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1. BBEAEHUE

AKTyaHLHOCTL H CTCIICHDb pa3p360TaHHOCTH TEMBbI

Octpoe moueunoe mnospexaeHue (OIIIl) sBaseTcs nATONIOrHYECKUM
COCTOSTHUEM C OBICTPBIM M PE3KUM CHIDKEHHEM [MOYE€YHOW (YHKIMH U
ACCOIIMMPOBAHO C IMOBBIINICHHBIM PUCKOM Pa3BUTHUSL XPOHUUYECKOW OOJIE3HU TMOYEK
(XBIT) [Makris, Spanou, 2016; Negi et al., 2018]. OIIIl sBiseTcs YacThiM
OCJIO)KHEHHEM U BbIsABIsIETCA B 15% cilydaeB rocnuranu3anuii B UEIOM, a TaKXKe
6onee yem y 50% OonbHBIX B najaTax uHTeHcuBHOU Tepanuu [Khan, Khan, 2015].
B Hacrosimee Bpemsi HE CyIIECTBYET CHEIHATIbHON (PapMaKOJIOTHYECKON Tepanuu
s maruenToB ¢ OIIL, a cTparerus neyeHns OrpaHUYUBAETCS TOIEPKUBAIOLIEH
U 3aMECTUTEIbHONW NOYEYHOM Tepamueil, KoTopasi acCOUMUPOBaHA C MOBBILIEHUEM
ypoBHs cmeptHocTH 10 50% [Mercado, Smith, Guard, 2019] . Kpome toro, OIIII
ABJIIETCS YacThIM OCJIO)KHEHHUEM Yy HOBOPOXKJIEHHBIX NAI[UEHTOB C CHUCTEMHBIM
BOCHAJICHUEM, JIEUEHHUE KOTOPOTO COIPSIKEHO C MCIOJNIb30BAaHUEM TEpanuu
aHTUOMOTUKAMU, B CBOIO ouepeab o0nanaronuMu HedpoTtokcuuHocThio [Coggins et
al., 2021; Mohamed et al., 2022]. B cBsi3u ¢ BBICOKOI pacHpOCTPaHEHHOCTHIO U
orcyrcTtBueM cnenuduyeckorn Tepanuu OIIIl, TpeOyercs Oonee nperampHOE
U3yYEHUE MOJIEKYJISIPHBIX MEXaHM3MOB MOBPEXKACHUSA U PEreHepalyy Mmo4eK, u4ro

MO3BOJIUT pa3padoTaTh lejeHanpapineHHbie MeToabl JedeHus OIIIT u XBII.

B nacrosmee Bpems 1nua wn3ydeHus MexaHuzmoB OIIIl ucnons3yror
pasIu4HbIC DKCIIEPUMEHTAJIbHBIE NOJIXO/IBI, HaIpumep, MOJIEIb
umemun/penepdysun (M/P) moukn u Mojenu MOBPEXKICHUS, UHIYIIUPOBAHHOTO
SHJI0TOKCMHOM WM He(POTOKCHUHBIMH BemecTBamu [Bao et al., 2018; Shiva et al.,
2020]. OcHOBHOI 0COOEHHOCTHIO ATUX HIMPOKO UCIIOIB3YEMBIX MTOAXO0/I0B SIBIISIETCS
pa3BUTHE T'E€HEPAIU30BAaHHOIO TMOpaXeHWs opraHa. B HacTosiee Bpems
cymectByeT oueHb wmano wozeneit OIIIl, wampaBieHHBIX Ha 00pa3oBaHUE
JIOKaJBHOIO OYara IMOBPEXACHHs, ITPU KOTOPOM MOKHO YETKO BH3yaJIM3UPOBATH
IPaHULly MEXAY IMOBPEKIACHHOU U 340pPOBOM TKaHbIO. Takou MOAXOI ITO3BOJSAET

Ha0II0AaTh IPOIIECCHI B 30HE, B KOTOPOM MPOU30IILIO0 CyOJIeTaTbHOE TTOBPEKICHUE
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C BO3MO>KHOCTBIO BOCCTAHOBJIEHHUS, YTO OTKPBIBAET HOBBIE BO3MOKHOCTH U3YUEHUS
M3MEHEHUN HEMOCPEACTBEHHO B Ooyare MH(papKTa U NPUJIErarolIMX y4acTKax. ITO
OOBSACHSAET HEOOXOAMMOCTh Pa3padOTKH HOBBIX MOJEIEH MOBPEXKICHUS MOYKH,
MPUBOSIINX K PAa3BUTHIO JIOKAJIBHOTO MOBPEXKICHUS OpraHa. Takue Mmoaxojbl
XOpOIIO OMMCAHBI JIJIsl MO3Tra, HallpUMEp, NPU MOJECIUPOBAHUN UHCYJIbTA IIUPOKO
npuMeHarcs  GoroTpomM003 € HCHONb30BaHMEM  (HOTOCEHCHMOMIM3aTOpa
benranbckoro po3osoro [Watson et al., 1985]. Moxaens ¢pororpombo3a mpocra B
pean3anuy, 00J1aJaeT BEICOKON BOCIIPOU3BOJIMMOCTBIO U MaJIONl HHBAa3UBHOCTHIO,
4TO OOBSACHSIET €€ aKTUBHOE MCIOJIb30BAaHUE JIJISl M3YUYEHMSI IMATOJIOTUH T'OJIOBHOTO
mosra [Uzdensky, 2018]. OnnHako, HECMOTps Ha pacHpOCTPAHEHHOCTh MpHU
MOJIEJIMPOBAaHUM MHCYJIBTA, 3Ta MOJIEIIb €IIE HE aAalTUPOBaHa IS IPYTUX OPraHoOB.
VYuuTeiBas IMPOTY NpUMEHEHHs (HOTOTpOMOO3a MPU HHPAPKTE TOJIOBHOIO MO3ra, a
TAK)K€ MPOCTOTY PEANM3aLMN JaHHON MOJEIIN, MBI ITPEANIOJIAraeM, 4To 3TOT METO
MOKET OBITb MCIOJNb30BaH Ui MOJCIUPOBAHUS HWIIEMHUYECKUX MATOJOTUH
pPa3IMYHBIX OPraHOB, B TOM YHUCJe oYeK. MBI peanoiaraeM, 4YTo UIEMHUs MOYeEK,
BbI3BaHHasl (OTOTPOMOO30M, MOXKET CTaTh IOJE3HOH MOJENbI0 ISl JIy4lIero
MTOHUMAaHUS MOJIEKYJISIPHBIX MEXaHU3MOB MOBpexAeHUs noyek kak npu OIIII, tak u

npu XbII, a Takke pereHepanny NOBPEKICHHOTO OpraHa.

B cBs3u ¢ Tem, yTo 3a0o0JyieBaHUs, ACCOLMHPOBAHHBIE C HIIEMUYECKUM
MOBPEXJICHUEM TKAaHU WM CHCTEMHBIM BOCHAJIICHUEM, SIBJISIOTCA OJHUMU U3
BEYIIUX NPUYUH HHBAIMJIN3ALUUM U CMEPTHOCTH, AKTUBHO BENYTCS Hay4YHBIE
MCCJIEIOBAHMSI, TOCBSAILIEHHBIE PAa3BUTHIO JIaHHBIX coOCTosAHM. HecMoTps Ha
00JpIIOE BHUMAaHUE K JAaHHOM mpoOiieMe 0 CUX MOp HMMETCA MpoOensl B
MOHMMAaHUU (PYHIAMEHTAJIbHBIX MEXaHU3MOB PAa3BUTHUS MOJOOHBIX MOBPEKICHUI,
YTO OCJIOKHSIET MOUCK UX Tepanuu. OJHUM U3 MEXaHU3MOB, JISKAIIUX KaK B OCHOBE
3almycKa MOBPEXKIEHUSA, TaK M aJalTallMd TKAaHU K HIIEMHH, SBISETCS IPOLECC
BOCHAJIEHUS. XOTS B LIEJIOM OHO SIBJISIETCS] HOPMAJIBHBIM OTBETOM TKAHH M y4aCTBYET
B €€ BOCCTAHOBJIEHMH, BO MHOTHX CJy4yasx JaHHAas peaklus OpraHu3Ma

MIPOSIBIISIETCS. UPE3MEPHO M MOKET MPUBOAUTH K €Iie OObIIeMY MOBPEKICHHUIO



TkaHei [Rabb et al., 2016]. [ToaTomy BaKHO BBISIBUTB, B KAKO MOMEHT U ITPH KaKUX
YCJOBUSX JaHHAs peakIus MepexXoaUT U3 aJaliTUBHON B MATOJIOTMYECKYI0. B oTBeT
Ha MIIEMHIO M TUIOKCHUIO TMOBBIIIAETCS DKCIPECCUS MOJIEKYJ AAre3uu KIEeTKaMu
COCYIUCTOM CTEHKM M MNPOUCXOAUT aKTUBalMs JjeilkouutoB [Bonventre, Yang,
2011]. JlanHble COOBITHS TIOBBIIIAIOT CEKPEIUIO MPOBOCHAIMTEIBHBIX U
npopuOpPOTHUECKUX MOJEKYJ, MPUBOAST K AKTUBAIIMM CBEPTHIBAHUS KPOBU U
VXYIIICHUIO KPOBOTOKA B Kamwjuisipax. [loBeimmaercss aare3wst ' WHQPHIBTpAIus
UMMYHHBIX KJIETOK, TaKuX Kak HEHTpouibl W Makpodaru, CEeKpeTHpYroIIue
dakTop Hekposa onyxonu-o (TNF-o) u mpoBocmamuTenbHble HHTEPJICUKUHBI,
MOBBIIIIEHUE OSKCIPECCUU KOTOPBIX CBSI3aHO CO 3HAYUTEIBHBIM TKaHEBBIM
noBpexaeauem npu OIIIl [Bonventre, Zuk, 2004]. Kpome Toro, akTuBamus
SHIOTENUS U MPUBJICUCHUE [IUPKYIUPYIOMMNX UMMYHHBIX KJIETOK TPOUCXOIUT MPHU
BBICBOOOXJCHUM HEKPOTU3UPOBAHHBIMU KJIETKAMU MOJICKYJISIPHBIX IAaTTEPHOB,
acCOIMUPOBAaHHBIX ¢ TmoBpexaeHueM [Anders, Schaefer, 2014]. Ognumu u3
KJIFOYEBBIX YYACTHUKOB ATHUX IMPOIECCOB SABJISIIOTCS HEUTPODUIIBI, KOTOPHIE MOTYT
NPUBOJUTh K JAJbHEUIIEMY IOBPEKICHUIO SMHUTEIHAIBHBIX KJIETOK MOYEYHBIX
ka"HaibleB [Kinsey, Li, Okusa, 2008]. Ilpoaykuuss LMTOKMHOB, MpOTea3s,
METaJIONPOTea3, aKTUBHBIX (OPM KHUCIOPOJa JAaHHBIMH UMMYHHBIMU KJIETKAMHU
OPUBOAUT K MOBBIIIEHHONW COCYAMCTON MPOHUIAEMOCTH, a TaKK€ HapYLICHUIO
IIEJIOCTHOCTH JNUTETUATBHBIX M JHAOTEJIUANbHBIX KIJIETOK KaHAJIbIIEB, YTO
ycyryouser nopexaenne nouyek [Parkos, 2016]. B cBs3u ¢ TeM, 4To BOCHIAJICHHE
UTPaeT BaXXHYIO POJIb B OOJIBITMHCTBE MATOJIOTHM, HOBBIE MO1X0bI K Tepanuu O
MOTYT OBITh OCHOBaHbl Ha PEryJAlMU BOCHAIUTEIbHON peakuuu. I[lomMumo
TPaAUIIUOHHBIX MPOTUBOBOCHAIUTEIbHBIX Mpenaparos, OJIHUM u3
MHOT'000CIIAIOIINX COCJAVMHEHUN SBISETCS MPOU3ZBOJAHOE OMera-3 >KUPHOU
KHUCJIOTBI, CXOXEE MO CTPYKTYPE C aHAHIAMUIOM - STAHOJIAMUJ IOKO3are€KCaCHOBOM
KUCJIOTHI, cUHanTamuja. JlaHHOE BEHIECTBO paHEe M3y4aloCh B KOHTEKCTE
MOBPEXKACHUS MoO3ra W 00J1alajl0  BBIPAKCHHBIMU HEUPONPOTEKTOPHBIMU U

CHHAINTOTeHHBIMH 3 deKTaMH, a TaKke CHIKao Heipoocnanenue [Kim et al.,
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2011; Kim, Spector, 2013; Ponomarenko et al., 2021; Starinets, Tyrtyshnaia,
Manzhulo, 2023].

Takum 00pa3oMm, H3ydeHUE MOJIEKYJSPHBIX W KJIETOYHBIX MEXaHU3MOB
MOBPEXKACHUS TOYKH IIOCIEC HWIIEMHH WA CUCTEMHOTO BOCHAJICHHUS SBJISETCS
aKTyaJIbHOU MCCIIeIOBATENIbCKOM 3aaueii. PazpaboTka HOBOM AKCIEpUMEHTATLHON
mozaenu OIIIl momoxker Ooisiee AeTaNbHO U3YYUTh MOP(HODYHKIMOHATBHBIE
OCOOCHHOCTH TOBPEKJICHUSI U BOCCTAHOBJICHHSI OpraHa U B JaJbHEHIIEM MOXET
OBITh MCIOJIb30BaHa JUIsl TECTUPOBAHHUS TepaneBTHUUECKUX BeulecTB. M3yueHue
TaKWX TMOCIEACTBAN MOBPEKICHUS, HANPUMEpP, BOCHAICHHUS MOXKET NOMOYb B
BBISIBJICHUM TOTEHUIUAJIBHBIX MHUILIEHEW MJi1 MOJYJSIIMA OSTUX HETaTUBHBIX
MOCJICJICTBUM, a MOUCK HEPPOMPOTEKTOPHBIX BEIIECTB HE TOJBKO MPHUOJIMKAET
pa3paboTKy 3 PEeKTUBHON MATOrEHETUUECKOM Tepanuu, HO U MOKET OBITh MOJIE3EeH

JJIA BBIAABJICHUA KIIIOYCBBIX ITATOI'CHCTHYCCKUX 3BCHLCB OIIII.
He.]'ll’l H 3a1a491 UCCJICI0BaHUA

Heab0 pgaHHOW pPadOTBI ABIAIOCH HM3YYEHHWE MEXAHM3MOB OCTPOTO
IIOYE€YHOT'0 NOBPEKACHUS B MOJIEIAX UILIEMUH U CUCTEMHOTO BOCIIAJICHHUS], & TAKXKE

MOUCK MOTEHIUAIBHBIX MOAX0A0B 1151 Tepanuu OIIII.

B cooTtBercTBHU C OCJIbIO OBLIN TTOCTaBJICHBI cdicayromue 3aaavdu I[aHHOﬁ

padoThI:

1) Pa3paboTka HOBOW SKCIEPUMEHTAITLHON MOJIeH (POKATBHOMN UIIEMUH
MOYKH, OCHOBAaHHOW Ha (HOTOMHIYIIMPOBAHHOM TpoMOO3€ COCYIOB, M MOAOOD
ONITUMAJIFHOTO METOINYECKOTO MPOTOKOIIA

2) BcecTopoHHsISI XapaKTEepUCTHKA MOJCIU (OTOTPOMOO3a TMOYKU C
TOUYKH 3pPEHUS TMOENN KJIETOK MOYKH, UX pereHepalii, U3MEHEHUN B TKAHU MMOYKU
M pa3BUTHS BOCMIAJICHHUS, a TAK)KE OIICHKHU TsbKecTu pasBuBatomerocs: OIIIT

3) Ouenka BiusHUS Tepanuu cuHantamuoM Ha pone OIII, BeI3BaHHOTO

uiemuen/peneppy3ueii MoYKM, Ha BOCHAIUTENBHBIM CTAaTyC MOBPEXKIECHHOTO
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opraHa, W3MEHEHHE CTENeHW WHPWIBTPAMA ¢ TOMYJISIMOHHOTO COCTaBa
MMMYHHBIX KJIETOK B TTOYKE
4) BbgBleHHE MEXaHH3MOB IMPOTHBOBOCHAIMUTEIBHOIO  JICHCTBHUS
cunantamuaa Ha ¢pore U/P u uccnenoBanue ponu Hetrpoduinos B matoreneze OITIT
5) OueHka pa3BUTHS IOYCYHOTO MOBPEIKICHUS Y HOBOPOXKIACHHBIX MPHU
nevicreumn nunononucaxapuna (JITIC), npu nmocnenoBarensHoMm BBeaeHuu JIIIC u
TCHTAMUIIMHA, a TaK)Ke HCCIICIOBAHWC BIUSHHUS TPUMEHEHUS AHTHOWOTHKOB Y

HOBOPOXKACHHBIX INAIUCHTOB C ITIOAO3PCHUCM Ha CCIICHUC C TOYKH 3PCHHUA TAKCCTHU

OIIIIL.

HayuHnast HoBU3HA padoThI

B pamkax ganHoi#t paboThl BriepBbie pazpaboTaHa HOBasi IKCIIEpUMEHTATbHAs
MOJIEb TMOBPEXKJICHHUS MOYKH, OCHOBAaHHAsI Ha (OTOMHIYILIMPOBAHHOM TpPOoMOO03e
COCY/ZIOB, BBI3BAaHHOM CBETOBOM akKTHUBAIlMEll MOJIEKyN (oTroceHcuOmIm3aTopa
benraneckoro poszoBoro. JlaHHas MoOJ€Nlb IIMPOKO INPUMEHsIAch  JUIA
MOJEJIMPOBAHUSL MHCYJIbTA, OJHAKO CJIa00 TPAaHCIUPOBAIACH HA JPYTHE OPraHbl.
PazpaboTan MeToAMYECKU MPOTOKOJ, KOTOPHIM MOXKHO OyAeT aganTHpOBaTh B
3aBUCHMOCTH OT LIeJIel uccienoBanus. Kpome Toro, pazBuBaronieecs moBpekIeHNE
0XapaKkTepU30BaHO MOP(HOIOTUYECKHU, TUCTOJIOTHYECKU B (DYHKIIMOHAIIEHO, YETO HEe

OBLIIO TIPOJICMOHCTPUPOBAHO PaHEe HU B OJHOM HCCIICIOBAHUH.

Brnepsbie onieHeHO BiusiHUE cuHanTamuaa Ha U/P-unaynupoBanHoe octpoe
[IOYEYHOE IIOBPEXKACHUE, a TAKKE BBIABICH IPEANOJIOKUTEIbHbBII MEXaHU3M
JNEUCTBUA JAHHOTO BELIECTBAa. BriepBble MMOKa3aHO MPOTUBOBOCHAIUTEIBHOE
NEUCTBUE CHUHANTAaMUAa, KoTopoe peanusyercs depe3 peuenrop GPRI110

HEUTpOoHIIOB.

BrnepBbie mokazaHo, 4TO OJTHOKPATHOE BBEACHUE AaHTHOMOTHKA FTeHTaMULIMHA
MOXeT cHuwkarb TsokecTh OIIIl, BBI3BAHHOTO CHCTEMHBIM BOCIAJIIEHUEM Y
HOBOPOXKJICHHBIX JKUBOTHBIX. [IpoBeaeH cOop W aHaNMM3 KIMHUYECKUX JIAHHBIX
NAIMEHTOB U MPEI0KEHBI aHTUOMOTUKHU, KOTOphIE HE ycyryOnsitoT pazsutue Ol

Y HOBOPO’KI€HHBIX ITALIUEHTOB C CEIICUCOM.
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TeopeaneCKaﬂ U IIPAKTHYECCKasA 3BHAYUMOCTD

OyHaamMeHTanbHas Hay4YHasl MpoOsieMa, Ha pelleHrne KOTOpOH HarpaBieHa
paboTa - uccie1oBaHlEe MEXaHU3MOB IMOBPEXKIECHUS OJIHOTO U3 )KM3HEHHO Ba’KHBIX
OpraHoB, IIOYKH, C ILEIbI0 IOHWCKA BO3MOXHBIX MOJIXOJOB K YBEIWYECHHIO
YCTOMYMBOCTM JAHHOIO oOpraHa K noBpexaeHuto. lloHnmanue (axkTopos,
BIMAIOIIMX Ha pa3BUTHE IOBPEXKICHUA M HIIEMUYECKYI) TOJIEPAHTHOCTh
KOHKPETHOTO OpraHa, SIBJISIETCS OCHOBOW CTPATErMEM IOMCKa TEpanny HE TOJIBKO
OIIII, HO ¥ ApYruX MAaTOJOTUYECKUX COCTOSHHN, aCCOLMUPOBAHHBIX C HMIIEMUEH,
TaKMX KaK MHCYJIbT M HH(PAPKThl OPraHoB, a TaKKe MaTOJOrHH, MPU KOTOPBIX
BO3MOKHO HEJIOCTaTOYHOE CHA0XKEHHE TKAaHEH KHCIOPOJOM M MHUTATEeIbHBIMU

BCIICCTBAMM.

Pe3ynbTaThl, MOJIydEeHHBIE B XOJI€ BBHINOJHEHUS TUCCEPTALIMOHHONW padOTHI,
IIPE/ICTABIIAIOTCS 3HAYMMBIMH C TOYKH 3pEHUs, KaK (PyHIaMEHTaIbHOM HAYKH, TaK
U KIMHUYECKOW MEIUIMHBI, TaK KAaK B HEHU PACKPBIBAIOTCSA MOJIEKYJISIPHbIC
MEXaHHU3Mbl, OOBSCHSIONINE TPUYUHBI Pa3BUTHS IOUEYHOTO TOBPEKICHHUS, a TAKKE
TECTUPYIOTCSI BO3MOXKHBIE TEpaneBTUYECKUE areHThl. [loMumo 3TOro, ¢ TOYKH
3pEHUS  AKCIEPUMEHTAIBHBIX HCCICAOBAHUN 3HAYMMOCTH  3aKJIIOYAETCAd B
pa3paboTKe HOBOW SKCIEPUMCHTAIBHOM MOJIEIM O0YaroBOM HIIEMHH ITOYKH,
KOTOpas B JaJIbHEHIIEM MOXKET ObITh MCIOJIb30BaHA JPYTMMU HCCIEIOBATEISIMHU.
Ho He MeHee BaxkHA M KIIMHUYECKAsh 3HAYMMOCTh, TaK KakK IMOJYYEHHbIC JAHHBIC
MOTYT JIeYb B OCHOBY pa3pa0dO0TKu nepcrnekTuBHbIX MeTo10B Teparnuu OIIII. Kpome
TOTO, MIOKa3aHbl aHTUOMOTUKU, KOTOpBIE HE ycyryosisuiu TsikecTs OIII y maruenToB
C CEINCHUCOM, YTO MOJKET OBITh MOJIE3HO B KIMHUYECKON MPAKTUKE U KOPPEKTUPOBKE

Kypca aHTHOAKTEPHAIbHON TEPAITHH.
MeTo/10/10THSI U METOAbI HCCJIEI0OBAHUS

B pabote mpoBoauiaock MonenupoBanue sHIoTokcuHemudeckoro OIIII ma
HOBOPOXACHHBIX Kpbicax wim WU/P-unaynuposannoro OIIII Ha B3pocCibIx Kphicax.
Kpome Toro, B pamkax auccepraiuu 0blia pazpaboTaHa HOBasi SKCIIEpUMEHTaIbHAs
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MO/I€JTb, BI3BaHHAS ()OTOMHIYIIMPOBAHHBIM TPOMOO30M COCYA0B, KOTOPAs 10 ATOTO
HHUKOTJAa HE MCIIOJb30Balach ISl MOJICIIMPOBAHUS MOBPEKICHUS MNOYKU. Jlid
OLICHKU (PYHKIIMHU U TOBpEXAeHUs Mouek nocie moaenupoBanus OIIIT y skMBOTHBIX
OLICHUBAJIA TaKWE MApPKEPbI, KAK KPEATUHUH U MOYEBHHA B CHIBOPOTKE KPOBH, a
TaK)Ke JIMIOKAINH, aCCOMUPOBAHHBIN ¢ *kenaTuHa3zoi HeTpodunoB (NGAL) u

Mosiekyia noBpexacHus rmoyek 1 (KIM-1) B moue.

B cayyae HOBO#l sKcmepuMeHTATBbHOM Moaenu ¢GOoToTpomMO03a MOYKH
OLICHUBAIM OOBEM IMOBPEKACHHUS MYTEM OKpAlllUBaHUS MPUKU3HEHHBIX CpPE30B
nouku xjaopuaom 2,3.5-tpudenunrerpazonus (TTC) wimm ¢ nmomomplo MeToaa
MUKpPOKOMITbIOTEPHOU ToMorpaduu. IIpoHnIIaeMocTh COCYJOB OLICHHBAIH I10
AKCTpaBa3alMy KPACUTENSI DBaHCA CUHETO U3 KPOBOTOKA B TKaHb MOYKU. Yepes 24,
48 yvacoB wim uepe3 | Mecsll MOYKM C JIOKAIBHBIM OYaroM ITOBPEXKICHUSA
dbukcupoBanuch B (opMaIuHE JJIi M3TOTOBIEHUS CPE30B U THUCTOJIOTHYECKUX
OKpallluBaHUM, TaKMX KaK TEeMAaTOKCWIMH-303uH, peakius c [udd-itogHoi
kucioron (IIMK-peakiusi), OKpackud MJii OIEHKH COCTOSIHHS BHEKJIETOYHOTO
MaTpuKca u pa3BUTHUS ¢bubpo3a. Kpowme TOTO, MIPOBOAIIH
MMMYHOTHUCTO(DIIYOPECIICHTHBIE OKpalllMBaHUS aHTUTEJIaMU MPOTUB [-aKTUHA,

KIM-1, snepuoro anturena nponudepupyrommux kietok (PCNA).

VY 3KcriepuMEHTaNbHBIX )KMBOTHBIX TIOCJIE MOAECIUPOBAHUS PA3IMUYHBIX TUIIOB
MOBPEXKJICHUS TIOJTy4aiau 00pa3libl TOMOTEHATOB MOYEYHOM TKaHU, B KOTOPBIX C
MIOMOIIBI0 METOJIa BECTEPH-OJIOTTUHTA MCCIIEIOBATIN BOCTIAJIEHUE, MHTEHCUBHOCTh
OKHUCJIUTENIBHOIO CTpecca, aKTUBALMIO aronTo3a WIM aKTUBHOCTb IPOIECCOB

pereHeparyy.

JIns ucciieioBaHus BIMSIHUSA CUHAIITAMUAA HAa BOCIIAJIEHUE, Pa3BUBAIOILEECs
npu W/P mouku, mosydanud CyCHEH3MM KJIETOK MOYKM I aHaju3a METOoAaMu
IPOTOYHON LUTOQPIyOPUMETPUU U  (DIyOPECHIEHTHO-aKTUBUPYEMOTO COPTHUHTA.
OtoOpaHHble TakUM 00pa3oM KJIETKM HCHOJb30BAIM IS JaJbHEUIIEro

uccinenosanus metosioM I[P ¢ obparnoit Tpanckpunuueit (OT-IILP) B peasibHOM
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BpeMeHu. Taxxe moxydanu 00pa3isl KPOBU M TTOYEK JJISI HCCIISIOBAHUS PA3TMYHBIX
MapKepOB, ACCOIMUPOBAHHBIX C BocmnajieHueM, metojgoM OT-IIIP B peanbHOM

BPCMCHH.
OcHoBHBIE MOJIOKEHUSI, BBIHOCUMBIC HAa 3aIUTY

1. @DOTOMHIAYIIMPOBAHHBI ~ TpoMOO3  COCYIOB  C  HMCIOJIb30BaHUEM
doTocencubunm3aropa beHranbckoro po3oBOro MOAXOAMUT ISl MOJETUPOBAHMS
OIIII u mpUBOAUT K Pa3BUTHIO BHIPAXKEHHOT'O Ovyara MOBPEKIEHUS, PU KOTOPOM
HAOJIIOaeTCsl HapyIIeHHEe HOPMalbHOM MOP(OJIOTUM TKaHU TMOYKU, WHIYKIIUS
anonTo3a B 30HE oOvara, AakTUBALMS MPOJIU(EpaTUBHBIX MPOLUECCOB BOKPYT
MOBPEKJECHHON 30HBI, a 4epe3 Mecsll nocie GoTorpoMO03a B 00iacTu uHbpapKTa
Ha0JII01aeTCsl pa3BUTHE BociasieHus u pudpo3sa.

2. [Ipu nmemun/penepPy3uu MOUYKU pa3BUBAETCS BOCIAJIEHUE B TKAHU, KOTOPOE
BBIPAKAETCS B YBEJIMYEHUHU SKCIIPECCUU MPOBOCIAIIUTENBHBIX IUTOKUHOB, & TAKKE
B YBEIMYCHUU WH(PUIBTPAIMU JIEUKOLUTOB, MPEACTaBICHHBIX HEUTpOPUIaMU U
Makpodaramu.

3. Tepanus CUHAINTAMUIO0M IPUBOIUT K BBIPAKEHHOMY
npoTtuBoBocnanuTeabHoMy 3¢ dexty Ha ¢one W/P-ungyunpoBannoro OIIII,
KOTOpbIi  peanusyercss dyepe3 peuentop GPRI110, pacnonoxeHHbIE Ha
HehTpoduiax, ogHako He cHUXKaeT ypoBeHb MapkepoB OIIII npu ucnons30BaHHON
7103€ U JJIUTEIbHOCTH JICYEHUSI.

4. Cencuc W CHCTEMHBIM BOCHAJUTEIbHBIA OTBET BbBI3BIBAIOT Pa3BUTHE
HeoHaTanbHOro OIIII kak B MOAENSIX HA )KUBOTHBIX, TaK M Y MAIUEHTOB B KIMHUKE.
S. [Ipumenenue rentamunmHa Ha Qone JIIIC-ungyuupoBannoro OIII y
HOBOPOJXKJICHHBIX KPBIC MPUBOJUT K CHIXKEHUIO TSXKECTH MOBPEXKJICHHS MOYEK, a
aMIUIWJUIMH B KOMOMWHAIIUM C CYJIHOAKTAMOM WJIM METPOHHU]Ia30J1 YJIydIIatoT

Q)YHKHI/IIO IMOYCK Y KIMHUYCCKUX ITAIUCHTOB C IIPU3HAKAMHU CCIICHCA.

CreneHb JAOCTOBCPHOCTH JAHHBIX

15



[Tomy4yeHHbie B paMKax BBIMOJHEHUS pPaOOThI JaHHBIC CTATUCTHYCCKU
JIOCTOBEPHBI M BOCHPOM3BOJAMMBIL. JIJisi pellieHusi MOCTaBICHHBIX 3a/Jad BBIOpaH
ONTUMAJIbHBIA HAa0Op COBPEMEHHBIX JKCIEPUMEHTANIbHBIX MeToAuK. (030p
JUTEPATYpPhl U OOCYKIEHHWE TOATOTOBJIEHBI C WCIOJIB30BAaHUEM AaKTyaJIbHOU

JUTEPaTypHI.
IIy6oaukanuu mo TeMe qUCcepTANNU

[lo matepuanam aumccepTanuu OMyOIMKOBaHO 16 mewaTHBIX paboT, U3
KOTOPBIX § cTaTeil B peleH3UPYEMBIX KypHaIaxX, pEeKOMEHAOBAHHBIX JIJIsl 3aIUTHI B
nvccepTauoHHOM coBete MI'Y mno cnenmansHOCcTH 1.5.5 — @U3nonnorus 4enoBeka

Y KUBOTHBIX.
AnpoOanus padoThl U MyOJTUKAUKA

Pe3ynpTaThl  guccepTaliMOHHOM  paboThl  ObUIM  MPENCTaBIEHbI  Ha
MexayHapoiHbix kKoHpepenusax XVII Mexnynapoanoii (XXVI Beepoccuiickoit)
[TuporoBckoii HayyHOW MemauiMHcKoM koH(epenunu (MockBa, 2022), XXVIII
Bcepoccuiickoii KOHPEpPEHIIMN MOJIOABIX YUYEHBIX C MEKIYHAPOAHBIM YYacCTHUEM
«AxrtyanbHble TTpobsIeMbl OnomMenuiuHbl - 2022» (Cankr-IletepOypr, 2022), 12-oi
MEXIYyHApOAHOU KOH(pepeHnH "Perentopsl 1 BHYTPUKIETOYHAs CUTHAIU3aLus"
(ITymruno, 2023), V Hayuno-npaktuueckoit KOHGEpEHIH “DKCrepuMeHTaIbHas
XUPYpPrHsi, aHECTE3UOJIOTUS U PEAHWMATOJIOTUs JabOPATOPHBIX KUBOTHBIX
(MockBa, 2023), Bcepoccuiickoli Hay4HOW KOH(EPEHLMH C MEXIYHAPOIHBIM
ydyacTHeM «AKTyaJbHbBIE BOINPOCH Mop(doreHesa B HOpPME U MATOJIOTHH.
PereneparuBnas 6uosiorust u MmeaunrHay (2023, Mockaa, 15-16 Hosi6pst 2023), XIX
Mexnaynaponnoit (XXVIII Beepoccuiickoit) [Tuporosckoit Hay4yHOM METUIIMHCKON
KOH(epeHIIun CTYyIeHTOB U MOJOAbIX Yy4eHbix, (MockBa, wMapt 2024),
Bcepoccuiickoii KoHpEpeHIINN ¢ MEXIYHAPOIHBIM yuyacTheM "broxumus yeaoBeka
2024" (17-19 oxTtsi6ps 2024). Tlo marepuanam pabOThI OMyOIMKOBAaHbI 8 TE3HCOB

JIOKJIaJIOB B COOPHUKAX POCCHUHCKUX M MEXKTYHAPOIHBIX KOH(DEPEHITNH.

