUKYJ
ABJIIETCSI OTPAHUYEHHOCTh NPEJCTABICHUN 00 3TUX MHUKpPOOHBIX cooOuiecTBax. B
LEJIOM HEsICHO, Kak QopMupyeTrcss W TMOJACpPKUBACTCS OaKTEepUANbHBIA CIEKTP
pPENpPOIYKTUBHOIO TpakTa. bojee TOro, CymecTByeT JIMIIb HECKOJBKO HCCIIEIOBAaHUN
OTHOCHTENFHO pPOJIM, KOTOPYI0O OHH MOTYT UIpaTh B OpraHu3Me€ XO3SMHA U
(GYHKIHMOHATIBHBIX ~ PENpPOJYKTUBHBIX  mporeccax. CpaBHeHHE  OaKTEepHATbHBIX
coo01iecTB, OOHapyXEeHHbIX Mpu cekBeHupoBanuu 16S pPHK B cnepme, Moue u mazkax
U3 TPSAMOM  KHUIIKKA  3[I0POBBIX  MY)KUMH, TIOKazajlio, 4YTo Toybko 2,3%
UJACHTU(GUIIMPOBAHHBIX TAKCOHOB ObUIM OOMUMHU It 3TUX Tpex cpen u 10% s
criepMbl 1 Moun [119].

B HacTosiiiee BpeMst myOauKyeTcst 00JIbIIOE KOJIUYECTBO MCCIIEIO0BAHUM O CBSI3U
MEXIYy MHKPOOPTaHM3MaMU H MYXCKUM OecIiogueM, OIHAKO MHUKPOOHOM
TEeCTUKYJISIPHOM TKaHU M3YYE€H HEIOCTATOYHO B CPABHEHUU C JAPYTMMH CHUCTEMaMU U
opranamu. [losTomy pa3zpaboTka HOBBIX OMOMapKEPOB MYKCKOTO OECIUIOAUS HMEET
peniaroniee 3Ha4YeHUe A5 yIyqIIeHUs TMarHOCTUKU U IIPOTHO3a 3TOro 3a00J1€BaHus.

B cBsA3M C BBIIEU3TO0KEHHONW IENbI0O HUCCIEIOBaHUS SBHJIOCH YIIyULICHHUE
pe3yabTaTOB JAMATHOCTUKH M JICUEHUS! OOJBHBIX C MYXCKUM (hakTOpoM Oecrutofusi Ha
OCHOBaHUM YIIyOJEHHOW OLIEHKH TMaTOTEHHOTO TECTHUKYJISIPHOTO MHUKpoOuoma y
UHOEPTUITHHBIX MY>KUYHH.

[IpoBeneH peTpOCEKTUBHBIA M MTPOCTIEKTUBHBINA aHAINU3 JaHHBIX 108 maiueHTos,
IPOXOUBIIMX 00CIIEIOBAHHE 110 MOBOAY MYXCKOTO O€CIIONuSI.

Ha mepBoM atare mccinemoBanus ObLIIO BBITOJIHEHO OOOCHOBAHHME M arpoOarus
NpPUMEHEHUsI METOJa TMpOorHo3a Heobxoaumoctu mpumeHeHus BPT ¢ nonanumei
CIepMaTO30UJI0OB TPH HJUOMATUYECKOM OECIUIOAMM y MY)XUYMH Ha OCHOBAaHUU

UMMYHOMOP(}OJIOTHYECKUX  XAPAKTEPUCTUK TKAHW  SMYKa T[PU  HAPYLIECHUSAX
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criepMaroreHe3a. JTal BKJIOYAl 3KCIEpUMEHTalIbHOE wuccienoBanue ponaun CPA3-
MO3UTHUBHBIX TYYHBIX KJIETOK SMYKA B HAPYIICHUSIX CIIEPMATOTEHE3a, B XOAE€ KOTOPOTO
ObLJIO TPOBEACHO UCCIEAOBAaHUE pACHpPENENICHUs TYYHBIX KIETOK B CEMEHHBIX
KaHaJbllaX MpH Pa3IUYHBIX BHAAX a300CMEPMHM M JaHa IUTOMOp(doIornyeckas
xapakTepuctuka CPA3-MO3UTUBHBIX TY4YHBIX KJIETOK Y MAIMEHTOB C Pa3JIMYHBIMU
dbopmamu a300CTIEpPMUM.

Pemponykiust mpeacTaBisieT coOOW CIOXKHBIA TMPOIECC, B OCHOBE KOTOPOTO
JCKUT B3aUMOJICUCTBUE OHIOKPUHHOW M HWMMYHHOHM CHUCTEM UM MHKPOOHOTHI.
TecTUKyJIApHBIA ~MUMMYHHTET  XapaKTEPU3YeTCsl TaK  HA3bIBA€MOW HWMMYHHOU
NPUBHUIICTHEH, MEXaHH3MOM, KOTOPBIA TO3BOJIAET M30€XaTh ayTOMMMYHHBIX aTak
npoTUB OEJIKOB, SKCIPECCUpPYEMBIX criepMmarozouaamu [79, 297, 315]. B To xe Bpems
TECTUKYJISIpHAs TKaHb o00jamaer dS(PQPEKTUBHBIM JIOKAJBHBIM  BPOKICHHBIM U
aanTUBHBIM UMMYHUTETOM [8, 148]. TyuHble KJIETKH /MACTOIUTHI SBISIOTCS OJHON U3
HanOoJIee 3HAYMMBIX MOMYJIAINN UMMYHHBIX KJIETOK B simukax [34]. OHU BHOCAT CBOM
BKJIaJl B UMMYHHYIO TIPHBWJICTHIO SIMYKa W TOMEOCTa3, KOTOPBIA OHH IOICPKUBAIOT
Onmaromapss cBoedl oOmied poiau B PEryasiUU NPOHUIIAEMOCTH COCYIOB U
UMMYHOMOJYJIALIMMA, a TakKe OHHM WrparoT TMPEANOJOXKUTENbHYI0 pOJb B
cnepmatorenese [45]. OnHako, B TOCieIHEE BpeMsl JUCKYTHPYETCS BOMPOC 00 y4acTUu
TYYHBIX KJIETOK B HEKOHTPOJIUPYEMBIX BOCHAIUTENBHBIX PEAKIUSAX TPU Pa3IAIHBIX
KIMHUYecKux mnarojorusix [37]. IlokazaHo ydacTue TY4YHBIX KJIETOK B TATOTeHE3e
sHAOMETpHO03a, Oosie3Hn KpoHa u BocaIUTEIbHBIX 3a00JIEBAaHHUM KUIIIEYHUKA, a TAKXKE
B Pa3BUTUU JIETOYHOrO H medeHouHoro ¢ubposa [13]. Cneumduueckue myTH
PETYJSAIMKM  TYYHBIX  KJIETOK TMPU  TECTHKYJIAPHBIX  TMATOJIOTHSIX  OCTAIOTCS
HEBBISICHGHHBIMU. BmecTe ¢ Tem, cumMTaercs, 4To B SMYKAX YEJIOBEKa YBEIWYCHUE
KOJIMYECTBA MHTEPCTUIIMATLHBIX MACTOLMTOB MPUBOANT K HAPYIICHUIO CTIEPMAaTOreHe3a
", CJIeI0BATEIbHO, K MY)KCKOMY Oecriiouio [76].

[Ipu mpoBeACHUHM TUCTOJIOTHYECKOTO aHaau3a, MOMHUMO OIICHKH COCTOSHUS
CEMCHHBIX KaHaJblIeB, OOJIbIIOE BHUMAaHHE OBLUIO OOpAIIEHO MEXKaHAIbIIEBOU
CTPYKTypE MapeHXUMbI sinuka. OIEeHUBaIN COCTOSTHUE MUKPOIIMPKYJISATOPHOTO pyclia U

cooTHoIleHHe Kietok Jleinura, gudpodracToB, Makpodaro. YTONIMIEHUE UHTUMBI U
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CKJIep03 HapyXHOH OOOJIOUKHM KPOBEHOCHBIX COCYJOB CBHUACTEIHCTBOBAI 00
aptepuockiepose. Kpome Toro, HaMu BBISIBIIEHBI IOBPEXACHUS U JIETEHEPALMS KIETOK
Jlefigura,  KOTOpBIE  4YacTO  CONYTCTBYIOT  HApyILIEHUSM  CIEpMaTOreHe3a.
['mcronarosiornyeckuii aHaiau3 BBISBHI NMOJIOKUTENbHYI0 W' X-peakunio Ha Tpunrasy
macrorutoB  (aHTU-MCT), KoTOpas mpoOsBIsIaCh  OKpallMBaHUEM B BUJE
I'PaHyJIMPOBAHHOTO IIUTOIIA3MATHYECKOTO y30pa, OTPAHUYEHHOIO0 TYYHBIMU KJIETKAMU
(HEKOTOpBIEC U3 HUX C ICTPAHYIISUECH ).

B pe3ynbrare npu npoBeIEHUH TMCTOJIOTMYECKOTO UCCIEAOBAHMS Y TTAIIUEHTOB C
azoocrepMuen u ¢ 0eTHOM MATUTPON MUKPOOHOTO Mei3aka ObUIO OTMEUYEHO OOJIBIIOE
KOJIMYECTBO MACTOIIMTOB MPAKTHYECKH B 83% cCiydaeB B MEKKaHAIBIEBOU cTpome. B
CBOIO OY€pE]lb, MACTOLIUTHI B KAHAJIBIIEBBIX CTPYKTypax BcTpeyarorcs B 68% ciaydaeB u
KOPPEIUPYIOT C MUKPOOUOTOM.

VY CTaHOBIIEHHOE JIOKAJIbHOE YBEIWYEHUE KOJIMYECTBA TYYHBIX KIETOK B
KOPpEJSLIUA C HapYIIEHUSAMH MHUKPOOHOTO COOOIIECTBA MOXKET OBbITh BaKHBIM
(hakTOpOM, MPUBOMASIINM K HEOOPATUMBIM H3MEHEHHUSIM B TECTUKYJISIPHOM TKaHU W
OecIUIoNNI0 Yy MY)KUYHMH. YUUTHIBAs BBIMICU3IOKEHHBIE JaHHBIC, MOKHO IPEICTABUTH

pPa3BUTHE MYKCKOTO OECIUIOAMs B BUJAE MOPOYHOTO Kpyra uHdpeptibHocTH (PrcyHOK

7.1).

A IPESSHTILUME ¥ UHTEHCH DM
o/  Tyamboxune GO
/ \Z/ Ry=ua

Bnox cnepmatorenesa “—

Pucynok 7.1 — OCHOBHBIE 3BEHbBSI MTATOTE€HE3a MY>KCKOTO OECIIIONMS: B3aUMO/ICHCTBUE

I/IMMYHHOI;'I CHCTCMBI U I/IHCI)CKI_II/IOHHBIX arc¢HTOB
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B psge wuccnepmoBanuii Obla MOKa3aHa TECHas B3aHMMOCBA3b IOBBIIICHUS
MUTpAllMd TYYHBIX KJIETOK B HHTEPCTUIMHA SHMYKA U CTEMNECHBIO HAPYUICHUS
cuepmartorene3a [145, 350]. KapOokcumentumaza A3 sBisgeTcs OIHOW M3 Tpex
cenupUUecKux NpoTea3 TYYHBIX KIETOK, M YJOOHOM MHIIEHBIO IJIA OMpEIesICHUs
YUCJIEHHOCTU MHTpaopranHo nomyssiiuu TK [61]. Pe3ynbratsl mpoBeeHHOTO HaMu
UCCJIEIOBAHMS TOKa3alu, 4YTo uuroTonorpadguueckue ocobennoctu CPA3 B
UHTEPCTUIIMN SUYKAa HE OTJIMYAIOTCS OT XapaKTepUCTHK JaHHOM crernupudeckon
poTeasbl, NOKa3aHHbIX HaMu B TK npyroil opraHHoOW NMpUHAIIEKHOCTU. bruorenes u
Hakomienne CPA3 B TK su4ka CBUAETENBCTBYIOT O ITOCTEIIEHHOM HAaKOIUICHUN
cnenuuyecko MpoTea3bl B TpaHyJax IO MEpe HX CO3pEeBaHUA U JajbHEUIlEH
aKKyMYJISIIIUU B KadecTBE MPehOpMHUPOBAHHOTO MeauaTopa. Mbl MOKEM CUMUTATh, YTO
TK swuuka conpepxkar Beicokne ypoBHHM CPA3, comepkaHue KOTOpOW AUHAMUYHO
MEHSIETCS B 3aBUCUMOCTH OT YCJIOBUM TKaHEBOTO MUKPOOKPYKEHUS SIMUKA, B TOM YUCIIE
pu OPMUPOBAHUHU a300CTICPMHUH.