HuccepranmonHas pabora ampoOupoBana 27 asrycra 2024 roma Ha

3acemanuu oTjAena (GyHKIHOHATIBHOW Omoxumum OuomnosumepoB HUW OXb um.
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benozepckoro MI'Y umenn M.B. JlomonocoBa u 15 oxtsiops 2024 roma Ha
3acemannn  Kadenpel (U3HOJIOTUM YEIOBEKa W JKMBOTHBIX OHOJOTHYECKOTO

dakynsTeTa MI'Y umenu M.B. JlomonocoBa
JIMYHBIA BKJIAJ aBTOpPa

Couckarellp JIMYHO TNPUHHMAJI YYacTHE BO BCEX JTalaxX BBIMOJIHCHUS
JUCCEPTAIIMOHHON PabOThl, @ MMCHHO ILIAHUPOBAI M IPOBOAMII SKCIICPUMCHTHI,
OCYIIECTBIISI ~ MOJCTUPOBAHWE  TATOJOTMA  HA  JKUBOTHBIX  METOJaMU
OKCIICPUMCHTAJILHON XHPYPrUd, TMPOBOJMI OHOXMMHUYECKHE, MOJICKYIIPHO-
OMOJIOTUYECKHE W HMMMYHOTHCTO(IIYOPECIIEHTHBIE HCCIIEIOBAaHUS, ITOATOTOBKY
KIMHAYECKNX JaHHBIX TAIMEHTOB I OMOMH(POPMATHYECKOTO aHaIn3a,
CTaTUCTHYECKYI0 00pabOTKy M 00O0OIeHHE pe3ysbTaTOB, HAMHMCaHWE CTaTed U
TE3WCOB, MPEACTABIILT PE3yabTaThl PadOTHl Ha POCCHUCKUX W MEXKITYHAPOIHBIX

KOH(DEpEHITUSX.
Crpykrypa auccepranuu

HuccepranonHas paboTa COCTOMT U3 BBEACHHMS, 0030pa JIUTEPATYPHI,
METOJI0B U MaTE€pHUAJIOB UCCIIEAOBAaHNUS, PE3YIbTATOB U UX 00CYKI€HUs, BBIBOJOB U
CIIUCKAa IMTHpyeMO# muTeparypsl. Pabota wusmokeHa Ha 156 cTpaHumax u
wuocTpupoBana 36 pucynkamu. CUCOK IUTUPYEMOM JTUTEPATYphI BKIIOUaeT 216

HanMMCHOBAHM:I.
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2. OB30P JIUTEPATYPbBI
2.1. OcTpoe noye4yHoe MOBPeEKACHHE
2.1.1 IlonsiTHe, KpUTEPUU, dNUAeMHUoI0rust u 3THoaorus OIIII

Octpoe mnoueunoe mnoBpexaenue (OIIIl) sABmsieTcs MATOJIOTMYECKUM
COCTOSIHUEM C OBICTPBIM U PE3KUM CHIDKEHHEM NOYeYHON (YHKIIUU, KOTOPOE MOKET
BKJIIOYATh B €€0s1 KaK CTPYKTYpHOE MOBPEXKACHHUE, TaK U MOTEPIO (PHIBTPYIONICH
cocobHocTH oprana [Makris, Spanou, 2016]. Octpas modyeunas HeJ0OCTaTOYHOCTh
XapaKkTepu3yercs: OBICTPhIM MAJCHUEM CKOPOCTH KIyOOUKOBOM (PHIIbTpanuu
(CK®), mpoucxoisiiuM B TEUEHHE HECKOJbKHUX YacOB WM HENEIb, OOBIYHO
MPOSIBJISISICH B HAKOIUIEHMU MPOJYKTOB a30THOIO MeTaboiM3Ma B pPE3yJbTare
CHIKEHHUS TIO4eYHOM mepdy3un (IpepeHanbHas a30TeMHUsi), TOBPEKICHHUS
MOYEYHOM MAPEHXUMBI (OCTPBII KaHAIBLIEBBIM HEKPO3, OCTPBIM HHTEPCTUIMATbHBIN
HeQPUT U TIIOMEPYJIOHEDPUT) WM OOCTPYKIMHU MOYEBBIBOISIIUX ITyTEH
(mocTpeHabHas a30TeMHMsI), a TAKXKE 4YacTO CONpOBOXaaercs onurypuen [Khan,
Khan, 2015]. OIIIl accomuupyercss HE TOIBKO C KPATKOCPOYHBIMH
HEOJIArONMPUATHBIMUA TIOCIICJICTBUAMH, TaKUMH KaK TIEperpy3ka KHUIAKOCTHIO H
HapyLIEHUE DBJEKTPOJUTHOTO M KHUCJIOTHO-IIENIOYHOro OanaHca, HO M 4YacTo
npuBOAUT K pa3Butuo XbIl WM paxe TepMHHAIBHOW CTaguU IIOYEYHOU

HenoctatouHoctu [Negi et al., 2018].

OIIIl mpexacraBisieT cOOOM CIOXKHOE KIMHUYECKOE COCTOSHHUE, KOTOpPOE
XapaKTepu3yeTcsi BBICOKOW  3a00J€BaeMOCThIO W JeTalbHOCThIO. Cpenu
FOCIUATAIM3UPOBAHHBIX MAIIMEHTOB €r0 PACHPOCTPAHEHHOCTh JOXOIUT 10 15%, a'y
HAI[MCHTOB B KPUTUYCCKOM COCTOSIHMH 3a0osieBaeMocTh aoxoauT a0 60% [Khan,
Khan, 2015; Makris, Spanou, 2016]. Yposens neraiapHOCTH coctaBisieT 60% B
teuenue 1 roga nociue snuzona OIIII, mostomy OIIII siBsieTcst BaskHOM TTpoOsieMoi
s 3apaBooxpanenust [Kellum et al., 2017]. EcTp mmpokuii CrieKTp COCTOSIHUH,
KoTopsie padbiie oTHOCHIH K OIIII, oT HeOoIbIIMX N3MEHEHNH B OMOXUMHUICCKHIX

Mapkepax (YHKIMM TMOYeK J0 mnoTrepu (yHKUMH oOpraHa, TpeOyromiei
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3aMECTUTEIbHOM MOYCUHOM TCpalnun, n3-3a 4€ro JaHHLBIC O 3a0071€Ba€MOCTH MOT'YT

pasuuthes [Rewa, Bagshaw, 2014].

B 2004 rony ObLIM yCTaHOBIICHBI KPUTEPHH, ONIPEACIIAIONINE TAKUE TOHSATHUS
KaK PHUCK, MMOBPEXKICHHUE, MOYCUHAS] HEIOCTATOYHOCTh, TOTEPs (PYHKIIUU TMOYKU U
TepMHHAIbHAs cTaauu nmoyeunoi Hempocrarounoctr (RIFLE) [Bellomo et al., 2004].
B 2007 roay rpynna uccinenoareneit OIII (AKIN) MmoauduuupoBana Kpurepuu
RIFLE, BxitoumB a0OCONIOTHOE M3MEHEHHE ChIBOpOTOYHOTO KpeatwHuHa (SCr).
[Toznuee RIFLE n AKIN Obuin 00beIMHEHBI ¢ KPUTEPUAMHU «3a00JIeBaHUS TTOYCK:
yiydmenue rimodansHbix pe3yabTatoBy (KDIGO) [Kellum, Lameire, KDIGO AKI
Guideline Work Group, 2013]. Ha nmannbiii moment, cormacHo KNIGO, OIIIT

OTIpeIeNIICTCS OJTHUM HJIM HECKOJbKUMHU (paKTOpaMU, a UMEHHO
e [losemuenuem SCr > 26.5 MKkM/I1

e nospimenneM SCr Oojiee yeM B 1,5 pasa 10 CpaBHCHHIO € HCXOJHBIM
YPOBHCM, IIPOU30MICAINICC HM3BCCTHO HIIHK IIPCAIIOJIOKHUTCIIBHO B TCUCHHUC

MPEIIECTBYIOMIEH HENECIN

® CHIDKEHHE oO0beMa BhIJeNIsieMor Moun MeHee yeM j1o 0,5 mi Ha 1 xr Beca B

yac 3a 6 4acoB

Kpome Toro, cormacHo pekomenpanusx KDIGO OIII kmaccudumupyercs mmo

CTCIICHHU TAKCCTH B COOTBCTCTBHU CO CIICAYIOINUMHA KPUTCPUAMMU:

Cragus CbIBOPOTOUHbBIN KPeaTUHUH 06bem BbigensieMoit Moum

1 B 1,5-1,9 pa3a Bbllle UCXOHOro YPOBHS < 0,5 Mn/Kr/u 3a 6-12 yacos
unu
nosbiWeHue Ha = 0,3 mr/an (= 26,5 MKkMonb/n)

B 2,0-2,9 pa3a Bbllle UCXOAHOro YPOBHSA < 0,5 Mn/kr/4 3a 12 yacoB unu 6onee
B 3,0 pa3a Bblle UCXOAHOr0 YPOBHS, < 0,3 Mn/Kr/4 3a 24 yaca unu bonee
unu unu

nosbilWeHune fo = 4,0 mr/an (= 353,6 mkmonb/n), aHypus B TeyeHue 12 Yacos unu onee

unu
Hayano 3aMecTUTeNbHON NoYeYHoN Tepanuu

unu

y 60/1bHbIX MNnagwe 18 NeT CHUXKeHUe pacyeTHON CKOpPOCTU KnyboyKoBo#M
dbunbTpaumm < 35 MA/MUH Ha 1,73 M?

Puc. 1. Cmaouposarnue ocmpozo nogpesicoerusi novex no pexomenoayusm KDIGO
[Khwaja, 2012].
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CymiecTByeT MHOXKECTBO NOTeHUManbHbIX mnpuuuH OIII, mHOrme w3
KOTOPBIX CBSI3aHBl C HECOOTBETCTBHEM MEXKIY JOCTAaBKOW KHCIOpOJa U
NUTATEIbHBIX BEHIECTB K HEPpoHAM U MOTPEOHOCTHIO HEPPOHOB B HHEPTHUH.
Konnenuenryansno stuonorus OIIIl nenuTca Ha Tpu KaTeropuu: mpepeHanbHas,
UHTpapeHajdbHas M NOCTpeHanbHasdg, XxoTa dyame Bcero OIIIl sBugercs
MHOTO()AaKTOPHBIM COCTOSIHHEM, a MAaTOT€HETUYECKHEe MEXaHU3MbI, BOBJICUCHHBIC B
pa3BUTHE Pa3HBIX KAaTErOpHil MOTYT OBITH BOBJIEUEHBI B nporpeccupoanue OIIII
[Turgut, Awad, Abdel-Rahman, 2023]. ITpu npepeHanbHOM a30TeMHUH HAO IO AaeTCS
camkenne CK® Ha ¢one wusmeHenuit SCr, HO TMOBPEXKICHHS KAHAJIBLEB HE
HaOmogaeTcsi. BHyTpeHHUE NpPUYMHBI MMOYEYHON HEIOCTATOYHOCTH MOTYT OBITh
CBSI3aHbl C MIIEMHMEH, TOKCMHAMHM WM IEPBUYHBIM HHTEPCTULUHUAIBHBIM HWIIA
KJIyOOUYKOBBIM 3a00J1€BaHrEeM. BaskHO MOHUMATh, YTO OTHOCUTEIBHOE KUCIOPOAHOE
rojoJaHue YacTo HE HOCUT OOIIero XapakTepa, HO M3-3a CJIOKHOCTU
B3aMMOOTHOIICHHUM COCYIOB U KaHAJIBIIEB B MOYKAX (PYHKIIMOHAIIbHBIE TOCIEICTBUS
JIOKAJIN30BAHHOTO MTOBPEKACHUSI KAHAJIBLIEB MOTYT YCHUIIMBAThCSA. Jlpyrue npu4arHsI
CBSI3aHBbI C IIPAMBIM TOKCUYECKUM BO3JCHCTBUEM BELIECTB HA COCYIUCTYIO CETh UIIU
snutenuid. Ilouku OCOOEHHO 4YYBCTBUTEIBHBI K TOKCHYECKOMY BO3JEHCTBUIO
MHOI'MX BEILECTB OKPYKAIOLIEH Cpebl WIM TEPANIEBTUUECKUX CPELCTB, IOCKOJIBKY
MHOIME U3 OJTHUX COCIMHEHUM KOHLEHTPUPYIOTCA B KaHajubLax [0 Mepe

npoaBwKeHus GpuabTpaTa BHU3 1o HedpoHy [Bonventre, 2008].
2.1.2 Inmarnoctuuyeckue mapkepst OIIIL.

Hecmotpst Ha TO, 4YTO YpOBEHb KpEaTMHHHA B CBIBOPOTKE SBISETCS
oOwmenpusHanubiM kputepueM OIIIL, naHHBIA MapKep SBISIETCSI HECOBEPIICHHBIM.
CK® mmpoko npu3HaHa JIyqIuM 001IUM MoKazaTenaeM (pyHKIIMH IOYeK B 3J0POBOM
COCTOSIHUM W TIpU 3a00JIEBAHMSIX, OJHAKO, B CBSI3M C TPYAHOCTHbIO H3MEpPEHMS
OOBIYHO OHA KOCBEHHO OIICHMBAETCA IO YPOBHIO SHIOTCHHBIX MAapKepOB

(GuIBTpallid B CHIBOPOTKE, TaKMX Kak KpeatunuH [Lopez-Giacoman, Madero,
2015].
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K momenty nmoctmxkenus noBbimeHus SCr, COOTBETCTBYIOIIETO KPUTEPHUSIM
st gerektupoBanuss  OIII, chHmwxkenne CK® wu  BeposSITHOE CTPYKTYypHOE
MOBPEXKJICHUE, TMPEAIISCTBOBABIIEE 3TOMY CHWXEHHUIO, Pa3BUBAINCh B TEUCHUE
HECKOJBPKMX YacoB WM JHEH. bblla BBEIABMHYTA THUIIOTE3a, 4YTO 3aJIepPiKKa
oOHapysxxenust OIIII siBisieTcst 0IHOM U3 TPUYKH, 110 KOTOPOH JI0 CUX MOP HE yAaeTCs
Haiitu addexruBHoe nedenure OIIIl. [loaToMy akTUBHO BeNETCS MOMCK HOBBIX
OMOMapKepoB, KOTOpHIE TO3BOJIMIN OBl OOHAPYKHUTH IMOBPEKIACHUE TOYEK [0
U3MEHEHHS B (DYHKIMOHAJIBHBIX OMOMapkepax, Takux kak SCr v ChIBOPOTOYHBIM
nuctatu C, U KOTopble ObUTH ObI CBA3aHbI ¢ KIMHUYeCcKUM Teuenrem OIIIT u mornu
OBI IpeIcKa3bIBaTh HEOOXOIMMOCTh TUAJTN3a WIH IpyTHe ocliokHeHH. HekoTopsie
U3 ATUX OMOMapKEpOB MPEAOCTABISIOT MHPOPMAIIHIO O TIOBPEKACHUN KaHAJIBIIEB,
KOTOpO€ OOBIYHO TPEAMIeCTBYET (DYHKIIMOHAILHBIM HAPYIICHUSAM B MOYKe. YacTh
U3 3TUX MapKEpOB JOBOJILHO MIMPOKO M3YyYE€HA U JIaXKe 0JI00peHa ISl BHISBICHHUS
OIIIT nekoropsix cTpanax. [Ipumepamu HOBBIX OuoMapkepoB siBisitorcst NGAL B
MO4Ye, KOTOPBIM HWCIOIB3YIOT KaK JOTOJHEHHWE K JMarHOCTHKe B EBporre,
neueHoyHass ¢opma Oeika, CBsi3bIBamomiero sxupHeie kuciotel (L-FABP),
of00peHHbIt B SnoHwuw, a  KOMOMHaIMs  TKAaHEBOrO  HMHTUOUTOpa
METaJNIONPOTEeUHA3bl-2 U Oenka 7, CBSI3BIBAIOIIETO WHCYJIMHOIMOAOOHBIN (hakTop

pocta, MokeT ObITh Ucnionb3oBaHa B CIIIA [Hertzberg et al., 2017].
2.1.3 OcHoBHbI€ 3BeHbs1 maTorene3za OIIII

[Tatrorene3 OIIIl cnokeH W B HEKOTOPOM CTEMEHH BapbUPYETCS B
3aBUCHUMOCTH OT KOHKpeTHOM npuunHbl paszButus OIlIIl, ogHako B HEM MOKHO
BBIJIEJIUTH MHOTO CXOJSAIINXCS MPOLECCOB, MPUBOMSIIMX K MOBPEKICHUIO TKAHEN
i quchyHKIUM opraHa. Mmemundecku-penepdy3moHHOE MOBPEXKIECHUE MOMKHO
paccMaTpuBaTh Kak oAHY U3 yacThix npuuuH pazButust OIIII. J[anHoe coctosiHue
MO>KET ObITh BBI3BAHO TPAHCIJIAHTALIMEH OpraHa, TPaBMaTHYECKUM MOBPEXKICHUEM,
CETCHCOM, HEJ0CTaTOYHOU nepdy3uet opraHa n3-3a KpOBOIIOTEPU HIIM ONEpPaLnH,
00€3BO’KMBAaHUEM WM IIOKOM, KOTOpPO€ B PE3YJIbTaTe€ NMPUBOJUT K CHUXKEHUIO

KpoBOTOKa B Touke. [larodus3monorus BceX MaHHBIX MOBPEXKICHUN BKIIOYAET

21


https://paperpile.com/c/PocIwp/QrT6q

BOCHAJICHUE, HapyllleHue OallaHca MEXIy OKHCIUTEISIMH M aHTUOKCHUAAHTAMHU,
CHIDKEHHE TOYEYHOIO KPOBOTOKA, AMONTOTHYECKYI0 U HEKPOTHUYECKYIO THOENb
kiaeTok mouku [Bonventre, 2010; Packialakshmi et al., 2020]. OxHoli u3 4acTHBIX
npuunH OIIIl Takxke sBaseTcss TOKcHyeckoe mMoBpexaeHue. [loMumo mnpsmMoro
HE(PPOTOKCUYECKOTO JEUCTBUS, JEUCTBUE MOBPEXKIAIOIIUX BEUIECTB B KOHEUHOM

HUTOI'C IPUBOAUT K PA3BUTHUIO JIOKAJIBHBIX UIIIEMHUYCCKUX ITPOICCCOB.

[Ipu HemoctaTouHO# mepdy3uH SMUTETUATBHBIC KJICTKU HE B COCTOSHUHU
NOJJICP)KUBATh  JOCTATOYHOE  KOJMYECTBO BHYTpukietrouyHoro ATD s
HeoOxoaumbIx TmpoueccoB. Ilpu Hemoctatke AT® npoucXOAUT NOBPEKIECHUE
KJIETOK, KOTOPO€ MOXKET MPUBECTH K X rudenu. Bo BpeMst HIIIeMUYeCcKoro HHCYJIbTa
MOTYT OBITh TOPAYKEHBI BCE CETMEHTHI HEPpOHA, HO HanboJiee YA3BUMBIMU SIBIISICTCS
SIUTENINNA MPOKCUMATBHBIX KaHAIBIEB. DTH KJIECTKH OCOOCHHO YYBCTBUTEILHBI 110
psny npuyuH. Bo-mepBBIX, OHM 00J1aJ1al0T BBICOKOW CKOPOCTBhIO METaboJIM3Ma,
HEOOXOoMUMOM Juisi  OOECHEYeHHs] TpaHCIOpPTa HMOHOB, U  OTPaHUYCHHOU
CIIOCOOHOCTBIO K aHa’poOHOMY TJIMKOIM3Y. Bo-BTOpBIX, H3-3a 0COOEHHOCTEH
KpOBOTOKa cerMeHTa S3 HepoHa TMocie TOBPEKICHUS B 3TOW 00JacTu
HaOJ01aeTCsl BhIpaKeHHas runonep@ys3us MUKPOCOCYJIOB U 3aCTOMHbBIC SIBJICHUS,
KOTOPBIE COXPAHSIOTCS M CHOCOOCTBYIOT MPOJODKCHHIO WIIEMUH, JaXKe KOTIa
KPOBOTOK B KOPKOBOM BEILIECTBE, BO3MOXXHO, BEPHYJICSI K MOYTH HOPMAJIBHOMY
ypoBH10. B Takoe npoanenue OIIII B mepByro ouepens BHOCIT BKJIaJ MNOBPEKICHUE
1 aucyHKIUS DSHIOTenuanbHBIX Kietok [Molitoris, Sutton, 2004]. Crour
OTMETUTb, YTO MIIEMHUYECKOE TOBPEKICHUE MOXET JIOKAIM30BaThCs B
OTIPENICICHHBIX MUKPOCOCYIUCTBIX OOJACTSAX, @ HE BO BCEH MOYKE, B CBS3U C YEM
OIICHKA OOIIET0 TOYEYHOT0 KPOBOTOKA KaK Mmoka3aress 3GHEeKTHBHOCTH KPOBOTOKA

MOKET BBECTH B 3a0J1yKICHUE.

Hpyrumu OCHOBHBIMU SIUTEINATIBHBIMA KJIETKaMU He(poHa,
ydacTBylomMMH B marodusuonorun umemudeckoro OIIIl, sBustoTcss KieTku
TOJICTOTO BOCXOJAIIET0 KojeHa netau ['enne B Mo3roBoM cioe. Taxxe mpu OII y

yeJIoBeKa OblIH O6H3py>KCHBI AIllIONITOTHYCCKUEC HU3MCHCHHUA B JUCTAJBbHBIX
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cerMeHTax HedpoHa. I[laToreHeTnueckre TPOIECCH, TPOUCXOANIUAE TPHU
UIIIEMUYECKOM WJITU CENTUYECKOM IMOBPEKIACHUM, TMPHUBOIAT K Ba30KOHCTPUKITUU
adbdepentHpix aprepuoisi. CyKeHHE JAHHBIX COCYJIOB pa3BUBAETCA BCJECIACTBHUE
KaHaJIbIEBO-KIIYyOOUKOBOM OOpaTHOM CBSA3U, OOCTPYKIIMU MPOCBETa U OOPATHOIO
0TTOKa (pUbTpaTa yepe3 MOBPEKACHHBIC KIETKH MPOKCUMAIbHBIX KaHAJBIICB, YTO
NPUBOJUT K HEAIPPEKTUBHON KIyOOUKOBOW (MIBTpAIMM M CHILHOMY CHU)KCHHIO

CK® [Alejandro et al., 1995; Ramaswamy et al., 2002].

[Toukn OoueHb YYBCTBUTENBHBI K TUIIOKCUU H3-32 CBOEH MUKPOCOCYAMCTOU
ctpykrypsl [Evans et al., 2008]. [Tomumo uCTIOIB30BaHUS TSI MUTOXOHAPUAITEHOTO
JBIXaHUs, KUCIOPO/ TaKKe HEOOXO0IUM JJI TeHEepallii aKTUBHBIX (POPM KUCIOpOIa
(ADK) u okcuna azora (NO). ['eHepupyemblii SHAOTETHATBHOW CUHTA30M OKCHUA
azota (eNOS) NO obsagaeT Ba301MIaTaTOPHBIM JEHCTBUEM, a TAKKE€ HHTUOUPYET
arperanyio TpPOMOOLIMTOB W MPEIOTBPALIaeT AKTHUBALMI U HHPUIBTPAIUIO
JEUKOLUUTOB IOCPEACTBOM 3HJIOTCHHBIX ITPOTHBOBOCHAJIUTENIBHBIX CBOMCTB.
Hcromenne takux kodaktopoB eNOS, kak L-apruHuH U TeTparuapoOuonTepruH
(BH4), nanipumep, npu penepPpy3MOHHOM HOBPEKIECHUHU U CETICUCE, MOKET YCUIIUTh
BeIpab0TKYy ADK myrem pazoodmenus eNOS [Rabelink, Zonneveld van, 2006]. ITpu
BOCHAJICHUU MOXKET aKTUBHUpOBaThcs HMHIAynuOenbHas NOS, 4ro mpuBOAUT K
n30bITKY NO, KOTOpBIIl MOKET HHTMOUPOBATh MUTOXOHPUATILHOE JIbIXaHUE 3a CUET
KOHKYPEHIIMU C KUCJIOPOJIOM 32 MHUTOXOHIpHUAIbHYIO ITUTOXpoMokcuaazy [Cooper,
Giulivi, 2007]. JIns HOpManbHOM (DYHKIIMH TMOYEK OYCHb Ba)KCH OaylaHC MEXKIY
kucnopoaom, APK u NO. [Ipu niremun 1 BOCIIAJIECHUH HAPYIIAETCS MOJIEPHKAHNE
sTOro OajaHca, 4YTO MPUBOAUT K PA3BUTHIO OKUCIUTENBHOTO CTpecca U
MOBPEXICHUIO TKaHel. IIpu oKucIuTeNnbHOM CTpecce HapylIaeTcsi COOTHOLLEHUE
OKUCJIHUTENIW M AaHTUOKCHJIAHTOB B KJIETKE, YTO MPUBOAUT K MOBPEXKICHUIO
KJICTOYHBIX MOJeKyasapHbix cTpykryp [Clanton, 2007]. A®K BkmovaroT
CYNEpPOKCU-paluKall, THAPOKCHI-paJuKal, a Takke pAl HepaJauKalbHbIX
COEIMHEHMM, TaKMX KakK MEePEeKUCh BOJOPOJA, O30H M XJIOPHOBATUCTAs KHUCIOTA.
Crout orMeTuTh, 4TO reHepanus ADK npoucxoauT u B HOpMaIbHBIX YCIOBHUIX U

UrpaeT  peryiaropHyro posnb. ADPK  Merabonu3upyroTcss  SHIOT€HHBIMU
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AHTHOKCHIAHTaMH, TaKAMH KakK TJIyTaTUOH, CYMIEPOKCUINCMYTA3a,
TIIyTaTHOHIIEPOKCHIa3a M KaTtanas3a, ackopoar m ButamuH E [Bayir, 2005]. Kak
BBICOKHE, TaK M HU3KUE YPOBHH IapIHAIIBHOTO IaBJICHUS KHCI0POaa CIIOCOOCTBYIOT
OKHUCIIUTEIIBHOMY CTPECCY, TTO3TOMY BaXKHO TOIIIEP’KaHUE TTAPIIHAIBHOTO JaBICHUS
KHcaopoaa B ¢usnonornueckux mpeneiaax [Aksu, Demirci, Ince, 2011]. B cBsi3u ¢
TEM, YTO MOYKa 00JIaJacT OrpPOMHOM IMOTPEOHOCTHIO B SHEPTHM, OYCHb Oorara
MHUTOXOHJIPUSIMH, KOTOPBIE SIBIISFOTCS OCHOBHBIM HCTOUHUKOM ADK, naHHbIN Opran
CHWJIBHO TIOJBEPKCH TIOBPEKICHUIO M PAa3BUTHIO OKHUCIMTEIBHOIO CTpecca
[Friederich-Persson et al., 2018; Wang et al., 2010]. B moukax snuTenuaIbHbIC
KJICTKH KaHAJIBIIEB CHUIPHO BOCIIPUMMYHNBBI K OKUCIUTEIIBHOMY CTPECCY, OCOOCHHO

BO BpeMms (a3bl penepdysuu nocie umemun [Kurts et al., 2013].

B ocnoBe marorenesa OIIIl nexuT CcnoKHOE B3aWMOJEHUCTBHE MEXKIY
COCYIUCTBIMM U KaHAJbIIEBBIMU TNIPOIIECCAMU, KOTOpPbIE B KOHEYHOM HTOTE
npuBoadT K nucynkiuu oprana. [laropusuonoruto OINIl moxkHO pa3nenuTs Ha
MHUKPOCOCYIUCTHINA M KaHAJIBIIEBbIE KOMIIOHEHTHI. DHIOTEINN UTPAET BAXKHYIO POJIb
B PEryJSiIUA COCYAMCTOrO0 TOHYCa, (DYHKIIMH JEHKOIMTOB W UYyBCTBUTEIHLHOCTH
rmagkoit myckynatypel [Sprague, Khalil, 2009]. Ilpu OIIIl pa3Horo renesa
MPOUCXOIUT TOBpEXKIeHUE dHuoTenus. [lpu  MOBpexaeHUU  yCUIMBAETCA
BAa30KOHCTPUKIIMS apTepuosl B TMoOCT-UIIeMHueckod mouke. Kpome Toro,
MPOMCXOIUT TIOBBIIICHHE YPOBHEH COCYAOCYKMBAIOIMIMX (PAKTOPOB, TaKUX Kak
sHAoTenuH-1, anrnotensun II, TpomOokcan A2, mpocrarmanaud H2. Tloueunoii
BA30KOHCTPUKIIMM TaKXKe CIMOCOOCTBYET AaKTHBAIUS CHMIIATUYECKHX MOYCUHBIX
HepBoB [Brooks, 1996; Conger, 1997; Kurata et al., 2005; Silveira da et al., 2010].
CHIWKEHHAsT YyBCTBHUTEIIBHOCTh PE3UCTUBHBIX COCYJIOB K BazoJuiIaTaTopam
aneTUIXonnHy, OpamgukuauHy 1 NO, a Takke CHIKCHHBIH yYpOBEHb BBIPAOOTKH
HEKOTOPBIX BA30AMIATATOPOB TMOBPEKIACHHBIMUA JSHAOTEIUATBHBIMA KJIETKAMU
MOTYT YCHJIMBaTh JEHCTBHE 3THX COCYyIOCyKuBaronmx areHroB [Kwon, Hong,
Ramesh, 2009]. Ilpum mnOBpeKIECHUH KJICTOK OSHIOTEIUS  yBEIMYHBACTCS
MIPOHUITIAEMOCTh COCY/IOB, YTO MPUBOAUT K MOTEPE MHTEPCTUIIMATILHON JKUIKOCTH.

HOBpC)K)ICHI/IC OHAOTCIINMA BBIPAXKACTCA B IOTECPSA TJIMKOKAJIMKCA, HAPYHMICHUAX
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IIUTOCKEJCTa M MEXKIeTOUHbIX KoHTakToB [Basile, 2007; Rabelink, Boer de,
Zonneveld van, 2010]. Kpome Ttoro, HaOmrogacTCs YCWJICHHE B3aUMOJICHCTBUS
DHAOTENMA M JICMKOUWUTOB. Ha SHAOTENMManbHBIX KIETKAaX MPH TOBPEKICHUN
MOBBIIIAETCS 3KCOpeccHss MoJieKyibl kierouHoi anresun ICAM-1. Kpome Toro,
HaOIOJaeTCsl TOBBIMICHHAS JKCIPECCHS COOTBETCTBYIOIIUX PEIENTOPOB Ha
neiikonmrax u ux aktuBanus [Kelly et al., 1996]. BoimenepeunciieHHbIE IPOLIECCHI
MIPUBOASAT 3aKyTOpKe KaImIISIPOB u MOCTKAMUIUTSIPHBIX BEHYIL.
[IpoBocnanutenbHbli  3QGEKT yCUIWMBACTCA JallbHEHMINEH  aKTUBalMEd U
MIPUBJICYCHUEM JICHKOIUTOB. JICHKOIIMTHI BHIPAOATHIBAIOT TAKHE ITUTOKWHBI, KaK
TNF-a, IL-1B, IL-6, IL-18 u gpyrue, ycuiauBarouige cocyauctbie 3(pQexTs mpu
UIIIEMUYECKUX MOoBpexaeHusx [Bonventre, Zuk, 2004]. Kpome Toro, B 10MOJIHEHUE
K TOBBIIIIEHHOMY B3aWMOJCHCTBHIO HMMYHHBIX KJICTOK M DHIOTEIHS TPOUCXOIUT
aKTHUBAIUS MyTeH CBEpThIBaHUS KpOBU. COBOKYIMHOCTH 3THX MPOIECCOB MPUBOIUT
K 3aKyTMOpKe MEJIKMX COCYJIOB U JIOKAJIbHOM uiiemMuu. B pesynbrare, HapymaeTcs
J0CTaBKa KHUCJIOPOAAa W MUTATENbHBIX BEIIECTB K JMUTEIHAIBHBIM KJIETKaM, YTO
IPUBOJIUT K MX TMOBPEKIACHHUIO; KPOME TOTO, TOBPEKJICHHBIE KICTKH KaHAJIbIICB
TaKXe BhIpa0aTHIBAIOT MPOBOCHAIUTENLHBIC Meaquatopel [Bonventre, 2008]. 13-3a
MOBPEXKJICHUS KJIETOK MPOKCUMAIBHBIX KaHAIBIIEB HAPYIIAIOTCS IPOIIECCHI
peabcopOIiK, B CBA3M C YEM IUIOTHOE MSTHO JETEKTUPYET MOCTYIUIEHHE OOJIBIIIETO
KOJIMYECTBA PACTBOPEHHBIX BEIIECTB B JUCTATBHBINA OT/IET HEPOHA, YTO IPUBOIHAT
K aKTUBAIlMM KaHAJbIEBO-KIyOOUKOBOM OOpaTHOW CBsA3M W (DYHKIIMOHAIBHOMN

Ba30KOHCTPUKIIMK MTPHHOCSAIICH apTeproibl Kiryoouka [Blantz et al., 2007].