Oo6napyxenue TK ¢ KpynHbIMH CEKpETOPHBIMHU TpaHyiaMmH, B KOTopbix CPA3
JIOKAJIN30BaHa TMPEUMYIIECTBEHHO IO TMepudepuu, CBHUIETEIHCTBYET 00 aKTHBHBIX
IIPOILIECCAX CEKPEUHUH IpPOTea3bl BO BHEKJIETOYHBIM MATPHUKC, BO BPEMs KOTOPBIX
npoTea3a  M3BIECKACTCS M3  BHYTPUTPAHYJISIPHBIX  XPAHWIUIL W AKTUBHO
TPAHCIIOPTUPYETCS IMOCPEACTBOM PA3JIMYHBIX CEKPETOPHBIX IIyTEH Yyepe3 LUTOIIa3My K
MOJIEKYJISIPHBIM MUIIEHSM BHEKJIETOYHOro marpukca. Ilo Hammm pesyinbpratam Mbl
MOXEM CUUTaTh, YTO ONKCAHHbIE paHee ABe rpymnnbl TK B mHTEpCTULINM SIMYKA, B TOM
YUCJIE «MHTEPCTULHAIBHBIC», PACHOJIOKEHHBIE MEXKIy KieTkamu Jlendaura, BOKpyT
KPOBEHOCHBIX COCYAOB U APYTMMH KIETKaMH, U «IEPUTYOYJSIPHBIE» TYUHBIE KIIETKH,
pacrojoXKeHHbIE B HEMOCPEICTBEHHOW ONM30CTH OT COOCTBEHHOW IUIACTUHKHU
KAHAJIbLIEB MJIM BKJIIOYEHHBIE B CaMy COOCTBEHHYIO IUIACTUHKY, SBJISIIOTCS UCTOYHUKOM
CPA3 B unTepcTuiinu sindka [247]. OGHapykeHHe (EeHOMEHA BBIBEIACHUS OTACIBHBIX
CEKPETOPHBIX T'PAHyJI B TKAHEBOE MHUKPOOKPYKEHUE MEKIYKTATbHOIO MHTEPCTULIUSA C
dbopMUpOBaHUEM OTIENBHBIX TOJIEM Ha 3HauuTelbHOUM miomaau npu HOA saBnsercs
OOBEKTHBHBIM  moaTBepxkaeHueM  ydactus CPA3 B (dopmupoBanum  Kak

MPOBOCTIAIUTENBHOTO (OHA, TaK UM NPO(GUOPOTreHHBIX TKAHEBBIX HHIL, B KOTOPBIX
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CO37Ar0OTCs ONArompHUsATHBIE WHAYKTHBHBIC YCIOBHUS IO YPE3MEPHOMY OOpa30BaHUIO
BOJIOKHHCTOTO KOMIIOHEHTa BHEKJIETOYHOIO MATPUKCA, B YACTHOCTH, 3JIACTUUYECKHUX
BOJIOKOH.

JleficTBuTeNnbHO, paHee ObUIO mMoOKa3zaHo, 4yTo CPA3 sBisieTcs Y4YaCTHHKOM
MEXaHU3MOB  BOCHAJECHUS, CHOCOOCTBYSl ~ aKTHUBAIlMM  IPOBOCHAIUTEIbHBIX
OMOJIOTUYECKA AKTUBHBIX BEIIECTB, MENTUIOB U (PEPMEHTOB, U MOXKET B HEKOTOPOM
CTETICHU OMPEACIIATh MOMYJISIITUIO Pa3BUTHSI UMMYHHBIX peaknuii [61]. OOHapykeHHbIE
B HaIlleM MCCJEI0BaHUMU AaHHbIe, 4TO y nanueHToB ¢ HOA kommdectBo CPA3+TK B
WHTEPCTULIMM SIMYKA NpPEBbIIACT mpakThyecku Ha 40% aHamorW4YHbIE NOKA3aTENu Y
Myk4iH ¢ OA, CBUAETEIBCTBYIOT O CYIIECTBOBAHWM IIPU CEKPETOPHON a300CIEPMHUH
MEXaHU3MOB YBEJIMYECHHS HHTpaopranHoi nomyisiiuu TK, B dactHOCTH, Onaromaps
MOBBIIIIEHHOTO PEKPYTUPOBAHUS MNpeaniecTBeHHUKOB TK u3 MUKPOLMPKYJISTOPHOTO
pycina [145]. OueBuaHO, B 9TOM MOTYT IpUHUMAaTh ydacTue u camu TK, mockoiabky ux
KOJMYECTBO BOKPYr KalWUISIPOB BO3pacTaeT IMpU HEOOCTPYKTHBHOW  (opme
azoocnepmMur. OO0 3TOM CBUIETENBCTBYET U AHAJIU3 MPOCTPAHCTBEHHOM JIOKAJIM3ALNU
CPA3+TK B nmannmadgTe TKaHEBOIO MHUKPOOKpY>KEeHUsS suuyka mnanueHToB ¢ HOA,
MOKA3aBIIIMM BO3pACTaHUE UX COJICP)KAHUE B MEPUTYOYJIIPHOM UJIM MEPUBACKYIISIPHOM
UHTEPCTUIIMN TpakTuyecku B 4 paza npu HOA mo cpaBHEHHIO ¢ OOCTPYKTHUBHOM
dbopmoit Mmyxckoro Oecrionus. [Ipu 3ToM K BhIICONMCAaHHBIM (pakTaM HEO0OXO0IUMO
n00aBUTh U OoJiee BHICOKYIO cTerneHb B3aumoeicTBuss CPA3'TK ¢ knerkamu Jleiiaura
u ¢uodpodmacramu npu HOA. OOnHapykeHHOE HaMH OOJIBIIIOE KOJUYECTBO TOJEH
TKaHEBOTO MUKPOOKPYKEHHUSI, THPUIBTpUPOBaHHON CPA3-M03UTUBHBIMU I'paHyIaMH C
COXpAaHCHHEM TMPU3HAKOB UX BHYTPUKJIETOUYHOTO CTPOEHHUS CBUACTEILCTBYIOT O
MIPOJIOHT AN OKA3bIBAEMBIX d(P(PEKTOB Ha MUIIICHU TKAHEBOTO MUKPOOKPYKEHHUS, JTAKE
B orcyrctBun TK. Mwurpamns TK B 30omy I'Tb ¢ npusznakamu cekperuun CPA3
CBUJIETEIBCTBYIOT O TECHOW BOBJIEYeHHOCTH crenuduueckoir mpoteazsl TK B
peryasiuio cniepmaroreHesa. Kpome toro, ocodennoctu ructorornorpadguun CPA3 TK ¢
OJIM3KUM PACIOJIOKEHUEM K SIpaM COCEIHUX COMATHYECKUX KIJIETOK OTKpBhIBACT
IIUPOKOE TOJIe IS TUCKYCCUU OTHOCUTENhHO snmreHerndeckux 3¢dexkrax CPA3. B

YaCTHOCTHU, Takue 3P PeKThl ObLITN MOKa3aHbI ISl Ipyroil cnenudpuyeckoi nmporeassl TK
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— TPUITA3bI, B TOM YHCJIE B OITyXOJIEBOM MUKpPOOKpYyxkenuu [111, 191].

Takum 00pa3oM, MOXHO TMPEANOJIOKUTh, YTO TIOJyYCHHBIE B paboTe HaHHBIC
MOTYT OBITh OJJHUM M3 OOBSCHEHUM, B CBSI3H C YeM OOJIbIIIOE KOJUYECTBO MALIUEHTOB C
MOBPEXKJECHHBIM CIIEPMATOT€HE30M B rpyrmne nanueHToB ¢ HOA He uMeroT nepcreKTuB
€ro MOJIHOTO BOCCTAaHOBJICHMS, YTO HETATUBHO OTPA3UTCS HA pe3yibTaTax OWOICUU
anuka 1 BPT. XpoHndeckoe BocnajaeHue, KOTOPOE MOAEPKUBAIOT TyUHbIE KIIETKH C
nomonibio CPA3, cmocoOCTByeT yrHETEHHIO cliepMaToreHe3a B HEOOCTPYKTHBHOMU
rpynne myxckoro o6ecruioaus. [Toatomy myxkuunbsl ¢ HOA BeIHYX)A€HBI 00pamiaThes K
BPT (OKO/MKCH, BmIOTH 10 HCIHOJB30BAHUS JOHOPCKOM CHEPMBI), dalle o
CpaBHEHHIO ¢ MyxunHamMu ¢ OA 18 BO3MOXHOCTH OIUJIOJOTBOPUTH SIUILICKIIETKY
cynpyru. ITockonbky ucciaemoBanus koppessiuu crepmaroreHe3a u CPA3'TK panee
HE TIPOBOJMJIOCH, JIaHHBIE HACTOAIIETO WCCICIOBAHUS  SIBIISIOTCA  NEPBBIM
JTI0Ka3aTelIbCTBOM OOpaTHOM CBsi3M KoiaudecTBa TK B MHTEPCTUIIUU STMYKA CO CTETICHBIO
HapylIeHUs ClIEpMaTOreHe3a.

N3BecTHO, UTO MUOUJIHBIE KJIETKU U KJIeTKHU Jlelaura aBisitoTCsl ABYMSI BaXKHBIMU
ucTouHnkaMu TecTuky/sipuoro CCL2 mnpu cnepmaroreHHoit auchyHkium [145].
OdyeBUIHO, UYTO OSTUMHU (PaKTaMHd MOXKHO OOBSICHUTH 00Jiee BBICOKYIO YacTOTY
conokanuzauuu CPA3+TK c¢ xietkamu Jleiiaura M MHUOUJIHBIMU KJIETKAaMU TIPH
HapyILIEHUW cnepmarorene3a. HM3BectHo, uyTto rucramMmud TK MOXET BIMATH Ha
cTepouioreHes B kierkax Jlelaura, neictBys uepes peuentopst HIR u H2R [141]. B
HKCIIEPUMEHTE Ha Ja0OpaTOPHBIX JKUBOTHBIX OBLJIO TOKA3aHO, YTO MpoJudeparnus u
muddepenuupoBka TK wu  knerok Jlelaura mNpouCXomsST B CEMEHHUKAX KpPBIC
OJIHOBPEMEHHO, YKa3blBasi Ha CYIIECTBOBaHWE JIWHAMHYECKUX B3aUMOOTHOIIECHUN
MEXKly ABYMsI THUIAaMHU KJIETOK YEpe3 UX CEKPETOPHbIE MPOAYKThl. OUEBUIHO, YTO MPH
HOA nns unTeHcHMUKanuu criepMaTtoreHe3a HeoOXOJIUMO aKTHMBHU3UPOBATh TOPMOH-
IIPOAYLUPYIOLIYIO aKTUBHOCTH KJIETOK Jlenaura.

ITockonpky TK  snuka  SBIAIOTCS  OCHOBHBIM  HCTOYHHUKOM  JIOKAJIBHO
npoayuupyemoro ructamuna [141], oOHapykeHHbIE HAMH CBUETEIHLCTBA BO3paCTaHUS
conokanu3auu TK ¢ knetkamu Jlelaura cBUAETENCTBYIOT 00 AaKTUBUPYIOLIEM BIUSHUN

TK kak ¢ momoiiplo rucramuHa, Tak Hu, BepositHo, CPA3. B to xe Bpems, npyrue
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BblIensieMble  MenuaTopel TK  Moryr cmocoOCTBOBaTh M3MEHEHHUIO COCTOSHUSA
WHTETPAaTUBHO-OyPepHON METa0OJMYECKOM Cpembl ©  MPOBOIHUPOBATH  (hrbpo3
UHTEPCUTULUS AUUYEK. MBI CUUTaeM, YTO B TAKUX YCIOBUSAX MOXKET C(HOPMUPOBATHCA
IIOPOYHBIM KpPYr, B KOTOPOM panuoHanbHble nerctBusa TK mo aktuBu3anum ropmoH-
IIPOAYLMPYIOLIEH aKTUBHOCTH KJIETOK Jlenaura MoXXeT COIPOBOKIAATHCS IIPOBOKALUEN
JOKQJIbHOM BOCHIAJIUTENIBHON peakiuu U (GOPMUPOBAHUIO TPOPUOPOTEHHBIX TKAHEBBIX
Humt. Jlaneueiimee BHuManue k Ouosiorun TK mpu HOA MoxeT cTaTh MCTOYHHUKOM
HOBBIX 3()EKTUBHBIX PELICHUH B IEPCOHU(UIMPOBAHHON METUIIUHE.