Knerku, moaBeprimecs MeHEE TOKEIOMY IOBPEXKACHUIO, 00JagaroT
CMOCOOHOCTBIO K (PYHKIIMOHAIBHOMY M CTPYKTYPHOMY BOCCTaHOBJICHHIO, €CIIH
MOBPEKICHHUE TpephIBaeTcs. Pemapaiis BKIOYaeT B cebs 3aMeHy YTPauyeHHBIX
KJICTOK B KaHaJbI[aX C MMOMOIIBI0O MEXaHW3MOB, KOTOPBIC 0 KOHIIA HE HM3YyYEHBI
[Bonventre, 2002; Bonventre, 2008]. Knetku, moasepriuuecs: 00Jiee TAKEIOMY HIIH
JIeTaJIbHOMY MTOBPEXICHUIO, TIOABEPralOTCs alloNTO3y UM HEKPO3Y, YTO MPUBOIUT

K THOEIH KJIETKH.
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HezaBucumMo oOT TOro, cCBsi3aHO JHM TOBPEKICHUE C KUCIOPOIHBIM
roJIOIAaHNEM, TOKCHHAMH WM, KaK 3TO 9acTO ObIBAeT, KOMOMHAIMEH HECKOJIbKHIX
(aKkTOpOB, MOKHO BBIJICIIUTH CXOKHE MPOLIECCHI B PEAKITUHN AITUTEIHAIBHBIX KJIETOK.
[Tpu OIIIT HapymiaeTcst 1eIOCTHOCTh UTOCKENIETA, KOTOPBIA UTPAET BAXKHYIO POJIb
B MOJJICP>KAHUU CTPYKTYpbl U GYHKIMU KieTKU. [Ipyu HapylmIeHUsIX IIUTOCKENeTa B
KJIETKE MOTYT HapylIaTbCA MPOLECCHl ABUKEHUS OPraHENI, 3K30- U 3HJIOLUTO34,
nepelayyl CUTHAJIOB, a TaKXe TepseTcs mojisipHocTh kietku [Molitoris, 2004]. Tpu
HEJIOCTAaTKE KUCIOPOJa U MUTAHUS MPOUCXOIUT uctonieHue myjaa AT® B KieTke.
IIpn wenmocratke AT® mpoucxoauT paspylleHHE ANUKAIBHOrO F-akTMHa myrem
JCTIOMMEPHU3alliN, YaCTHYHO ortocpeoBanHoi koduaumaoM [Ashworth et al., 2001;
Ashworth et al., 2003; Atkinson, Hosford, Molitoris, 2004; Molitoris, Sutton, 2004].
DTOT NPOILIECC BBI3BIBAET HECTAOMIBLHOCTh KJIETOYHOW MEMOpaHbl C 00Opa30oBaHUEM
BHEKJICTOYHBIX BE3UKYJ, KOTOpbIE JHOO YXOIAT B NPOCBET KaHANbLA, JHOO
MHTEPHATU3YIOTCS [T MOTeHIMANbHOM yTriu3aiuu [Ashworth et al., 2007]. Kpome
TOro, mpu umeMun aedochopunupyercst 33puH, YTO MPUBOJUT K PA3PYIICHUIO
cBsI3ei Mex 1y sapoM F-akTrHa 1 mia3maTudecko MemOpanoi. [lpu auccomnumanuu
TPOTNIOMHO3MHA HapyIIaeTcsl cTabwiu3anuss MHUKpOPUIaMEHTa, YTO OTKpBIBAET
noctyn s kodumura [Ashworth et al., 2004; Chen, Doctor, Mandel, 1994]. I1pu
HApYyLICHUU LEIOCTHOCTU AKTUHOBOT'O LIUTOCKEJETa MPOUCXOAUT MOTEPS MIOTHBIX
are€3UOHHBIX KOHTAKTOB, YTO MPUBOAUT K TMOBBIIICHUID MAPALEIUTIOISIPHON
IIPOHUIIAEMOCTH U OOPAaTHOMY TOKY TJIOMEPYIISIPHOTO (UIIbTpaTa B MHTEPCTHUIIHIMA
[Molitoris, Marrs, 1999]. Kpome Toro, npu MIIEMHUH SIUTEIHATBHBIC KJICTKH YacTo
TEPSIOT CBSI3b C BHEKJIETOUHBIM MaTpUKCOM. J[aHHBIN mporiecc obecreunBaeTcs
MepeMeNIeHNeM HHTETPUHOB ¢ 0a3ajbHONW TIOBEPXHOCTH Ha AaNUKaJIbHYIO,
NPOUCXOJAIIMM H3-3a ucrtoumieHus myna AT®. M3-3a morepu WHETETPUHOB
MIPOUCXOJUT OTCOCAMHEHHE KIETOK OT O0a3aJbHON MeMOpaHbl, YTO MOXKET
NPUBOANUTH K 00pa30BaHMIO IIMIIMHAPOB U3 KJIETOK B MpOCcBeTe KaHablieB [Zuk et
al., 1998]. OgHuM U3 BaXXHBIX MPU3HAKOB HOPMAIBHON KIIETKH ODIHUTEIUS
MPOKCUMAJIbHBIX KaHaJbIEeB sBisieTcs pacrnonoxenne Na/K-ATdazer Ha
0azonaTepanibHON MOBEPXHOCTH KJIETKHU. ['paMeHT MOHOB HATPHs, CO3/1aBaeMBbIi
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Na/K-AT®a30ii, BaskeH IU1si peabcopOLMu BEeUIECTB U3 MPOCBETa KaHAIBIEB. [Ipu
HapyLICHUAX LHATOCKEJIEeTa IPOMCXOAUT MEpPEMEIEHUE JaHHOIO Hacoca Ha
anuKaiabHyr0 MeMOpaHy. Takue H3MEHEHHs NPUBOAIT K JIBYHAIPaBJICHHOMY
MIEPEHOCY HATPUS YEepE3 aIMKAIBbHYIO IOBEPXHOCTh KJIIETKH U BO3BPAILCHUIO HATPUS
B IPOCBET KaHaJbLA. DTOT MPOLECC ABJISIETCS OAHUM W3 OCHOBHBIX MEXaHHU3MOB
BBICOKOH (PpaKIIMOHHOM KCKPELMH HATPUsl, HAOII0AaeMOM y MAallUEHTOB C OCTPBIM
KaHaJbIEBBIM HEKPO30M, M HEe3((HEKTUBHOTO UCHOIB30BaHUS Ki1eTo4HOro ATO,
IIOCKOJIBKY ~HIIEMUYECKHE COCTOSHHMA HapywarT wucnoib3oBanue ATD wu
3¢ GEKTUBHBIN TPaHIEILTIOISIPHBINA TpaHcoptT Hatpus [Molitoris, 1993; Molitoris,
Geerdes, Mclintosh, 1991]. [ToBsiieHHOE CcOlepKaHKE NOHOB HATPHS B (DUIIBTpATE,
JOXOJSIIEM [0 IUCTaJIbHBIX KAaHAJIBLEB, NMPUBOAMT K CcHIKEeHHI0O CK® wn3-3a
aKTUBAIMU TyOyJIOIJIOMEpYJIIPHONl 0OpaTHOM CBSI3W CO CTHUMYJISIUMEH MIOTHOTO

MsITHA, onocpeayroiei ahpPepeHTHYI0 apTEPUOIISIPHYIO BA30KOHCTPUKIIMIO.

Taxum o0pa3zom, OTIIMYUTENBHBIM PU3HAKOM HIIEMHUYECKOTO OBPEXKACHUS
ABJISIETCSl HApYILIEHUWE CTPYKTYpPbl alMUKalIbHOW IIETOYHOW KAaE€MKH KIIETOK
IPOKCUMAJIbHBIX KaHAJIBIEB, HAPYIICHHE LEIOCTHOCTH LHUTOCKENIETa U IOTEPS
MOJSIPHOCTH C HENPAaBWIBHOM JIOKAIM3AaLHMENM MOJIEKYJl aAre3ud W JApYyrux
MeMmOpaHHbIX OenkoB (Hampumep, Na/K-AT®da3er u B-unterpunoB) [Zuk et al.,

1998], npoucxoast anonto3 u Hekpo3 [Nakhoul, Batuman, 2011].

[Ipu TsDKETOM TOBPEKICHUU JKU3HECTIOCOOHBIE W HEXH3HECIIOCOOHBIE
KJICTKH CIIYIIUBAIOTCS, OCTaBjsAsa oOjacTh, riae Oa3anbHas MeMOpaHa OCTaeTCs
€IMHCTBEHHBIM 0aphepoM MEXIY (PHIBTPATOM U IEPUTYOYISIPHBIM HHTEPCTHUITUEM.
OTH KJIETKHA U UX OCTaTKUA COCIUHSIOTCS ¢ OCIIKOM, IPUCYTCTBYIOIINM B IMPOCBETE
KaHablleB (Hampumep, Oenkom Tamma-Xopchamia u  GuOpoHEKTHHOM), U
MOMaaloT B IIPOCBET, 00pa3ys IWIMHIAPHI, KOTOPHIE MOTYT 3aKylNOpHUBATh
KaHAJIBIIBI, TOBBINIATH BHYTPUKAHAIIBIIEBOE JIABJICHUE U TIOSBIISATHCS B MOYE JIFOIeH
kak mpusHak OIIIT [Solez, Morel-Maroger, Sraer, 1979]. DTo mMOBBIIICHHOE
BHYTPHKAHAJIBIIEBOC  JaBJICHUE  TPUBOJAWT K  CHIDKCHHIO  TpajueHTa

THUAPOCTATUYECKOTO TABJICHUSI B KITyOOUKaX, 4TO MPUBOAUT K cHMkeHUI0 CKD u, B
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COUYETaHHH C TOTEPEl HOpMATbHON GapbepHON (PYHKIMH SMUTEHS, 00ECIIeUnBaeT
oOpaTHbIl TOK (uIbTpaTa. AKTHBAIMS U TMOBPEKICHHE SMUTENUS MPUBOIAT K
00pa30BaHUIO BOCHAIUTENBHBIX M Ba30aKTUBHBIX MEIUATOPOB, KOTOPHIE MOTYT
OKa3bIBaTh ayTOKPHUHHOE M MapaKpUHHOE JCWCTBHE Ha COCEIHUE SMUTEINAIbHBIC
KJIETKH KaHaJbLIEB U MOTYT BO3/ICHCTBOBATh HA COCYIHCTYIO CUCTEMY, YCYTIyOuIsis
BAa30KOHCTPUKIIMIO U BocmajeHue. Takum o0pa3oM, BOCHAJCHHE BHOCHUT

pemraromuii Bkiaa B matodusnonoruto OINIT [Bonventre, Zuk, 2004].
2.1.4. Poab BocnajieHusi B narorenese u paspemenunu OIIIL.

Bocnanenue — 3T0 cnokHas peakiusi, HeoOXoaumas sl YHUYTOXKECHHS
BpPEJIHBIX TATOI€HOB M OINOCPEAOBAaHUS BOCCTAHOBJICHUSI TKAHEH IOCJIE TPaBMBI.
OnHako H30BITOYHOE M HEPa3pEIICHHOE BOCHAJICHHE MOXKET CIOCOOCTBOBATH

ayTOMMMYHHBIM paccTpoicTBaM, pUOpPO3y U JanbHEHIIEMY TOBPEXKACHUIO TKaHEH

[Medzhitov, 2010].

VMIMMyHHBIN OTBET UTPACT BAKHYIO POJIb B pa3sBuTUN W/P-uHIynmpoBaHHOTO
noBpexaeHust. Cpey TUIIOB UMMYHHOTO OTBETa MOKHO BBIICIUTH BPOXKICHHBIH U
aIalTUBHBINA KOMITOHEHTHI. [IpH epBUYHOM OTBETE Ha MOBPEXKICHUE BOBICKAIOTCS
pasIMYHbIC THIBI MMMYHHBIX KIETOK, HampuMmep HeATpoduiasl U Makpodaru
[Saalmuller, 2010]. Tak, konmu4YecTBO HEHTPOPHUIOB B HHTEPCTUIUH TOYKH
BO3pacTaeT yxe B TeueHne 30 MUHYT MOCIIE MIIEMHH, & KOJMYECTBO MaKpogaron
3HAYMTEJILHO YBEJIMYUBACTCS B MEPBbIC CYTKH MOChe TOBpexacHus [Bonavia,
Singbartl, 2018]. Kpome Toro, BaxHyto pojb urparmT aeHaputhbie kietku (DC),
y4aCTBYIOIIUE B MPE3CHTAIMH aHTUreHa, ecrtecTBeHHble Kuuiepbl (NK),
MPUBJICKAEMBIC 3a CUET CHHTE3a XEMOKHHOB SIMTEINEM TTOYKH, U €CTeCTBeHHBIC T
kietku-kuuiepbl (NKT). TlokazaHo, 4TO CHUXEHHE KOJUYECTBA MPHUBIECKAEMBIX
NKT cHuxano nopexaeHue, THAyIHPOBAHHOE UILIEMHEN, 4TO TOBOPUT 00 UX pOJIH
B maroreHe3e [Li et al., 2007]. B pamkax amanTHBHOTO OTBETa, KOTOPBIH
pa3BHBAETCs B TEUCHUE CYTOK TOCIIC MOBPEKICHUS, TPOUCXOaAUT co3peBanue DC,
Mpe3eHTals aHTUTreHa, nposudepanus T-TUMOIMTOB, UX aKTUBAIHS, a TAKKE

B3aumoeiicteue T- u B-mumdonurtos [Bonventre, Yang, 2011].
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[Ipy noBpexkAEHUU KIETOK BBIACISIOTCS MOJIEKYJbI, KOTOPbIE CUUTAIOTCS
KIIFOYEBBIMH TPUTTEpAMU BOCIAJICHUS TMociie nmoBpexaeHus tkaneit [Chen, Nufiez,
2010]. DnuTenuit KaHAIBIECB SABJSICTCS AKTUBHBIM YYACTHHKOM BOCIAJIMTEIHHOTO
orBeTa mpu M/P moBpexaeHUH MOYeK. DNUTENUH caM MOXET TeHepUpOBaTh Pl
MIPOBOCHATIUTEIBHBIX U XEMOTAKCHUYECKUX ITUTOKUHOB, TakuxX kak TNF-o, MCP-1,
IL-8, IL-6, IL-1B, TGF-B, a Takke KOCTUMYJIHUPYIOUIUE MOJIEKYJbI, KOTOpPbIE
PETYIUPYIOT AKTHBHOCTH T-muM(pOIMTOB. JlaHHBIE NMTOKWMHBI y4YacTBYIOT B
AKTUBAllUM WMMYHHBIX KJIETOK. ONUTEIUAJbHBIE KAHAJbLIEBbIE KIETKH TaKkKe
skcnpeccupytoT Toll-mogoonsie penentopsl (TLR), KOMIOHEHTHI CHCTEMBI

KOMIUIEMEHTA U pelienTopsl KoMIuieMeHTa [Bonventre, Zuk, 2004].

HekpoTuyeckne KJIETKH  BBICBOOOXKIAIOT  MOJEKYJISIPHBIC  IATTEPHBI,
cBsi3aHHble ¢ moBpexacHueM (DAMPs), Bo BHEKIETOYHOE MPOCTPAHCTBO. IJTHU
MoJIeKyJibl  B3aumojieicTByloT ¢ TLR- u NOD-mogoOHbIME  perienTopamu,
pacmoJIoKEHHbIMM Ha BmuTeNuu, 3HpoTenuu, DC, mMoHouMTax, Makpodarax u
muMmpouutax. [Ilpumepamu DAMPSs MOryT cinykuth O€JI0K M3 BRICOKOMOOHUIIBHOM
rpymIbl 1, THCTOHBI, OCIKKM TEIIOBOTO II0Ka, (GUOPOHEKTUH M Ourmukad [Anders,
Schaefer, 2014; Kim et al., 2013; Kurts et al., 2013; Vallés et al., 2014]. TLRs
IIPEICTABISAIOT coboit CEMENCTBO 3BOJIFOLMOHHO KOHCEPBAaTUBHBIX
TpaHCMEMOpPAHHBIX M MaTTepH-pacno3Haronmx pernentopoB (PRR), kotopsie
0OHapyUBAIOT SK30I€HHbIE MHUKPOOHBIE MPOAYKTHI WM SHIOTCHHBIC JIMTAH]IbI
X03siMHa, BBICBOOOXIaeMble BO Bpems moBpexaenus [Aderem, Ulevitch, 2000;
Johnson, Brunn, Platt, 2003]. Bo Bpemst OIIII snuTenuaibHble KICTKH MOYCUHBIX
KaHAJIBIIEB AKCIPECCUPYIOT MOBBIMIEHHOE Konmn4ecTBO Kak TLR2, tak m TLR4,
KOTOPbIC MOJYJUPYIOT CTeneHb moBpexaeHus [Jang et al., 2009]. IIpu akruBarus
TLRs mnpoucxoauT BBICBOOOXKACHUE IIMTOKMHOB UM XEMOKHHOB, KOTOpBIE
MIPUBJICKAIOT UMMYHHBIE KIETKH. AKTUBUPOBAHHBIE KJIETKA MOYEUYHON MapPEHXUMBbI
u DC cekperupytor xeMokunsl, Bkiatouas CXCLI1, CXCL8 u CCL2, kotopsie
CIOCOOCTBYIOT OTOCPEIOBAHHBIM HeUTpoduiamMu U Makpodaramu
BocmanuTenbHbiM peakiusam npu OITIT [Bolisetty, Agarwal, 2009; Kurts et al.,

2013]. 3aBucsimme OT BPEMEHH HW3MEHEHHS JKCIPECCHUH IMPOBOCIATUTEIbHBIX,
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nampumep, TNF-a , IFN-y , IL-6, IL-1B , IL-23, IL-17, C3, C5a u C5b, u
MPOTUBOBOCTIATUTENbHBIX, Hampumep, IL-4, TGF-B, IL-10, rem-okcurenass 1,
PE30JIBBUHOB U MPOTeKTHHA D1, MeIMaToOpOB pe3UI€HTHBIMU U PEKPYTUPOBAHHBIMU
MOMYJISIIUSIME KJIETOK SIBIIIIOTCSI BOXKHBIMU JIETEPMHUHAHTAMU (a3 MOBPEKICHUS U
BoccranoBiaeHus [Kurts et al.,, 2013]. B uacalbHbIX YCIOBHSIX TOHKHH OallaHC
MEX 1Yy BOCTIAIUTEILHBIMU U MPOTUBOBOCHAIUTEILHBIMU (PakTOpaMu oOecrieynBaeT
HaJIe)KHOE BOCCTAHOBJICHUE TKAaHEH W BO3BPAICHUE TOMEOCTATUUYECKUX YCIIOBUM.
Opnako OIIIl yacTo MpUBOAUT K aHOMAJIbHOMY IIPOIIECCY BOCCTAHOBJIICHUS B
pe3ynbTaTe JUIMTEIbHON TMIIOKCUM U MOCTOSIHHOM ceKpeuuu npouOpOoTUYECKHUX
MoJsekyn, Hanpumep, IL-13 u TGF-B1. IloBbleHHBIN CUHTE3 JaHHBIX IIUTOKUHOB
MOJKET NMPUBOAUTH K 3aMEUICHUIO (PYHKIMOHAIbHOM TKaHU COEIMHUTENIBbHOH, a
MMEHHO  pa3BUTHIO  (uOpo3a.  YMEHBIIEHHE  KOJIMYECTBA  HOPMAJIbHO
(PYHKIIMOHUPYIOIIUX TKAaHEW ycyryOJyigeT MOBpPEXKACHHE IMOYKH WU HPUBOJUT K

passutHio XBII [Anders, Schaefer, 2014; Kurts et al., 2013].

ONUTENIN MPOKCUMAIbHBIX KAHAJIBLEB MOXET MPEACTABIAThH aHTUTEeH T-
kiaeTkam 3a cuet skcrpeccurn MHC 11 [Wahl et al., 2002]. CD40 skcnipeccupyercs
B KJIETOYHON MeMOpaHe 3MUTEIUATbHON KJIETKH, 3a CUET YEero SMUTEIUH MOXKET
pearupoBaTh Ha Juranasl T-kimetok. CD4" T-knerku, sxcnpeccupytromiue CD154,
B3auMoaercTBYIOT ¢ CD40 u mpuBOAST K €ro TPaHCIUIAHTALUK B IIUTOILIA3MY.
CD40-CD154 B3ammopeiictBue mnpuBoauiao k aktuBaimn MAPK, mpomykiun
MCP-1 u IL-8 B xieTkax mpoKCcUMalIbHBIX KaHaibleB. CBsa3biBanne CD40 Takke
Y4acTBYeT B MpPUBIEYEHUH accouuupoBaHHOro c peuentopom TNF dakropa 6
(TRAF6), 0 ueM CBUAETEILCTBYET UX KOJIOKAIM3ALMS B KIETKAX MPOKCUMAaTbHBIX
kananbieB [Li, Nord, 2002]. CesaspiBanre CD40 Taxke yBeIMYUBACT TeHEPAIHIO
RANTES »snutenueM moyeyHbIX KaHAJBIIEB YEJIOBEKA, UTO MOXKET OBITh YCHIJICHO
npoaykiueit 1L-4 u IL-13 knerkamu Th2 [Deckers et al., 1998]. /P yBeianuuBaet
HKCIIPECCUI0 KOCTUMYJMPYIOLIUX MOJIEKYJ KaHaJbLEBbIX KieTok B7-1 u B7-2,
KoTopble B3auMozecTByioT ¢ CD28 Ha T-nmumdouurax U CcrnocoOCTBYIOT
BbIPAOOTKE IIUTOKMHOB, YTO OBLIO MPOJEMOHCTPUPOBAHO KaK HA KUBOTHBIX, TaK U

Ha kietkax [Niemann-Masanek et al., 2002].
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He#itpodunbl  ABASIOTCA BaKHEHIIMMHU KOMIIOHEHTAMHU  BPOXKJIEHHOTO
MMMYHHUTETA U 00ECIIEUMBAIOT OBICTPHIA OTBET Ha BTOPTaloOIIMEcs MaTOTEHBI WU
noBpexaeHue Tkane. Helirpoduiiel 06€3BpekUBatOT aTOreHbl MyTeM (paronurosa
WK BBICBOOOXKJICHUSI TpPaHyJ, COACpXKAIIUX MpOTeasbl, Apyrue (EepMeHTbl WU
A®K. B cBsi3u ¢ 3TUM, AETpaHyJALMs HEUTPO(DUIOB caMa MOXKET NMPUBOJUTH K
HOBPEXICHUIO KJIETOK B 30HE BOCHAJIIUTENBHOIO OTBETa. Tak, ObUIO MTOKA3aHO, UYTO
nocie W/P wim mOBpeXIEeHUS NUCILNIATUHOM TPOUCXOIUT OBICTPOE W PE3KOe
YBEJIMYEHHUE YncIa HEUTPOPUIIOB B TKAHU MOYKHU, & OTCYTCTBHE HEUTPOPUIIOB MU
npekpaiieHue ux nHpmisTpanuu B nouky camxkano OITIT [Kelly et al., 1996; Li et
al., 2007; Li et al., 2010; Tadagavadi, Reeves, 2010]. B nomonHenue K
BBICBOOOKJICHUIO TpaHyJl HEUTpOPMIbl MNPOAYLHUPYIOT IPOBOCHAIUTENIbHbIE

uutokuHbl [FN-y u IL-17, a takxke xemokuHn CXCLI, B mOBpeXIEHHON IOYKE

[Kinsey, Okusa, 2012].

OngHuMU U3 KITIOYEBBIX KJIETOK TaKXkKe SIBISIOTCS Makpodaru, KOJIMYeCTBO
KOTOPBIX CHJILHO BoO3pacTtaeT B TedeHwe daca mociae W/P [Li, Okusa, 2010].
Makpodaru pacro3HalT HayajdbHbIE CUTHAJIBl O TOBPEXKIEHUU C TMOMOIIBIO
peuentopoB PRR, pacnoznatommux DAMPs u PAMPs. Pacno3znaBanue
DAMP/PAMP uepe3 PRR mpuBoaut k crumymsiiuu (aromuro3a mMakpodaros,
co3peBaHUI0  (aroam3ocoM,  MPE3CHTAlMM  aHTUTE€HA W TPOAYKIIUU
npoBocnanmrenbHoro murokunHa TNF-a  [Zhang et al, 2012]. Ilocie
NEPBOHAYAILHON pEaKIMy Ha TPaBMYy pPe3UACHTHBbICE Makpodarud IOMOJHUTEITHHO
MPOJJICBAIOT BOCHAJICHUE, TIPUBJICKAsl IPYTrUe JICMKOIUTHI K MECTY MOBPEKICHUSI.
Makpo(daru TaKke BBIACISIOT XEMOKHWHBI U MUTOKUHBI IS TPHUBJICUCHUS APYTHX
uMMyHHBIX KieTok. Hampumep, TNF-a, IL-1f u ructamunbsl ACHCTBYIOT Ha
SHJOTENNANTBHBIC KJIETKH, YBEJIMYMUBAS AKCIPECCUI0 TPAHCIOPTHBIX MOJIEKYJI
(CeneKTUHOB W JIMraHJ0B MHTErpuHa), torga kak xemokunbel CXCL1, CXCL2 u
CCL2 HampsiMyl0 pPEKpPYTUPYIOT HEUTpO(UIBI ISl BBIXOJA W3 KPOBEHOCHOM
cucrembl B wuHTepctunmii [Nourshargh, Alon, 2014]. 3a mnepBoHaYaJIbHBIM
BOCHIAJIUTEIILHBIM OTBETOM C Y4acTHEM Makpo(daros cienyeT MOIYJISIUS, a 3aTeM

WHTUOMPOBAHNE BOCTIAJIMTEIILHOM PEaKIUU.

31


https://paperpile.com/c/PocIwp/T7yxP+9xuFn+Smv2i+hluw4
https://paperpile.com/c/PocIwp/T7yxP+9xuFn+Smv2i+hluw4
https://paperpile.com/c/PocIwp/jw2Y9
https://paperpile.com/c/PocIwp/2WCbs
https://paperpile.com/c/PocIwp/SJEz7
https://paperpile.com/c/PocIwp/GNCMN

JleTranpHOE€ TNOHMMAHHE KIETOYHBIX M MOJIEKYJSIPHBIX MEXAHU3MOB,
ONPENEIAOIMX TEUYEHUE BHYTPUIIOYEYHOTO BOCIAJIICHMS, CUMTACTCS OIHUM W3
Hanbosiee MHOrOOOEHIaoMMX MyTed K pa3pabOoTKe HOBBIX METOJOB JIEUEHUS IS
npodunaktuku OIIII, ymeHbIIeHNS TSHKECTH IEPBOHAYAIBHOTO MAPEHXUMATO3HOTO
NIOBPEXIACHUSA WA YIY4YLIECHUs IOCJIEAYIOLIEr0 BOCCTAHOBIICHUS U pereHepanuu

ITOYKH.

Cpenu HauOosiee SPKUX JOCTUKEHUM B UCCICIOBAHUSIX TOCIEIHETO
JECATHIICTUS SIBIIICTCS MPU3HAHUE TOTO, YTO MHOTHE U3 TEX JK€ CAMBIX TPUITEPOB
KJICTOYHBIX ~ MEIHATOPOB, KOTOPBIC OTBETCTBEHHBI 3a  IIEPBOHAYAILHOE
MOBPEKICHHE OPTaHOB, TAKKE SBJSIFOTCS KIIOYEBHIMH UTPOKAMH B TOCIIEIYIOMICH
¢a3ze BoccTanoByieHus u perenepanuu [Rabb et al., 2016]. Pacimupenne nonumanus
KJICTOYHBIX ¥ MOJIEKYJIIPHBIX MEXaHH3MOB BOCIHAICHHUS BaXKHO IS MIOMCKA HOBBIX
HNOTCHIMAIBHBIX ~TEPANCBTHUCCKUX MHIICHEH, KOTOpPbhIC TIO3BOJIST CHH3HUTH

NOBPEXACHUS OPraHoB Ha paHHuX ctaausx OIIIL.
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2.1.5. Pazutne OIIII npu cucteMHOM BOCHIAJICHUM.

Cencuc npencraBisieT cOOOM TSKETO0E CUCTEMHOE COCTOSIHUE, BBI3BAHHOE
MHPEKIUeH W XapaKTepHU3yrlleecs BBIPAKEHHOW BOCHAIUTEIHLHOW peaKIuen
opranu3ma. OCHOBHBIE TTATO(PU3UOTIOTHICCKAE MEXAHU3MBbI CETICHCA, TIPUBOISIITIEC
K IMOJTMOPTaHHOW HEIOCTATOYHOCTH, OCHOBAHBI HA aKTUBAIIUU KaK CHUCTEMHBIX, TaK
U MECTHBIX HMMMYHHBIX W BOCHAJIMUTEIBHBIX pEaKIMid, B pe3yJbTare dYero

Hapyl1aeTcs HEeI0CTHOCTh OPraHOB U TKAHEH.

OCHOBHOI MEXaHU3M PACIIO3HABAHMS TATOT€HOB B CENICUCE OCYIIECTBISAETCA
4yepe3 MaTOreH-acCOIMMPOBAHHbIE MOJIEKYJIsApHble naTTepHbl (PAMPs), kotopsie
aKTUBHUPYIOT crnenuduyeckue peuentopsl, Takue kak TLR. Jlunmomonmcaxapup
(JITIC), npucyTcTBYIONMN B KJIETOYHOM CTEHKE IpaMOTPHUIIATEIbHBIX OaKTepuid,
SIBJISIETCS. OJTHUM M3 CAMBIX MOIIHBIX CTUMYJSATOPOB BOCHAJIECHHUS M aKTUBATOPOM
TLR4 [Akira, Uematsu, Takeuchi, 2006]. Aktusaius TLR4 Ha ki1eTKax MIMMYHHOM
CHUCTEMBI TNPUBOAUT K 3alyCKy KacKaJa BOCHAJIUTEIbHBIX PEaKIUW, BKIKOYas
BBIJICJICHUE MTPOBOCHATUTEIBHBIX IUTOKUHOB, Takux Kak TNF-a, IL-1 u IL-6, uyTo
CIIOCOOCTBYET MaJIbHEUIIIEMY Pa3BUTHIO CETICHCA U €Tr0 OCJIOKHEHUN, TaKUX Kak

octpoe noBpexacaue mouek (OITIT) [El-Achkar, Hosein, Dagher, 2008].

Pa3zBuTne 1NONMOpPraHHONM HEAOCTATOYHOCTH IIPU CEICUCE CBA3AHO C
aucOasaHcoOM MEXKIY MPOo- U POTUBOBOCTIATIUTENbHBIMU IIPOLIECCAMU B OPraHU3ME.
Bocnanurensupie MmeauaTopsl, Takue kak TNF-o u IL-1, urparor kiroueByro poJib B
IIOBPEXICHUN TKAHEH, BBI3bIBAsl CUCTEMHOE BOCIIAJICHUE, aKTUBALIMIO KOATyJISIUU
U HapylleHue MUKporupkyisinuu [Jean-Baptiste, 2007]. B noukax BocnayieHue
OPUBOAUT K HILEMHUHU BCJIECACTBUE HAPYLICHHS MHUKPOLMPKYISLUWA W AKTUBALUU
JICUKOLIUTOB, YTO BBI3BIBAET IIOBPEKICHUE KaHAIBLEB W pPa3BUTHE OCTPOIO

noueunoro nospexaenus [Chvojka et al., 2010].

[Tomumo cucteMHbIX 3(PGEKTOB, CEMCHC TaKXKe€ BBI3BIBACT MPAMOE
noBpexjaeHue nmodek yepes Bzaumojeiicteue JIIIC ¢ TLR4, nokaau3oBaHHBIM Ha
KJIETKaX TMOYEYHBIX KaHAJbIIEB. DTO B3aUMOJCUCTBHE HHUIMUPYET JIOKAJIbHBIN
BOCHIAJIMTENIbHBIA TPOIECC M OKUCITUTENBHBIA CTPECC, KOTOPHIE YCYTyOJSIOT
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noBpexacane nouek [El-Achkar, Hosein, Dagher, 2008]. ®enomen wumemumu-
penepdy3un, KOTOpBHIA HAOMIOJAETCS TMPU BOCCTAHOBICHMHM KpPOBOTOKAa B
MOBPEXKJCHHBIX TKaHIX, TAKKE€ UIpaeT BaKHYIO pOJIb B TAaTOTeHE3e MOYeYHON
HegocTtaToyHOCcTU. Penepdys3uss npuBoauT K 00pa30BaHUIO aKTHBHBIX (HOpM
kucinopoaa (AD®K), yto ycyryOnser MOBpeXICHHS KIETOK M TIOBBIIIAET PHUCK

HoJIMOpraHHoi HemocrarounocTu [Gomez et al., 2014].

N3MeHeHus B MUKPOITUPKYJISITOPHOM PYCJI€ TIOUEK MPHU CENCUCE BKIIOYAIOT
MOBBIIICHUE HEOJHOPOJAHOCTH KPOBOTOKA, YTO YBEJIMYMBAECT BPEMsI KOHTAKTa
AKTUBHUPOBAHHBIX JICMKOIUTOB C TKaHSIMH, CIIOCOOCTBYSI YCUJICHUIO BOCTIAJICHUS U
MOBPEXKACHUIO SNUTEIUANBHBIX KIEeTOK. A®MK wurparoT BaxHyIO poJib B
MOBPEXKJACHUN TIOYCYHBIX KaHaJbIeB, OCOOEHHO B cerMeHtax S2 u S3

MPOKCUMAITLHBIX KaHAIIBIEB, YTO MPUBOIUT K ux nuchynknuu [Kalakeche et al.,

2011].

Maxkpodaru  ABIAIOTCS OCHOBHBIMM  KJIETKaMH, YYacTBYIOIIMUMHU B
BOCHIAJINTEIHHOM TPOIIECCE B MMOYKaX MPH cercuce. B HauanbHBIX CTAAMSIX CETCHca
oun auddepeHupyoTcs B denotun M1, cnocoOCTBYIONINI  BBIJICICHUIO
MPOBOCHIAIUTENBHBIX IIUTOKMHOB U Pa3BUTHIO BocmaieHus. Ha Ooree mo3mHMX
cTanusax makpodaru M2 ydacTBYIOT B pereHepalnu TKaHel U BOCCTaHOBJICHUU
¢dyukuuu mouek [Jo et al., 2006]. TIpoaykiust ak THBHBIX (GOPM KHCIOpPO/Ia U a30Ta
Makpodaramu M1 ycunmBaer nmoBpexaeHue TKaHeH, B TO BpeMs Kak M2 ¢eHoTun

CHOCO6CTByeT AHT'MOI'CHC3Y U BOCCTAHOBJICHUIO KJICTOK.

Cernicuc  BBI3BIBACT CHCTEMHYIO apTEPUAbHYIO Ba30AMJIATAIMIO, YTO
OPUBOAUT K CHIDKEHHIO T0YeYyHOW Tepdy3ud ¥ Pa3sBUTHIO IOYCUHOM
HEJIOCTATOYHOCTH. AKTHBAllMSA CHMITATUYECKOH HEPBHOW CHCTEMbl W PEHHH-
aHrHOTeH3HuH-aIba0cTepoHOBON crucTteMbl (PAAC) crnocoOCTBYeT MOaIepKaHUIO
CHCTEMHOr0 apTepHaIbHOTO JABJCHHS, HO TPU ITOM YyCYIyOJseT MOYECUHYIO
HEJIOCTaTOYHOCTh 3a CYET Ba30KOHCTPHUKIIMM MOYCYHBIX aptepuit [Schrier, Wang,

2004]. DupoTenuit cOCY0B MOYEK TAKXKE MOABEPracTCs MOBPEIKICHUIO BCICICTBUEC
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aucOanmaHca OKCHIa a30Ta WM aKTUBALMU MPOBOCHAIUTENBHBIX (DAKTOPOB, YTO

MPUBOIUT K MUKPOIMPKYJIATOPHBIM HapymeHusMm [Gomez et al., 2014].

Takum 00pa3oMm, cerncuc NPeACTaBIseT CO00M CJIO0XKHOE COCTOSHHE,
BKJTFOYAIOIIEE MHOXXECTBO MATO(DU3UOIIOTHUYECCKUX MEXaHU3MOB, MPHUBOIAIINX K
Pa3BUTHIO TOJMOPTaHHOM HEJOCTAaTOYHOCTH, BKIJIIOYAs OCTPOE TMOBPEKICHUE
noyek. BocnanuTenbHble mpoiecchl, BhI3BaHHbIe akThBauuein PAMPs u TLR, B
COYETaHUM C HAPYLICHUSMH MHUKPOUUPKYISIHUA U OKHCIUTEIBHBIM CTPECCOM,

UTPAIOT LIEHTPAIbHYIO POJIb B IATOI'€HE3E CETICUCA U €T0 OCIOKHEHUH.
2.2. JkcnepuMenTajabHoe Moaeauposanue OIIII
2.2.1. IIpusnannsie mogeau OIIIL.

CymecTByeT Heckoibko mpu3HaHHBIX Mozenedr OIIIl, mambonee mmpoxo
UCTIOJBb3yeMoil M3 KOoTopbiX sBisietcss W/P moukm [Shiva et al., 2020]. Ona
peanu3yercs MyTeM HAJIOKCHHUS 3aKMMa Ha COCYIUCTYIO HOXKKY, YTO MPUBOIUT K
HPEKPAICHUIO MOCTYIUICHUsSI KPOBH B OpraH, M Kak CICACTBHE KHCIOpOJa M
MUTATEIIbHBIX BEINECTB B OpPraH C IMOCIEAYIONIUM BOCCTAaHOBJICHHEM KPOBOTOKA
[Ramesh, Ranganathan, 2014]. Jpyroit tTun moneneii OIIIl ocHoBaH Ha AEHCTBUU
HE()POTOKCHYHBIX ~ BEIICCTB, CHWKAMIMUX  (QyHKOHIO Touek. [ J1aBHOM
0COOCHHOCTBIO ATHX MTUPOKO UCTIONB3YEMBIX MOJICIICH SIBIISICTCS IIOBPEKICHUE BCEH
noykd. Ha maHHbIi MOMEHT omucaHo oyeHb Manio Mmogenert OIIII, kotopsie
3aTparvBarOT TOJBKO  OTJCIbHBIC OOJACTH TOYKH, HANpuUMep, MOJCIb
TPOMOO3MOOJMK M KIMIUPOBAHHE WM JUTHPOBAHUE OTACIBHBIX IMOYCYHBIX
aptepuoi [Bordoni et al., 2023], mpu 3TOoM Takre MoJieIi MOTYT TIOMOYb Pa3IHUUTh
IPOIIECCHI, MPOMCXOANINEC B MOBPEIKICHHOM y4YacTKe MOYKHA M MPHUIICTAIONINX K

HEMY 30H€.

Mopens W/P  modek 3akitouaercs BO BPEMEHHOM HapylIEHUU U
ITOCJIEAYIOIIEM BOCCTAHOBJIEHUH JOCTABKU KHCIJIOPOJA U IUTATENIbHBIX BEILIECTB B
nouky. Ilpym mmemMun npoMcXOaUT Kackaa KJIETOYHBIX PEaKLMM, IPUBOAALINX K
MOBPEXKICHUIO KaHabIleB U ux rudenu. Kpome toro, Bcneacrsue W/P pazpuBaercs

BBIp@XXEHHOE BOCHAJIEHUE M HapyuleHus B cocyaax. Moaenbs WU/P taxke moxer
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HCIIOJIb30BAThCA I U3y4eHHs JojirocpouHbix nocnenctsuii OIIII, manpumep, y
TPBI3yHOB B TEUEHHWE HECKOJNBKUX HENEIb WM MECALEB MOTYT pPa3BUTHCA
XpoHuueckue modeunbie marojorur U XbBII [Fu et al., 2018]. /P noBpexacHue
BBI3BIBACTCS XUPYPTUUYECKUM TMEPEKATHEM COCYAMCTOTO IydKa MMOYKH. OTOT
1oJIX0/1 T03BOJIsIET BbI3BaTh KOHTposiupyemoe OIIIl. Ecte Heckonbko (pakTopos,
BIUSIOMIUX Ha TskecTh U/P-unnyuupoannoro OINIL, nHanpumep, Bpemst nepexaTst
MOYCYHON HOXKKHU U JaBJICHHUE 3aKHUMa, MOJAJIEpPKaHue MOCTOSHHOM TeMIepaTyphl
Teda BO BpeMs MOJICTUPOBAHMS TOBPEXKACHUS, HalpUMEp, MPUMEHEHUE
PETYJIATOPOB TEMIIEPATypbl C PEKTAIbHBIM JAaTYMKOM, BOJSHOM OaHW WM
XUPYPru4ecKux IuarGopM ¢  IJIEKTPUYECKUM  TOJOTPEBOM, HW3MEHEHUS
TEMIEPAaTypbl B  ONEPALMOHHOM, COCTOSHME THApaTallud >KMBOTHOTO U
XUPYPrUYeCKUe HAaBBIKM OKCIIEPUMEHTATOpa. XUPYPrHUECKHe HABBIKH OYEHBb
BaXHbI, TaK Kak IpH MoctaHoBke mojaenu W/P mpoBopsTcs MaHumynsuuu ¢
COCy/laMH, a KpaTKOBPEMEHHOE IMEpPEKaTUe COCYAOB IOYKHM MOXKET HMETh
3aIUTHBIN 3()PEKT - nmemMuueckoe MpeKoHIuIMoHnpoBanue. Kpome Toro, BaxHo
IPaMOTHO MOJAXOJUTh K BBIOOPY 3KCHEPUMEHTAJIbHOIO JM3aliHa, B TOM 4YHCIIE

HapKo3a. TaK, HHFEIJ'IHL[HOHHBIﬁ HApKO3 MOKCT CHUKATD TAXKCCTb Pa3BUBAIOIICTOCA

npu 1/P OIIIT [Hukriede et al., 2022].

pyras rpymnma MoJaeineld OCHOBaHa Ha MOJCIIMPOBAHUMN COCTOSIHUSL CEIICHCA,
KOTOpbIM sABisieTcst 4actod mnpuunHo pa3Butus OIIl. Ognum u3 cnocoOoB
MOJICIIMPOBAHUSA CEIICUCA SABIIAETCS BBEACHUE JIUIIONIOJINCAXAPUIA, UMUTUPYIOLLETO
MTOBBIIIEHHOE BOCHAJIUTEIBHOE COCTOSHHUE. /[aHHAs MOHENb SBISIETCS AOBOJIBHO
IIPOCTOM B pealin3alyu, OJHAKO €CTb OUEHD Y3KUI THANa30H MEXIY BbI3bIBAIOLIUMU
OIIII u neranbHBIMU q03aMu. Jpyroit Monenbio cencuc-unHaynupoBanHoro OIIIT
SIBIIICTCSA BBEACHHME (PeKalbHOM CyCleH3uH BHyTpuOpromuHHo [Brealey et al.,
2004]. B naHHOM cilyuae aKTUBHPYIOTCSI BPOXK/ICHHBIC UMMYHHBIC PEaKIMH Yepes3
MHOKECTBEHHbIE perentopsl, B To BpeMs kak npu JIIIC-ungynupoBannom OIIIT
NEUCTBUE peanu3yeTrcs yepe3 cBa3biBaHue ¢ TLR4, KOTOphIi 3KcnpeccupyeTcs B
OCHOBHOM B MOHOHYKJICAPHBIX (paromuTapHpx KieTkax (T. €. Makpodarax u

HeiTpodmnax) [Vaure, Liu, 2014].
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CYIHCCTBYIOT MOACIIN, OCHOBAHHBIC Ha BBCACHHNU Pa3INIHBIX
HG(I)pOTOKCI/I‘-ICCKI/IX arc¢HTOB, HalpuMmep, PCHTTCHOKOHTPACTHBIX arc¢HToOB,
HCCTCPOUIHBIX ITPOTHBOBOCIHAIUTCIIBHBIX AI'CHTOB WM I'CHTAMHUIMWHA. Ot MOACIIN
XOopouro NpuMCHHUMBI Ha KpPbICaX, HO HC HA4 MbIIIAxX, a TAKKC MOTI'YT Tp€6OBaTB

He(HU3NOIOIHYSCKUX JO3UPOBOK M KoMOuHanwmii Bo3aciicteuii [Hukriede et al.,

2022].

2.2.2. Moaeab ¢ororpomM003a M0O3ra Kak OCHOBA /ISl CO3aHHMSI HOBOM

MO1eJIM MOBPeKIeHHs TMOYEeK

Ms1 npeanonaraem, 4to (QoToTpoMOO3-MHAYLHMPOBAHHAA MIIEMHS MOYKU
MOXET CTaTh IOJIC3HOW MOJCNBIO IS JIYYIIEer0 IMOHUMAHHUS MOJICKYJISIPHBIX
MEXaHU3MOB TMOBPEXKJACHUS U pereHepanuu modek. BmepBoie (HoToTpomM0O03 C
HCIOJB30BaHueM beHraibckoro po3oBoro ObUT BeINOJHEH B 1985 roay Yorconom
¥ COaBTOpPaMHU B KadecTBe Mojenu uHcynbTa [Watson et al., 1985]. B nactosiiee
BpeMsi OTOT TOAXOJ IIMPOKO TPUMEHSIETCS TPU  AKCIEPUMEHTAIHLHOM
MOJICJTUPOBAHUH 0YaroBOW UIIIEMHUH, B OCHOBHOM T'OJIOBHOT'O M CITMHHOTO Mo3ra [Li
et al., 2015b]. Moxenp poToTpomMO03a poCTa B peaau3aliy, 4To ONpeAesicT ee
AKTUBHOE HWCITOJI30BAaHUE JJI AKCIIEPUMEHTATLHOTO MOJCIUPOBAHUS TATOJOTHN
roJIOBHOTO Mo3ra. OJgHaKo, HECMOTpPS Ha €€ PaclpOCTPAHEHHOCTh B KayeCTBE
MOJIENIA TIOBPEXKJACHHUS MO3Ta, JaHHAs MOJENb JO0 CHX MOp HE aJanThpoBaHa JyIs
JIPYTUX OpraHoOB. YUHWTHIBAs IMHPOTYy TpUMEHEHHs (poTroTpoMOo3a s
MOJICTTUPOBAHUS TTOBPEXKACHUN MO3ra, MbI MpeArojaracM, 4To JaHHAs METOJHMKA
MOET OBITh TIOJIC3HA JJIT MOACIUPOBAHUS UIIEMUYCCKUAX MATOJIOTHH Pa3IMYHBIX

OpraHoB, B TOM YHUCJIC ITOYCK.

benransckuii posossrii (4,5,6,7-tetrachloro-20,40,50,70-tetraiodofluorescein
disodium) oOnagaeT UMKINYECKOW CTPYKTYpOH C CHUCTEMOH CONPSHKEHHBIX
JIBOMHBIX CBSI3€M W MOXET MEpelaBaTb »JHEPIUI0 APYTMM  COEOUHEHUSIM.
benransckuii po30BbIi OTHOCUTCS K (hoToceHcuOunmu3aropam Il Tuna, 3To o3Havaer,
YTO MOCJE aKTUBAIMM OH MOXKET MepeaBaTb CBOI SHEPIUI0 HEMOCPEICTBEHHO

KHUCJIOpOAY, UYTO IMPUBOAUT K O6p330BaHI/IIO CHUHIJICTHOI'O KHCJIOpOAa, U3BCCTHOI'O
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kak ADK [Vanerio et al., 2019]. T'enepupyembie BCIIeCTBHE CBETOBON aKTUBAIMH
benransckoro po3oBoro A®K B3auMOACHCTBYIOT C OelkamMu M JIMNHAJAMU
SHAOTENNUA M HOPUBOJAT K UX TOBPEXKACHUIO. AKTHUBUPYIOTCS KacKaJbl

CBEPTBHIBAHUS, YTO MPUBOJIUT K JIOKAILHOMY TPOMOOOOPa30BaHUIO.

MonenupoBanue (GpoToTpoOMO3a HAUYWHAETCS C BHYTPHUBEHHOTO BBEICHHSI
doroceHcuOmnm3aTopa. PacTBop B TEUYEHHE  ONPEICICHHOTO  BPEMEHH
pacrpenensiercst 1o KpoBOTOKY. MoJeKyIbl (hOTOCCHCHOMITN3aTOPa CBS3BIBAIOTCS C
pPa3IMYHBIMH KJIETKAMU KpPOBSHOTO pyClia, HampuMmep, C DSHIOTEIUEM WM
TpomOormTamMu. OCBEIIEHHE OMpPEICIICHHON 30HBI MHTEpEca JIa3epOM BBI3BIBACT
aKTUBALIMIO MOJIEKYJT (POTOCEHCUOMIN3ATOPa, YTO MIPUBOIUT K oOpazoBaHuio ADK.
A®K BBI3BIBAIOT MOBPEKICHUE MEMOpaH SHAOTENHS COCYIOB, YTO TMPHUBOIUT K
arperaiuu TpoMOOLMTOB, 0Opa30BaHUIO TPOMOOB M OKKIIFO3UH MEJIKUX COCYJIOB.
Takum oOpa3om, pa3BHBacTCS JIOKaJbHAs HWIIEMHUS M THOCIb KIETOK B 30HE
tpombooOpaszoBanust [Cai et al., 2016; Uzdensky, 2018]. Takum o06pa3om,
PEepHIBACTCSI KPOBOCHAOKEHHE U IOCTYII KHCIOPOa K ONPEICTICHHOM 30He OpraHa
¥ UMUTHPYETCSI COCTOSIHHE MIIEMUH U XapaKTEepPHBIX I Hee 4epT. Hanpumep, u3-
3a  HEIOCTaTKa  KHCIOpOoJa  MPOUCXOAUT  CHWKCHHUE  OKUCIIUTEIBHOTO
dochopunmpoBanus u npoaykuuu AT®, 94T0 IPUBOAUT K aKTHBAIMH TJIMKOJIH3A.
[Uzdensky, 2018]. B mporecce aHa’spoOHOTO TJIMKOJIM3a BbIpaOAThHIBACTCS |
HAKaIUIMBAETCsl MOJIOYHAsI KHCJIOTa, YTO MPUBOJUT K arnmao3y. M3-3a HegocTaTka
AT® HeBO3MOXKHO TOJIep)kaHue HopManbHOM padoThl Na* /K*-AT®da3kl, koTopast
UTPACT BAXHYIO POJIb B MOJEPIKAHUU IJIEKTPOXHUMHUYECKOTO TPAJUEHTA B MOYKE,
YTO MPHUBOJIUT K HAPYIICHUIO TpaHCIOpTa MOHOB B mouke [Hertz, 2008; Mongin,
2007]. OKucCIUTENBHBINA CTPECC ABISICTCS OCHOBHOW MPHUUYUHON MOPa)KEHUS TKaHEH
npu GpororpoMOoTHUECKOM moBpexaeHnr. ADK Mory camu moBpex1aTh KJICTKH, a
TaK)Ke CTUMYJIMPOBATh MyTH THOCIIH M BEDKHBaHMS KJIETOK. [I[puMepomM MHIIIECHEH,
crumynupyembix ADK, moryT 061th MAP-kunaszsl, p38, INK, NF-kB u AP-1 [Chen
et al., 2011]. DumomnazmMaTHYECKUI PETUKYIYM, KOTOPBIA SIBJISETCS OCHOBHBIM
neno BHyTpuKieTounoro Ca®*, moxer nospexmarbcs A®K, uTo mpuBomur K

BBICBOOOKICHUIO JAaHHOTO HOHA B IMTO30Jb. [lOBpexIeHHe MUTOXOHAPUM B
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pe3yabTaTe  OKHUCIMTEIBHOTO  CTpecca  MPHUBOAMT K  BBICBOOOXKICHHIO
poanonToTHIeckux OenkoB B muto30b [Chen et al., 2011; Hayashi et al., 2005].
OKHCIUTENbHBIA CTPECC MPUBOAUT K MHAYKIIMH aIlolTo3a, KOTOPHIH mpeobiamaet
HETIOCPEJACTBEHHO B OdYare HIIEMHHd W B 30HE IEHYMOpPBI, OJHAKO CHIIBHOE

IMMOBPCKACHNUC MOKCT BbI3bIBATH HCKPO3 KJICTOK ITOYKH.
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2.3. TepaneBTnuyeckue noaxoasbl k geuyenuro OIIIL.
2.3.1. lIpopuiaakruxka u cumnromaruyeckas repanus OIIIL.

B cBs3u ¢ orcyrcrBreM sddekTuBHOM matoreHetndeckoi tepanuu OIIII,
OYCHb BakHa ero mpodrirakTuka. OTHUM W3 BO3MOKHBIX TOJXOJOB SIBIISICTCS
onieHka puckoB pasButus OIIIl u BbISIBIEHME MAIMEHTOB C BBICOKUM PHUCKOM
MOYEYHBIX MaTosoruil. OCOOEHHO 3TO BaXKHO B KIMHUKE, Tak Kak jJeueHue OIIIl na
JaHHBIH MOMEHT OTpaHWUYHMBAcTCS CHIKeHHEeM cummrTomoB [Duann et al., 2016;
Gonsalez et al., 2019]. OIIIl sBasercs MHOrO(aKTOPHBIM 3a00JIEBAHUEM U
3a4acTyl0 BBI3BAHO COIYTCTBYIOIIMMHU MAaTOJOTUSIMU, 4YTO MPEACTaBISET
JIOTIOJIHUTENIBHYIO CJI0XKHOCTh TpH JedeHuu. Ha naHHBIIT MOMEHT HE CyIIECTBYET
dapmakoTepanuu, Kotopas Obl oOpariaia MOBPEKIACHUE MOYKU. Y MAIUEHTOB C
OIIIl MokeT pa3BUTHCA TUNEPKAIUEMUS, META0OJIMUYECKUN alua03, Meperpyska
00bEeMOM W/WIIM CUMNTOMBI ypemun u3-3a cHuxkeHuss CK®. Bbonpimas yacth
(hapMaKoIOrH4eCcKOTo JCUCHHSI CBA3aHa C OCIA0JICHUEM CUMITTOMOB, BOSHUKAIOIIIUX

B pE3YJIbTATE 3TUX U3MEHECHUM.

V¥ nanuentoB ¢ BeicokuM puckoM OIIIl m Tex, y Koro yxe yCTaHOBJICH
JIMarHo3, JOJDKHA THIATENbHO  KOHTPOJMPOBAThCA  (PYHKIUS TMOYEK MO
koHuenTparmu  SCr u  nuypesy. Crneayer NpoOBOAUTH OIEHKY COCTOSTHUS
FeMOJAMHAMUKHU M JICUEHHE C MOMOIIbI0 BHYTPUBEHHBIX KUIAKOCTEU, JUYPETHKOB
WA TIpenapaToB TEMOJMHAMUYECKON MOAAEPKKHU. Tak Kak CHUKEHHE MOYECUHOU
nepdys3un sBiusgercs oxHou w3 mpuunH paszButus OIIIl, Moryt mpumeHsTHCS
JTUYPETUKHU, CIOCOOCTBYIOIIME MOBBIIICHUIO MOYEYHOTO KpoBoToka. [Ipumepom
MOXKET CIIY’KUTh MAaHHMTOJI, CHOCOOCTBYIOIIUN BO3BPAIIICHUIO BOJbI U3 TKaHEW B
COCYIUCTOE PYyciio Win (ypOCeMHUl, KOTOPBIA SBIISETCS METIEBBIM JTUYPETHKOM.
dypocemu peanusyer cBoi 3¢ ¢eKT 3a cueT MHruoupoBanus cummoprta Na'-K*-
2CI™ u yBenmuenus sxckpernnn Na® u ClI™ [Bragadottir, Redfors, Ricksten, 2012;
Putzu et al.,, 2017]. CHMXCHHIO DSKCKpPEIMH HATPUS TAKKE CIOCOOCTBYET
UCIIOJIb30BaHUE aTPUATIBLHOTO HATpUypeTHieckoro nentuaa. OH Hecnenuduuecku

MHTHOMpPYEeT KaTHOHHBIE KaHabl, a Takxke yBennunaer CK® 3a cueT BIMsSHUS Ha
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cocymel. Tak, ero NpUMEHEHHE BBI3BIBACT BazoMIaTanuio addepeHTHON U
BazokoHCTpuKIHiO 3 depentrort aprepuon [Marin-Grez, Fleming, Steinhausen,
1986; Mitaka et al., 2014]. AroHucTsl 10haMUHEPTHYCCKUX PELIEIITOPOB, TAKHE KaK
nohaMuH ¥ (GEHOIIONAaM B HU3KHX J03aX, MOTCHIIMAIBHO MOBBIIIAIOT MOYCUHBIH
kpoBotok [Gillies et al., 2015; Joannidis et al., 2017; Yang et al., 2016]. Ognako mis
OOJNBIIMHCTBA M3 OSTUX IIOJXOJ0OB HAOJIIOJAIOTCS IMPOTHBOPCUUBBIC JIaHHBIC,
JIEMOHCTPHPYIOIIE KaK OTCYTCTBHE BIMSAHHUS JaHHBIX IperapaToB Ha
passuBatonieecss OINll, Tak u yiydmieHWE W JaKe YXYIIICHUE COCTOSHHS
nanureHToB. [losToMy, B OonbimiuHCTBE ciiydaeB Tspkenoro OII tpeGyercs

MIPUMEHEHHUE 3aMecTUTeNbHOM moyeuHout Tepanuu (3I1T).

VYiydieHue mo4euHoi nepy3uu MOXKET ObITh JOCTUTHYTO C IOMOILBIO
MH(Y3MOHHOM Tepamnuu, HampuMep, C MCHOJb30BaHUEM (HU3UOJOTHUYECKOIO
pacTBopa, (U3HMOJOTMYECKH COATaHCUPOBAHHBIX COJIEBBIX PAcTBOPOB WU
KoutouAoB. Ilociie 3HAYMTENBHBIX BIIMBAHUM KUIKOCTH JOJDKHA MPOBOAMTHCS
Tepanusi Ba3ompeccopamu g H30exaHus runepruaparauud. Ha cocyamcroe
conpotusnenue npu OIIIl Moxer BiuATH cHUKeHUE ypoBHA NO M yBenuyeHue
YpOBHEN Ba30KOHCTPUKTOPOB, Hanpumep, aurnotrensuna Il (Ang II) u sagorenuna.
Takum oOpa3oM, TpPUMEHEHHE COOTBETCTBYIOIMX JWUJIATaTOPOB  MOMKET
noteHnuaibHo oonerunth OINII. Hampumep, mpuMeHeHrne aHTarOHUCT PEIenTOPOB
Ang IT uiu moropa NO yyumanu Gyskmuto mouek Ha Gone M/P [Moore, Hsu, Liu,
2018]. TloBbimieHHE Ba30KOHCTPHUKIIMHM IMOYEYHBIX COCYIOB OIOCPEIOBAHO
MOBBIIEHHBIM YpoBHEM Ang I, 1 0TCyTCTBHEM Ba30auiIaTaTOpOB, TakuxX Kak NO.
[lognepxanue OanaHca Ba30KOHCTPUKTOPAMU M Ba30JujIaTaTOpaMU BaXKHO IS
HOJIICPXKAHUST COXPAHEHHSI HOPMAJIbHOTO (DYHKIIMOHMpPOBaHUs Touek [Srisawat et
al.,, 2015]. WmenHo mo3TOMYy B JONOJHCHHWE K MepaMm, HaNpaBJICHHBIM Ha
yJIydlleHUE MTOYeYHOM NepPy3uH U BOCCTAaHOBJICHHUE OallaHCca KUAKOCTU TpeOyeTcs
JieYeHUe, HAIPaBJIEHHOE Ha MOIYJISIIUIO BHYTPUIIOYEYHBIX MATO(PU3NOTOTHIECKIX

MCXaHN3MOB, BOBJICUCHHBIX B Pa3BUTUC ITOBPCIKACHU.
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2.3.2. Bo3mosknbie moaxoasl Tepanun OIITI

Ha cerogusimiamii 1eHp He CymecTBYeT 3(PPEeKTUBHOM MaTOreHETHYECKOM
tepanun OIIIl m cnocoboB ero oOpamenusa. Kpome Ttoro, cama paszpaboTka
JIEKapCTB, HAyYHbIE HWCCIICIOBAHUSA U KIIMHUYECKHWE HUCHBITAHUS SIBIIIIOTCS OYEHB
JOPOTMMM M JUIMTEIBHBIMU. JUJI1 YCKOpEHHs MpoLecca CYLIECTBYET CTpPaTerus
PENO3ULIMOHUPOBAHMS IIPENAPATOB. DTOT MOAXO0/ 3aKI0YAETCS B aHAIM3E JAHHBIX
10 YK€ pa3padoTaHHBIM (DAPMAKOJIOTUYECKHUM IpenapaTam ¢ LEeIbi0 MOMCKa HOBBIX
CBOMCTB, MOTEHIHAIBHO NOAXOISAMIMX I Tepalmuu Apyrux 3adosieBaHuil. B
JAHHOM CTpaTeruu JIydllle BHIOMPATh BEIIECTBA C XOPOIIO U3Y4E€HHBIM MEXaHU3MOM

nencTBrd. BaxxHOW XapaKTepUCTUKOM TakKe SBIIAETCS HU3KUI YPOBEHb MOOOYHBIX

saddexros [Ashburn, Thor, 2004].

HecmoTpst Ha TO, YTO HEKOTOpPbIE AHTUOMOTHUKH O00JIAAIOT BBIPAXKEHHBIM
HE(DPOTOKCHUUECKUM JIEUCTBUEM, OHU SIBJISIIOTCS OJIHOM M3 TPYIIN pacCMaTPUBAEMBIX
npenapatoB. Hampumep, NOKCUIMKINH - 3TO TETPALMKINH, KOTOPBIA o0samaer
psanoM (papmMakoIOTUUECKUX CBOMCTB B JIOMOJIHEHUE K aHTUMUKPOOHOMY d(pdeKTy,
HAmpuMep, MOXKET HMHTUOMPOBATH MATPUKCHBIE MeTauionporerHassl (MMPs).
bbll0  MpPONEMOHCTPUPOBAHO, UYTO  JOKCHLMKIMH  mpenorBpamaer  M/P-
WHIYIIUPOBAHHBIN OKUCIUTENBHBIN CTpecc, CBA3aHHBIN ¢ UHTHOMpoBanrueM MMPs,
YTO TMPUBOJUT K CHIKEHUIO YPOBHS MPOBOCHAINUTEIBHBIX IUTOKUHOB U
BO3HUKHOBeHUs aronro3a [lhtiyar et al., 2011]. Kpome Toro, ObUIO BBICKa3aHO
IIPEAIIOI0KEHNUE, UTO MpenoTBpanieHne aktuBauuu MMP sBisiercss BO3MOXKHBIM
MEXaHU3MOM 3allIUThI IPU TpaHcIuTanTawu movku [Li et al., 2015a]. B moxenu /P
BHYTPUOPIOIIMHHOE BBEJCHUE JOKCUIMKIMHA B HHU3KHX J03aX 3al[UIIAJIO
(GyHKIHIO MoYek (KIyOOUKOBYIO (DHIIBTPALIMIO U SIUTEIHAIbHBINA TpaHcmopT Na'),

TIOMUMO €ro aHTUMHUKpOoOHOTO nefictBus [Cortes et al., 2018].

OnnuM u3 BO3MOXKHBIX MOAxonoB K Tepanuu OIIIl sBusiercs momynsiuus
OKUCIHUTENbHOTO cTpecca. Ilpum W/P-moBpexaeHnn OCOOGHHO CTpadaroT
MUTOXOHJIpUM, 4YTO BeaeT K mnpoaykiuuu ADK, 4To BIMgeT Ha peryssiuuio

BHYTPHMKJIETOYHBIX MEXaHHU3MOB M cocymucThiii ToHyc [Majid, Nishiyama, 2002;
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Silachev et al., 2014]. 1/P Be3bIBaeT ACPUIUT TIyTATHOHA, KOTOPHIA Y4acTBYET B
3alllUTE OT OKUCIUTEIBLHOIO MOBPEKIACHUS, U TMOBBIINICHUE YPOBHS MaJIOHOBOIO
IUANbIETUA, YTO YKa3blBA€T Ha HAJIUYHME TMEPEKHUCHOTO OKHUCIICHMS JIUIUIOB
[Ihtiyar et al., 2011; Kucuk et al., 2009]. Bo Bpems wuIIeMuud TPOUCXOIMT
HAKOIUJICHUE THUIIOKCAHTHHA, a TaKXe MpeoOpa3oBaHUE KCAHTUHACTUIPOTEHA3bI B
KCaHTUHOKcHIa3y. Ilpu BoccTaHOBIEHHMM KpoBOTOKa B (azy penepdy3uu
npoucxoaut noseieHue ypoBHs ADK 3a cuet MeTab0oIM3UpOBaHUS TUTIOKCAHTUHA
KCTAaHTHHOKCH/IA30#, YTO BBI3bIBACT MPOOIDKEHHE MoBpexkaeHus Tkaneit [Collard,
Gelman, 2001]. MccnemoBaHus TOKa3bIBAIOT, YTO HEKOTOPHIC AHTHOKCHIAHTHI
obnanaroT noreHuuanioM K obaerdenuto OIIII 3a cueT CHUXKEHUST OKUCIUTEIHHOTO
CTpecca WJIM BOCIHAJICHUS, OJJTHAKO MHOTHE HE yiydlanu cutyamnuto. Buramun C
nokasbiBasl HEKOTOPYI0 3¢ dextuBHOCTh B OIIIl, cBA3aHHOM C 3HAOTEIMATBHOU
nuchyHKIMEH, OJHAKO BO3MOXKHO, UYTO €ro JEUTCBHE CBSI3aHO HE CTOJBKO C
AHTUOKCUJAHTHOM aKTUBHOCTHIO, CKOJIBKO C POJIbIO (PEPMEHTATUBHOTO KO(aKTOopa.
PenomnporekTopHbie  3p¢dekTsl ackopbaTa MOTYyT OBITb OOYCIOBJIEHBI €ro
crocoOHOCThIO yTunu3upoBath A®DK, Bkirodas HepaauKalbHbIE OKHUCIHUTENH,
u/unu nojajepxanueMm ypoBHs riytationa (GSH) mist akTUBHOCTH MEPOKCUIA3HI
wii BH4 nns dyakuun eNOS. AckopOaT Takke MOXKET MOIePKUBATh GEPMEHTHI,
cogepxkamue Fe?* u Cut ruppokcunasy ¥ MOHOOKCUTEHA3y, YTO IMOJIOKUTENLHO
BIIMSAET HA COCYIbl U MUKPOUUPKYJsAuio. [lociennue urparoT Ba)KHYIO POJib B
CUHTE3€ KOJUIareHa 1 Ba30IlPECCUHA, UTPAIOIINX LIEHTPAJIbHYIO POJIb B CTPYKTYpE U
(GYHKIIMOHATBHOCTH  COCYZOB, a Takke  MOAYJUPYIOT  OKHUCIUTEIbHO-
BOCCTaHOBHUTEIbHBIC CUTHAIIbHBIC ITyTH, Takue kak HIF-1, cHrkarommii ak THBHOCTh
Bocrasiennss  [Dennis, Witting, 2017]. MuToXxoHApHAIbHO-HATIPABICHHBIH
antuokcuaanT  10-(6'-mmactoxuHoHUN)ACWIpoJaMuHa 19  1eMoHCTpupoBa
He(pONPOTEKTOPHOE JEHCTBUE, TIPEAOTBpAIaT PA3BUTHE MOUYCYHOW COCYAMCTOU
IUCYHKITUMH, a TAKKe 3allUIal KICTKH SHA0TEIUS OT moBpekacHus [Jankauskas

et al., 2012; Jankauskas et al., 2016; Plotnikov et al., 2011].