Takum 00pa3oMm, OOHApYKEHHOE IO pe3yjbTaTaM HAIIero HMCCIeI0BaHUs
akTuBHOE ydyactue CPA3 B perynsinnu TKaHEBOTO MUKPOOKPYKEHUU UHTEPCTUUS IMYKa
OTKPBIBAET HOBBIC IMEPCIEKTUBbI B IIOHMMAHUM MEXAaHU3MOB DPa3BUTUA HapYILICHUS
CIIEpMAaTOTeHE3A.

HecmoTpss Ha MOIIHBIM MMMYHHBIM apceHal MYXXCKUX TOHAJ W HaJA4ue
COOCTBEHHOW MHMKPOOHMOTHI MOpaKEHHE SMYKa BO3MOXKHO IaTOT€HAMHU W3 YpPEeTphl, a
TaK)Ke MaTOreHHOM (hiopoi, nepenaromieiics mogoBsiM myteM [53]. Tloa Bo3melicTBHEM
MH(PEKIIMOHHOIO areHTa MPOUCXOAUT HapyIIEHUE LEIOCTHOCTU FeMaTOTECTUKYIIIPHOTO
Oapbepa W aKTUBALMA JIOKAJIbHOIO MMMYHHOI'O OTBETa C CHHTE30M M MPOAYKIIHEH
MEAMATOpOB BocnaieHus. B cBoro ouepenb 3TU COOBITHS NPUBOAIT K H3MEHEHUIO
YHHUKAJIBHOTO MUKPOOHOT0 JlaHAmadTa yporeHUTAIbHOTO TPaKTa U TOHA/.

Ha cnenyroniem sramne paboTsl Oblia MpoU3BeeHA pa3padOoTKa MaJIOMHBA3UBHBIX
MeTonoB Bbifienienust OakrepuanbHot JIHK w3 Ouonrtata tkanm IDK (matent) u
BbiAenenns O0aktepuanbHol JIHK u3 Ononrara TeCTUKYIIpHON TKaHU Y MH(EPTUIBHBIX
MyXunH (mateHT). lIpumeHeHue 3TUX METOJOB MO3BOAMIIO OXapaKTEpHU30BaTh
HapylIeHUs MHUKpOOMOMa B TECTUKYJSIPHOM TKaHM Yy NAIMEHTOB C HapyIICHUSMHU
criepMaTroreHe’a Ha OCHOBe wuccienoBanHus OaktepuanbHoit JIHK — metomom
BBICOKOIIPOU3BOAUTEIILHOTO CEKBEHHUPOBAHMS NGS JUISL ONIPEEIICHUS
TaKCOHOMHYECKOTO COCTaBa HAa OCHOBE CEMEHUCTB M BHJIOB MHUKPOOPTaHU3MOB H
UACHTU(GULIMPOBATh HAJUYMEe TAKCOHOMUYECKOTO pa3sHOOOpa3usi TECTUKYJSPHOTO
MUKpOOMOMa y MAIIMEHTOB C PAa3IUYHBIMHU BUIAMU a300CTIEPMUH.

VYcTaHOBIEHO, YTO y NAIMEHTOB C a300ClepMUEd B TECTUKYJISIPHOM TKaHU
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JIOCTOBEpPHO  damie OOHapyXXWBAalTCs TpenactaButesn  Enterobacteriaceae wu
Xanthomonadaceae cemeiictB, pogos Finegoldia, Bifidobacterium, Porphiromonas,
Prevotella, Peptoniphilus u Pseudomonas. Ocoboe MecTo 3aHMMAIOT MPEACTABUTEIIN
pona Prevotella, koropeie y maruaToB ¢ HOA BeTpedaroTcst B 00JIBIIOM KOJIMIECTBE, a
y nanueHtoB ¢ OA B OY€Hb MajbIX, BIUIOTh JI0 MOJHOTO OTCYTCTBUs. [lo maHHBIM
JUTepaTyphl, ymepeHHoe KoimuecTBo Lactobacillus, Pseudomonas, Streptococcus,
Gardnerella u B Tom umcne Prevotella oGmapyxuBatorcss B o0pasmax cemMeHHOU
KUIKOCTHU 3J0OPOBBIX MYXX4HH [77].

Hapymenue nenocrnoctn I'Th npuBOAUT K yBEIWYEHHIO KOJIMYECTBA TYYHBIX
KJIETOK B COEIMHUTEIBHON TKaHU, C MOCIEAYIOIIUM HApyHIEHUEM TaKCOHOMUYECKON
CTPYKTYphl MHUKpOOMOTHI TecTuKyn [115]. M3BecTHO, 4YTO MaCTOLUTHI IIMPOKO
pacmpocTpaHeHbl B COSAMHUTEIBHBIX TKAHAX, MOTYT y4aCTBOBaTh KaK B OCTPBIX, TaK U
XpPOHHYECKUX  BOCHAJIMTENIBHBIX  peakusix. A  Tpulraza, BbIpabaThiBacMas
MacTOLIUTaMH, BbI3bIBaeT mposimdepanuio (GudpoOIacTOB U CHUHTE3 KOJUIAreHa, YTo
npuBogUT K (Gubposy u ckiepody TkaHed [34, 115]. Ilpm mpoBeneHuu
KOPPEJSIIMOHHOTO aHajliu3a y MalMeHTOB C a3oocmepMuell u ¢ OeqHOW HanuTpoin
MUKPOOHOr0 Tel3aka ObUIO OTMEUEHO, YTO 3HAYUTEIbLHO OOJIbIIE MACTOLIMTOB B
cCTpoMe OOHapykuBaeTcs y manueHTtoB B rpymme 2 (p < 0,05). U yem Oomblie
KOJIMYECTBO MAacCTOLIUTOB B CTpOME OOHapykuBaercsi y mainueHtoB ¢ OA, TeM y HHUX
MEHbIIE pa3HOOOpa3ue MUKPOOUOTHI YPETPHI.

PesynbTaThl  CpaBHUTEIBHOTO  aHadM3a  TAaKCOHOMHYECKOM  CTPYKTYpBI
MUKpPOOMOTBI TeCTUKYNl | ypeTrpbl mnamueHtoB ¢ HOA B mpotokonmax BPT
CBUACTEILCTBYIOT O TOM, 4YTO B TECTUKYJISPHOM TKaHU CYIIECTBYET OOJIBIIOE
pazHooOpasne MHUKPOOPTAaHM3MOB, a TaKXKE WCKIIOYAeT TOTEHIIMATbHBIN BKJIIA]
MUKPOOHBIX COOOIIECTB HIDKEJICKAIET0 YPOTCHUTAIBHOTO TpakTa. OrmnpeneneHue
BUJIOBOIO OaKTEpHAIbHOTO COCTaBa MHMKPOOMOTHI TECTUKYJ HMMEET pelIaroliee
3HaUE€HHWE [JIS JIy4IIer0o TIOHMMaHWS JTHOJOTMM W TaToreHe3a WHOEKIUi
YPOT€HUTAIBHOIO TPAaKTa U UX CBsA3M ¢ OecruoaneM. HecmoTpst Ha To, 4TO TONBKO 9%
MUKPOOHMOTHI YeJIOBEeKa OBIJI0O OOHAPYKEHO B yPOTCHUTAIBLHOM TpakTe [279], 6maronaps

coBpeMeHHbIM MeTonaM NGS HaM ynanoch BBIIBUTh OCOOEHHOCTH TaKCOHOMHUYECKOMN



185
CTPYKTYpPBI JAHHOTO MUKPOOHOTO COOOIIIECTBA.

XoTs uHAEKCH anbda — pa3sHOOOpa3us HE BBIABWIN CYIIECTBEHHBIX Pa3IMUUil
MEXKIy TpynmamMd, OTIWYHs OTHOCHUTEIBHON MPEACTaBICHHOCTH H  YacTOTHI
BCTPEYACMOCTH OBLIM OOHApYKEHBI B HCCICIOBAHHBIX OOpasmax. YCTaHOBJIEHO, YTO
KOJIOHU3anus mnpeacraButeasimMu (uiasl Fusobacteriota Oblza oOHapykeHa B 000HX
rpymnmnax, Ho npeodianana B oOpasmax marueHtoB rpymmnsl ¢ HOM. Fusobacteriota
MPEACTABIIAIOT CO00M rpaMOTpUIIaTEIbHBIE aHA3POOHBIE OAIIUIUIBI C apeaioM OOUTaHUs
BO PTy YETOBEKa, JKEIyIOYHO-KUIIICYHOM TpakTe W JApyrux Mecrtax. [lomumo 3toro,
HEKOTOpBIe  HMccienoBanuss  BelsiBWaM — obOoramenne JIHK — Fusobacteriota B
METacCTaTUYECKUX alcIeccax MOYKH, a TakKe B TKAHIX KOJOPEKTAIbHOTO paka IIo
CPaBHEHMIO C TIPUJICTaOIMMHU TKaHsMHu [60].

BrrsiBiieHs! 13 JOMUHHPYIONUX CEMECTB, MpUHAIISKAINX K Grimam Firmicutes,
Pseudomonadota u Bacteroidota, npu 53ToM Oosblias dYacTh OTHOCHTEIBHOM
OakTepHaIbHOW  TMPEJCTABICHHOCTH TMPUXOAUTCS HA  TPYIIy MalMEeHTOB C
noyiokuTeNnbHbIM pe3ynbTatoM BPT. Kpome Toro, Gakrepuu BBISBICHHBIX Hamu
takconoB (Dialisteraceae, Porphyromonadaceae, Peptostreptococcaceae 256921,
Acutalibacteraceae) 6osiee XxapakTepHbl VI POTOBOM M KUIIICUHON MHKPOMIOPHI, TOTaa
KaK mnpeacraBurean cemericrBa Burkholderia cms3anbl ¢ j1erodHbIMH HH(EKIHSAME
4eJI0BEKa, 4 UYMEHHO C XpOHUYECKON IpaHyIeMaTO3HON 00JI€3HbI0 M MYKOBHUCLIUIO30M.

Cnenyer OTMETHTh, YTO TIOJYYCHHBIC HAMHM JaHHBIC 110 BBISBICHHBIM
MHUKpPOOpPraHU3MaM He COOTHOCSITCS C pe3yjIbTaTaMu psijfia uccienoBanuii. B vactHocTH,
no ganHbeiM Alfano M. et al. (2018), TkaHu siMYKa ¢ HOPMAJIBHBIM CIIEPMATOICHE30M
oxapakTepu3oBaHbl mpeoOnaganuem Actinobacteria, Bacteroidetes, Firmicutes wu
Proteobacteria kak JOMHHUPYIOIIMX THIIOB, @ Y MYXYHH C a300CHepMHUei ObLIH
obHapykeHbl TOJbKO Actinobacteria u Firmicutes. Takue oTiaWunMs MOryT OBITH
CIICAICTBUEM Pa3IHUUil B KYJIbType, 00pa3e )KU3HH U KyJIHHAPHBIX Tpaauimsx [298].

Kpome Toro, B MUKpOOHOTE TKaHU SMUYKa MAIMEHTOB OOCUX TPYIMI Yalle BCEro
BCTpEYANIUCh mpeacTaBurenn cemeiictBa Lactobacillaceae: B rpymme manueHToB ¢
HOM - B 87,5% cnyuaeB, B rpynne ¢ OA — B 54,3% ciuyuasix. M3BecTHO, 4TO Y

3I0POBBIX JKCHIIMH TpeobnagaroT Oaktepun Lactobacillus, koTopbie BBINMOIHIIOT
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MHOKECTBO  3AIIMTHBIX (YHKUMH, OKa3plBalOT BIMSHHE Ha ECTECTBEHHYIO
oepemenHocts [238] u pe3yiabpTarel DKO [338]. B myxkckoii mukpooduoTe Lactobacillus
MOIJIM OKa3bIBaTh BIUSHHE HAa TapaMETPhl KAYECTBA CIIEPMBI.