Nmemunueckoe MPEKOHAULIMOHUPOBAHUE IIPELICTaBISAET coboit

pEAIIECTBYIONIEE OCHOBHOMY 3MU30/y UIIIEMUH BO3/IEUCTBHE HA OpTraH KOPOTKUMU
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nepuogamu wimemun [Zager et al., 1984]. Ha mouke naHHas MeETOIWKA
OCYIIECTBIISICTCS ~ IIyTeM  MHOTOKPAaTHOTO  KPAaTKOBPEMEHHOTO  IepeKaThs
COCYJIUCTOTO Iy4yKa IIOYKH M BOCCTAHOBJCHUS IIOYCYHOIO KPOBOTOKA, HYTO
MIPUBOIUT K KPATKOBPEMEHHBIM ITUKJIaM HIIeMUH U peniepdysun. [Tpenmonaraercs,
YTO TepeJ] OCHOBHBIM JIHM30[I0M HIIEMHH B TKAaHU AKTUBUPYIOTCS 3alllUTHBIC
MEXaHU3MBbI, KOTOpbIE OOCCIICYMBAIOT PE3UCTEHTHOCTh TKAHUW K JaJIbHEHIIEMY
30,1y uiemudeckoro nospexaenus [Dirnagl, Simon, Hallenbeck, 2003; Er et
al.,, 2012]. YcToW4yMBOCTH K HIIEMHU HHIYLHUPYETCS peryysnueii (yHKIIUN
SHIOTENHS, KPOBOTOKA M CHW)KCHHEM aKTUBHOCTH Makpo(aroB M HEHTpOQHIIOB.
DTO NMPUBOJIUT K YMEHBIICHUIO TIOBPEKICHUS HIOTEIUSA M, B KOHCYHOM CUeTe, K
YBEJIMUCHHUIO MIIEMHUYECKOM TOJepaHTHOCTH opraHa [Tapuria et al., 2008]. Kpowme
MEXaHHYECKOTO METO/1a, OITMCHIBAIOT XUMUYCCKHI METO ] IPEKOHTUITMOHUPOBAHHS,
KOTOPBIA 3aKIII0OYaeTCsl B HCIIOJIb30BAaHMM MHUMETHKOB THUIOKCUH. Hampumep,
MCTIOJB30BaHUE XJIOpUa KOOAIbTa WM IIMHKA 3aIUIIAJI0 IMOYKY OT MOBBIIICHUS
daxTopos, naaypoannbix rumnokcueit, HIF1a and 2a [Rao et al., 2017]. Kpome
TOTO, celyac pa3pabaThIBAIOTCS TOAXOABI  OTHAJICHHOTO  HIIIEMHYECKOTO
MPEKOHIUITUOHUPOBAHHMS, OTIMYAIOIINECS TeM, YTO KPATKOBPEMEHHBIM 3IIH30]1aM
UIIIEMHUH TIOIBEPTAlOTCs OTJAICHHBIC 00JIaCTH, HalIpUMep, niepexarue pyku [Er et
al., 2012]. 3amutHbli 3 PeKT B JTaHHOM CiTydae 00eCreunBaeTCsi BBICBOOOK ICHHEM
cocynopacmupstomux BeriectB [Robert et al., 2017], a Takxke aaeHo3WHa W
OpaJVKWHUHA, KOTOPhIC MPUBOAAT K CHIKCHHUIO TMPOHHUIIACMOCTH MHUTOXOHIPHUH,

aKTUBHBIX (opM Kuciaopoda W BocmamutenabHOU peakuuu [Crowley, Mcintyre,

2013].

2.3.3. IlopaBiieHue BocnajieHus kKak crparerusi tepanuu OIIIT

Tak kKak BOCHAJIECHUE SIBIAETCA OJHUM M3 KIIOUEBBIX 3B€HbEB B PA3BUTUU U
nporpeccupoBanuu OIIIl, a Takke B BoccTaHoBieHHMH opraHoB mnocie OIIII,
BO3JECHUCTBME HA MEXAHU3MBbI, 3a/JICMCTBOBAHHBIE B MMMYHHOM OTBETE, MOXET
paccMaTpuBaThCsl KaKk BO3MOXKHas TeparneBThueckas crtparerusi jedeHus OIIIL

Hampumep, oHM MOTYT OBITH HampaBJeHbl HA MUHTHOMPOBAHHME BBICBOOOXKICHUS
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MCANATOPOB BOCITAJICHHWA WJIN PCTYJIALINN BBaHMOHeﬁCTBHH C peucnropamMu, CHHTC3a

MOJICKYJI aArce3nnu HWJIM HCHIOCPCACTBCHHO aAIrC3UH JICUKOIIUTOB K DSHJIOTCIIHIO

[Collard, Gelman, 2001].

B nenowm, noselieHrne ypoBHsS HIUTOKHHOB, TAKMX Kak XeMOKUHbI, TNF-0 v
ICAM-1, cBsA3aHO ¢ BBIPAXKEHHBIM BOCIAJIUTEIIBHBIM OTBETOM, HAOJF01a€MbIM TIPU
OIIII. CooTBeTCcTBEHHO, 0J10Ka1a ATUX [IMTOKUHOB, UX PEIENTOPOB U CBSI3aHHBIX
CUTHAJIBHBIX MYTEW MOXKET CHUXKATh BOCHAIICHUE U CBSI3aHHOE C HUM MOBPEKICHUE
noyek. Tak, ObLI0 MPOIEMOHCTPUPOBAHO, UTO HEPPOIIPOTEKTOPHBIM 3P HEKTOM MPpHU
OIIII o6mananu MoHOKIOHANbHBIE aHTUTENA NPOTUB [CAM-1, unruourop CXCR4
(CXC xemokuHOBBIM peuentop 4) mnepukcagop u wuHruOurop TNF-a
nearokcumuina [Kelly et al., 1994; Kelly et al., 1996; Ramesh, Reeves, 2002; Zuk
etal., 2014].

HekoTopple 1MTOKMHBI O0JaJalOT 3aMETHBIMH PEHONPOTEKTUBHBIMU
addexkramu, Hanpumep, IL-10. JlaHHBIH TPOTHBOBOCHAIUTEIBHBIN ITUTOKHUH
unruoupyet ysennuenue TNF-o, [CAM-1 u INOS u 3amuniaeT ot UIeMuyecKoro
u Bbi3BanHoro ucmiatuaom OIIIT [Deng et al., 2001]. B HemaBHuX paboTtax
kapauotpodun-1 (CT-1), umen cemeiictBa wuHTepieciikuaa 6 (IL-6), mokazan
3HauuTenbHble 3amuTHele 3¢¢ektsl npu  OIIIl, BbI3BaHHOM KOHTPACTHBIM
cpeactBom [Quiros et al., 2013]. Bonee Toro, CymiecTByrOT IIUTOKHHBI, KOTOPbIC
OJIaronpUATHO BIMSIIOT Ha TEeMOJAMHAMHMKY WM aHruoreHe3 npu OIIl u
BoccTaHoBieHHe noyek rnocie OIIII. 31o xoponio HITFOCTPUPYETCS PACTBOPUMBIM
TpomOoMonynruHoM (sTM) U onauroMepHbiM O€JIKOM XpSAIIEBOIO MaTpHUKCa-
anruonodtuHoM-1 (COMP-Angl), koTopble yaydIliaJd CKOPOCTh KPOBOTOKA
SPUTPOLUTOB B MHKPOCOCYJAaX W CHWXAJIM CKATBIBAHWE U IPUKPEIJICHUE
JIEUKOUUTOB K DHHIOTEIUI0 MHKPOCOCYAOB BO Bpems wumemuyeckoro OIIII
[Sharfuddin et al.,, 2009]. Viuyumas nepuTyOyJIspHOE  KaMMUIIPHOE
KpOBOOOpalieHne u ycuminpas (IOBTOPHOE) KPOBOCHA0KEHNE TOYEUHOM TKaHH, 3TU

IMUTOKHMHBI ITOKa3aJIn CIIOCOOHOCTH 00JIerd4aTh MIIEMHYECKOE IMMOBPCKACHUC ITOYCK

[Jung et al., 2009; Kim et al., 2006].
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2.3.4. Biusgsaue cuHAnTaMHi/1a HA BOCIAJIEHHE

[IpousBogHOEe oOmera-3  KMPHOM  KHCJIOTBI ~ CHHAINTAMUJ  SIBJISIETCS
ATAHOJAMHUJIOM  JIOKO3areKCaeHOBOM  KHCJIOTBI, CXOXXHM II0 CTPYKType C
sHAoKaHHAOMHOMIOM aHaHgamunoM [Watson, Kim, Das, 2019]. /lanHoe BeliecTBO
SBJISIETCS  OHJIOKAHHAOMHOUA-TIOJOOHBIM JIMTAHJAOM, TO €CTh HMeEeT cjadoe
CpoJICTBO K penentopaM »sHAokaHHaOuHoumoB CB1 u CB2 (MmeHblie, 4em
anangamun) [Kim, Spector, 2013]. DHaoreHHbBIN 3TaHOJIAMHUH TOKO3areKCacHOBOM
KHCJIOTHI ObLJT OOHApY>KEH B TOJJOBHOM MO3T€ U CETYaTKe, a MPU IpueMe phliObero
KHpa €ro ypoBEHb MOBHIIIAJICS B dKUPOBOUN TKaHU, TOJIOBHOM MO3T€, TOILEH KHUIIIKE,
u nedeHu Tpei3yHOB [Berger et al., 2001; Bisogno et al., 1999]. HecmoTpst Ha
CXOXKYI0 C aHaHJaMUJIOM CTPYKTYpY, dS(deKkTsl cuHanTamMuaa peaau3yrTcs

OTJIMYHO OT HeﬁCTBHH BHI[OKaHHa6I/IHOI/II[0B.

Cunantamua oka3biBaeT pazHooOpasHbie dG(EKTh Ha KIETKU Pa3TUYHBIX
opraHoB. Tak kak OH W3ydaJicsi B OCHOBHOM B KOHTEKCTE MOBPEKICHUS MO3Ta,
OCHOBHBIE 3P (EKThI MOKA3aHbI HA HEWpPOHaX WK Herpornne. CuHanTaMu1 001anan
PAIOM HEUPOTE€HHBIX, HEUPOIPOTEKTOPHBIX, CHUHAITOICHHBIX CBOMCTB. bBLIO
MMOKa3aHO, YTO OH CTUMYJIHMPYET POCT HEHPUTOB, CHHAINTOTCHE3, OIICHCHHBIN 10
YPOBHIO CHHAIICHHA, TIyTaMaTePruYeCKyl0 CUHANTUYECKYI0 aKTUBHOCTb, a TAKXKe
AKCTIPECCHUIO TIIyTaMaTHBIX PEIIENTOPOB B HEMPOHAX THITIOKAMIIA B KOHIIEHTPAIIHUSIX
10-100 aM. CTouUT OTMETHUTH, YTO CHHAIITAMHI IECHCTBOBAI B 00ji€€ HHU3KHUX
KOHIIEHTpAIUAX, YeM JOKO3arecacHoBasi KUCIOTa. Takke BaXXHO OTMETUTh, YTO B
HECKOJBKMX  MyOnuKamusax  ObUI0  TOKa3aHO  OTCYTCTBHE  BIIMSHUSA
aIMIIATAHOJIAMUIOB JAPYTUX KHUPHBIX KHCIOT HAa POCT HEUPUTOB M CHHAITOTCHE3
naxe B Oojee BbICOKMX KoOHIeHTpamusax [Kim et al., 2011]. Kpome Toro,
CUHAINTaMUJ] YBEJIMUMBAII JUTMHY HEUPUTOB, SKCIPECCUIO CHHANTHUYECKUX OEITKOB,
CUHaNTOreHe3 u ypoBeHb HTAM® 1pu J1eiCTBUM Ha KOPTUKAJIbHBIE HEUPOHBI, HO
npu  100aBJICHUM WHTHOUTOpA AJCHWIATIIMKIA3bl JaHHbIE A(h(EKTH He
HaOmonanmuchk [Kwon et al., 2021]. ITpu neficTBUM Ha HEHPOHAIBHBIC CTBOJIOBBIC

kietk (HCK) B Teuenue 7 quelt cuHanTaMu 1 MHIYITUPOBA X TudPepeHInpoBKy,
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a TakXKe TIOBBIMAT JKCIPECCHUI0 TaKWX HeWpocmenupuIHBIX MapKepOB, Kak
ACCOIIMMPOBAHHBI C MUKpOTpyOoukamu Oemok 2 (MAP2) u Gera-tyOymun III
kiaacca (Tuj-1) [Rashid et al.,, 2013]. Taxke ObUIO MMOKA3aHO, YTO CHHAIITAMM/I
oOparann HeraTuBHBIE (P (EKTHI dTaHOJIA HA HEUPOTCHHYIO TU(PEPEHITMPOBKY 3a
cUeT yBeMUYeHUs BbIpaOOTKH TAM®D U MOBBIIEHUS SKCIIPECCUN aICHIIIATIIUKIIA3,

YTHCTACMBIX 3TAHOJIOM, a TaKXKC HpOTHBOHeﬁCTByeT I/IHFI/I6I/Ipy10HI€My BJINSIHHIO

sTanoia Ha myTb cCAMP/PKA/CREB [Rashid, Kim, 2016].

Ocoboe BHHMMaHHE CTOUT YACIUTh MPOTUBOBOCHAIMUTENIbHBIM 3ddexTam
CHUHANTaMUJa U €ro BIUSHUIO HA MMMYyHHbIe KieTkh. OOpaborka kierok JIIIC
BBI3BIBACT  TMOBBIIIEHUE TMPOAYKIHUH MPOBOCHAIMUTENIBHBIX I[MTOKHHOB, a
cuHantaMu B 03¢ oT 1 HM 110 10 MM cHmkan BeipaboTKy IL-6 1 MOHOIIUTApHOTO
xemoTakcmueckoro Oenka-1  (MCP-1), B kimerounoir kymbType 3T3-L1
(amUmoOuHUTHI). NHrubuTopHbIit aHau3 noKasal, 4TO TAHHBII
IPOTUBOBOCHIATUTENBHBIA 3 (dekT Obul yacTuyHo omocpergoBaHn PPARy u CB2
[Watson, Kim, Das, 2019]. Kpome Toro, cuHanTaMu 3HAYUTEIIBHO MHTHOUPOBAI
npoBocnanuTenbHyto npoaykuutro NO u MCP-1 B crumynupoBanHbsix LPS
RAW264.7 u mnepuroHealbHbIx Makpodarax. OOpaboTka CHHANTaMUIOM HE
nonasisia aktuBanuio NF-kB unu IFN-f, kotopas acconmupoBana ¢ TLR3/TLR4
nyTsMH, a (HapMaKoJIOTUUECKOe HWHTHOMPOBAHUE IMIOKA3aJI0, YTO PELENTOpPbI
sHJ0KaHHAOMHOUAOB U PPARY BHOCSAT MHMHUManbHBIM BKJAJL CcHUxkeHue NO
[Meijerink et al., 2011; Watson, Kim, Das, 2019]. Takxe aHaIu3upOBAIOCH
BIIMSIHUE HA KJIETKM MUKPOIJIMM U ObUIO MOKa3aHO, YTO CHHANTAMUJ HE OKa3bIBaJl
nurotokcnueckoro neuicreusg B gozax  0.01-10 mxM. Ilpu npumeHeHnn
MaKCUMAJIbHOW KOHIEHTpAllUh yBelnuyuBanach 3kcnpeccuto CD206, mapkepa
POTHBOBOCTIAIMTEIbHON MuKkporiauu [Ponomarenko et al., 2021]. Kpome Ttoro,
nanHoe coenuuenne noaamisio JINIC-unmyuupoBannyro skcnpeccuto MPHK u
oenkoB TNF u IL-1B, a ucnonws3zoBanue antutren Kk GPR110 GroxupoBano 3tu
a¢(deKThl, a TakKe BbI3BaHHOE cHHanTamMuioM nosbimenne ntAM® [Park, Chen,
Kim, 2019]. Ha d¢one pneiicteus JIIIC cuHantamMmua TaKke oOpariat

MOp(l)OJ'IOFI/I‘IeCKI/IC HU3MCHCHUA MUKPOTJINH, YKA3bIBAIOIINEC HA aKTHUBAIUIO, CHUKAJI
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npoaykuuio A®K, NO u HUTpUTOB, mpoBOCHaiuTeNbHOrO IuTokMHA ILI1J,
AKCIPECCUI0 TPOBOCHATUTENBLHOTO Mapkepa Mmukporivu CD86, skcnpeccuto TNF-
a, INOS, IL-6 u CCL2, a uaru6urtopst AC u PKA curnamimnara otMmeHsiu 3O QeKxTo
cunantamuga [Park et al., 2016; Ponomarenko et al., 2021]. Cunantamun
yBEJIMUUBAJI BbIpAOOTKY aHTHOKcHaaHTHOTro ¢epmeHta COJl um BoccTaHaBiIMBal
AHTUOKCUJAHTHYI0 aKTUBHOCTb MHUKPOTJIMHU, KOTOpas 3HAYUTENBHO NAJAET IMpHU

nevicreum JITIC [Ponomarenko et al., 2021].

D¢ dexTsl cuHanTaMuIa TaKXKe JIEMOHCTPUPOBAIIUCH HA (POHE TTOBPEIKICHUS
B OKCIIEPUMEHTAIBHBIX MOJICIAX HA >KMBOTHBIX. [IpH JieueHWM CHHANTAMUIOM B
TedeHue 7 JHEH y KMBOTHBIX C TPaBMOM MO3ra yMEHbIIAIoch KojauyecTBo Iba-1-
MOJIOKUTEIIbHBIX KJIETOK, a Tak)Ke CHIKajlach dkcmpeccus Iba-1, yTo roBoput o
CHIDKEHUHM HEMPOBOCHAIICHUA. Takke, y MBbIIIEH, MOJYYaBIIMX CHHANTAMHU]
HaO0JII0/1aJI0Ch CHIKEHHUE YPOBHS ITPOBOCHATUTEIbHBIX UuTOKMHOB IL13 and IL6, a
TaK)K€ MapKep IMPOBOCHAIMTEIBHO aKTUBUpOBaHHOW Mukporiun CD86
[Ponomarenko et al., 2021]. V GPR110 HokayTHBIX MbIIIeli HE HAOIOAAIOChH
OIIOCPEIOBAHHOIO CHHANTAMHUIOM CHUKEHHUSI SKCIPECCHUU IMPOBOCIAIUTEIBHBIX
UUTOKAHOB, YTO TMO3BOJISIET MpeAnoyiaraTh y4acTHE [JaHHOIO pelenTopa B

MEXaHU3Me JIeHCTBUS.
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3. MATEPHUAJIBI U METO/bI
3.1. Conep:xanue, yxoj 3a ;KHBOTHbIMH

DKCIEepUMEHTHI, BHINOIHIEMbIE B paMKaxX JaHHOU paOOThI, MPOBOAWINCH Ha
OecriopoHBIX OeNbIX Kphicax. JKMBOTHBIE COACPIKATUCH B CTAHAAPTHBIX YCIOBHUSIX
BUBapusi C 12-4acOBBIM CBETOBBIM DPEXUMOM M IIOCTOSSHHOM TeMIepaTypou
(224+2°C). KpbIChl UMeNIM HEOTPAHUUCHHBIN JOCTYII K BOJIE U HIIE, CTAHAAPTHOMY
KOpPMY JIJI TPBI3YHOB. B 3aBUCHUMOCTH OT 3a/1a4u UCII0JIb30BAIIMCH UJTU CaMIIbl KPbIC
Bo3pacToM 3-4 mecana u macco 300-400 rpaMMOB WJIM HEOHATAJIbHBIE KPBICHI
BO3pacToM 3-7 mHEW. DKCHEPUMEHTHI B paMKax JaHHOW pabOThl ObUIM OJ00PEHBI
Komuccuu no perynupoBaHuio SKCIiepuMeEHTANBbHBIX nccienoBannii HUN ®dusnko-

xumudeckoit ouonorun umenu A.H.benozepckoro (mpotokon Ne3/19 ot 18 mapra

2019 r.).
3.2. MoaenupoBaHue MOBPeEKACHUS MOYCK

B cBsI3u C pa3nmuMyHONl 3THOJNOTHMENW OCTPOTrO MOYEYHOT'O MOBPEXKICHUS B
JaHHOM paboTe ObUIM MCIOJIb30BaHbl HECKOJIbKO MoAeneit OIIII, a umenHo Moaenu
SHAOTOKCUHEMHYECKOT0 U W/P-UHIyIIMpOBAaHHOTO MOBPEXICHUS, a TaKKe HOBas
AKCIEPUMEHTAJIbHAs  MOJZIeJIb  TMOYEYHOTO TMOBPEXKICHHUS, OCHOBaHHAs Ha

dboToTpoMO03€ COCY0B, pa3paboTaHHAs B paMKax JaHHOUN pabOTHI.
3.2.1. ®omompom603 nouku - Hoeasn IKcnepumenmanvras mooenv OINIT

B pamkax nanHoi paGoThl Obljia BIIEpBBIC pa3paboTaHa U OXapaKTepU30BaHA
HOBas HKCHEPUMEHTAIbHAsE MOJEIb MOYEYHOTO MOBPEKICHUS - UHAYLIMPOBAHHAs

(hOTOAKTUBUPOBAHHBIM TPOMOO30M COCYJIOB IMOYKH UIIIEMUSI.

DKCIEepUMEHTBI TPOBOJWINCh, Ha camIlaXx OeCHOpOAHBIX OENbIX KPhIC
Bo3pacToM 3-4 mecsia (N=62). Ilepen omeparueii KMBOTHBIX HAPKOTHU3UPOBAIH
BHYTpUOpIOIIMHHON (B/0) mHBeKIuen 6% pacTBopa xjopainruapara B jgoze 300
Mr/kr. Jlasiee B sS(peMHYI0 BEHY BBOAMIICS KpacuTelb benranbckuit po3osiii (3%) B
no3e 40 MI/Kr, KOHTPOJIBHBIM KUBOTHBIM MTPOBOMIIACH BHYTPUBEHHAS MHBEKIINS

¢dusnonornueckoro pacreopa [Labat-gest, Tomasi, 2013; Moisenovich et al., 2020].
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3aTeM KpbIChl MOMENIATMCh Ha HATPEThIH 0 37 rpaycoB KOBPUK JJIS MOAIEPKaHUS
MOCTOSIHHOM Temriepatypbl Tena. Jlamee BCkpbIBajach OpIOIIHAas TOJOCTh U
ocBoOOXkManack JieBass mouka. [locie 3Toro Haj HUKHEH YaCThIO JIEBOM MOYKH
pacnionaranu yazep (520 am, ~100 mW, guamerp jayda 3 MM) Ha pacCTOSIHUU OT
NOBEpXHOCTH 2 MM. Yepe3 5 MHUHYT mocjie UHBEKIMU beHrambckoro po3oBoro
OCBENIaJIM MOYKY JazepoM B TedeHue 10 munyT. [locie BBIKIIOYEHUS UCTOYHHMKA
3€JICHOTO CBETa 3alllMBalId OPIONIHYIO0 MoiocTh. Temmeparypa tema 37 + 0.5 °C
NoJJIep>KUBaiach C TMOMOIIBI0O HArpeBaeéMoro KOBpHMKAa Ha MPOTSHKEHUHM BcCel
oneparuu. OOpa3ipl Moyek mojaydain uepe3 24 4, 48 4 mocie MOACIUPOBAHUS
WIIEMUU TIOYEK, BBI3BAHHOM (HOTOTPOMOO30OM, [UIsl OIpeAeNeHHus o0bema
MoBpeXxieHus, Mopdosiornueckux nsmenenuit, mapkepon OIIIl B Tkanu moyku, a
TaKkke B Moue M chIBopoTKe. YUepe3 1 Mecsi oneHuBanu paszButhe (udposa,
BOCHAJICHUS, a Takke 00beM MoBpexaeHUs. YToObl BbI3BATh YBEIMUEHUE
(bOTOTPOMOOTHYECKOTO OYara, Mbl CJIEAOBAIM AHAJIOTUYHOMY MPOTOKOIY, HO
MCIIOJIb30BAJIM MCTOYHUK CBETA C OOJIBIIMM JUAaMETPOM ITydka (6 MM), a Takxke
IIPOBOAMIIM KOHTpaylaTepalibHyl0 Hepakromuto. Kparkas cxema sKcriepuMeHTa

MpEeJICTaBIICHA HA PUCYHKE 2.

- OueHKa »K1M3HecnoCcobHOCTY KNEeTOK
flpemHas BeHa OueHKa cocyMCTol NPOHMLIAEMOCTH

OnpegeneHune obbema
noBpexeHHOro ovara

5 MUH 244 nnn 484 Mopdonornyeckne
win 1 mecay N3MeHeHnA

Mapkepbi OIMM

OueHkKa pa3sutus ¢pnbposa

BHyTpuBeHHOe BBeaeHme OcBelleHne NoYKM nazepom
pacTtBopa beHranbckoro po3osoro B TeyeHuie 10 MUHYT

Puc. 2. Cxema sxcnepumenma no Mooeauposanuo pomompomoosa.
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3.2.2. Hwemusn/penepy3us nouku u mepanus CUHANMAMUOOM

DKCIIEpUMEHTATBHBIX JKABOTHBIX HApPKOTH3UPOBAIM U pa3Mellaid  Ha
MOJIOTPEBAEMOM KOBPHKE JUIs TOJJICPIKAHUS TMOCTOSHHON TEeMIIepaTyphl Tella BO
BpeMs ormepanuu. [lepenHior0 OprOMIHYIO CTEHKY OCBOOOXIAdu OT IIEPCTH
TPUMMEPOM WJIM HOXXHHIIAMH, TIOCJIC 4ero oO0padaThiBaJid aHTHUCENTUKOM. [lanee
JeNIaJId pa3pe3 KOXKU, MBI U (PUKCUPOBAIN Kpasi paHbl 3a)KUMaMH THUIIA MOCKHT.
[Tocne aTOro0 MpHCTYMAIH K BHIACICHHUIO JICBOM MOYKH, OCBOOOKICHUIO COCYAUCTOM
HOXKH TOYKH OT >KHpa W HAJOXKCHHIO MHUKPOCOCYAUCTOro 3akuMa. Ha Bpems
nepuoja unemun (40 MHHYT) yCTaHABIUBAIM KPbICAM PEKTAIBHBIC TEPMOJIATUNKH,
MOJIKJTFOUEHHBIC K MH(paKpacHBIM JIaMITaM, JUIS MOJJCPKaHUS TEMIEpaTyphl Ha
ypoBHe 37°C. llepen cHATHEM 3aXuMa MPOBOIWIA  HEPPIKTOMHUIO

KOHTpAJIATEPAJIbHON ITOYKH.

Yactp xxuBoTHBIX niepea /P monydana tepanuio cuHanTamuaoM. JlanHoe
BEIIECTBO ObLIO BBIICJICHO M3 JAIbHEBOCTOYHOTO KajbMapa Kak OMUCAHO paHee
[Latyshev, Ermolenko, Kasyanov, 2014; Tyrtyshnaia et al., 2021]. s moixydeHwus
CTaOMIIbHOW palbodeil HSMyJIbCHHM [JIi BBEJCHUS AJIMKBOTHI CHHAINTaMUJA
pasMOpakuBajid M Pa3BOAWUIIM C MCMHOJIb30BaHMEM Harperoud a0 37°C Boawl 1js
WHBEKIIMH, 0CJIE YEro MEPEMENINBAIIN C IIOMOIIBIO BOPTEKCA B TCUCHUE 5 MUHYT.
3a 5 nHeit no umeMur-penep@y3uu y Kpbic Opaiu MOYy U HAUMHAIIMA TTOJIKOKHOE
BBEJICHHE pacTBOpa cuHanTamuaa B 1o3e 10 mr/kr ogun pa3 B neHb. Kpome Toro,
CUHAINTaMUJ] BBOAWIN B JeHb omepanuu (3a 1 wac go U/P) u onun neHs mocine
onepaunu. JIM3aliH 5JKCIEPUMEHTAa MO OLECHKE BIWAHUSA CHUHANTAMHAA Ha

UIIEMUYECKH-PenepPy3nOHHOE MMOBPEKACHUE MpeicTaBieH Ha pucyHke 3 (N=50).
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Puc 3. Cxema sxcnepumenma mepanuu CUHANMAMUOOM 8 medeHue 7 OHell ¢
nposedenuem H/P na 5 Oenv npuema cunanmamuoa u 3a60pom Kposu, Modyu,

CbIBOPOMKLU, NOYEK U UX KIeMOYUHbIX CYCNEeH3Ull OJisl OAlIbHelue20 AHaIu3d
3.2.3. JIIIC-unoyuyuposannoe OIIIT

OupotokcuHemuyeckoe OIIIl monenvpoBanu myTeM BHYTPUOPHOUIMHHOTO
BBenenust ouumienHoro JIIIC E. coli mramma 0127:B8 (Sigma, CIHIA),
KOHTPOJIBHOM TpynIie BBOJAWIN CTEPUIIbHBIN (PU3HOJOrHYECKUil pacTBOp. PazHbiM
rpynmnam BBomwm JIIIC B mo3e 4 mr/kr, 2 MI/Kr, a TakKe MPOBOAMIA TEPATHIO
QHTUOMOTUKOM IeHTaMHUIIMHOM B j103€ 50 Mr/kr yepe3 cytku nocie JIIIC umu 150
mr/kr yepes 1 wac nmocie JITIC (n=60). Yepes 24 yaca wiu 48 yacoB 1OC/IC BBEICHUS
JITIC 3abupanu Movy, KpOBb, MOYKHU sl aHanu3a Ha mapkepbl OIIII, kierounow

nposrdepalny U akTUBAIIMHU alloNTo3a.
3.3. Kiimunueckue JaHHbLIE MAIMEHTOB.