Heo0xomumMo OTMETUTH, YTO OOJBIIMHCTBO TaKCOHOB, OOHAPYKEHHBIX HAMHU B
NOBBIIICHHOM KOHLEHTpaUUMud B TECTUKYJISpHOW TkaHu mnamueHToB ¢ HOA,
MPEACTABIAIOT CO0O0M TrpamMoTpullaTeNibHble OaKTepUu, COJEpKallhe B KIETOYHBIX
CTEHKax JIMIONOJUCaxapuJ, KOTOpPbIi B CBOK O4YEpEdb MOXKET aKTHBUPOBATH
IMTOKWHBI, BbI3bIBaIONIME BocnaieHue [165]. IIpoaeMoHCTprpOBaHO, YTO MEIUATOPbI
BOCIAJIEHUS] MOTYT HanpsAMYIO BbI3biBaTh pparmenrannio JIHK B cepmarozongax, uto
B KOHEYHOM HTOr€ OrPaHUYMBAET CIIOCOOHOCTh  3apOABIIIEBBIX  KIETOK K
ormogoTBOpeHHmIo [78, 231].

CpaBHUTENBHBIA aHAIN3 MUKPOOMOTHI ypeTphl MOKazan cieayroiee. Anbdpa —
pa3zHooOpa3ue 00pa3loB U3 ypeTpbl ObUIO 3HAYUTEIBHO HMXKE, YEM B TECTHKYJSPHOU
TkaHu. HecMmoTps Ha 3TO OTMEYEHO CTAaTUCTUYECKH 3HAYMMOE YBEJIMYEHUE
OTHOCHUTEINIbHOM TIpeacTaBieHHocTH (uibl Actinobacteriota, cemeiicts Enterococcaceae
u Brevibacteriaceae y mnanueHTOB C MOJOKUTEIbHBIMU pe3yiabTaramMu BPT [166].
JlanHble AUTEpaTypbl MOATBEPKAAIOT, YTO 3JOPOBBII MHKPOOMOM YpETphI MpPOCT,
CTaOUJIeH M MOXKET OBITh CBSI3aH C BO3JEHCTBHEM OKpYKAlOIIEH cpeibl, OJHAKO
TaKCOHOMHYECKOE pa3HooOpa3ue B OOJIBIIMHCTBE UCCIICAOBAHMM OBbLIIO HU3KUM [69].

[IpoBeaeHHOE HccaeAOBaHUE TTOKA3AJI0, YTO YUCIEHHOCTh OAKTEPU Y MallUeHTOB
C pa3IMYHBIMU BapUaHTaMU a300CIEPMHUM CYIIECTBEHHO BapbupyeT. llpm sTOoM
JIOCTOBEPHO OTJIMYAIOLIUECS MO YaCTOTE BCTPEYAEMOCTHU OaKTepHUalibHbIE CEMENCTBA B
MUKpPOOHOTHI B TECTUKYJISIPHOM TKaHU, HAIPUMeEp, BbILIE, 4YeM B ypeTpe. OueBUIHO, YTO
U3MEHEHHE MMKPOOHOTO COCTaBa MOXET MNPHUBECTH K BO3HHMKHOBEHHUIO AMCOMO3a,
KOTOpbIM, B CBOIO OY€pEe]b, MOXKET BIMATh Ha (HEPTHUIBHOCTh U MaKPOCKOMHYECKUE
HapylIEHUsl IOKa3aTesed crepMbl. Takke clIeayeT OTMETUTh, YTO Y TI'€HETHYECKH
BOCIPUUMYHMBOTO XO3sIMHA AMCOANTaHC B3aWMOACUCTBUNA MHKPOOMOTHI M HMMYHHOMU
CUCTEMBbl B OINpPEAENCHHBIX YCJIOBHUSIX MOXKET BBICTYNATh B KaueCTBE OJHOTO W3
KJIFOUEBBIX 3BEHBEB MATOIN€HE3a MMMYHOOIOCPEAOBAHHBIX HAPYIUEHUN, IPUBOIAIINX K

PENpOAYKTUBHBIM moTepsiM [8, 127].
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Taxum 00pa3om, MpoOBEACHHOE UCCIIEJOBAHNUE MTOKA3aI0, YTO U3MEHEHUS CIIEKTpa
MUKPOOMOTBI ~ TOJOBBIX  IyT€  OKa3bpIBaeT  CHeUU(PUUECKOEe  BIUSHUE  Ha
PENpPOYKTUBHYIO CUCTEMY, & KOPPEKIUSI AHOMAJIbHBIX MUKPOOMOMOB MOKET NMPUBECTU
K YJIYYILIEHHIO PEIPOAYKTUBHBIX PE3YIbTATOB.

[Tony4yeHHbIe HAMM JaHHBIE CBHUJIETEILCTBYIOT, YTO BBISABICHHbIC M3MEHEHUS B
TaKCOHOMUYECKON CTPYKTYpEe MUKPOOUOTHI TECTHKYJI MOTYT OBITh CBSI3aHbI C HU3KHUMU
ypoBHsiMU uHTHOMHA B 1 TectocTepona. Hanpumep, HeKoTOpbIe BUBI OaKTEpHil MOTYT
yXyaumarh GyHKIUIO KIeTok Jleiaura, KoTopble 0TBEYAIOT 3a BEIPA0OTKY TECTOCTEPOHA
[317]. CpaBHeHHE TOMYYCHHBIX XapaKTEPUCTHK MHUKPOOWMOTHI W YPOBHEH HHTHOWHA
MO3BOJIWJIO YCTaHOBUTH, 4YTO MPU YBEIMYEHUH pPazHOOOpa3us MHUKPOOHOU (Diiopbl
TECTUKYJIIPHOW TKaHU HaOJIOJAaeTcs COOTBETCTBYIOIIMNA POCT YPOBHSI MHIMOWHA, UTO
MOATBEPKIACHO JAHHBIMUA KOPPEJSIIIMOHHOIO aHajlh3a HaIIero HWCCIEAOBAHUS IS
MHUKPOOPraHU3MOB Beijerinckiaceae, o__Vicinamibacterales;f UBA2999,
Oscillospiraceae, Enterobacteriaceae A. IlpoBeneHHbIN KOPPEISIMOHHBIA aHAIU3
IPOJEMOHCTPUPOBAT HAJIWYUE Psia MOJOKUTEIbHBIX CTATUCTUYECKA 3HAUYUMBIX
KOPPEJSIIMOHHBIX  CBSI3€H  YMEPEHOH Cuiibl ypOBHS MHIMOMHA U IOKa3aresei
MUKpPOOMOTBI TECTUKYJISPHOW TKaHU. OTHU JIaHHbIE CBHJIETEIBCTBYIOT O B3aUMHOM
BIUSHAUA HOPMAJbHOM MHKPOOMOTHI M SHIOKpUHHOW (yHKImu Ttectukya. Ilo-
BUJUMOMY, OIpeAeNieHHble BHUAbI OakTepuil MOTLYT CIOCOOCTBOBAaTbh MMPOIYKIUH
MeTabO0JIMTOB, KOTOPbIE, B CBOIO OYEPEIb BIUAIOT Ha KJIETOYHYIO CUTHAIM3AIMUI0 U
TOPMOHAJIBHYIO aKTUBHOCT.

MukpobHOe pazHo0Opa3ue ypeTphl, Kak MPaBUIIO, MEHEE CII0KHOE M0 CPABHEHUIO
C JpPYrUMHU CIHM3UCTBIMH OOOJOYKAMM, TAKMMHM KAaK KHUIIEYHUK WM BarvMHaJIbHAs
Mukpodaopa. OgHAKO MMOKA3aTENM OMPEICICHHBIX OAKTEPHAIBHBIX COOOIIECTB MOTYT
KOPpPEIUpPOBaTh CO 3/I0POBHEM MOYEBBIBOIAIIMX MYTeH M PENpPOAYKTUBHOM CHCTEMBI
[144]. Kak u npyras MHUKpOOHMOTa B OpraHu3Me, MHKPOOHMOTa YpeTphl BaKHA KakK IS
NOJJIEP)KaHUST  3JI0pPOBOTO  COCTOSIHMSI TakK B aCHEKTE€ pa3BUTUU  PaA3JIMYHBIX
NAaTOJIOTMYECKUX MPOLECCOB. Y 3I0pPOBBIX MYXYUH HaumboJiee pacrnpoCTpaHEHHBIMU
oakTepusmu sBisrorcst Lactobacillaceae, Corynebacteriaceae u Staphylococcaceae

[170]. Tlpu uccnemnoBaHrM MHUKPOOHOTHI YpETPhl B TPYIIaX CPaBHEHHS, HAMH ObLIO
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BBISIBJICHO, YTO Yy MAallMEHTOB C HEyJadyHbIMU pe3yapTaTaMu BPT 3HauuTensHO
yBEIIMYCHA OTHOCUTENbHAs  MpeacTaBuTeleHHOCTh ¢ Actinobacteriacea wu
Proteobacteria o cpaBuuuio ¢ manuenramu BPT+. Taxoke B rpymnmne BPT- gocroBepHO
pexke BcTpewarorcs cemeiictBa Burkholderiaceae A, ¢ _Polyangia; o DRWMO1; wu
Chitinophagaceae (p < 0,05). MukpoOuora ypeTpbl MOKET UrpaTh 3aIIUTHYIO POJIb,
npenoTBpamias KOJOHU3alUI0 W HHGUIMPOBAHUE MMATOTCHHBIMU OaKTEpUsIMHU. IDTa
KOJIOHM3ALlMOHHAsl PE3UCTEHTHOCTh AHAJIOIMYHA TAKOBOM, HAOMIOaeMOH B JPYTrUX
MUKpPOOHBIX cpeflax opraHuzma. BeposiTHO, MUKpOOHOM B3aMMOJIEUCTBYET C MECTHOM
UMMYHHOU CHCTEMOM, IOMOTaeT MOACPKUBATH COATAHCUPOBAHHBI UMMYHHBIA OTBET
¥ TIPEIOTBPAIaeT XPOHUIECKOe BocnasieHne mim uHdekuro [130].

[lomydyeHHBIE  PE3yJNbTATBl  CBUACTEIBCTBYIOT O TOM, UYTO HM3MEHEHUS
OTHOCUTEIBHOM NPENCTABICHHOCTH OTACJIBHBIX CEMEUCTB B CIIEKTPE MHUKpOOHMOMa
YPOT€HUTAIIBHOIO TPaKTa MOXKET MOTCHIHMAIBHO BIUATH Ha PE3YJIBTATHI MPOBEIACHUS
BPT. Otu naHHbIe MO3BOJISIIOT BBIIBUHYTH THIIOTE3Yy O «MHKpPOOHOTE (HEPTHILHOCTU
TECTUKYJD», KOTOpasi MO3BOJISIET 000OCHOBAThH BBINOJIHEHUE MPOLEAYPBI IPErpaBUIapHON
KpuokoHcepBanuu B nporpammax BPT, a taxke crnocoOcTBoBaTh pazpaboTKe HOBBIX
JTMArHOCTUYECKUX TECTOB, MO3BOJISIIOLUIMX OCYIIECTBIATh OTOOp CIEPMATO30MAO0B JIs
MCIOJIb30BaHus B rporpammax BPT.

Ha 3akmioumTtenpbHOoM  dTame  paboThl  ObuIM  pa3paboTaHbl  MOJEIH
MPOTHOCTHYECKOW 3HAYMMOCTH MHUKPOOMOTHI TKaHEW SIMYKa M YPETPhbl y MALUEHTOB C
HOA B xonTekcTe pe3dynbrata npuMmeHenus BPT ¢ ucnons3oBanueM airoputma aepeBa
pemienuii. B kauecTBe BXOJHBIX MapaMETPOB B ITUX MOJEISAX UCHOJIb3YIOTCS JaHHBIE O
HaJIU4UU WIM  OTCYTCTBUU onpeneneHHbIX  OakTepualdbHBIX  TAaKCOHOB,
NPEUMYIIECTBEHHO HWICHTU(QUIMPOBAHHBIX 1O YPOBHS BHJA, YTO T[O3BOJSET B
JaJbHEUIIIEM aIalTUPOBATh MOAENH ISl MPAKTUYECKOTO IIPUMEHEHUS.

ITonydeHHblE MOJENN NEMOHCTPUPYIOT BBICOKYH) IPOTHOCTHYECKYHO ILIEHHOCTH
XapaKTepUCTHUK MHUKPOOMOTHI, OCOOEHHO MpW aHaIW3e TKaHW sinuka. [IpumeHeHue
pa3pabOTaHHBIX 3aBUCMMOCTEHN MO3BOJIUT OCYIIECTBISITH IEPCOHAINU3AIMIO TTOJIX0/I0B K
aeueHuto Oecrmonusa y MyxxuuH ¢ HOA u MOXeT cTaTh OCHOBOW A pa3pabOTKH

MI/IKpO6I/IOJIOFI/I‘ICCKI/IX JUAarHOCTHYCCKUX TECTOB, HaIrpaBJICHHBIX Ha OIICHKY
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PENPOAYKTUBHOIO MPOrHO3a IIPY IIJIAaHUPOBAaHUU npoBencHus BPT.

CnenyeTr OTMETHTb, YTO pa3abOTKa HOBOW CTpaTeTMH CKPUHHUHTA MY>KCKOU
MHQEPTUIBHOCTH HAa OCHOBE MOJEKYJSPHBIX HMHCTPYMEHTOB IPEACTaBIsSET COOOM
HACYIIHYI0 MOTPEOHOCThb. JIeHCTBUTENBHO, OJKCIPECCUs TEHOB CTaja BaKHbIM
WHCTPYMEHTOM JUIsl IUarHOCTUKH, IPOTrHO3a U CTPATETUU JICUCHHUS ITALIUEHTOB C JaHHOU
natojorueil. B paMkax Hamero wucciaenoBaHusi pa3paboTaH METOJ BBIJACJICHUS
oakTepuanbHoi JIHK u3 Ouonrara sinyka ¢ IENbI0 XapaKTEPUCTUKU TECTHKYJIIPHOTO
MUKpOOMOMa y MH(QEPTWIbHBIX MAlMEHTOB, YTO SIBJSETCS BBICOKOAKTYaJIbHBIM IIpU
JMAarHOCTUKE (PaKTOPOB MYKCKOT'O OECILIONUSI.

ComnoctaBieHre COOCTBEHHBIX  PE3YJbTaTOB  HMCCIENOBAHHUS M JaHHBIX
JUTEpaTyphl MMO3BOJMIIO HaM MPENJIOKUTh K NPUMEHEHUIO B KIMHHUKO-TA0OPaTOpHOM
IpakTuKe Habopa npaiimepoB aiia nposeaenus [1LP npu oueHke MUKpoOHMOMa ypeTpbl
U TKaHU SMYKa MYX4YHUH C azoocnepmuei. OOG0CHOBaHME NMPUMEHEHHUs NpaiiMepoB C
Y4€TOM HX MUIIEHEH M JINTEPATYPHBIX AAHHBIX O BIIMSHUM MUKPOOPIaHU3MOB Ha
criepMaTo3ouibl peactaBiaeHo B Tabmuue 7.1. [lo HameMy MHEHHIO, UCIIOIL30BaHUE
no/100HOrO HabOpa B paMKax JUArHOCTHMUYECKOIrO 0OCie0BaHMs MAllMEHTOB B IIEHTpax
PENPOIYKTOJIOTHH TO3BOJUT 3HAYUTENIBHO TMOBBICUTH TOYHOCTH JMATHOCTHKHU, OYIET
CHOCOOCTBOBATh NEPCOHAIM3ALNN BEICHUS MYXYHMH C a300CIEPMHUEH U MOBBIIICHUIO
3¢ (EKTUBHOCTH NMPOTHO3UPOBAHUS PE3YJbTATOB ydacTUsl NAIMEHTOB B IporpaMmax
BPT.

KommuiekcHbIi MOAXO0J K JIMAarHOCTUKE MY’KCKOro OeCIUIOAMs 3aKJaJblBacT
OCHOBY [UJIsl W3Y4YE€HUs MNPUYUHHO-CIIEICTBEHHOM CBSI3M MHUKPOOMOMa M MMMYHHOTO
OTBETa B €CTECTBEHHBIX YCIOBHUSAX, BKIIOYAs HW3MEHCHHS KOJUYECTBA M THUIIOB
MMMYHHBIX KJIETOK. B 3TOM acmekre uccienoBaHHME II0Ka3ajlo, 4TO IOBPEXKIACHUS,
BBI3BAHHBIC MACTOLUTAMHU B CTPOME M KAaHAJIBLAX B3aWMOCBS3aHbl C TAKCOHOMUYECKOU
CTPYKTYpPOW MHUKPOOMOTHI TECTHKYJAPHON TKaHW. Kpome TOro, SIMYKM MAIMEeHTOB C
HEOOCTPYKTUBHOM a300CMEpMHE HMEIOT KaueCTBEHHO M KOJMYECTBEHHO Oosee
pPa3HOOOpa3HbId CHEKTP KAaK Ha YPOBHE CEMEWCTB, TaK U POAOB, B OTJIMYMU OT
MaIlMeHTOB ¢ OOCTPYKTHMBHOW a3zoocrmepmueit. JlanbHeie ucclefoBaHus B JTOM

HanpaBJICHUH MOI'yT pPacCMOTPETb HE TOJBKO HOBLIC KPUTCPpUN JUArHOCTHUKH
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a300CIEPMHH, HO TaK)Ke 00ecreunTh OoJiee 1eIeHaPaBICHHYI0 HMMYHHYIO TApT€THYIO
TEpanuio, BO3MOXHO KOMOMHUPOBAHHYI0O MMMYHOTEPANHIO C TEpanuen mpernapaTamu
MUKPOQIIOPHI, YTO MOXET ObITh OoJsiee 3D(PEKTUBHBIM MNPHU JCYCHUHU MY¥KCKOTO

OeCIUIOIus.
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Tabmuma 7.1 — [TatoreHeTnaeckoe 060CHOBaHUE TpeIIaraeMoro Habopa mpaiMepoB, peKoMeHayeMbIX Tipu npoBeAaeHuu [T1IP mms

OLIEHKM MUKPOOMOMa MYXYHH C a300CIIepMuUei

CemericTBa Pon / BuJ | Mexanmsm  neiictBuss /| JlelicTBue Ha | Pexomennyemble muiieHu [P | I[Tpumepsr
Mukpoopra- MHKpPOOPTaHU3M | KIIMHHYECKAasi 3HAaYUMOCTh CIIEPMATO30H/IbI / TeHbI npaiiMepoB
ausmoB  (Phylum; | oB (Tmocte10BaTEIBLHO-
Class; Order) CTH)
Acutalibacteraceae | Acutalibacter Accoruupyercst ¢ | HemocpencTBennbie 16S rRNA (V3-V4 uiu V4-V5) | YauBepcaibHbie
(Firmicutes_A, spp. IUCOMO30M,  BIUSET  Ha | KIIMHUYECKUE JPQEKTH | B METareHOMHBIX | 16S npaimMepsl
Clostridia; UMMYHHBIN OTBET, | Ha criepmy HE | UCCIICIOBAHUSX; Mpeaiaraercs | (Hampumep,
Oscillospirales) BO3MOKHOE OIOCPEIOBAHOE | IMTOATBEPIKICHBI pa3paboraTh 341F/806R)

JeHCTBHE Jepes reHHocennuprIecKre

METa0O0JIUTHI npaitmepsl 1o 16S
Pasteurellaceae Haemophilus CriocoOHBI BBI3BIBaTh | [IOTEHIIMATBHOE 16S rRNA | Mumnieau hpd-
(Proteobacteria; spp., XPOHUYECKOE  BOCHAICHHUE | CHUKCHUEC (BugocenUprUeCKre MHUILICHb, | TpaiiMepoB, 16S-
Gammaproteobact | Aggregatibacter | yporemutanbsHOro TpakTa; KU3HECTIOCOOHOCTH u | Harpumep, hpd for H. influenzae | mpaiimepsl
eria; spp. MOTCHIIMAJIBFHO  HETaTUBHO | TIOJIBHYKHOCTH in respiratory studies) wim
Enterobacterales) BJMSAIOT HAa CIIEPMATOTCHE3 | CIIEPMATO30HUI0B npu | Bunocnenuduaeckas ITLP

Ipy UHQEKIUN XPOHUYECKON MHPEKIUN
Flavobacteriaceae | Flavobacterium | AnaspoOubie/dakynbraTiBH | CBsI3b ¢ yMeHbIeHHEM | 16S rRNA (rerHo- | Buno-
(Bacteroidota; spp., 0-aHa’pOOHBIC; MO JTAHHBIM | MMOJBHXHOCTH u | /Bupocnenupudeckme cnenupuyecKkre
Bacteroidia; Chryseobacteriu | NGS-uccnenosanmuit HapyUICHUSMH npaiMepsl 16S) i | 16S mpaiimeps! st
Flavobacteriales) m spp. CEeMEHHOI MHUKpPOOHOTHI | MOP(OJIOTUN (bYHKIIMOHATTBHBIC rensl | Flavobacterium

CBSI3aHBI C  JUCOMO30M; | CIIEPMATO30H/I0B (mampumep, cslA  mns  F.

BBI3BIBAIOT BOCIAJICHHE, | MIOKa3aHa B OTAEIbHBIX | coOlumnare).

OIOCPEIOBAaHHOE UCCIIEIOBAaHHSIX

[IUTOKHHAMH
Burkholderiaceae | Burkholderia Hexkotopeie npencrasutenu | CHIDKEHHE RecA Win gyrB s | reCA mpedMepbl
(Proteobacteria; spp., Ralstonia | (Pseudomonas-like U | IOJIBUYKHOCTH u | Burkholderia; 16S. JHns | BUR1/BUR2 "
Gammaproteobact | spp. (Ralstonia | Burkholderia)  BBIZENSIOT | KH3HECITOCOOHOCTH Ralstonia — 16S wmu renno- | BUR3/BUR4,
eria; Proteobacteria) | Tokcu4HbIe (bepMeHTHI; | CIepMaTO30UI0B, cnenupuyeckue MUILIEHH gyrB-based
Burkholderiales) MOTYT BBI3BIBATH | 3aBUCHT oT BUIA paiMepsI

BOCMIAJICHHE W HApYIICHHS | MUKPOOPTaHU3MOB

criepMaToreHesa
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3AK/IIOYEHUE

[IpobGnema MyKCKOTro OECIIONIUA B HACTOSIIIEe BpeMsi MPUOOPETAET HE TOJIBKO
MEJUITMHCKOS, HO U BBIPAXEHHOE COIMaIbHO-AeMorpaduyeckoe 3HadeHue. Ocoboe
MECTO Cpelr MPUYUH MYKCKOM WHGEPTHIBHOCTA 3aHMMAET a300CIEepMUS, MPEKIE
Bcero €€ HeoOCTpYKTHMBHas (opMa, XapaKTepu3yrollascs TTyOOKMMH HApyIICHUSMU
criepMaToreHe3a © HU3KOM 3(PPEKTUBHOCTHIO TMPUMEHEHUS BCIIOMOTaTeNbHBIX
pPENpPOAYKTUBHBIX  TexXHoJOruid.  HecmoTps  Ha  3HAUMTENBHBIA  MPOTpeEcC
pPENpPOaYKTUBHOM MEIULINHBI, MOJIEKYJISIPHBIE, MMMYHOJIOTHYECKHUE 151
MUKpPOOMOJIOTUYECKHE  MEXaHU3Mbl  IOBPEXKICHHUS  CIIEPMATOI€HHOIO  SIUTEIUS
OCTAalOTCSI HEIOCTATOYHO M3YYEHHBIMH, UYTO OrPAHUYMBAET BO3MOYKHOCTH pPaHHEH
JUArHOCTUKHU U MEPCOHU(UIIMPOBAHHOTO JICUEHHUS MAllUEHTOB.