B Teuenue 3 net y 44 HOBOPOKACHHBIX NALIUEHTOB OTAECIEHUS HEOHATATBHOMN
xupyprun  HanumoHalbHOTO ~ MEIUIIMHCKOTO  HcclieqoBarenbekoro  Ilentpa
aKyIIEepCTBA, TMHEKOJIOTUM U NEpUHATOJIOTMH nMeHH akanemuka B.M. Kynakosa
ObUTM coOpaHbl OOpasilbl MOYM U KPOBH JUIs aHaiu3a. B JlaHHOE HccienoBaHue

BOIIUTM TMAIlMEHTHI O0OMX IIOJIOB B BO3pacTte OT pOXICHHS 10 1 Mecsna,
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MPOXOJMBIIKE JICUCHHUE TIOCJIE€ BOCCTAHOBJIICHUS BPOXKIACHHBIX JIE(PEKTOB
BHYTPCHHUX OpraHoB. Bo Bpems aHTHOAKTepUaIbHOM Tepamuu HOBOPOXKICHHBIC
MOJIy4aJid aMOKCHUIIWJIJIMH B KOMOMHAIIMU C KJIaBYJAHOBOM KHCIIOTOUW (B (opme
AMoxkcukinaBa®) mo 30 MI/Kr/cyT, TEHTAMUIIMHOM 5-7,5 MI/KT/CyT, BAHKOMHUITHHOM
20-30 mr/kr/cyT, negenumom 100 mr/kr/cyt, nuHe3onuaoM (B hpopme Zyvox®) 0,2
% 30 mr/kr/cyt, MmeponieHeM 60 MI/KI/CyT, HETHIIMHIMH (BEpO-HETHJIMHUILIUH) 6
MT/KT/CyT, aMIUIIWUIMH B KOMOMHAITMHU C cyJb0akTamoM (B ¢opme Ammucuaa®)
75-150 mr/kr/cyt, metponuaazon 0,5 % 15 mr/kr/cyt, nedonepazoH B KOMOMHAIINH
¢ cyapbbaktamoM o 100 MI/Kr/cyT, UMUIIEHEM B KOMOWHAILIMK C ITUJIACTaTUHOM (B
dbopme Tuenama®) no 60 MrI/Kr/cyT wid aMUKalMHOM 10 15 Mr/kr/cyt. bbLio
MOJIy4eHO MH(GOPMHUPOBAHHOE COIJIaCHe€ pOJUTENIeH BCeX IMAallMeHTOB Ha
HCCJICIOBaHUE, KOTOpPOE OBLIO OJOOPEHO HAYYHO-HCCICIOBATEIIBCKUM COBETOM
Ilentpa B cootrBercTBUM ¢ 3akoHoM  Poccuiickoii  @enepamuu  "O
3npaBooxpaHeHun". KiimHuyeckuii aHainu3 MOYd, OMOXMMHUYECKHE aHaJTU3bl KPOBU
U Jpyrue aHaIu3bl MPOBOAWINCH HEOHATOJIOTAMH Kaxible 1-2 MHS I OICHKU
COCTOSIHUS 37I0POBBSI MALIMEHTOB U KOPPEKIUU JIeueHUs aHTUOMOTHKaMu. OOpasIibl
MO4YH JiJis BecTepH-00TTHHTa U UDA cobupanuch B JUHAMUKE KaxKble 3-5 nHeH
Ha MPOTSHKEHUH BCETO TMEpHUOojia TOCTIUTANU3AINK TAIMEHTOB. Y BCEX MAaI[MEHTOB
€XKEeJHEBHO KOHTpOJIUpoOBaiach Ttemmeparypa tena. OneHky GyHKIUH TTOYKH

MIPOBOIMIIN 110 YPOBHIO MOUEBHHBI B CHIBOPOTKE KpoBU mim ypoBHIO NGAL B Moye.
3.4. Inarnoctuka OIIII

Juarnoctuky OIIIl mpoBogunm ¢ KCNOIB30BaHUEM MapKEpPOB IMOYEYHOU
muchyHKkuuu U noBpexaeHus. Yepes cyrku nocine W/P, Beenenus JIIC wnum
doToTpomb03a y kpbic cobupanu mouy s oieHKH UNGAL unu uKIM-1 metonom
BecTepH OsoTTuHra. Yepes 2 cyTok mociie moBpekACHHsI KpOBb OTOMPAIIU U3 COHHOM
apTepHH, OCTABIISIIM HA 15 MUHYT HA KOMHATHOM TeMriepaType sl pOPpMUPOBAHUS
crycTka, mociie dero neHtpudyrupoBamu npu S000 rpm B Teuenue 10 MHHYT,
oTOMpai ChIBOPOTKY JUIsl aHanu3a Ha aHanm3arope AU480 (Beckman Coulter,

CIIA). Kpome Toro, uepe3 2 cyrok nocne W/P umm Beepenus JIIIC, a Takxke y
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MHTAKTHBIX JKMBOTHBIX 3abupanu oOpas3ipl MOYEK IS MOCIEAYIOLIEro BECTepH

OJsIoTTHHTA.
3.5. Muxkpo-KT

Jnsa nposenenus mukpo-KT-ananuza xpeicaM TpaHCKAapAWaIbHO BBOIWIIN
100 mn docdarno-coneBoro Oydepa (PBS), a 3arem 100 mn 4 %-noro
3a0y(epeHHOro pacTBOpa CBEKEIPUTOTOBICHHOIO mapadopMaibaeruaa. Jlepyro
MOYKY yAaJIsiau u pukcupoBaiu B 4 % pacTBope napadopmanbieriuaa B reueHue 24
y. Ilocme »storo oOpa3ubl O00€3BOKHMBAIM UM OKpallMBad MOAOM  JUIs
KOHTPAaCTUPOBAHMS BCEM MOYKU. JTa MpoLEeaypa BKIOYala JIETUAPATALHIO B
rpagyupoBanHoM dtaHone (50 %, 70 %, 80 %, 90 %, 96 %, 100 % no o0vemy) B
tedeHue 1 yaca g kaxaoro stana. [locne neruapartanmuu oOpa3iupsl MHKyOHpOBaIn
B a0COII0THOM 3TaHoie ¢ 1 %-HbIM copepxaHueM ioaa B Teuenue 30 4, mpoMbIBaIA

U XpaHWIH B a0COIIOTHOM dTaHoJIe pu Temmeparype 5°C.

JUis  monydyeHUsT TPEXMEpHBIX H300paKEHUl MOYeK HCIOJIb30BaIH
71a00paTOpHBI MUKpPO-KOMITbIOTEpHBIA TOMOrpad Bruker Skyscan 1276 (Bruker,
benbrust). OOpasibl CKaHUPOBAJIM C BOKCEJIbHBIM pazpemieHueM 8-10 MKM mpu
HanpsokeHun 90 kB w momHoctn ucrounuka 200 MKA W OpUMEHSUIH
anmomMuHueBo-MeHbI GuabTp (AlCu). Bee oOpasiibl ObUTH OTCKaHUPOBAHBI U
PEKOHCTpYHUpOBaHbI B MporpamMmmHoM obecrieueHuu NRecon (Bruker, benbsrus) ¢
olvHaKoBbIMM mapamerpamu. [lomyuyennsie Mukpo-KT-uzo0Opaxenuss Obuin
poaHaau3upoBanbl B nporpamMmmHoM obecrieuennn ORS Dragonfly 2021.3 (ORS
inc, Kanazga) Tpemsi cmocobamu: AByX- U TpEXMEpHasi BU3yaiu3alus, pacuer oobemMa
NOYKM M oyara MOpa)KeHHs, a TAaKKe aHaJIM3 CEepOro ILBeTa Pa3IuYHbIX YacTeil

oprasa.
3.6. TecT HA JKU3HECIIOCOOHOCTD KJIETOK

Odar moBpeXACHUS BU3YAITH3UPOBAIM IyTEM OKpAIIMBAHUS IEJIOW MOYKHU
1%-wpiMm  xJopucteiM  2,3,5-tpudenmn-2H-terpazonuit  xmopugom  (TTC),
pasBeneHubM Ha cpeae DMEM (Dulbecco's Modified Eagle Medium), B Teuenue

20 munyT npu KomMHaTHOM Temreparype. becuetnbiii TTC BoccTaHaBmuBaeTcsl B

54



KMBBIX KIJIETKAaX 10 KpacHOro ¢opmasaHa, a MEpPTBbIe TKaHH OCTAIOTCS
HeokpaieHHbIMU. [lociie MHKYOaIluu ¢ KpacUTeIeM IMOYKH OTMBIBAIM B CPEIC
DMEM u ¢ororpaduporanu [Benedek et al., 2006]. OueHky npoBo v BU3YaIbHO

B KOHTpOJIE, a TaKXke uepe3 24 u 48 4 mociie MHAYKIUU (OTOTPOMOO3a MTOYKH.
3.7. OueHkKa NPOHNUIIAEMOCTH COCY/I0B

[IponuiaeMoCcTh COCYI0B OLICHUBAIM IO TPOHUKHOBEHUIO KpacHuTels JBaHca
CUHETO U3 KPOBOTOKA B TKaHb MOYKH. [[71s1 3TOTO Kphicam uepes 24 wim 48 4 mocie
doTorpomb03a BBOsMIICS DBaHC cunui (0,5%), yepe3 30 MUHYT MOCIE UHBEKIUU
MPOBOAWIN TpPaHCKapAUaIbHYIO0 TMepdy3uto KUBOTHOTO (ochaTHO-COIEBBIM
OydepoM 117151 BEBIMBIBAaHHS KPACHTEIIS, M3BJICKAINA TTOYKY M MIPOBOIMIIN BU3YATbHYIO

OIICHKY TOSIBJICHHS DBaHCa CUHETO B 30HE o4ara moBPEKICHUS
3.8. 'ncrosiornueckue uccjae10BaHuA

[Touku, ¢pukcupoBaHHbIe B TapagopMaibierujie, ObLIN 3aUThl B MapaduH,
nocJjie 4ero ObUTM M3TOTOBJIEHBI CpPe3bl HA MHUKpOTOME. TOoJIMHAa MOTyYeHHBIX

CpE30B cocTaBisiaa 0KoJIo 4 MkM. J/lanee mpoBOAMIICS P OKPALIMBAHUM:

1) T'emarokcwiun u 303uH (H&E) Britouan MHKyOaluio B reMaTOKCHUIIMHE B
TE€YeHUe 5 MUHYT, TOMBIBKY B MIPOTOYHOU BOJIE (5 MUHYT) U OKpallliBaHUE B

1% pactBope r03uHa B B Teuenue 10 MuHyT.

2) Martius yellow-brilliant crystal scarlet-methyl blue (MSB) okpamiBanue
TpeboBano MHKyOamu aenapauHU3UPOBAaHHBIX CPe30B B cMecu bysHa mpu
56 °C B teueHnne |1 yaca. 3aTem cpe3bl OKpallMBald F€MAaTOKCHIMHOM IO
Beiirepty (5 MUHYT), IpoMBbIBaJIA B MPOTOYHOU Boje, oOpadaTeiBasin 95%
sTaHoyioM, okpammBain B 0.5% pactBop Maptuyca xentoro (2 MUHYTHI),
MPOMBIBAIN JAUCTUUIMPOBAHHOW BOJIOM, OKpammBaiu B 1% pacTtBope
OpUJUTMAHTOBOIO KPHUCTALIMYECKOTo KpacHoro (10 MuHYT), mpoMbIBaIu
JTUCTUJUTMPOBAaHHOW BojaoW, obOpabateiBamu 1% pactBopom dochopHO-

BOIH(GPAMOBOM  KHCIOTHI  JIUII  BBIMBIBAaHHS  KPAacHOTO I[BETa W3
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3)

4)

5)

6)

MEPUBACKYJISIPHOTO IPOCTPAHCTBA, TPOMBIBAIIM B BOJI€, OKpamuBaiu B 0.5%

pacTBOpPE METHIIEHOBOI'O CUHETO U MMPOMBIBAIM B 1% yKCYCHOH KUCIIOTE.

IMK-peaknus BkiIroyana okuciieHne cpe3oB 0.5% nepiioTHON KUCIOTON B
TeYeHHe 5 MUHYT, OKpacky peaktuBoM llludda m mokpammsanue suep

I'EcMaTOKCHUIIMHOM.

OxpamvBanue Ha peTukylIuH (o I'opnoHy-CBuUTy) HpOBOAMIOCH Ha
nenapaUHUPOBAHHBIX Cpe3ax, KOTopble MHKyOupoBamu B 1% pactBope
[IEPMaHIaHATa Kajus B TEYEHUE 5 MUHYT, IPOMBIBAJIM B IIPOTOYHOM BOJE,
MHKyOupoBasid B 1% pacTBOpe IIaBeNeBOM KHCIOThI, CHOBA MPOMBIBAIIA B
MPOTOYHOW BOJE€ M MHKYOMpoBanu B 2.5% pacTBOpE KEJIE3HBIX KBACLIOB B
teueHue 30 munyT. Ilocne nocnennelr 06pabOTKU Cpe3bl MPOMBIBAIN B TPEX
MOpUMSIX AUCTHILUIMPOBAHHOW BOJbI, Nomemanu B Oanky Korumna c
pacTBOpOM aMMOHHHHOTO cepeOpa Ha 13 cekyHn, ObICTpO IpPOMBIBAJIN B
JUCTUIUIMPOBAaHHOW Boae M BoccTaHaBiuBaiu B 10% BogHOM pacTtBOpe
(¢opmanvHa B TeueHue 2 MUHYT. [lociie mpoMBbIBKY B MPOTOYHOM BOJIE CPE3BI

oOpabatbiBasii 5% pacTBOPOM THOCYJIb(aTa HATPUsI B TEUCHUE 3 MUHYT.

[Tepen okpammBanueM 1o MaccoHy cpe3bl OKpallliBaIk FTeMaTOKCHUJIMHOM 10
Beiirepty B TeueHue 5 MUHYT. 3aT€M MPOMBITHIE CpPe3bl OKpalIMBaJIN B
pacTBope KpacHbix kpacuteneid (10 MuHyT), OBICTPO MPOMBIBAIA BOIOM,
obpabateiBanu 1% pactBopom pochomonndIeHOBON KUCIOTHI B TeUeHHE (5

MUHYT) U OKpamuBaiu 2% pacTBOPOM aHWUJIMHA CUHETO (5 MUHYT).

[lepen  okpammBaHWeM  THUKPO-TIOJMXPOM  Cpe3bl  OKpAIIUBAIH
reMaTOKCUJIMHOM 10 Belrepry B TeueHHne 5 MUHYT. 3aTE€M IPOMBITBIE CPE3bI
okpatmuBaiy B 0.25% BOJHOM pacTBOpE METAHUIIOBOTO JKEJITOrO B TEYEHUE 2
MUHYT, nauddepeHpoBai B TOIKUCICHHOW BOJE, MPOMBIBATH B
JTUCTWUTMPOBAaHHOW BojJie, oOOpaOaTeiBasin KapOoHnatom swmtus. Jlamee
clieloBajla  OKpacka pPacTBOpPEe  MUKPO-TIOJIMXPOMOMA,  COJEpKalleM

METHUJICHOBBIA CHUHUW, KHUCIBIA (YKCHUH, TTUUEPUH M KapOOHAT JMTHS, B
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TE€YeHUE 2 MHUHYT, a 3aTeM Jepxaiu B 1% yKCyCHOI KHCIOTE B TE€UECHHE 2

MHHYT.

7) Meron o Koccy 3akirouancs B MHKyOamuu cpe3oB B 3% pacTBope HUTparta
cepebpa npu pKoM cBete, hukcaru B 5% pacTtBope THOCYyIb(aTa HATPUS U

OKpallInBaHUHU AOCPHBIM KPACHBIM.

Bce okparernbie cpe3bl ASTHAPATUPOBAIH B CIIUPTAX, OYUIIATN B KCHJIOJC
¥ 3aKJII0YalId MX T0J] MMOKpoBHOE crekiio [Luna, 1992; Suvarna, Layton, Bancroft,
2012]. OkparieHHbIC Cpe3bl OYCK paccCMaTpUBAId HA MUKpOcKome Axio Scope Al
(Carl Zeiss, I'epmanus) ¢ xkamepoit MRc.5 (Carl Zeiss, I'epmanust), mpoBoauiv
CHEMKY CPE30B MOUYEK M OTTUCHIBAIA MOP(OTIOTHICCKAE H3MEHEHUS, TIPOUCXOISATITIE

B 04arc MmoBpCKKACHUA N OKPYKAIOIINX TKAaHAX.

3.9. UmmyHorucrodayopecuentHoe okpamnpanue (UI'®)

[lepen mnpoBeneHHEM HMMYHOQIYOPECLIEHTHOIO OKpAIIMBAHUS CPE3bI
nenapaUHU3UPOBAIA M THAPATUPOBAIM 4YEpe3 TIpaAyMpPOBAHHBIE KCHIIOJIBI U
ATaHOJI. [[1s1 BOCCTAHOBJIEHUS! aHTUTEHOB CPE3bl MOMENIAIN B CTakaH ¢ Oypepom
Tris-EDTA (20 MM Tris Base, 1 MM EDTA, 0.1% Tween 20, pH 8.0) u
uHKyOupoBasin nipu 95 °C B Tedenne 20 MUHYT. 3aTe€M Cpe3bl OXJIAXKIAIH IO
temriepatypel 60 °C. Ilepmeabmnmzanuio W OJOKUPOBKY TPOBOJIWIN C
ucnosibzoBanueM 0.1% Triton X-100 u 1% Obr4bero CHIBOPOTOYHOTO aTLOyYMHUHA B
PBS mpu komMHartHOW Temmeparype B TeueHue 30 MuUHYT. 3aTeM Cpe3bl
WHKYOUpoBasiM B TeueHue Houu nipu 4 °C ¢ mepBUYHBIMH AHTUTEIIAMHU MIPOTUB [3-
aktuHa (A2228, Sigma, CHIA), wmonekynsl mnoBpexnaeHus mouek (KIM-1)
(MAA785Ra21, Cloud Clone Corp., KHP) unu antureHa mnpoiaudepupyrommx
kietok (PCNA) (13110, Cell Signaling, CIIIA). B cityyae 1BoitHOT0 OKpalivBaHus
MHKYOAIMIO C IEPBUYHBIMU aHTUTEJIAMU MPOBOAMIIA OJJHOBPEMEHHO. 3aTE€M CpPe3bl
nmpoMbiBasii 3 paza mo 5 muHyT B PBS u mHkyOupoBasu B Teuenue 1 daca c
BTOPDUYHBIMU aHTHUTEJIaMU: KOHbiorupoBaHHbiIMU ¢ FITC ko3puMu aHTHU-
mbimrHbIME aHTUTeNamMu (115-095-146, Jackson ImmunoResearch Laboratories

Inc., Benmukobpurtanus), konbtorupoBanHbiMU ¢ FITC k03bMMH aHTH-KPOJIMYBUMU
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aaturenamu  (111-095-003, Jackson ImmunoResearch Laboratories Inc.,
BenmukoOputanus), koHblorupoBaHHbiMH ¢ AlexaFluor 568 ko3puMu aHTH-
MbluHbIMUA - aHTUTeaMu  (A-11031, Thermo Fisher Scientific, CIIA),
KoHbIOrHpoBaHHBIMU ¢ AlexaFluor 568 k03bMMU aHTH-KPOJIMYBUMHU aHTUTEIAMU
(A-11036, Thermo Fisher Scientific, CIIIA). Cpe3bl npomMbIiBaiu 3 pasza 1o S MUHYT
B PBS, no6asmnsiu cpeny 3akmouenust Fluoroshield (Sigma, CILIA), nakpbiBaau
MOKPOBHBIM CTEKJIOM M HCCIIEJIOBAIM HAa WMHBEPTUPOBAHHOM KOH(OKaIHLHOM
mukpockorie LSM900 (Carl Zeiss, I'epmanus). KonuuecTBeHHBIH aHaIH3
KOH(OKaIbHBIX H300paXKeHUI MPOBOJIWICS C HCHOJIB30BAaHHWEM MPOTPAMMBI C
OTKpPBITBIM HCXOIHbIM KogoM Fiji/lmage] (Bepcus 2.9.0). ns nmouku kaxaou
KpPBICBI OBLJIO CHATO 3-S5 TmoOJedl 3peHHs; [aHHbIe aHalu3a W300paKeHUun
mpencTaBieHbl Ha Tpadukax A BCeX TOJEH 3peHust BCeX KpbIC B
AKCIIEpUMEHTaNbHOM Tpynne. KonnuecTBeHHas olieHka B ciydae mapkepa KIM-1
3aKII0YaIach B MU3MEPEHUHM CpEHEH HHTEHCHUBHOCTH (PIIyOPECUECHIIMH KaXKJI0TO
OJIs1 3peHus cpe3a. Takke Mbl TOACYUTHIBAIN KOJIMYECTBO PCNA -TI010KUTENBHBIX
KJIETOK, HOPMUPOBAHHOE Ha 00Illee KOJMYECTBO S/IEP, OLEHEHHOE C IOMOIIbBIO

okpammBanusi DAPI, nis kaxaoro noJsis 3peHus.

st UMMYHOOKpAaIIMBaHHUS 1o NEPOKCUAAZHOMY METOY
nenapaUHUPOBAHHbIE W JETUAPATUPOBAHHBIE Cpe3bl, (UKCHPOBAHHBIE B
napadopMainberuie, oOpabatbIBau I XuuTpaTHBEIM oydepom TUISt
neMackupoBanusi aHTUreHoB (pH 6.0) B reuenne 10 munyT npu remnepatype 95 °C
1 oxjaxnaanu B teueHue 30 MuHyT. J(aibHENIIME dTAlbl BKIFOYAIHA 3 TPOMBIBKU B
JTUCTUJUTUPOBAHHON Boje, MHKyOamuio B 3% pacTBope NEpPEeKUCH BOAOpPOAA B
tedyeHue 10 muHyT M npombiBaii B PBS B Teuenue 5 MuHyT. BiokupoBKy
IPOBOJWIIM C UCIHOJIb30BaHUEM 1 % OBIYBEro CHIBOPOTOYHOTO abOymuHa B PBS
Py KOMHATHOM TeMriepaType B TeueHrne 30 MUHYT. 3aTeM Cpe3bl HHKYOHPOBAIH C
100 wmxa1 mepBuuHbIXx aHtuTrea npotuB  CD163  (abl182422, Abcam,
BenukoOpuranusi) ¥ mpoTHB akTHBHUpoBaHHOW kacmasbl-3 (9664, Cell Signaling,

CIIA), passemennbix 1:250 B pactBOope misi pa3Benenust aHtuten (Ne8112,
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SignalStain, CIIIA) B reuenue nHoun npu 4 °C. Ilocie nHKyOauu cpe3bl MPOMbBIBAIH
B PBS Tpu paza no 5 munyt, 1o6asnsuin peareHT st ycuiieHus curiana (HRP,
Rabbit, Ne8114, SignalStain®, CIIIA) u uakyOupoBaiu BO BIAKHOW Kamepe Mpu
KOMHATHOU TeMIieparype B TeueHue 30 MUHYT. 3aTeM cpe3bl 00padaThIBaId CMECHIO
KoHIleHTpaTa xpoMorena DAB u paz6aBurens DAB (SignalStain, CIIIA) B Teuenue
10 munyT. OKpalieHHble cpe3bl IPOMBIBAIM B BOJIE, OKPALINBAIA T€MAaTOKCUIMHOM
B TEUEHUE 5 MUHYT, AeruapaTupoBaiu 2 pas3a B 95 % staHoiie, 2 pa3a B KCUIJIOJE U
3aKJIIOYa M TOJ IMOKPOBHOE CTeksio. OKpallleHHbIE Cpe3bl NMOYEK HaOJoNaIu ¢

HCIIOJIb30BaHuEeM MHKpocKkoma Axio Scope Al ¢ kamepoit MRc5 [Brezgunova et al.,

2023].

3.10. 3a60p o0pa3uoB AJs1 3JeKTpodope3a U BeCTEPH-0JIOTTHHTA.

Y HOBOpPOXIEHHBIX M B3pOCIBIX KpbIC 0Opa3lpl MOYM coOupamu
NPYKU3HEHHO HEMOCPEICTBEHHO B MPOOUPKY, BHICAXKMBAHUEM B METALTUYECKUN
NOJJIOH WM 3a0upalii C TOMOINBIO IINpPHIIA W3 MOYEBOIO MY3bIPS MOCHE
nekanutanuu. K otoOpaHHbIM mpoOaM noOaBisuii ImM uHruburtopa mpoteas
PMSF, BoprekcupoBanu. Yacte 00pasiia oroupaiu u 700aBIsiid paBHBIN 00beM 2-
KpatHoro Oydepa st o6pasuoB (SB), kundarunu npoObl B TBEPAOTEIBHOM

TepmocTate rpu 99°C, nociie yero 3aMmopaxxMBaiu.

KpoBb 0TOMpanu u3 COHHON apTepuu y B3POCIBIX KPHIC M TOTAJIBHO MOCTE
JNEKAlUTAlll Y HOBOPOXKICHHBIX KPbIC U OCTaBIISUIM Ha 15 MUHYT HA KOMHATHOMU
Temriepatype uisi GOpMHUPOBAHUS CTYCTKA, MOCIE YEero HMEeHTPUyrupoBaiv Mpu

3000 g B Teuenue 10 MUHYT, OTOMpaNIH CHIBOPOTKY JUISl aHAJIA3A U 3aMOPAKUBAJIH.

["'omorenun3anuo nNoyek NPOBOAWIIN C TOMOIIBIO PYYHOIO TOMOTE€HU3aTOpa B
1 Mn PBS c¢ noGaBnenmem 1 MM wunrubmropa mpotrea3 PMSF s mouex
HOBOPOXKJIECHHBIX KpbIC U B 5 M PBS + PMSF it mouek B3pocCibIX KpbIC, MOCIIE
4ero HeHTpudyrupoBain noirydeHusiii romoreHat 1000 g 3 munyTsl npu +4°C s
yaajgeHuss ~ KpymHbIX  ¢parmMeHToB  TKaHu.  OOpasoBaBUIMiics  moOcIie
HEHTPU(PYTUPOBAHUS CYTIEPHATAHT OTOMPATHU JIJIs1 U3MEPEHUSI KOHIIEHTpALMK OeJIKa

C MOMOIIBI0 Habopa ¢ OuIMHXOHMHOBOU KucioTon (SigmaAldrich, USA) u s
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MIPUTOTOBJICHUS 00pa3LoB s AnekTpodopesa no JIsmmiu, Ay uero oroupanu 300
MKJI CyllepHaTaHTa, J00aBIsIM K HUM 4-KpaTHbld SB 1 HarpeBaiau 5 MUHYT NpU

99°C, nocine yero 3aMOpakKuBalu.
3.11. lloaroroBka Mpod K MPOBeAEHNIO dJIeKTPodope3a.

OO6pasiel MOuH, CMENIaHHbIe ¢ 2-KpaTHBIM SB, kunstunu 5 munyt nipu 99°C,
noce vero nentpudyrupoaan 10000 g 3 MUHYTHI 171 yAaJICHUS HEPACTBOPUMBIX
arperatoB Oenka. J[is mpoBeneHus anekTpodopesa B MOMMAKPUIAMHUIHBIN Telb

HAHOCHJIM HaHOCHIIM 110 20 MKJI KaxxXJ101o 06pa3ua MOYH.

ChIBOPOTKY ISl aHAIM3a METOJIOM BeCTepH-OJIoTTHHTA pa3Boauivd B PBS B
70 pa3, nodasnsuin 4-kpatHsiid Oydpep SB u kunstunu 5 munyt nipu 99°C. Ilocne
kursiaeHust neHTpudyrupoaiu oopasusl 10000 g 3 MuHyTHI, Ha Ope3 HAHOCUIIH

o 5 MKJI KaJI0ro o0pasiia.

I'omorenaTtsl mouek, yke€ cMelaHHble ¢ 4-kpaTHeiM SB, pasBoaninum 1-
KpaTHbIM SB 110 KoHUeHTpauuu obmero Oenka, paBHoit 2 wmr/miu. Ilepen
anekTpodopezoM obpasibl neHTpudyruposau npu 10000xXg B TeueHue S MUH U
HaHOcunu Ha 15% mnonMakpuiaaMUIIHBIA Te€lib, NPUTOTOBICHHBIM ¢ Tpuc u
riiuHOM. [ anextpodopesa HaHocunu 1o 10 MKr Oesnka Ha TOPOXKKY B Ciiyyae
oOpa3ioB noyek. B kauecTBe MmapkepoB Ha (hope3 HAHOCUIIM OMOTUHWIMPOBAHHBIE

mapkepsl (Cell Signaling Technology, USA)
3.12. BecrepH-0JIOTTHHT

[locne  mpoBenmeHust  anekTpodope3a  OCYWIECTBISUIA  TMOIYCYXOM
AJIEKTpOINepeHOC Ha MeMOpany u3 nosmBuHWIMAeHPTOpUaa (Amersham Pharmacia
Biotech, UK) npu cune toka 1A B Teuenune 30 mun (Trans Blot Turbo, BioRad,
CLIA). [ns npenoTBpalieHHEe HeCeUU(PUUECKOTO CBS3bIBAHUS ~ aHTHUTEN
0JIOKMpOBaJIM MeMOpaHbl B TeueHHE | 4 Mpu KOMHATHOM Temriiepatype B 5%

00€3>KUPEHHOM CyXOM MOJIOKe, TpurotoBieHHoM Ha PBS ¢ mob6asnenuem 0,05%

Tween-20 (PBST).
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B moue gerextupoBanu nosiBnenue npu OIIIl 6enkoB NGAL u KIM-1 c
nomombio crienupuueckux antuten (NGAL - ab63929, Abcam, CIIA, KIM-1 -
MAA785Ra21, Cloud-Clone Corp., USA). B chIBOpOTKE aHATU3UPOBAIHA YPOBCHb
Mmapkepa nuctatut C (ab109508, Abcam, CIIIA). B roMmorenarax mo4ku oreHUBaIA
npoaudepaTUBHYIO aKTUBHOCTH KJIETOK 1o ypoBHIO Oeinka PCNA (sc-7907, Santa
Cruz, CIIIA), w aKkTHBaMIO amomNTO3a IO COACPNKAHHUIO PACIICTITICHHON
(axkTuBUpoBanHOW) Kacmas3wl-3 (9661, Cell signaling technology, CIIA), TNF-a
(ab66579, Abcam, CIIIA) u IL-6 (SAB5700632, Sigma, CIIIA).

[locne On0KkuMpOBKM MeMOpaHbl 2 pa3za oTMbIBaii MemOpansl B PBST u
MIPOBOJINJIN MHKYOAIIMIO C IEPBUYHBIMU aHTUTENAaMH, pa3BeaeHHbIMU Ha 0,1% BCA
B PBST B Teuenue nouu npu +4°C. Ha cnenyrommii JeHb OpOBOJINUIN OTMBIBKU OT
MEPBUYHBIX AHTHTEN W TPOBOJIWIM WHKYOAIlMI0O CO BTOPHUYHBIMU AHTHTEIIAMH,
KOHBIOTHPOBaHHBIMU ¢ Tiepokcuaazont xpeHa (P-GAR Iss unu P-GAM Iss, IMTEK,
Poccus), B pazBenenun 1:5000 B PBST. [Ins nposiBKM MapKEepOB MOJIEKYJISPHBIX
BECOB MHCHOJB30BAJIM AHTUTENA MPOTHUB OWOTHHA, KOHBIOTHPOBAHHBIE C
nepokcunazoit  xpena (7075, Cell signaling technology, CIIIA). Ilomocsr
JIETEKTUPOBAJIM C MOMOIIBbIO XEMUIIOMUHECIIEHTHOTO cyOcTpaTra Advansta Western
Bright ECL (Advansta, CIIIA). JleTekiuio cHUTrHajga MPOBOAUIM C IOMOIIBIO
npubopa ChemiDoc MP ImagingSystem (Bio-Rad, CIIIA), mocne uero

M300paKeHUs aHATU3UPOBAJIU € TOMOIIBIO0 porpamMbl Imagelab unu Image).
3.13. IIporouHasi HUTOPIyOPUMETPHSI U COPTHHT KJIETOK.

JIJIsl IPUTOTOBNICHMSI CYCIICH3MHM KJIETOK M3 TMOYEK KOHTPOJBHBIX KPBIC, a
Takke uepe3 2 cyrok mocie W/P wim W/P u BBeneHHMs cuHANTaMujaa IOYKa
BBIJICIISUIACh, AKKypaTHO Hape3ajach CKaJblleJleM Ha HeOOJbIINe KYCOYKH Ha
crekie. [TomydeHHbIC KYCOYKH MMOYKHA TIOMEIIAIUCH B CIICIUATbHBIC KaMEPhI IS
Jie3arrperaiuy TkaHel, mpomyckanack udepe3 MediMachine (BD, CIIA), B
pe3ynbTaTe yero Oblia MojyuyeHa CyCreH3usl KiIeTok. J[Jis n36aBieHust OT KpyImHBIX
HEU3MEJIbYEHHBIX (PParMeHTOB, CYCIEH3Hs IpoITycKagack yepe3 Guibtp 40 MKM.

I[JIH OKpallrBaHUA KJIETOUYHOU IMOBCPXHOCTHU HCIIOJIb30BAJIMCh MOHOKJIOHAJIBHBIC
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antutena antu-CD11b/c-PE (Miltenyi Biotec, 'epmanms). s 3TOro KieTku
WHKYOMpOBaNM C aHTUTeNnaMu mnpu Temmeparype +4°C B Teuenue 20 MHUHYT,
npombiBaiu B PBS u ananusupoBanu Ha kierounom coptepe FACSAria SORP (BD
Biosciences, CIIIA). Jlms aHanm3a JaHHBIX HCIIOIB30BAJIOCH IPOTPAMMHOE
obecnieuenue Diva (BD Biosciences, CIIIA). CDI11b/c-nonoxuTenbHble KIETKA
COPTUPOBAJIM C HCHOJb30BaHHeM kietoyHoro coprepa FACSAria SORP (BD
Biosciences, CIIA) c¢ wucnonp3oBaHueM coria guamerpom 70 MKM U

COOTBETCTBYIOIIMX MApaMETPOB JIaBJICHUS.
3.14. IIIP B peasibHOM BpeMeHH ¢ o0paTHoii Tpanckpunuuei (OT-IILP)

Just  kommyectBeHHod I[P B peanmbHOM BpemMeHM C  0OpaTHOMN
TpaHCKpuUIuued ObUTM coOpaHbl 0Opa3lpl MOYEK M KPOBHU, a Takke (paxuus

CD11b/c*, momydenHasi ¢ MOMOIIBIO COPTHHTA.