IIpoBen€HHOE KOMIUIEKCHOE MCCIIENOBAHUE, OCHOBAHHOE HA aHAJIW3€ JAaHHBIX
108 manueHToB ¢ pa3IMYHBIMU (pOpMaMU a300CIEPMHUH, TO3BOJIUIO CHOPMYITHPOBATH
HOBYIO  KOHLICMIMIO  IAaTOr€He3a  MYXCKOro  O€CIUIONMs, HUHTErpUPYIONIYIO
UMMYHOJIOTHYECKHE U MUKPOOHOJIOTHUECKIE MEXaHU3MbI HApPYIIECHUS CTIEPMATOTeHEe3a.
B pabote BnepBbie ycTaHOBjIeHa maroreHeTudeckas poib CPA3-MO3UTUBHBIX TYYHBIX
kietok (CPA3+TK) mpu HOA. Ilokazano, uro y mamueHntoB ¢ HOA coxepxanue
CPA3+TK B uHTEpCTUIIMH SUYKA JIOCTOBEPHO BHIIIE, YeM IIPU OOCTPYKTHUBHON (hopme
a300CHEepPMHUH, TPU 3TOM HX KOJHMYECTBO B MEPUTYOYISIPHOM U NEPUBACKYISIPHOM
MHUKPOOKPYKEHMHM  OTPULATEIIBHO  KOPPEIUPYET CO  CTENEHBIO  COXPAaHHOCTHU
criepMaroreHesa. BbIABIEHHAs CTATUCTHYECKM 3HAYMMas KOPPEISALMS IO3BOJISIET
paccmatpuBath CPA3 B KkauecTBe MEpCHEKTUBHOTO OHOMapkepa HEoOpaTUMBIX
U3MEHEHUN TEeCTHKYNIsApHOW TKaHu. Mopdonornyeckue wusmeHenuss npu HOA
COIIPOBOXKIAIOTCA  BBIPAXKEHHOW HMMMYHHOW IIEPECTPOMKOW  HMHTEPCTULIMATIBHOIO
MUKPOOKPY)KEHUS C JIOKAIbHOW aKTHUBAllMeW TYYHBIX KIETOK M BBICBOOOXKICHUEM
MIPOBOCTIAJIUTEIBHBIX MEIUATOPOB, YTO (POPMHUPYET MATOTCHETHUYECKUN «IIOPOYHBIN
Kpyr» TOBPEXACHUS  CHEPMATOTEHHOTO  JIHTENHs, HaApyLIIEHHWE TOMEOCTa3a
TECTUKYJSIPHOM  TKaHM W MPOTPECCHPOBAHUE (GuOpO3HBIX  HM3MEHEHHI,

CIIOCOOCTBYIOIIUX PA3BUTHIO CEKPETOPHOU (POPMBI MY»KCKOTO OECILIOHS.
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B pabote BnepBbie HA OCHOBAaHUHU BBHICOKOIIPOU3BOIUTEIHHOIO CEKBEHUPOBAHUS
resoB 16S pPHK oxapakrepu3oBaH TaKCOHOMHYECKHH COCTaB MHUKPOOHOTHI
TECTUKYJISIPHOW TKAaHM y TMAIMEHTOB C Ppa3IMYHBIMU BHUJAAMH  a300CIEPMUMU.
[Ipo1IeMOHCTPUPOBAHO, YTO TECTUKYJSPHBII MUKPOOMOM HE SIBISIETCA CTEPUJIBHBIM U
XapaKTepU3yeTcsl STUOJOTMYECKH 3aBUCUMBIMH MaTTepHaMu KojoHu3zanuu: ais HOA
XapaKTEepHO OO0eAHEHHUE MHKPOOHOTO pa3HOOOpa3usi, TOrAa Kak MpU OOCTPYKTHUBHOM
dopme dopmupyercs Oosnee pazHooOpazHass MHUKpOOHash HSKOCHCTEMAa. BEISBICHBI
KJIIOUEBbIE  TAaKCOHBI,  aCCOLMHUPOBAaHHBIE C  HApYIIEHHEM  CIIEpMaTOreHes3a
(Lactobacillaceae, Prevotella, Burkholderiaceae A, Veillonellaceae). Ilomyuennble
JTAaHHBbIE TOATBEPKIAAIOT YYacTHE MHKPOOMOJIOTMUECKMX (DAaKTOPOB B HApyUIEHUU
UMMYHHOTO TOMEOCTa3a TECTHKYJI M (OPMUPOBAHUUM XPOHUYECKOIO BOCIAJICHMUS,
MPUBOJSILETO K YTHETEHUIO CIIEPMATOTeHE3a.

B pabote Taxke moka3zaHO HaJM4M€ CTATHCTUYECKH 3HAUMMBIX B3aUMOCBSI3EH
MEXJy XapaKTepUCTUKAMHM TECTUKYJIAPHOTO MHMKPOOMOMA, YpPOBHEM MOJOBBIX
TOPMOHOB U TOKa3aTeIsIMU CIIEpMATOreHe3a. BBIsSBIEHHbIE KOPPEIALMOHHBIE CBA3U
MEXJy ONpeAeNéHHbIMM OaKTepUalbHBIMU TaKCOHAMM, YpOBHEM HHruouHa B,
TECTOCTEpPOHA W TOHAJOTPONMHOB CBUJETEIBCTBYIOT O TECHOM B3aMMOJCHCTBUU
MUKpPOOMOTBI M SHAOKPUHHOM (yHKUMH sSUYKa. OTO TO3BOJSET paccMaTpUBaTh
MUKpPOOMOM TECTUKYJISIPHOM TKaHU KaK OJIMH U3 ()aKTOPOB PETyJIALUN PEPOyKTUBHON
(GyHKUMY U TOTEHIIMAIBbHBIA OMOMapKep COXPaHHOCTH CIIEPMATOreHe3a.

Ha ocHOBE MNOIY4YEHHBIX JAHHBIX NPENJIOKEHA THUIIOTE3a CYIIECTBOBAHUS
«MHKPOOUOTHI (bepTUIBHOCTI TECTUKYJISIPHOM TKaHU, ONpPENEIIAOIIEN
PENPOIYKTUBHBIN MOTEHIMAl MYKYUH W BIUAOMIEH Ha 3(()EKTUBHOCTh MpOrpaMm
BCIIOMOTATeNbHBIX PENpOAYKTUBHBIX TexHosoruid. Hayunas HoBu3Ha pabOTHI
NOATBEPKIeHA Pa3padOTKOW M MAaTEHTOBAaHUEM METOJa MaJTOMHBA3UBHOTO BbIJCICHUS
oakrepuanbHor JIHK u3 OuonTata TECTUKYISPHOW TKAaHU, YTO IMO3BOJUIIO BIIEPBBIC
IPOBECTU CPABHUTENBHBINA aHANU3 MHUKPOOUOTHI SIMYKA M YPETpPhl y MAalHUEHTOB C
azoocrnepMHeil. YCTaHOBJIEHO, YTO TaKCOHOMHUYECKas CTPYKTypa MHUKpPOOHOTHI

TECTUKYJI accouuMupoBaHa ¢ wucxogamu Tnporpamm BPT: BbeIsiBIeHBI cemelcTBa
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(Acutalibacteraceae, Enterococcaceae, Brevibacteriaceae, Rikenellaceae),
OTHOCHUTEJIbHASI TIPEICTABICHHOCTh KOTOPBIX JOCTOBEPHO BHINIE Yy MAIlMEHTOB C
yCHEIIHbIM  pe3yJbTaToM  JjedeHus. Ha  ocHoBe  WACHTH(UIUPOBAHHBIX
JTMCKPUMUHAHTHBIX TaKCOHOB (BKirouasi Leuconostoc falkenbergense, Bifidobacterium
adolescentis, Corynebacterium glucuronolyticum, Enterococcus faecalis) pa3paboransr
Mojenu mnporHozupoBanus dPpdextuBHoct BPT ¢ wucnonb3zoBaHueM anropurma
«JIepeBO pelIeHui», obecrneunBaromue oo0Iyr0 TOYyHOCTh 91,9% mist MUKPOOMOTHI
suuka v 91,2% 1151 MUKpOOHOTHI YPETPHI.

BakHbIM TpakTHUYECKUM pE3yJbTaTOM HCCIEIOBaHMS CTaja pa3padoTka u
ampoOalsi MaJIOMHBAa3UBHBIX METOJOB BhljieNieHus OakTepuanbHoit JIHK u3 6uonrtaTon
TeCTUKYJISIpHOW TKaHW U [1DK, 4TO MO3BONMIIO 3HAUMTENBHO PACIIMPUTH BO3MOKHOCTH
M3yYeHHUs] MHUKpOOMOMa MYXCKMX TOHaaA. Ha OCHOBaHUM TMOJYYEHHBIX JaHHBIX
NpEeIOKeH Habop auarHoctTudeckux mnpaimepoB st [1I[P-anamuza MHUKpPOOUOTHI
YPOT€HUTAIBHOTO  TPaKTa, IMO3BOJSIOMIMNA TOBBICUTh TOYHOCTH J1TAOOpPATOPHOM
JIMarHOCTUKHU HapYIIECHUI CIEPMATOTEHESA.

Kpome Toro, pazpaboTaHbl TPOrHOCTHYECKHE MOJEIN OLEHKH 3 ()EKTUBHOCTH
nporpamMm BPT y nanuentoB ¢ HOA Ha ocHOBe aHann3a MUKPOOMOTHI TKaHU SIMYKA U
YPETPBL.

Takum 006pazom, MPoBeAEHHOE UCCIEIOBAaHUE TTO3BOJIUIIO CPOPMUPOBATH HOBYIO
KOHIIENTYaJIbHYI0 MOJEJIb IaTOreHe3a MYKCKOro OecIUiofusi, OCHOBAaHHYIO Ha
WHTErPallid UMMYHOJIOTHUYECKMX U MHUKPOOUOJIOTHYECKUX MEXAHHU3MOB IMOBPEKICHUS
TeCTUKYJIsIpHOW TKaHu. [lokazaHo, 4TO HapylIeHUs criepMaroreHe3a GOpPMUPYIOTCS B
pe3yabTaTe CJIOKHOTO B3aUMOJACHCTBHUS TECTUKYJSIPHOTO MHMKPOOMOMa, JIOKATbHBIX
UMMYHHBIX PEAKIIMH W TOPMOHAIBHOU PETYJSINH, YTO OMPENEisieT HEOOXOIUMOCTh
KOMIUIEKCHOTO ~ MYJIbTUAUCIUIUIMHAPHOTO TOJAX0Aa K JUAarHOCTHKE | JICUCHUIO
MAIMEHTOB C a300CIIEPMUEH.

Hayunast HoBu3Ha paOoThI 3aKitouaeTcs B BoisBiieHUH poiu CPA3-mo3uTuBHBIX
TY4HBIX KJIETOK B [IaTOreHe3€ HapylIeHWH CclepMaToreHes3a, XapaKTepPUCTHKE

TaKCOHOMUYECKON CTPYKTYPhI TECTHUKYJISIPHOTO MHKPOOHMOMA TP PA3IHYHBIX (hopMax
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a300CMEPMHH, JA0KA3aTEIbCTBE €r0 B3aWMOCBS3M C IHIOKPUHHOW (YHKIMEH sSUYKa U
pesynbraramu npumeHeHuss BPT, a Ttakke B pa3pabOoTKe HOBBIX MOJIEKYJISIPHO-
JUArHOCTUYECKUX METOJOB M IPOTHOCTHYECKUX MOJEIEH OLEHKH PENpPOLYKTUBHOIO
ITOTEHIIHAJIA MYKYMH.

[IpakTrueckass 3HA4MMOCTb HCCIEAOBAHUS COCTOMT B CO3JaHUHM HAy4HO
OOOCHOBaHHBIX HOJAXOJOB K IEPCOHATU3UPOBAHHON [IMAarHOCTUKE W JICUYCHUIO
MY>KCKOTO OeCIUTOAMSI, BKIIOYAIONINX aHAIN3 TECTHKYJISIPHOTO MHKPOOMOMA, OIICHKY
UMMYHOMOP(}OJIOTMUECKUX  XapaKTEpUCTHUK TKAaHW sAWYKa MW HCIIOJIb30BAHUE
NpPOrHOCTHYECKUX Mozenen 3 dexktuBHocTn BPT.