TkaHp MOYKM TOMOTE€HU3UPOBAIU B COOTBETCTBYIOIIEM OOBEME peareHTa
Trizol (Thermo Fisher Scientific Inc., Invitrogen, CIIIA) ¢ wucnoigb30BaHHEM
romorenuzaropa Ilotrepa. Ilocine BbieneHus BoaHoOW (ha3bl, coaepkailen
HYKJEHHOBBIC KHCIJIOTHI, C HCIIOJb30BaHHEM XJiopodopma u obOpaboTku 75%
ATaHOJIOM, nocieayromue tansl Boiaenenus oomed PHK u 06pabdotku J{HKa3oi
IPOBOJMIINCH ¢ Mcnofib3oBaHueM Habopa RNeasy plus mini kit (QIAGEN GmbH,
['epmaHus) B COOTBETCTBUU C MPOTOKOJIOM, PEKOMEHIOBAHHBIM MTPOU3BOIUTEIIEM.
[Tocne skctpakiuu PHK koHueHTpanus u yuctoTa ObUIA ONMPEIEeTIEHbI C TTOMOIIbIO
NanoPhotometer (Implen, I'epmanus) mytem usmepenus konuentpanuu PHK u

quCTOTHI IO cooTHOIEHUAM A260/A280 u A260/A230.

[IIIP B peasbHOM BpEeMEHM NPOBOAWIM C wucnoiab3zoBaHueMm [IL[P-
ammmudukatopa CFX96 Touch (Bio-Rad, CIIA) u SYBR Green I (Bio-Rad,
CIIIA). Bce oOpa3ubl ObUIM NpOaHAIU3UPOBAHBI B TPOWHBIX IOBTOPHOCTSX.
[Tpaiimepsi, (DNA-synthesis, Poccusi), ucnonb3oBaHHbiE B JaHHOW paboTe
(Tabmuma 1), 6p11M pa3zpaboTaHbl ¢ UCIIONB30BaHKUEM Mporpammbl Beacon Designer
7 (Premier Biosoft Int., CIIIA). CneunduunocTts mnpaiMepoB OblIa OLIEHEHA C
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MOMOUIBI0 aHaNIM3a KPHUBOW TMaBieHus. OQPQPEKTUBHOCTh TMpaiiMepoB Oblia
paccurTaHa IMyTeM MOCTPOCHUSI CTAHJAPTHON KPUBOM JIJIsl KaXKAOTO LIEJIEBOTO TeHa
C HCIIOJIb30BaHUEM IISITUKpATHOTO cepuitHoro passeaenus kJIHK un Haxonumace B

ACt’ i E

nuanazone 1.8-2.0. Yposuu skcnpeccun MPHK paccuntsiBanuch kak E-
— 910 3(dekTuBHOCTL mnpaiiMepa, a Ct — 3TO HOMEp IMKJIA, HA KOTOPOM
¢dyopecueHIMsl MPOJAyKTa MpeBbIIaNa MOPOTOBbI YpOBEHb. OJTH 3HAYCHHS
HOPMAaJIM30BaJIM K TOPOTOBBIM IHKJIaM TUoKcanTHHpochopubdoszunTpancdepassl 1
(HPRT), nomuyouksutuna-C (UBC) wim pubocomanbHOro Oeika OO0JbIION

cyosenunuisl, PO (RPLPO).

OO0pa3upl KpoBU ObLIH COOpaHbl Y AHECTE3UPOBAHHOM KPBICHI UEPE3 IPEMHYIO
BEHY C UCIIOJIb30BaHKueM Mumpuiia ¢ pactsopoM renapuna (1000 ME). TlonyueHnnbrit
oOpas3ell KpoBH ObLT 3aTEM HACJIOEH Ha PacTBOP (PUMKOJUIA U LEHTPU(DYTUPOBAH MTPU
600 g B Teuenue 30 munyT. [locie neHTpudyrupoBanms CHLIBOPOTKA OTOMPATIACH C
NOMOIIBIO ACIHMPATOPa, a KOJBLO, COAEpKallee MOHOHYKJICAPHBbIE KIIETKH
nepudepuueckoit kporu (PBMC), 6b110 akkypaTHO COOpaHO C MOMOIIBIO MTUMETKU
u 3aTeM nepeneceHo B 10-kpatHeiii 00beM Oydepa RLT uz RNeasy plus mini kit.
Oxkcrpakuuss PHK BeImonHsIach B COOTBETCTBUM CO CTAaHIAPTHBIM MPOTOKOJIOM
RNeasy plus mini kit (74104, QIAGEN GmbH, Hilden, Germany) ans Tkanei

KHNBOTHBIX.

Taboauua 1. IlocienoBare/bHOCTH NpaiiMepoB, UCHOJIb30BAHHBIX IS
ouenku 3xcnpeccun MPHK renos.

Haspanwue [TocnenoBarenbHOCT PAMOTO Tpaiimepa 5°- k 3’ [TocnenoBarenbHOCTH obpaTHOTO
reHa npaiimepa 5’-y 3’
C3
AAGCCCAACACCAGCTACATC ACTTCTGATCCTGGCATTCTTCT
CD11a
TGGCAGATGTGGTTGTAGG TCTGGAAGCACACCTTGAG
CD45
AAGCAATACCACCACAAGCACAG TGGAGTACATGAGCCATTGGAGAG
CD68
TTGAACCCGAACAAAACCAAGGTC GAGAATGTCCACTGTGCTGCTTG
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CD86

TCAGATGCTGTTCCTGTGAAGAGG

TGAAGTCGTAGAGCCTGGTTATCC

CD163

ACAACCGATGCTCAGGAAGAGTAG

CAAGCCAGATTTGTCCAGAACCAG

CXCL1
GTGGCAGGGATTCACTTCAAGAAC GGGACACCCTTTAGCATCTTTTGG
COX-2
TACGTGTTGACGTCCAGATC TGGAGAAAGCTTCCCAACTT
GPR110
CATACATAGGGCTGGGCGTCTC TTGCGTGTGTAGGAGGTTTGGC
HPRT
CTCATGGACTGATTATGGACAGGAC GCAGGTCAGCAAAGAACTTATAGC
C
IL-1b
CACCTCTCAAGCAGAGCACAG GGGTTCCATGGTGAAGTCAAC
1I-6
CTGGTCTTCTGGAGTTCCGT TGGTCTTGGTCCTTAGCCAC
IL10
GCTGAAGACCCTCTGGATAC CCAGGCTTACCTTATTAAAATCAT
TC
iNOS
CCACAATAGTACAATACTACTTGG ACGAGGTGTTCAGCGTGCTCCACG
KIM-1
AGGAAGCCGCAGAGAAAC ATAATGATGTACCTGGTGACAAC
RPLPO
CACAGTACCTGCTCAGAACAC ACCTTGTCTCCAGTCTTTATCAG
TGFp1
CTACGCCAAAGAAGTCACC CACTGCTTCCCGAATGTC
TNF-a
CAAGGAGGAGAAGTTCCCAA TGATCTGAGTGTGAGGGTCTG
UBC

TCGTACCTTTCTCACCACAGTATCTAG

GAAAACTAAGACCCTCCCCATCA

3.15. CtaTucTHYeCKUM aHAJIN3

O06padoTky mgaHHBIX mpoBoauiau B mporpamme GraphPad Prism 9. Jlanubie

BBIOOPKH OBLIM MPOBEPEHbI HA HOPMAJIBHOE PaCHpelesieHue C MOMOIIBIO TecTa

[MTanupo-Yunka. [[nsg BBIABICHUS OTIMYMN MEXIAYy I'PyNIaMy B 3aBUCHMOCTH OT
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3a/1adydl U  HOPMAJIBHOCTH PACHPENCNICHHs] JaHHBIX HCHOJIb30Bajlud pa3HbIC
CTaTUCTUYECKUE TECThl. JIJisi cpaBHEHUsI ABYX TPYII UCHOJIB30BaIM HEMAPHBIN t-
TECT B cClly4ae MapaMmeTpudeckux AaHHbIX U U-tect MaHHa—YUTHU B cilydae
HEMapaMeTPUUECKUX JaHHBIX. J[JIsi CpaBHEHHS MEXKIYy HECKOJbKUMHU TpyHIaMu
UCIOJIb30BaJICSI OJTHOGAKTOPHBIN NUCTIEpCHOHHBINA aHanu3 (one-way ANOVA) ¢
host-hoc Tectom ThlokHM B ciiydae mapaMeTpUYeCKHX JTaHHBIX M TecT Kpackema—
Yomnuca ¢ tectom JlaHHA 1711 MHOKECTBEHHBIX CPABHEHHM B CIIy4ae HEHOPMAJIbHO
pacrpeneneHHbix JaHHbIX. p < 0.05 cunTanu cTaTUCTUYECKHA 3HAYUMBIM. 3HAYCHUS
BHYTPH TPYIIIbI BEIPAXKEHBI KaK CPEIHUE + CTaHIapTHas omnOka cpennein (SEM)
WM MeAuaHa + MHTEPKBAPTUIIbHBIA pa3Max. J[aHHBIE KIMHUYECKUX MaIMEHTOB
ObLT 00paboTaHbl ¢ Ucnoiab30BaHueM moxayiei Python NumPy, SciPy u Pandas.
JI1s1 MpOBEPKY TMHEWHBIX 3aBUCUMOCTEN MBI UCIIOJIBb30BAIN KOPPEISIUOHHBIN TECT
[lupcona (Ha  guarpaMmax  TOKa3aH  KOA(DPUIMEHT  KOppelsuuu |
COOTBETCTBYIOIIEE 3HaueHue p). g mnpoBepku pa3iuyuil B TPUMEHEHUU
AHTUOWMOTUKOB B TPYIIAaX Mbl HCIOJIL30BAIM t-KPUTEPU HEPAaBHBIX AUCHEPCUMN

Vamua (Ha AUuarpaMmax IOKa3aHbl 3HAYCHUS P, IAC 3TO HpI/IMCHI/IMO).
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4. PE3YJIBTATBI

4.1. Pa3pa0oTka HOBOH 3KCIEPUMEHTAJILHON MOJEJM IOYEYHOIO

MOBPEKIEHUST

B nacrosimee Bpems OIIII saBisieTcst 3HaUMMON KJIMHUYECKON MPOOIeMOoii, B
CBSI3M C YEM HA HEU COCPEAOTOUECHO BHUMAHNEM MHOTHX HCCIIEI0OBATENEH, KOTOPBIE
MOJEIIMPYIOT IOYEYHOE ITOBPEXKACHUE C HCIIOIb30BAHMEM IIHPOKOTO CIEKTpa
DKCIEPUMEHTAIbHBIX Mojene. OgHako, HECMOTPsS Ha 3TO, €lle He J0 KOHLA
BbISICHEHBI ~ MexaHu3Mbl pasutuss  OIIIl wu  orcyrctByer addexTuBHaAs
MaTOreHEeTUYEeCKasl Tepanus AAHHOTO COCTOSIHUS. B cBsi3um ¢ 3TMM HeoOxoauma

pa3paboTKa HOBBIX SKCIIEPUMEHTAJIBHBIX MOJCJICH TaHHOW MaTOJIOTHH.

B pamkax nmanHo# paGoTel Obuta pa3paboTaHa HOBasl IKCIEPUMEHTAIbHAs
MOJIEJIb TIOYEUHOTO MOBPEXK/ICHUS, OCHOBaHHAsI Ha ()OTOMHAYPOBAHHOM TPoMO03e
cocymoB mouku [Brezgunova et al., 2023]. 3a ocHoBy Oblia B3sATa MOJEINb
(poroTpoM0O03a, KOTOpasi LIMPOKO HCIOJIB3YETCs ISl MOJAEIMPOBAHUSA OYaroBOil
uimeMur mosra. Jns agantanmmu monaend (POTOMHIYIMPOBAHHOIO TpoMOo3a
COCY/I0B, HHUIIMUPYEMOT'O CBETOBOI akTUBaLMEeNW MOJieKys (OTOCEHCUOUIM3aTopa
benranbckoro po3oBOro, HeEOOXOAMMO ObUIO BBIOPATh ONTUMAIBHOE BpeMs
OCBEILIEHUS TIOYKU JIa3epoOM U JAMAMETp Jiyua, 103a beHraibckoro po3oBoro Oblia

BbIOpaHa Ha OCHOBAHUU JINTEPATYPHBIX JaHHbIX.
4.1.1. ITog0op 3KCHIEPUMEHTAJBLHOI0 AM3aiiHa MoaeH (poToTpodo3a

bbutn nmpoTecTpoBaHbl BpeMEHA OCBEIICHUS MOYKH J1azepoM 2, S u 10 MuHyT.
OneHky pa3BUTHS o4dara IMMPOBOAWIM Yepe3 24 yaca nociie MHIYKIUU NOBPEKICHUS
MyTEM OKpalIuBaHus 1enou mouku ¢ nomouipto TTC. /JlaHHbIN KpacUTENb SABISETCA
OECIIBETHBIM, HO MOXET MPOHUKATH B KUBBIC KIETKH U METaOOIN3UPOBATHCS UMHU
10 (opmazaHa, UMEIOILIEr0 APKO-KpacHyo okpacky. IloBpexaeHHas ke 00yacTb
OCTaeTCsl HEOKPAIIEHHOM, IPKO KOHTPACTUPYS C OKPYKAIOLIEH )KUBOW TKaHbIO. MBI
[IOKAa3aJIM, YTO BPEMS OCBEIICHUS MOYKH JIA3€POM IOJIOKUTEIBHO KOPPEIUPYET C
o0beMoM moBpexaeHHoro ovara (Puc. 4). Kopotkoe Bpemsi Bo3aedcTBus (2

MI/IHYTBI) IMPUBCJIO K PAa3BUTUIO 9yThb MCHBIICIO O4ara, 1o CpaBHCHHIO C OHaraMu
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npu 5 1 10-MUHYTHOM OCBEIIEHUU MOYKH JIA3€POM, MEK]Ly paMepaMu KOTOPHIX HE
BU3YAIIU3UPOBAIOCH SIBHOM Pa3HUIIbI, YTO MOKET TOBOPUTH O JOCTHUKEHHUH IJIATO.
Takum 00pa3om, BpeMsi BO3JIEUCTBHSI UCTOYHUKOM OCBEIICHHUS Ha MOYKY MOKET
BapbUPOBATHCA UCCIEA0BATEIISIMUA ISl JOCTUKEHUS HY>KHOTO pa3sMepa ovara, HO JI0

OIIPCACIICHHOI'O IIpCACa.

A OT 2 MuH b OT 5 MuH B OT 10 MuH

yepes 24 y nocne OT

Puc. 4. Oyenka pazsusarowezocs ouaza omompombosa npu epemeHu
oceeujenus nouku aazepom 2, 5 u 10 munym nymem npudicusHeHHo020 OKpaAuueaHus

nouku TTC (n = 3 6 kadxcooti epynne).

Kpowme Toro, pazHoro pazmepa oyara MOXHO JOOUTHCS MPU UCIIOIb30BAHUU
HMCTOYHMKOB OCBEIIEHMS] pa3HOro JuaMerpa. bbulM mpoTecTHUpOBaHbBI [1BA
HMCTOYHMKA OCBEUICHUS C Pa3HBIMH JUaMETpaMmu, a UMeHHO 3 u 6 mm. llpm
WCIIOJIb30BAHUN MCTOYHMKA OCBELIEHUS C TUAMETPOM 6 MM yAaeTcs MOJIYy4YUThb
3HauMuTeNbHO Oonpmmii ovar (Puc. 5). D10 Moxer OBbITh MOJIE3HO, €CIU
HCCJIEIOBATENSIM BaXKHO TOIYYHUTh O0Jiee BBIPaXEHHOE MOBPEKIACHHUE, KOTOPOE
OyZeT BIUATh Ha YPOBEHb MApPKEPOB OCTPOr0 OYEYHOT'O MOBPEXKICHUS, HAIIpUMeEp,

ChIBOPOTOYHBIX KPCATHHUHA 1 MOUYCBHHLI.
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3 MM nasep b 6 MM nasep

OkpawwuBaHne TTC
yepes 24 4y nocne OT (10 muH)

Puc 5. Oyenxa paszsusarowezocs ouaza gomompombo3a npu oceeueHus
nouku Jjaydom ouamempom 3 (n=3) u 6 mm (n=3) nymem NpuINCUIHEHHO2O

okpawusanus nouku TTC.

JUist Hameil paboThl M XapaKTEPUCTHUKUM MOJEIU ObLIM BBIOpaHBI BpEMs
OCBEUICHUS IMOYKM JazepoM 10 MuHYT, nuamerp Jiyda 3 MM, M JajJbHEHIIUE
pe3ynbTaThl OyAyT MPENCTABIEHbI JJIsl 3TOTO KCIEPUMEHTAIBHOIO JAW3aiiHa, €Cln

HE CKa3aHO MHOE.
4.1.2 Makpockonuueckue usmMeHeHus 6 30He NOGPEHCOCHHO20 oUaza.

Jlns Bu3yanuzanuu pasMmepa u mopdosioruu obnactu uHdapkTa ObLia
MIPOBE/ICHA OIIEHKA KMU3HECITOCOOHOCTH KJIETOK ¢ momoIbto okpamuBanus TTC.
JIaHHBIN METOJ MO3BOJIMII BU3yaIM3UPOBATH MOBPEKICHHBINA oYar Kak uepe3 24

Jaca, Tak U yepe3 48 yacoB nocie nHAyKuu Gotorpomobosa (Puc. 6A).

Jlst ToyHOTO OmpeneneHus pa3Mepa ouara Obuta mpoBeaeHa MHKpo-KT
(UMKCUpPOBAHHBIX MMOYEK Kak yepe3 24 wyaca, Tak U 4yepe3 48 yacoB mocie
uHaykuuu nospexaenus (Puc. 6b,B). Moaens poroTpom003a MOYKH MO3BOJSET
TIOJIYYUTh BOCIPOU3BOIUMBIM 0o4ar co cpeanuM oobemom 10,12 mm® + 1,35 mm3
B noukax 4epes 24 u mocne gororpombosa u 12,39 mm® £ 0,96 mm® B mouxax
gyepes 48 1 nmocie Gpororpomb03a, 4TO cocTaBiseT nmpuMepHo 1% oObema Beeit

nouku (Puc. 6I).
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OkpawmBaHue TTC
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Puc. 6. Oyenxa dcuznecnocoOHOCmMu KiemoK ¢ NOMOWbIO OKPAUUBAHUSL
npudicuUsHeHHuIX cpe3o8 nouku xaiopucmovim TTC u mopgonozus nospexcoenHoco
ouaea. A, Okpawusanue novex TTC uepesz 24 u 48 uacoe nocae @T. lllkana, 10 mm.
b, Muxpo-KT yenoti nouku uepes 24 (n=4) u 48 (n=4) wacoe nocre ®@T. lllxana, 2
mm. B, bonvwoe ysenuuenue muxkpo-KT 6 30ne ouaca nospescoenus yepes 24 u 48
yacos nocie uHOyKyuu pomompomoosa. [lynkmupom nokazana utemMusupo8arHHas
30Ha. Ilkana, 1 mm. I, Obvem nospedxcoenus, oyenennviii mukpo-KT, uepes 24
(n=4) u 48 (n=4) uacos nocne undykyuu pomompombo3sa, nesviti 2pagux - obvem
noepexcoeHuss 6 MM°, npaevill - 0OveM oyaza, HOPMUPOBAHHBI HA 00beM 6cell
NOYKU.
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B nononnaenne k ananuzy oovbema, Mmetoa Mukpo-KT ObUT HCTIonbh30BaH st
OLIEHKH MOP(OJOTHYECKIX U3MEHEHUH B 00acTu oyara (potoTpoM003a, TaK Kak
npu POTOTPOMOOTHUECKOM MOBPEKACHUM MOTYT HAOMIOAAThCS MU3MEHEHHS B
MHKPOApXUTEKYyTpe TKaHeH. [lmoTHoCTh curnana mukpo-KT nmemnsupoBanHon
NAapEHXUMBbl 3HAYUTEIIBHO YMEHbIIAIACh 4epe3 24 4 TOoCie TMOBPEKICHUS, U
BO3Bpalllajiach K MCXOJAHOMY YypoBHIO uepe3 48 u mocne doroTpoMOo3a.
Kirybouku, HanpoTuB, moka3anu Oojee BBICOKYI0 HWHTEHCHBHOCTH CHUTHAJA,
ocoOeHHO 4epe3 48 yacoB mocie MHAYyKIHH (pororpombo3a (Puc. 7). UToOsI
MHTEPHPETUPOBATH 3TU U3MEHEHUS, T€ )K€ YYACTKH MOBPEKICHHON TKaHU ObLIN
OKpallleHbl reMaToKCuiInH-303uHOM (I'9). Takoe comoctaBieHue pe3ysbTaToB
mukpo-KT u rucronmorun MoxkeT OBITh MOJE3HBIM Ui MOJTYYEHHUs
JOTOJHUTENBHOW UH(pOpPMAIUU 00 0COOCHHOCTAX aHATOMHUYECKHX CTPYKTYp B
obnactu ¢poToTpoMOOTHUECKOTO IopakeHus. Hanprumep, Mbl 0OHapyX WU, 4TO
HNOBPEXICHHbIE KIYOOUKH COJEepKaidu OoJibllie SPUTPOLUTOB, YTO MOTIJIO

00BACHUTDH UX OOJIEe BBICOKHMI CUTHA Ha n300paxeHusx Mukpo-KT.
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Puc. 7. Muxpo-KT u eucmonoeus nouku c eusyamuzayueu UHMAKMHOU UIU
nospesicoennol napenxumvl u knyooukos. (A) Mukpo-KT nospesicoennoeco ouaca
yepez 24 u 48 uacoe nocre @T (benvimu cmpenrkamu 0003HAYEHbI K1YOOUKU,
mpeyeonvhuxamu - kanaroysl). Llkana, 250 mxm. (b)) Ananusz snauenuil cepozo 6
UHMAKMHOU U NOBPENCOeHHOU napeHxume uiu Kyoouxax (n 6 konmponae = 8, n(@T
24 vy unu 48 u)=4). (B) H&E oxpawusanue nospexcoenno2o ouaza uepes 24 u 48
yacoé nocie DT. llkana, 10 mxm. *P <0.05, **P <0.01, ***P <0.001, ****P
<0.0001 (ooHohaxmopHbIli OUCNEPCUOHHBIL AHAIUZ C  MHONCECMBEHHbIMU

cpasHenuamu Toroku,).
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4.1.3. I'ucmonozuueckue uzmeneHus 6 oonacmu ovaza pomompomoosa

UtoOsl  oxapakTepu3oBaTh  Mop(dojorudeckne = WU3MEHEHHS B
UIIEMU3UPOBAaHHOM BCIeACTBUE (POTOTpoMOO3a odyare, ObUIM BBIMOJHEHBI
OKpaIllMBaHUSI CPE30B IMMOYCK PA3TUYHBIMA THCTOJOTHYECKUMU METOJaMHU.
[TopasxkxeHre OBLUTIO XOPOIIO BU3YATU3UPOBAHO C MOMOIIBIO OKpAIIMBAHUS
reMaTOKCUIMHOM-303UHOM. Ouar ¢GoTtoTpoM003a MMEET MEHEe MHTEHCUBHYIO
OKpacKy IO CpaBHEHUIO C OKpykarommumu Tkausmu (Puc. 8A). BHyTpu obmactu
uH(papKTa ObUTH OOHAPY>KEHBI CUIILHO OBPEKICHHBIE KAHAJBLIBI U KITyOOUKH KaK
gyepes 24, Tak W 4epe3 48 4 mocie wmHAykiuu (ororpombo3a (Puc. 9A).
Nmemuyeckoe TOBPEkKIECHUE BBI3BAIIO TIOTEPIO sSSP M IMIETOYHONH KAaeMKH B
HEKOTOpbIX KaHanblieBbix kieTkax (Puc. 9I'). Kpome Toro, kieTku BHYTpPHU
MOBPSKICHHOTO oO4ara OBUIM IMOJOKUTEIBHBIMH TIPH  OKpaIlMBaHUW HA

pacIIeIICHHYIO Kacna3y-3, MapKep aronToTHueckoi rudenu kietok (Puc. 9B).

Taxxke ObUIO OOHAPYX)EHO, YTO (HOTOTPOMOO3 MPHUBOJIUI K HAKOILICHHUIO
¢ubpuHa B cocyax MOYKH, YTO BU3yaTU3UPYETCs HAa Cpe3ax B BUJE OKPAIICHHOM
B KpacHBIM IIBET MacChl C MOMOIIBIO OKpammBanus MSB, 4yTo MOXeT OBITH
MHTEPHPETUPOBAHO Kak BTOpHUYHBIN Tpom0O03 (Puc. 9B). Taxxe nabmonanach
cnabass UHPUIbTpALMA JEHKOIMTOB B OOJACTH TOPAXKEHUS U TPUIIETAIONIUX
TKaHSX, YTO YKA3bIBACT HA PA3BUTHE YMEPEHHOTO BOCTIAIUTEIILHOTO OTBETA YEPE3

24 g u 48 4 ocie poTorpoMb03a (Puc. 9A).

OkpalmMBaHue€  TE€MaTOKCHWJIIMHOM-303MHOM  TO3BOJMJIO  BBISIBUTH
THAJIMHOBBIE IIWIMHAPHI B KaHalbllax B o0jactd (HOTOTPOMOOTUYECKOTO
MOpaXXEHUSsI, KOTOPbIe OTCYTCTBYIOT B KOHTpoJie (Puc. 9A). CTout oTMETUTH, YTO
JAHHBIE CTPYKTYpPbI HE TOJIbKO BHU3YaJIU3UPOBAINCH BOKPYI MOBPEKIAECHHOTO
oyara, HO Tak»e JJOXOJWJIM O MO3rOBOro BeriecTBa u Jioxanku (Puc. 8A), uro
YKa3bIBaeT Ha PACIPOCTPAHCHHUE MOBPEKICHUS HA BeCh HePpoH. s myumei
BHU3yaJIM3alNU TMAIMHOBBIX HHJIIMHAPOB MbI TpoBoauiun LMK -peakuuro. [lannas
OKpacKa TMO3BOJISIET BU3YAIM3UPOBATH CTPYKTYPHI, COAEPM AILIUE YIICBOABI U

TIIMKOIIPOTCHUHBI, BKIIIOYas T'MAaJIHMHOBBIC HHUIMHIAPEIL, Oa3ajbHbIC MCM6paHBI u
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nieroynble  kaemMku. Mpbr  oOHapyxkuiau [IUK-monoxutensHbie  Macchl,
OKpallleHHbIe B ()UOJIETOBBIN IIBET, B KaHANbIAX B MOBPEKIACHHON 00NacTU M
NpUJICTalonIeld MOYeYHOM TKaHuW uepe3 24 u 48 4 moclie UIEeMHUM TIOYEK,

BbI3BaHHOI oToTpomMO030M (Puc. 8b).

B ouware d¢oroTrpomb03a HaOMIOAANOCH pa3pylIeHHEe HOPMAIbLHOU
MOp(hOJIOTHH IETOYHBIX Ka€MOK, TEM HE MEHee MOpQOJIOTUYECKasi CTPYKTypa
0azanpHBIX MeMOpaH Obla coxpaneHa (Puc. 9T'). IloTeps meTo4YHBIX KaeMOK
Takke Oblla TMOATBEpKICHA HMMMYHO(IYOPECICHTHBIM  OKpaIliBaHUEM
antutenamMu npotuB P-aktuHa (Puc. 8B). Takoe oxpaiinBaHuEe SCHO
MPOJIEMOHCTPHPOBAJIO Pa3pyIICHUE KaHAJBICBBIX KJIETOK, PACIIONIOKECHHBIX B
MOBPEKJICHHON 007acTH, a Takke HapyIIEHHYIO IEJIOCTHOCTh MX IIETOYHON

KaCMKHM.

MpbI Takxke OIEHWIH CTPYKTYpPY BHEKJIETOYHOTO MAaTPUKCA C MOMOIIBIO
okpammBanus ['oppona-Ceura (Puc. 9]1), olieHnBasi cocTosiHue KojuiareHa 3-ro
THUTIAa B BOJIOKHAX PETUKYJIMHA. B KOHTPONBHBIX IOYKAX MBI OOHAPYKUIIH
TOJICTBIE PETUKYJWHOBBIE BOJIOKHA, OKpaIlleHHbIE B 4YepHbIA 1BeT. [locrme
MOBPEXKJEHUS MMOYEK, BHI3BAHHOTO (POTOTPOMOO30M, HAOI0aIach HEOObIIas

Je30praHu3allys, pa3pylIcHHe U HCTOHYCHUE BOJOKOH peTukyauHa (Puc. 9/1).
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DT 48y

1

WNK-peakymsn

Puc. 8. Mopgonozuueckue usmereHus 8 30He NOBPEHCOEHUS, PA3BUBULE2OCH 8
pe3yaromame homompomob0o3a cocyoos nouxu, u eokpye oudaza. A, Oxkpawueanue
NOYeK 2eMAMOKCUIUHOM-D03UHOM 8 KOHmMpoJie U yepe3 1 u 2 cymox nocie UHOYKyuu
@T. llkana, 600 um. b, LIHUK-peakyus uHmaxkmuuix U NOBPEHCOEHHbIX NOUEK
(wepez 1 u 2 cymox nocre unoykyuu @DT). ILlkana, 500 um. B,
Hmmyrnognyopecyenmrnoe  okpawuganue awmumenamu nNpomus — f-axmuna
UHMAKMHBIX U NOBPedcOeHHbIX nouek (yepe3z 1 u 2 cymox nocae unoykyuu OT).

Ulxana, 500 um. I[Iynkmupom nokazana umlemMusupo8aHHas 30Hd.
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KoHTponb

Puc. 9. Mopgonocuueckue uzmenenus 6 3ome ouaza gomompobosa u 6
npunezarowux obaacmsax. A, OKpawueaHue cpe308 NOYeK 2eMaAMOKCUTUHOM-
903UHOM (paspyuieHnvie K1yoouku (Oeivie CMpenoyKku) KaHalibybl, nomepssuiue
A0pa U WemouHylo KaemKky (YepHble Cmpenouku), HeKomopwvle ¢ SUANUHOBLIMU
yununopamu (uepuvle mpeyeonvHuku). Lllkana, 50 um. b, HUmmynoxumuueckoe
OKpaAUUBaHUue Ha AKMUBUPOBAHHYIO Kacnazy-3 05 8U3YAIU3AYUU ANONMOMULECKUX
KIeMOK (8U3YAIU3UPYemcs KAK KOpPUUHeBamvle MAccobl, NOKA3AHHbIE UYepHbIMU
cmpenxamu). Ilxana, 50 um. B, MSB oxpawusanue 0ns obHapysiceHus
KPACHOOKPAWEHHO20 (pubpuHa enympu cocyoos (uepuvie cmpenxu). llxkana, 50 um.
I, HINK-peakyus, suzyanusupyrowas 6a3anivhvie MemMopansl (yepHvle cmpenku) u
wemounyio kaemky (benvie cmpenouxu). lllkana, 20 um. /[, Oxpawusanue Gordon-
Sweets 01 oOHapyiceHuss pemuKyIUHO8bIX 8010KOH (beavle cmpenxu). Lllkana, 20
um.
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4.1.4. D@omompomoo3 npueooun K RnOGLIUWEHUIO YPOBHA MapKep

noepexcoenusn u npoaugepayuu.

Mapkepbl TOBpeXACHUS M Nponudepaluy OLEHUBAIUM C IOMOIIBIO
uMMyHO(DIyopecuenTHoro okpammuBanus (Puc. 10). B uHTakTHO# TKaHU MOYKH
mapkep nospexaeHus nouek (KIM-1) oObiuHO He 0OHapyKMBaeTCsl, TOra Kak
€ro JKcIpeccHs OBICTPO BO3pacTacT B TEYEHHME HECKOJBKHUX 4YacoOB IIOCHE
noBpexaeHus nouku. JleiicrBurensHo, ypoBHM KIM-1 Obumn  Bbllle B
MOBPEXKJICHHOM O4Yare M OKPYXaIMX TKaHiX 4epe3 24 u 48 4 mocie

MOBPEXJICHUS 110 CPABHEHUIO ¢ MHTAaKTHOM noukoit (Puc. 10T").

Cpe3bl NOYEK TAKKE OKpaIIMBaIN AHTUTEIIAMU IPOTHUB SIAEPHOTO AHTUTEHA
nponudepupyromux kietok (PCNA), ypoBeHb KOTOPOTO OTpa)KaeT UHIYKIIUIO
nposudepalid U pereHepanuio TKaHe. Mbl OOHapyXWJIM, YTO 3KCIPECCHUs
PCNA 65bu1a B OCHOBHOM JIOKasI30BaHa coBMecTHO ¢ KIM-1-nonoxxutensHbIMu
kananbeliamu (Puc. 10B). JIBoitHOe okpaliMBaHue aHTUTEIAMU MPOTUB [-aKTHHA
u PCNA (Puc. 10B) noka3zano, uto PCNA-110/10’)KUTENbHbIE KIETKA B OCHOBHOM
O0OHapy>KUBAJIUCh B KaHAJBIAX, PACIOJIOKEHHBIX HA TPAHUIIE TTOBPEKICHHON U
3I0pOBOM TKaHW. MakcuMaiabHOe yBeiauueHue koiudectBa PCNA™Y kjeTok
HaOmoganu yepe3 2 cyrok mocie ®T (Puc. 10/]). Crour OTMETHTH, YTO
HaOmonanack Kkosiokanusamusi npu okpamuBanun Ha PCNA u DAPI, uto
JOKa3bIBaeT crneruduuHoe s saep okpammupanue npotuB PCNA. C nmoMonisio
KOJIMYECTBEHHOTO aHan3a W300pakeHH, Mbl OleHUIu KoiaudecTBo PCNA-
MO3UTUBHBIX KJIETOK M HOPMAJU30BAIM €r0 K OOIIEMYy KOJMYECTBY KJIETOK Ha
M300paKEHUH, U3MEPEHHOMY C TMoMolnslo okpamuBanusi DAPI. BreisiBieHo
3HaYUTENbHOE yBelnueHue konnuectBa PCNA-MO3UTHUBHBIX KIETOK uepe3 24 4
(5,9 % + 0,32 %) u 48 u (17,9 % = 1,90 %) nmocne noBpekACHUS, BEI3BAHHOTO

dboToTpoMO030M, TIO CpaBHEHHIO C KOHTpObHOU rpymmoi (0,7 % £ 0,07 %).