[lepcriekTBBI ~ MaNbHEWIIMX  HCCIEIOBAHWUM  BKJIIOYAIOT:  BAJIAJIALAIO
pa3paboTaHHBIX MPOTHOCTUYECKUX MOJIEJIEN HAa HE3aBUCUMBIX KIMHUYECKUX KOTOPTax C
OLICHKOM WX YYBCTBUTEJIBHOCTH M CHEHUPUYHOCTH; YIIyONEHHOE M3Yy4YECHHE
MOJIEKYJIIPHBIX MEXaHU3MOB B3auMonaerlcTBUsI CPA3-TIO3UTHMBHBIX TYYHBIX KJIETOK C
TECTUKYJIIPHBIM MUKPOOMOMOM U KjieTKamu Jlelaura, BKitoyasi poib crielu(puIecKux
poTea3 U LUUTOKUHOB; OLEHKY 3(P(EKTUBHOCTH TapreTHOW HWMMYHOMOIYJIUPYIOUIEH
TEpanuu U NPOOUOTUYECKON KOPPEKIUHU AUCOMOTUYECKUX HAPYIICHUN y MAllMEHTOB C
HOA B mnpOCHEKTHBHBIX KOHTPOJIMPYEMBIX MCCIEAOBAHUAX; a TaKKE BHEIPEHUE
pazpabotanHoro Habopa mpaiimepoB s [II[P-muarHocTMKM B pYTHHHYIO
KIIMHUYECKYIO IPAKTUKY LEHTPOB PENPOLYKTOJIOTHM C IIOCIEAYIOIIEH OLICHKOU
JAAarHOCTUYECKOW M TPOTHOCTUYECKOW LEHHOCTU. Peanu3anus >THX HaIpaBJICHHUM
MO3BOJIUT MOBBICUTH 3(PPEKTUBHOCTHh AUATHOCTUKU U JIEUECHUSI MY>KCKOT0 Oecrionus, a

TaKXKe YIIY4IIUTh pe3yJIbTaThI IIPUMEHEHUSA BPT.
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BbIBO/1bI

1. VY MyxuuH ¢ azoocnepMuerd mpu MOpGHOJIOrHYECKOM aHaM3€ HATUBHBIX
OMONTATOB SIMYKA HAPYILICHHS CIIEPMATOrEHE3a XApaKTEPU3YIOTCS BBICOKOM 4acCTOTOM
OTCYTCTBUA criepMaTo3ouioB (81,9% y mainueHToB ¢ HEOOCTPYKTUBHOM a300CHIEPMHUEH,
17,7% — y mamueHToB ¢ OOCTpYKTHBHOM azoocmepmueit, p < 0,001), BbIpa)keHHBIMHU
Mop(hoJIOrMuecKUMU MpU3HAKaMU HapylleHus crnepmarorenesa (2,77 + 0,71 Gamma y
nanmenToB ¢ HOA u 5,83 + 0,93 6amna npu OA, p = 0,001). Hanuuue npuszHakoB
HapylIeHUH CIepMaTOTreHe3a COMPOBOXKIAETCS TMOBBIIIEHUEM KOJUYECTBA TYYHBIX
KJIETOK co cnenuduueckoit aktuBHou Tpunrtazoi (CPA3+TK) B ceMeHHBIX KaHalbIIaxX
(45,22 £ 9,08 xnerok Ha 1 Mm? Tkanu npu HOA, 26,05 = 10,31 pu OA, p = 0,012), uTo
XapakTepHO JJId  PAa3JUYHBIX Y4YaCTKOB TKaHM  SIMYKA:  TEPUTYOYJISIPHOTO,
NEPUBACKYJISIPHOTO  MUKPOOKPYXKEHUS UM MEXTYOYJISIPHOTO  WHTEPCTULIMS U
NEPUBACKYJISIPHOTO MHUKPOOKpYkKeHusl. KoppensiMoHHBIN —aHanu3 MOATBEPKIAET
HAJIMYHME CTAaTUCTUYCCKHA 3HAYMMOMN B3aMMOCBSI3H MEKIY BBIPAKCHHOCTHIO HApYIICHUI
crepmaroreHesa u koinudectBoM CPA3+TK B unTepctunus suuka (r= -0,763, p < 0,001
npu HOA u r=-0,759, p = 0,004 mpu OA).

2. Meton manounBa3uBHOTO BbiAeneHust OakrepuanbHoit JIHK u3 Guontara
TECTUKYJISIPHOM  TKaHU Yy  HWHQPEPTHWIBHBIX  MYXUYHUH, MpPeaycMaTpUBAIONIUI
WHTpaoNepalMoHbiii 3a00p oOpasiia TECTUKYISPHON TKaHW MyTeM OWOICHUM SHUYKa C
MOCJICAYIONIMM  3a00pOM  Marepuajia M3 YPETphbl, TMO3BOJIIET OCYIIECTBISATh
YIIIyOJICHHOE W3YYeHHUE MHUKPOOUOTHI TECTUKYJISIPHONW TKAaHU. ITO CHOCOOCTBYET
MOBBIICHUIO Y()PEKTUBHOCTH TUATHOCTHKH PEMPOTYKTUBHOTO MOTCHIIMAIA MY>KUYHUHBI
U TO3BOJISIET Cc(OopMUpOBaTH HAYHO-OOOCHOBAHHBIM aJTOPUTM BBIOOpPA TAKTHKHU
MPEOJOJICHUS] MYXCKOM HH(PEpPTUILHOCTH, B TOM 4ucie mnyreM 3(PEeKTUBHOIO
MPUMEHEHUS TPOTPAMM BCIIOMOTATEIBHBIX PEMPOAYKTUBHBIX TEXHOJIOTHH.

3. CtpykTypa ¥ TaKCOHOMHUYECKOE  pa3zHooOpazue  MHUKpoOHMoma
TECTUKYJISIPHOM TKAHU JOCTOBEPHO PA3JIMYAIOTCS y MAlMEHTOB ¢ 00CTPYKTUBHOM (OA)
u HeooctpyktuBHOU (HOA) azoocnepmueii, 4To OBIJIO YCTAaHOBJIEHO B HUCCIIEOBAHUH,

npoBeeHHOM MeTotoM NGS. [l rpynnel HOA XapakTepHO CTATUCTUYECKH 3HAYNMOE
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o0eHEeHHEe MHKPOOHOTrO cooOmiecTBa (CHIKEHUE ajibda-pasHooOpasus), B TO BpeMs
kak npu OA Qopmupyercst pazHooOpasHas U crienupuIHass MUKPOOHasi 3KOCHUCTEMA.
OO0muM s o0ewx TpyNm SBJSICTCS BBIABICHHWE KOJOHU3AIMKM TKAaHW —sAYKa
npencrasutensmu ¢un Firmicutes, Pseudomonadota, Bacteroidota u Fusobacteriota.
KinroueBbiM  00myMM TakCcOHOM sBisieTcss ceMeicTBO Lactobacillaceae, koTopoe
nerekTupoBanoch B 87,5% ciywyaeB B rpynme OA u B 54,3% ciyuaeB B rpynne HOA,
YTO TMOATBEPKAAET €ro IMOTCHIUAIbHYIO pOJIb B MHKPOOHOM SKOJOTHH SUYKa
HE3aBHCUMO OT OJTHOJOTHH HapylIeHHWs crepMaroreHesa. llomydeHHbIE TaHHBIC
CBUCTEIHCTBYIOT O HAJIWYUHM ITUOJOTMYECKHA 3aBUCUMBIX MATTEPHOB KOJOHH3AIHH
TECTUKYJISIPHOW TKAaHM W TIO3BOJISIIOT paccMaTpuMBaTh OCOOEHHOCTH TECTHKYJISIPHOTO
MHUKpOOMOMa B KadeCTBE HOBOTO IMOTEHIMAIBLHOTO Mapkepa s auddepeHnmranim
dhopM MyKCKOTo OeCTIOausI.

4, Koppenduuonusie CBS3M  MEXAY HaIUYMEM MHUKPOOHBIX TaKCOHOB,
YPOBHSIMH TIOJIOBBIX TOPMOHOB, MapKépamu CliepMaToreHesa, a TakyKe BhIPaKEHHOCTHIO
BOCTIAJIMTEIIBHBIX M3MCHCHHHA SIBJISIOTCS CTAaTHCTHYECKH 3HAYUMBIMH M MOTYT
yKa3bIBaTh Ha BO3MOXKHYIO CBSI3b MEXIY COXpPaHEHHOW (DYHKIMEH MOAAepKUBAIOIINX
KJIETOK W HaJUYheM ONpPENeNEHHON TECTUKYJIAPHOM MHUKpoOUOThl. B wactHOCTH,
koHeHTpauuss @PCIT  oTpuLAaTeTbHO KOPPETUPYET C YUCICHHOCTHIO TaKCOHOB
Lactobacillaceae, Streptococcaceae, Veillonellaceae, Moraxellaceae, Pasteurellaceae,
Xanthomonadaceae, ypoBenb JII' OTpUIATENBHO KOPPEIMPYET C OTHOCUTEIIbHBIM
COJICp)KaHUEM Lactobacillaceae, Moraxellaceae, Porphyromonadaceae,
Flavobacteriaceae, Dermatophilaceae, Sphingobacteriaceae u Salinicoccaceae. B
POTUBOMOJIOKHOCTh 3TOMY YpOBeHb WMHTHOWHA B, oTpaxkaromuil (pyHKIIMOHATHHYIO
aKTUBHOCTb KJIETOK Ceproyid, MOJOXKUTEIbHO KOPPEIUPYET C UHUCICHHOCTHIO
OakTepualbHBIX TakCOHOB Bacteroidaceae, Burkholderiaceae A, Pasteurellaceae,
Aerococcaceae, Acutalibacteraceac u Coriobacteriaceae. YpoBeHb TeCTOCTEpOHA
JEMOHCTPHUPYET pa3sHOHANpaBICHHbIE KOPPEISAUHU: MOJOXKUTENbHYIO0 ¢ Bacteroidaceae
u otpunatenpHblie ¢ Dermabacteraceae u Pelagibacteracea.

d. XapakTepuCTUKH MHUKPOOMOTHI YPETpbl U TECTHKYJ CTaTUCTHYECKHU
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3HAYMMO aCCOIIMMUPOBAHBI C BBIPAKEHHOCTHIO HAPYIICHUH CHEpMaToreHe3a, MpUuYeM
BEISIBJICHHBIC aCCOIMAIIMA HOCSAT ATHOJOTHYECKH crenududabii xapakrtep. ms OA
XapaKTEpPHO CHWKEHHWE B TECTUKYJSAPHOM TKAaHM YMCIEHHOCTH MOTEHIHMAIBHO
npoTeKTUBHBIX TakcOoHOB (Dermabacteraceae, Pelagibacteraceae), uto ykassiBaeT Ha
TUcOM03 U MPOBOCHAIUTENBHBIN (HOH, YCYTYOISIOMUN MOBPEXKACHUE CIEPMATOTEHHOTO
snutenus. st HOA oOHapysKeHbI MPpsSIMbIE KOPPEIISLIMU MEXAY TSHKECThIO MOPaKeHUS
TKaHU SWYKa W YBEIMYCHHEM OOWIMSA CHEIUPUUECKUX OaKTepUadbHBIX CEMEHCTB
(Burkholderiaceae A, Veillonellaceae u np.), 4TO MO3BOJISET paccMaTpUBaTh MX Kak
MOTCHITMAIBHBIC MApPKEPhl WM MAaTOTCHETHYECKHUE areHThI CEKPETOPHOTO OCCILIOIMS.
Brinenen Ttakke psigx TakcoHoB (Pseudomonadaceae, Pasteurellaceae u np.),
aCCOIIMMPOBAHHBIX C OECIUIOAMEM HE3aBHCHMO OT €ro (POPMBI, YTO ONpENeNsieT UX B
KauecTBe OOmMMX MHUKPOOHBIX cUTHATyp. [loimydeHHBIE pe3ynabTaThl MOATBEPIKIAOT
TUIOTE3y O KIIIOYEBOM POJIM YPETPATBbHOTO W TECTHUKYJSIPHOIO MHUKpoOHMOMa B
MaTOT€HE3€e UIUOTATHYECKOTO MYKCKOTO O€CIUIONMS U OTKPBIBAIOT MEPCHEKTUBBI IS
pa3paboTKu HOBBIX MHUKPOOMOM-aCCOITMUPOBAHHBIX JTUArHOCTHYECKHIX u
TEepPaneBTUYECKUX CTPATETUH.

6. TakcoHOMHUYECKass CTPYKTypa MHUKPOOHWOTHI OHWONTATOB TKAaHW SIMYKa
accouuupoBaHa ¢ ucxojgamu nporpamm BPT. ¥V nmauuentoB ¢ yecnemnbM ucxongom BPT
HaOIIoMaeTCs CTaTUCTHYECKHU 3HAYNMOE YBEITMYCHHE OTHOCUTEIHLHOM
MPEICTAaBICHHOCTH OakTepuaibHbIX ceMmelcTB Acutalibacteraceae, Cellvibrionaceae,
Coprobacillaceae, Ruminococcaceae, Trueperaceae u Eggerthellaceae. [loBbienue
nonmu  Enterococcaceae ©Oonee uwem B 10 pa3, a Takke Brevibacteriaceae,
Microbacteriaceae u Rikenellaceae B rpynme nDanMeHTOB C MOJOXKHUTEIbHBIM
pesynbratoM mnpumeHnenuss BPT cBuaerenbctByer o (GopMHUpOBaHMM MHUKPOOHOTO
npodwiss, MEHee CKIOHHOTO K TPOBOCHAJIMTCIBHBIM peakmusIM W JIydIie
aIanTHPOBAHHOTO K  (DM3MOJOTUYECKOMY  cocTosiHuio. Kpome  Toro, mpwu
MOJIOKUTENIBHOM HcxoJie BPT oTMeueHO CHMXKEHHE OTHOCUTENIBHOM MPEICTaBICHHOCTH
ceMmeicTBa Streptococcaceae M HEONPEAECIEHHBIX TAaKCOHOB, YTO MOXET OTPaXKaTh

CHW)KEHHE  MHUKPOOHOM  HAarpy3kh W  BOCCTAHOBJICHHME  TaKCOHOMHYECKOMN
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CHELM(PUUYHOCTH YPETPAIBHOTO COOOIIeCTBa. Y MAIIMEHTOB C OTPULIATEIBHBIM HCXO0J0M
nporpamMm BPT wnaubonee uacto BbIiBiseTcs Proteobacteria ¢ MakcuManbHOM
OTHOCUTEIBHOU MPEACTaBICHHOCTHIO.

1. PazpaboTtannas kimaccupuKanmoHHAs MOJIETh MPOTHO3a IP(HEKTUBHOCTH
nporpaMmMm BPT y mnamuentoB ¢ HOA, ocHOBaHHasi Ha BBISIBICHUM KIIFOUEBBIX
JTMCKPUMUHAHTHBIX TakcoHOB Leuconostoc falkenbergense, Ruminococcus E
sp003438075, Bifidobacterium adolescentis, g__Staphylococcus,
g Rubellimicrobium, g Bacillus P 294101 u c¢_ Bacilli B Muxpobuore TKaHH
AMYKa, 00ECIIEUNBAET KOPPEKTHOE MPOTrHO3UPOBAHUE MOJOKUTENbHBIX HCX010B BPT B
93,75% cny4aeB (15 u3 16 manreHTOB) U OTPULIATENIBHBIX UCXOJ0B B 91,1% cnydaeB
(51 u3 56 manumenrtoB). O6mias TouyHOCTh Mozenu cocraBwia 91,9%. Ilpumenenue
pa3pabOTaHHOM MOJIENIM, OCHOBAaHHOM Ha XapaKTEPUCTHKAaX MHKPOOMOTHI YpETpHI,
MO3BOJIMIIO JIOCTOBEPHO Tpenackaszarh 68,75% mnonoxutenbHbix pesynbratoB BPT (11
u3 16 mamuenTtoB) u 98,2% oTpUIIATENBHBIX PE3yNbTAaTOB (55 M3 56 MalUEHTOB).
Haubonee 3HauMMBIMKM TpH3HAKAMU B JIAaHHOM MOJENU SIBJISIOTCS  HAJIAYUE
npesacraButenieii  Mukpoouotsl  Corynebacterium glucuronolyticum, Enterococcus
faecalis, f Neisseriaceae 563222, Bifidobacterium vaginale u Dialister invisus u
orcyrctBue Dialister invisus u Bifidobacterium vaginale. O0mass TOYHOCTh MOJEIH
coctaBuia 91,2%.

8. KoHuenuust BeAeHUs MAUMEHTOB € MYXCKUM (akTopoM Oecruioaus
JI0JDKHA OBITH OCHOBAHA!

o HAa COBPEMEHHBIX TMPEACTABICHUSIX O MOJIEKYJISIPHO-TEHETUYECKHUX,
MUKPOOUOJIOTUUECKUX, UMMYHOJIOTHYECKUX, [IUTOMOP(OTOTUUECKUX XapaKTEPUCTHUKAX
TECTUKYJISIPHOM TKAHW MAlMEHTOB, B YACTHOCTU CBEJICHUM O €€ TaKCOHOMHUYECKOM
nu3aiiHe u naroreHetudeckord poiin TK CPA3-mo3WTHBHBIX Ty4HBIX KJIETOK B TKaHH
SMYKa B HAPYIICHUSAX CIIEpMATOreHe3a;

o Ha pe3yJabTaTax OICHKH XapaKTEPUCTUK TECTUKYJISIPHOTO MHKPOOHOMA,
OCHOBAHHBIX Ha TMOJYYCHUU OMOJIOTMUECKOTO0 Marepuaia C UCIOJIb30BAaHUEM METOJa

MaJOMHBA3UBHOTO BbiAeneHust OakrepuanbHo JIHK u3 Ouonrara TecTUKYISpHON
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TKaHU y MTHPEPTUIBHBIX MY>KUYHH, a TaKke Ha OCHOBE pe3ynbratoB [1L[P-uccinenoBanus
C IPUMEHEHHUEM IpeITIoKeHHOro Habopa mpailMepoB MpH OLIEHKE MUKPOOHOMa ypeTphl
Y TKaHU AUYKAQ,;

o Ha MWCHOJIb30BAHUM MOJEJEH MPOrHo3a pe3yJIbTaTOB IPUMEHEHUS
nporpamMMm BPT npu HapymeHusax criepMarorenesa pa3andyHou 3THOJIOTUH;

o C YY4E€TOM TOT0, YTO MHUKPOOMOM TECTHKYJSPHONW TKaHM HH(EPTHIBHBIX
MY>KYMH MMEET OTpaHMUYEHHBIA CIEKTP pa3HOOOpa3usi TAKCOHOB HE TOJBKO MO (uiam,
HO Y II0 CEMENCTBEHHON IPUHAIEKHOCTH MUKPOOPTaHU3MOB.

WNHrerpanys onvMCcaHHON KOHLIEIIUU B PYTMHHYIO IPAKTUKY CO3JaET HAYYHYIO
OCHOBY [UIl BHEIPEHHs IEPCOHAIM3UPOBAHHBIX IMOAXOJ0B B PENPOAYKTUBHOU

YPOJIOTHH.



201
IMPAKTUYECKHUE PEKOME AU

1. PexomeHayeTcss UCHOJIb30BaTh pa3paOOTaHHBIA METOJ MaJOMHBA3UBHOTO
BbiienieHus: OakrepuansHoil JJHK u3 Ouonrara TecTUKYNApHOM TKAHU JiS MOBBIIICHUS
TOYHOCTH AUArHOCTUKHA BOCHAIUTEIbHBIX U3MEHEHUN SIMUKA W KOPPEKLHUH aJIrOpuTMa
BEJICHUS MAIMEHTOB C MY>KCKUM OECILIOUEM.

2. Ucnonb3oBaHne pa3pabOTaHHOM MPEU3MOHHOW TEXHOJOTMH BbBIACICHUS
OakrepuanbHor JIHK 13 Tkanu Ouomnrtara simuka siBJsSI€TCS 1eJIeCO00pa3HbIM MPU aHATIN3e
MUKPOOMOTBI TECTUKYJSIPHOM TKaHU M BbIOOPE TAKTUKU MPEOJOJICHUS MYKCKOU
MH(DEpPTUILHOCTH, B TOM YHCIE MPOTrHO3a 3(PPEKTUBHOCTH YYACTHSl NALMEHTOB B
IporpaMmax BCIIOMOTaTeNIbHBIX PENPOIYKTUBHBIX TEXHOJIOTUH.

3. B cnyuae BhIsABIEHUS Y MAIleHTa HWHTCHCUBHOW MH(WIBTPAIIMH WHTEPCTULIUS
AMYKA TPUNTA3aaKTUBHBIMYI TYYHBIMU KJIE€TKAMHU Ha ypoBHE > 39 B 1 MM? TeCTHKYJIAPHOMN
TKaHW WU TPU BBIABJICHUU HApYUIEHUM CIiepMaToreHe3a Ha yYpoBHE 6 OajuiOB M HIKE
PEKOMEHIYeTCsl MpoBeleHHEe Tmnporokosa BPT ¢ gonHanwedn cnepMaTro30UI0B.
UyBCTBUTENBHOCTD U CIIEU(PUIHOCTS MeTo1a cocTaBisieT 95% u 100% cooTBETCTBEHHO.

4. JIns TOBBIIEHUS TOYHOCTU JAMArHOCTUKM HApYILIEHUWW CIiepMaToreHe3a Hu
NEPCOHAIM3ALNMA BEICHUS MYKYMH C a300CIEpMUEH PEKOMEHIYETCS IPUMEHEHHE
PEIJI0KEHHOTO Habopa MpaiiMepoB /I MOJMMEPA3HOW IIEMHOM peakluud TP OICHKE
MUKpPOOMOMa YPETPhI U TKAHU SIMYKA.

5. llenecoobpa3HpIM SBIISIETCS TPUMEHEHHE KIACCUPUIMPYIOIMINX MOJENe Ha
OCHOBE  XapaKTEPUCTHK MHUKPOOMOTHI TKAHU ypeTpbl U  sMYKa  (KITIOYEBBIX
JUCKPUMHUHAHTHBIX TaKCOHOB) JJIs MPOrHO3a UcXoioB nporpamMMm BPT npu ydactuu B

HHUX MYXKYUH C PA3JIMYHBIMU BUAAMHA a300CIICPMHUN.
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CIIMCOK COKPAIIEHUI

ATIIK — aHTUTE€HIIPE3EHTUPYIOIINE KIIETKU

bB — OaktepuranbHblil BArHHO3

BXX/I — BbICOKOXXMpOBast 1UETA

BUY — Bupyc ummyHoiepuirTa yeJoBeKa

BIIY — BupycC nanuijomsel 4eI0BeKa

BPT — BcrioMoraTenbHbl€ penpOAyKTUBHBIE TEXHOJIOTHH
I'Th — remaToTeCTUKYISIPHBII Oapbep

['XMC — ra3oBoii XpomMaTo-Macc-ClIEKTPOMETPUHN

JK — neHapuTHbIE KIIETKU

JA2T'® — nuyTriirekcuidranar

NI'X — *MMyHOTHUCTOXUMHYECKOE (MCCIICIOBAHUE)
NJ10 — magonamMun-2,3- IMOKCUTEeHA3a

NKCH — nHTpanmToIiasMaTiiecKas HHbEKIHs CIIEPMATO30MI0B
NJI — uHTEpIIeNKUH

nHOA — nanonarnyeckast HEOOCTPYKTHBHAs a300CTIEPMUS
UIIIIIT — nadekuu, nepeaaBaeMpie MOJIOBBIM TyTeM
KC — xnerku Cepronu

JII' — m0TenHU3UPYIOLIHI TOPMOH

HOA — HeoOcTpyKTHBHAS a300CTIEPMHUS

OA — oOCTpyKTHBHAsI a300CTIEPMUS

IDK — mpencrarenbHas xenesa

[TIIP — nonmumMepasHas enHasi peakiuus

CII — cexper npocTaTsl

TK — Ty4HbBI€ KIETKH

TOP — tpanchopmupytromuii paktop pocra

OHO-a — dakTop HEKPO3a OMYXOTH-0,

OCT" — GomUKyI0CTUMYTUPYIOLIUI TOPMOH
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XAII — xpoHudeckuii abakTepHalbHbII MPOCTATUT
XBII — xponnueckuit 6akTepruaIbHbIA TPOCTATHT
XII/CXTB — XpoHUUECKUH MPOCTATUT/ CUHAPOM XPOHUUYECKOM Ta30BOM 00JIH
XII — XpOHMYECKUNA POCTATUT
O/ — SHIOKPUHHBIE TU3PATITOPHI
OKO — 3kcTpakoprnopaibHOE OMIOJOTBOPEHUE
ASV — BapuaHThl aMIUTMKOHHOH MOCJIEI0BATEIbHOCTH
CPA3 — kapbokcurnieruiasza 3
NGS (Next Generation Sequencing) — ceKBEeHUpOBaHUE HOBOT'O TIOKOJICHHSI
NOS — cuHTa3a OKCcHIa a30Ta
PacBio — kommanus Pacific Biosciences
SMS — oHOMOIIEKYISIPHOE CEKBEHUPOBAHUE OJTHON MOJICKYIIBI
SMRT — oHOMOJIEKYJISIpHAs TTOCJIEIOBATEILHOCTh B pEabHOM BPEMEHHU
SV — cTpyKTypHBIE Bapualuu
TLR — toll-like receptors

Treg — perynsTopHbIe KIETKH
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