06
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Puc. 10. Junamuka sxcnpeccuu mapkepa nospedicoeHus: u npoaugepayuu 6
30He ouaza pomompomoO03a u HaA epaHuye NOBPe*COeHHOU U 300p08OTl MKAHU. A,
I'D. B, Hmmynognyopecyenmnoe oxkpawusanue Ha MApKep HNOYEYHO20
nogpesicoenuss (KIM-1, zenemwiit) u mapkep nponugepayuu (PCNA, xpacnvlii).
Hlkana, 50 um. B, Hummynogryopecyenmnoe oxkpawuearnue Ha mapkep
yumockenema (f-axkmun, Kpacuwiii) u mapkep npoaugpepayuu (PCNA, 3enenviii).
Ulxana, 100 um. I', Konuuecmeennas oyenxa sxkcnpeccuu KIM-1 na cpesax. /1,
Konuuecmeo PCNA™ s0ep, nmopmanuzosamnoe Ha obwee KOIUYECmMeo KIemok,
oyenennoe no DAPI. Bce oxpawueanus nposoounuce 6 konmpone (n=10 noxeii
3penus) umu yepez 1 (n=10) u 2 cymox nocre ®T (n=15). *p < 0.05
(0OHOaKmoOpHbIL ~ OUCNEPCUOHHBIL  AHAAU3  C  UCHOAb308AHUEM  Mecmda
MHOdcecmeeHHbIX cpasHenuti Toroku), #p < 0.05 (mecm Kpackena-Yonnuca c
UCNOIL308AHUEM MECMA MHOICECMEEHHbIX CpagHeHull /{anna)
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4.1.5. ®oToTpoM0O03 BHI3BAJ MOYEYHYI0 THCPYHKIHUIO

Mpb1  oneHMBaNIM HapymieHHe (QYHKIIMM TIOUYEeK TYyTeM HW3MEPCHHS
koHueHTparuii MoyeBuHbl (BUN) u SCr B CBIBOPOTKE, KOTOpBIEC SIBISIOTCS
oOmenpuHATeIMA Mapkepamu OIIII B knuHU4ecKoil mpakTuke. MHAyLIMpOBaHHOE
TPOMOO30M TOBPEKJICHUE HE BBI3BIBAIO 3HAYMTEIHHOIO TMOBBIIMICHHUS] YPOBHEM
BUN u SCr (Puc. 11A,b). Ilomumo KiIacCMYECKUX MapKEpOB, JIsi OLEHKH
pasButuss  OIIIl wucnome3oBasmm NGAL, TOCKOJNBKY 3TOT Mapkep OoJjiee
yyBCTBUTENEH K moBpexaeHuto, dyeM BUN u SCr. Mbl oOHapyxumu
3HauuTEeNbHOE yBenrnueHue ypoBHs UNGAL uepes 6 yacoB nociie @T (Puc. 11B).
Uepes cytku nocie pororpombo3a ypoBeHb NGAL yxe HauMHaNI CHUXKAThCH,
TOrAa Kak 2 CYTOK mocie HHAyKnuu mnoBpexiaeHuss NGAL cHmxkaincs 1o

KOHTpoJibHOTO ypoBH4A (Puc. 111).
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Puc. 11. Oyenxa mapkepog noueunou Ouc@yHKyuu u nospedxicoeHus. A,
Konyenmpayus mouesunst 6 konmpone (n=10) uepes 1 (n=6) u 2 (n=6) cymox nocie
unoykyuu DT. b, Konyenmpayus kpeamununa yepe3z 1 u 2 cymok nocie uHoyKyuu
@T. B, Yposenv NGAL 6 moue uepes 6 uwacos nocne @T (n(konmpons) = 5, n(@T)
= 5), uzmepeHmuwlil ¢ nomowvto eecmepH-onommunea. I, Yposeno NGAL 6 moue
uepez 1 (n=4) u 2 (n=4) cymok nocne unoykyuu DT, uzmepeHHbvlll ¢ NOMOUBIO
secmeprn-onommunea. *p < 0.05 (nenapnouui t-test).

/8



Kpome Toro, nmisi crangapTHOW MOJAEIH Mbl KOCBEHHO OLEHWIH
MOBPEXKJECHUE TMOYEK C TOMOIINbI0 TECTa Ha MNPOHUIIAEMOCTh COCYIOB C
UCIIOJIb30BaHUEM KpacuTens OBaHca cuHero. JOBaHC CHHHMI CBS3BIBACTCS C
CBIBOPOTOYHBIM aJIbOYMHUHOM M OOBIYHO OCTaeTCs B KpOBOTOKe. Ecimm creHka
cocyla TMOBPEXJIEHa, MOXXHO HaOJNIOAaTh BBIXOJA JJAHHOTO KpacUTENs U3
KPOBOTOKA C OKpallluBaHUEM OKpYykaroniux TkaHed. [locie ¢poToTpoMO03a MBI
oOHapy»uiu pacrpocTpaneHre JBaHca CUHEro B TKaHU BOJIM3H o4dara Kak 4epes
24 4, Tak U 4yepe3 48 4 mMOCIE MOBPEKIACHUS, YTO YKA3bIBA€T HA HAIMYME

MOBPEXICHUS COCYITUCTOM CTEHKH B T€UEHUE KaK MUHUMYM 2 niHew (Puc. 12).

KoHTponb OT 24 y PT 48y

SBaHC CUHUN >

SBaHC CUHUN T

Puc. 12. Oyenxa nponuyaemocmu cocyooe nocie DT-unoyyuposanmotl

uwemuu nouku. A, Buo yenoii nouxu. b, cpe3 nouxu.

B nonosiHeHue K 3TOMY, MBI HUCIOJIB30BAIM MOJEIh C YBEIWYEHHBIM
pa3MepoM TOpaXKEHUs, YTOOBI TOJYYHTHh OO0JIEe CEePhEe3HOE MOBPEKICHUE U
MPOJIEMOHCTPUPOBATh BO3MOXKHOCTh BBISBIISITH HapylIeHUE (DYHKIUU MOYEK C
WCIIOJb30BAaHUEM KJIACCMYECKUX MapkepoB. JlJIsi 3TOro Mbl HCMOJIb30BAIU
UCTOYHMK CBeTa C OonpIlMM JuamMeTpoM Jyda (6 MM), ©U pa3mep

(hoTOTPOMOOTHYECKOTO MOBPEKICHUS B TON MOAUDUIIMPOBAHHON MOJIETN ObLIT
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OoJpITlIe 1O CpaBHEHUWIO ¢ Hamew crangapTHoud moxaenbio (Puc. 5). ITomumo
YBEJIMYEHHOTO pa3Mepa MOBPEXKICHHS, Mbl NPOBEIU KOHTpalaTepajbHYyIO
HEe(PIKTOMUIO, YTOOBI JOCTHYb 00Jie€ BBIPAKEHHOTO YBEJIMYEHHS] MapKEpOB
OINIl B xpoBu u moye. B momubuiupoBaHHOW MOAETH MBI OOHAPYKUIH
3HAUMUTENbHOE TMOBbIIIeHUE KoHIeHTpauuun BUN wuyepe3 24 waca mocie
doToTpoMO03a, KOTOPOE CHU3UIIOCH JI0 KOHTPOJIBHBIX YpOBHEH depe3 48 yacos
nocie noBpexaeHuss (Puc. 13A). Konnentpamuss SCr B 3T0M Mozaenu Oblia
3HAYUTEIBHO BHIIIE Kak uepe3 24 yaca, Tak u yepes 48 yacoB (Puc. 13b). Takxke
Ob110 00Hapy-xeHo noBeiieHre MapkepoB OIIII NGAL u KIM-1 B moue uepes 6

yacoB 1nocie ¢porotpombo3a (Puc. 13B,I).
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Puc. 13. Oyenxa maprxepos noueunou OuchyHkyuu u noYeuHO20
nogpesicoeruss 8 MooupuyuposarHol mooeau pomompomoosa. A, Konyenmpayus
Mmouesunwvle koumpone (n=10) uepez 1 (n=6) u 2 (n=6) cymox nocie uHOyKyuu
Gomompombosza. b, Konyewmpayus xpeamununa uepe3z 1 u 2 cymox nocie
unoykyuu gpomompomoosa. B, Yposeno NGAL unu I', KIM-1 6 moue uepes 6 uacos
nocie UHOYKyuu ¢homompomb03a, uzMepeHHvlll OeHcumomempuel Ha OCHOGe
pe3yrbmamos eecmepH-onommunea (n(koumponv) = 5, n(®@T) = 5). *p < 0.05
(00OHOaKmMoOpHbLL ~ OUCNEPCUOHHBIL  AHAIU3 € UCHOAb308AHUEM  mecma
MHodHcecmeenHblx cpasHenutl Toioxu), #p < 0.05 (Kpumepuii Manna-Yumnu), “p <
0.05 (nenapnoui t-test)
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4.1.6. ®oToTpoM0603 BbI3BAJT (pudpPO3 Movexk

Msl uccnegoBaidi HE TOJBKO OCTPbIE MOCIEACTBUS HIIEMHH IOYEK,
BbI3BaHHOU ()OTOTPOMOO30M, HO U OT/IaJIEHHBIE MTOCJIE/ICTBUSI, TaKKE KaK PUOpo3.
OxpammBaHue TeMaTOKCHJIMHOM-303MHOM YETKO IPOJEMOHCTPHPOBAJIO, YTO
MOBPEXKICHHBIN ovar coxpanseTcs uepe3 1 mecsi nocie gororpombo3za (Puc.
14A). Mbl BbISBUIM pa3BuTHe (GUOpoO3a B TIOUKE, a HMMEHHO HE3peble
KOJIJIAT€HOBBIE BOJIOKHA B OOJIACTH OdYara MOBPEXKJICHHUS, OKpalllCHHbIE B CHHUI
1BeT TpuxpomoM MaccoHna (Puc. 14b,B) u nukpo-nonmxpomom (Puc. 15A). Mer
TaK)X€ BBISBIUIM 3HAYUTENbHYIO KalbUU(PUKAIMIO B oOdYare IOPaXEHUs C
MOMOIIBIO crienuPuUeckoro okpamuBanug no Koccy Ha OTIIOKEHUS KaldbLus,
YTO Takxke sBisieTcss npuszHakoM ¢(ubpo3a mouku (Puc. 15b). B kadectBe
JOTIOJIHUTENIBHOTO Mapkepa (ulOpo3a ¥ BOCHAJICHUS B TOYEUHOW TKAHU MBI
ouenwm conepkanre CD163" makpodaroB, koTopsie 0071a1al0T (HEHOTUIIOM
M2. Mb1 nHaOmoganmu npucyrctBue CD163" makpodaroB kak B 00JIacTH
doToTpoMOO3a, Tak M B OKpYXKalOIIUMX TKaHAX dyepe3 1 Mecsl mnocie

doTorpomb03a nouek (Puc. 15B).
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1 meca nocne oT

)

(o

Okpacka no MaccoHy

o

Okpacka no MaccoHy

Puc. 14. Jloncocpounvle nocneocmesus ¢omouHoyyuposaHHo umemuu
nouku. A, Okpawuganue cpe308 nouex 2eMamoKCUIUHOM=-203UHOM 8 KOHMpOJle U
yepe3 Mmecay nocie UHOYKyuu Gomompomoosa. Ilynkmupom nokasaua
uwemuzuposannas 3oua. [lkana, 1000 um. b, Oxpawusanue mpuxpom no
Maccony 6 koumpone u uepe3 mecay nocie UHOYKYuu ¢homompomobosa.
Ilynkmupom nokaszana uwemuzuposauuas 3oua. I[llkana, 1000 um. B,
Oxpawueanue mpuxpom no Maccony ¢ KoHmpoie u uepe3 Mecsay nocjie UHOYKyuu

Gdomompombo3a (6enoii cmpenkou noKasauwvl KojnazeHosvie 8onokHa). lllkana,

100 um.
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KoHTpon Yepes 1 mecAay nocne T
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Puc. 15. Jloneocpounvie nocnedcmeus GomounoyyupoeaHHou uuiemuu
nouku. A, Oxpawiueanue cpe308 noyex NUKPO-HOIUXPOMOM & KOHMpOe U uepe3
Mecay nocie unoykyuu gomompomobosa. Ilynkmupom nokazan ouae DT. b,
Oxpawusanue no Koccy 6 xkowmpone u wuepe3 mecay nocie UHOYKYUU
gomompombosa. lllkana, 200 um. B, UmmyHoeucmoxumuueckoe oxpauiusanue
anmumenamu npomus CDI163% 6 xommpone u uepes mecsy nocie UHOYKYUU
Gpomompombosa (uepnvimu cmpeaxamu noxazanvl CDI163% maxpoghaeu). llxana,

100 um.
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J1J1s1 OTICHKY TTOBPEXKACHUS B OTJATICHHBIN MIEPUO MbI TAK)KE MPOBEITH aHAJTH3
obbema oyara ¢ wucnoib3oBaHueM Mukpo-KT wyepes 1 Mecsan mocrie
(GOTOTPOMOOTHYECKOTO MOBPEXKICHUS U MOKa3ald, 4TO K 3TOMY BPEMEHHU pa3Mep
nopaxkenuss ymenbinwics (Puc. 16), BeposiTHO, W3-3a YMEHBIIEHUS OTEKa H
peredepanuu TKaHed. CTpyKTypa MOYEYHOM TKaHM BHYTPU TMOPAKEHHUS TaKKe

N3MCHMJIaCb, B YaCTHOCTH, CTaJO KpaﬁHe CJIOKHO 4YCTKO I/I,IIGHTI/I(l)I/IHI/IpOBaTB

KITyOOUKH.
OT 1 mecay OT 1 mecsauy

A b
|_
Nl e e
4
=

= =

o)

ot

b

=

= B

J T T
T

9% ‘BUHaMKadaou
waago niaHHesoduwdoH

"
=
=
3
s
T
[
g
E3
i}
a
@
o
c
=
7}
2

©

o

0.3

®T 1 mecay ®T 1 mecay

Puc. 16. Mopgonozus u ananuz obvema ouaza nogpesicoenus yepes 1 mecay
nocie pomompomobosa. (A) Mukpo-KT yenou nouxu. Illkana, 2 mm. (B) borvuioe
yeenuueHue mukpo-KT 6 30He ouaca nospedcoenusi uepe3z 1 u 2 cymox nocie
uHoykyuu gpomompombo3sa. Ilynkmupom noxkazana uMeMu3UpoOBaHHAs 30HA.
llxkana, 1 mm. (B) Obvem ouaca nospedxcoenusi (abconromuoe 3HaA4eHue u

HOPMAIU308AHHOE HA 00beM nouKU, n=4).
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4.2. HccaenoBanue BJIMSIHUSI CHHANTAMHJAA Ha Pa3sBUTHEC NOYECYHOI'O

NMOBPEeKICHUs BCJIeICTBUE nieMun/penepdy3un

HN3BecTtHO, uTO0 OmHMM u3 BaxHBIX mnocaenctBuii OIIIl  sgBnsercs
BocnajeHue. JlJist u3ydeHus pojv BOCHAJICHHUS, & TAKKE I MTOMCKA BO3MOKHBIX
TEepareBTUYCCKUX areHTOB MPOBOAWIOCH MojaenupoBanue /P moukw,
COIPSDKEHHOE C TepaInueil CTPYKTYPHBIM aHAJIOTOM aHaHJIaMHUJ1a CUHAIITaMUI0M
(IpOU3BOJHBIM OMeEra-3 KUPHOM KUCIOThI). B ciydae uiemMuu mo3ra JaHHOE
BEIIECTBO  OKAa3bIBAET BBIPAKCHHBIM CHHANTOTCHHBIM, HEUPOTCHHBIM U

AHTUBOCHAIMUTENIbHBIN 3(P(EKTHI.

4.2.1. CuganTaMuJ] CHHKAJI BOCHAJICHHE B NMOYEYHOH TKAHM IOCJIE

HIIEMHYECCKOTO0 MOBPECKACHUA

B pamkax paHHOW pabOThl MBI HCCIENOBAIM BIWSHHUE TEpanuu
cunantamugom npu WU/P-unnynuposannom OIIIl Ha menuatopsl BocmajieHUS.
MBI nokasajiv, 4TO YPOBHH HEKOTOPBIX ITUTOKMHOB OBUIM MOBBIIIEHBI B TKAHU
nouku uepes 48 1 mocie /P nouku, a umenno untepaeiikux (IL) 1 6eta (IL-1p),
¢dakrop Hekposza omyxonud o (TNF-a) m IL-6 (Puc. 17A,B,I'). BBenenue
CHUHANTaMHIa 3HAYUTEIBHO CHIXKAJI0 AKCIPECCHUIO IL-1B 151
tpanchopmupytomiero ¢akropa pocra Bl (TGFB1) (Puc. 17b) um umeno
TEHJEHIMIO K cHUXeHuto ypoBHer TNF-a u IL-6 yepe3 48 4 nocne /P nouku
(Puc. 17). Kpome toro, Mbl HaOII01aTH TEHIACHITUIO K YBETUUCHUIO SKCIIPECCHU
MPHK unnyuuOenbHol cuHTa3el okcuaa azota (INOS) (Puc. 17X),
rukiookcurenaspli-2 (COX-2) (Puc. 173) u xommnoHenta komriuiementa 3 (C3)
(Puc. 18A) B moukax yepe3 2 CyTOK MOCJE€ UIIEMUH, B TO BpEeMs Kak JICUCHHE
cuHantamugoMm cHmwkaino skcnpeccuto COX-2 (Puc. 173). Kpome Toro, msl
oneHunu skcnpeccuto IL-10, KOTOphI SBIsSETCS MPOTUBOBOCTATUTEIBHBIM
nutokuHOM. Dkcnpeccus IL-10 B modeunoit Tkanm manana mociae W/P, Ho B

MEHBIIEH CTENEHU y KPbIC, KOTOPBIE MOIy4yalnu Tepanuio cuHantamuaom (Puc.

186) [Brezgunova et al., 2024].
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Puc. 17. Yposnu nposocnanumenvhvix meouamopos nocie U/P u neuenus
cunanmamuoom. (A) Sxcnpeccus mPHK IL-15. (B) Oxcnpeccus mPHK TGFp1. (B)
Ikenpeccuss MPHK TNF-o. (I') Oxcnpeccus mPHK IL-6. (/]) Hopmanuzosanmuiil
yposenv  TNF-0, uzmepenuvli ¢ nomowwpto eecmepu-onommunea. (E)
Hopmanuzosannviii yposenv IL-6, uzmepenuvlil ¢ noMoubio ecmepu-o0mmuHed
(n(unmaxmmuoie)=3, n(l/P)=4, n(U/P+cunanmamud)=4). (?K) Sxcnpeccus mPHK
INOS. (3) Oxcnpeccus mPHK COX-2. (n(unmaxmnvie)=4, n(H/P)=6,
n(H/P+cunanmamuo)=6) * p < 0,05 ** p < 0,01 (oonoghaxmopmwiii
OUCNEPCUOHHBLIL AHANU3 C UCNOJIb308AHUEM MECMA MHONCECMBEHHbIX CPAGHEHU
Toroxu unu mecma Kpackena-Yonnuca c ucnonvzosanuem mecma MHOMCECMBEHHbIX
cpaenenuil [launa).
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Puc. 18. Dxcnpeccus socnanumenvrulx meouamopos nocie W/P u neuenus

cunanmamuoom. (A) Ixcnpeccus mPHK C3. (b) Oxcnpeccus mPHK IL-10.

4.2.2. D¢ ¢eKThl CHHANITAMNIAA HA HHPWIbTPALMIO JIEHKOUNTOB B TKAHb

INOYKH ITOCJI¢ HIIeMHUH

Takske Mbl HCCIIEOBAIIA NPEICTABIEHHOCTh MOMYJIALINI JIEMKOLIMTOB B TKAHU
[OYKHU [TOCJIE  UIIEMHYECKU-PENepy3UOHHOTO  TOBPEXKACHUS U BIUSHUE
CHUHanTamMuja Ha ux yuciieHHocTh (Puc. 19). CHauana Mbl MCCIe10BaIM SKCIIPECCUIO
knactepa nuddepennupoBku (CD) 11a (CD11a), uaTerprHa, KOTOPBIA PETYIHPYET
KJICTOYHYIO aJre3Mi0 M MPHCYTCTBYET Ha Bcex Jerkorurax [Naeim, Nagesh Rao,
Grody, 2008]. MsI npoaemMoHcTprpoBai, uto skcrnpeccuss MPHK CD11a B moukax
3HAYUTENIbHO yBenuumiack nociie W/P mouku, Torna kak BBeleHUWE CHHANTaMHIA
camxkano skcnpeccuto (Puc. 19A). Jlpyroi nmanneiikouutapHsiii Mapkep, CDA45,
MMeJ TeHJICHLIMIO K yBennyeHuto nocie U/P modku kak B rpymnmax, He mOJIy4aBIINX
JIeYeHUs, TaK U B rpynmnax, noixydasiux cuHantamuj (Puc. 19b). Kpome Toro, mbi
UCCIIEIOBAIA YKCIPECCHI0 XEMOKHHOBOTO Mapkepa HenTpodmioB (MotuB C-X-C)
muraiga 1 (CXCL1) u Habmronany CTaTUCTUYECKH 3HAYMMOE YBEJIMYEHHUE KaK B
rpynnax “I/R”, tak u B rpymmnax “I/R+cunantamun” (Puc. 19B). Mbl Takxke
OIICHUJIM DKCHpeccuio creruduueckoro MakpodaraibHoro Mapkepa CD68,
KoTopast yBenuuriiach nocie U/P mouku (Puc. 191). XoTs cuHanTamua He M3MEHsUT
o01ee KoJaM4ecTBO Makpodaros, Tepanus ymMeHbiana koaudectBo CD86™ kireTok

(Puc. 19]1), xotopble MPEANOTOXKUTEILHO SBISIOTCS Makpodaramu M1, u
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yBenuuuBaia konudectBo CD163™ kiieTok, KOTopble ABIsIOTCS Makpodaramu M2

(Puc. 19E).
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Puc. 19. [Ipeocmasnrennocms pasiuyHvlx NONYAAYUL JIEUKOYUMOE 8 MKAHU
nouku nocie U/P nouek u nevenus cunanmamuoom. (4) Ixcnpeccus mPHK CDI 1a.
(b) Oxcnpeccuas mPHK CD45. (B) Oxcnpeccuss mPHK CXCLI. (I) Oxcnpeccus
MPHK CD68. () Sxcnpeccus mPHK CDS86. (E) Oxcnpeccus mPHK CD163. * p <
0,05, ** p < 0,01, *** p < 0,001 (oonogpaxmopnwviti ANOVA ¢ mHodxcecmeeHHbIM

cpasnenuem no Tvroku).

[TockonbKy HEHUTPO(HIIBI SBISIOTCS OCHOBHBIMU MMMYHHBIMH KJIETKAMH,
MHQUIBTPUPYIOIIMMU B TIOYEUYHYIO TKaHb B pe3ynbTate W/P, Mbl oneHunu
KOJIMYECTBO HeUTpoduiaoB rucrojorndeckumu metogamu (Puc. 20A,b,B). Mbr
npoJieMOHCTpUpoBasid, uto W/P mnpuBomuia K 3HAYUTEIBHOMY YBEIWYEHUIO
KOJTMYEeCTBA HEUTPOPWIOB B TMOYKAX, KOTOPOE OBLIO YAaCTHYHO YMEHBIIIECHO
BBegeHneM cunantamuaa npu U/P (Puc. 20I). Taxke ciemyeT OTMETUTh, YTO MBI
BBISIBUWIM THAJIMHOBBIC IWIMHAPHI B KaHAJbIaX, JECKBAMAIIUIO SMHUTEIHATBHBIX
KJIETOK M KJIETKM MUTOTHYECKOU (Da3bl B KaHAIBI[AX B 00EUX IKCIIEPUMEHTATBHBIX

rpymnmax.
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Puc. 20. Ungpunompayus netimpoghunos 8 mxans nouKu nocjie no8PeHCOeHUs.
nouKu u jaedeHus cunanmamuoom. OKpawiusauue cpe3o8 noyeK 2emMamoKCUIUH-
s03unom (H&E) unmaxmuuix kpuic (A), uepez 2 cymox nocie uwemuu/penepgyzuu.
(B) unu uepes 48 uacos nocne uwemuu/penepghyzuu ¢ redenuem CUHANMAMUOOM.
(B). Hetimpodghunwl (uepnvie cmpenku), uaiunosvie YUIUHOpsl (YepHvie cmpeiKi-
yKazamenu) u O0ecKkeamayus INUMETUAIbHLIX —KIemoK (beivle  cmpenxu)
Habarooaiomess 6 noueynou mranu nocie H/P. (I) Oyenka roauuecmea
HeUmpoguios 6 noueyHol MKAHU UHMAKMHbIX Kpblc (n=35), uepe3 48 uacoe nocne
uwemuu/penep@yzuu (n=5) umu uepes 48 uacoe nocie uuwiemuu/penep@yzuu c
Jeuenuem cunanmamuoom (n=4). ** p < 0,01 (mecm Kpackera—Yonmuca c
MHOJMCecmeeHHbiMU cpasHenuamu no [lanny). Kascoas mouxka npedcmasnsiem
cpedHee 3HaueHue KOIUuuecmea Helumpo@uios, noocuumanusix 6 10 nonsx 3perus

naowaovio 1,45 mm?.
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Mpb1  Takke OIECHWIN JIEWKOIUTAPHYI0 WHQPWIBTPAIUIO C TTOMOIIBIO
MPOTOYHOM IMTOMETPUU KIETOK TOYEK, OKpAIIEHHBIX AaHTHUTEJIaMH IPOTHB
CD11b/c (Puc. 21, a-c), koTopasi B OCHOBHOM BBISIBIIIET HEUTPODUIIBI U MaKkpodaru.
Mpbl NpOAEMOHCTPUPOBANM, Kak cama MO cebe HIIeMUs C MOCIeIyIomen
penepdy3ueil, Tak W CONPSDKCHHAs C Tepamueld CHUHANTaMHUIOM MPHBOIWIA K
3HAYMTEIBHOMY yBeauueHuio koiamuectBa CD11b/c- monoxurenpubix (CD11b/c?)

KJIETOK 110 CPaBHEHHUIO C MHTAKTHBIMU KUBOTHBIMU (Puc. 21d).
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Puc. 21. Ununempayus CDI11b/c* knemox 6 mxanv nouku. IIpomounas
Yumomempusi Kiemox, noJay4eHHbIX U3 NOYeK UHMAKMHbuIX Kpblc (n=3) (A), uepes 2
Ccymok nocie nogpedicoerusi (n=>5) (b) unu nocne nogpesicoenus Ha ¢hone c nevenus
cunanmamuoom (n=5) (B), oxpawenuvix anmumenamu npomue CDI1b/c*. (T)
Cooepoicanue CDI11b/c™ knemox 6 noukax cex 3KCREPUMEHMATbHBIX epynn. * p <
0,05 (oonogaxmopHblii OUCNEPCUOHHDIL AHATU3 C MHONCECMBEHHbIM CPABHEHUEM

Tovroxu).
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4.2.3. CuHanTaMu/J1 0Ka3bIBaeT CBOE MPOTHBOBOCIIAJIMTEIbHOE JeiiCTBHE

yepes peuentop GPR110 neiitpopusion

HenaBHo OBUIO TMOKa3aHO, YTO STAHOJIAMUJ JIOKO3areKCacHOBOM KHCIOTHI
MOXET CHUKaTh BOCHaJIeHHE 3a cyeT curHaumHra yepe3 GPR110 B muMMyHHBIX
kiaeTkax [Park, Chen, Kim, 2019]. B ¢Bs3u ¢ 3TUM MBI HCCIIEAOBAIN IKCIIPECCUIO
3TOTO pelenTopa B KIETKaX, MOJYyYCHHBIX U3 TIOYCK, U POJIEMOHCTPUPOBAJIH, YTO
CUHANTaMUJ 3HAYUTENbHO yBenumumBan dkcrnpeccuto GPR110 wa done U/P,

KOTOpas He MOBBINIATACH Y KPbIC, MOMyYaBmUX cuHanTamuy 0e3 unaykuuu OIIIT

(Puc. 22A).

UtoOBl mpoaHANIM3UPOBATh, KaKWE KIETKH MOTYT OBITh OTBETCTBEHHBI 3a
Takoe yBenuueHue skcrpeccud GPR110, mbl mosryunnmu CD11b/c* kiteTku, KOTOpbIe
B OCHOBHOM TIPEACTAaBISAIOT COOON MOMyIsiiUM HEUTpousIioB U Makpodaros
[Spitzer, Zhang, 1996]. MsI npoaemMoHcTpupoBanu, uto skcipeccuss MPHK GPR110
Obuta moBbIeHa B kieTkax CDI11b/c* u3 mouek kpwic, moasepruuxcs W/P wu
BBeZieHHIO cuHanTamuga (Puc. 22b). Mbl TakXke WHCCIENOBAIM HIKCIPECCUIO
npoBocnanuTesibHbix MapkepoB TNF-a u IL-1B B kierkax CD11b/c*, koTopas

MMeJia TeHICHITUIO K CHIDKEHUIO MocTe BBeJeHUs cuHanTamMuia Ha ¢poune /P (Puc.

20B.T).

Kpome Ttoro, mbl uccnenoBanu skcnpeccuto MPHK GPR110 u TNF-a B
MOHOHYKJI€apHBIX KieTkax nepudepuyeckoit kpou (PBMCs). Mb1 oOHapyxuiu,
yro GPR110 He skcnpeccuposasics B PBMCs, B otianuue ot kierok CD11b/c* u3
noueyHoil Tkanu (Puc. 22]1). Cnenyet otmeTuts, uyto 3kcnpeccus MPHK GPR110
He akTuBupoBanacb B PBMCs uepe3 48 u mocine U/P uwnum U/P ¢ nedenuem
cuHantaMuoM. KpoMe Toro, cuHantTamuj, He OKa3bIBajl BIHMSHUE HAa 3KCIPECCHUIO

TNF-a B aTux kietkax mocie umemuu (Puc. 22E).
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Puc. 22. Ceazannvie ¢ GPRII0 npomusogocnanumenvhvie 3¢hpexnmuol
cunanmamuoa npu uuwiemuu/penepghysuu nouex. (A) Sxcnpeccus mPHK GPRI110 &
mkanu nouxu. (b) Oxcnpeccuss mPHK GPRI110 ¢ CD11b/c™ knemxax uz nouxu. (B)
Oxrenpeccuss MPHK TNF-a. 6 CD11b/c* knemxkax uz mxanu nouxu. (I') Dxcnpeccus
MPHK IL-18 ¢ CD11b/c* knemkax uz mrxanu nouxu. (/]) Cpaenenue sxcnpeccuu
MPHK GPRI110 ¢ CD11b/c*™ knemkax uz unmaxmmuou noveunou mxanu u PBMCs,
NOJYYEeHHbIX U3 KPOBU  UHMAKMHBIX  Kpblic, uepe3 48 uacos nociue
uwemuu/penepdyzuu unu yepes 48 uacos nocie uwemuu/penepyzuu c neveHuem
cunanmamuoom. (E) Sxcnpeccus mPHK TNF-0.6 PBMCs. * p < 0,05, **p < 0,01
(oonogpaxmopnuwiii ANOVA ¢ muoscecmseenuvim cpasHernuem no Tvroku unu mecm
Kpackena—Yonnuca c muoscecmeenHolMu cpasHeHusmu no Jaumy).
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OcHOBbBIBasICb Ha TMOJYYEHHBIX JAHHBIX, Mbl MPEANOJaraeM, 4YTO
MPOTUBOBOCTIANTUTENbHBIE A (deKkThl cuHanTamuga omocpeaytorcs GPR110 B
kietkax CDI11b/c*, xoTopble mNpencTaBieHbl B OCHOBHOM HEHTpodwiIaMu Hu
Makpodaramu. [TockoibKy OOJBIIMHCTBO KIETOK, HHPUIBTPUPYIONIUX B TOUYKY
M0CJIE UIIEMHH, SIBIISIIOTCSI HEUTPOPUIIaMH, OCHOBHOM 3 (EKT CHHAIITAMU]Ia MOYKET
3aKJIF0YAThCS B MOAYJIALIMU BOCHAIMTEIBHON pEaKLMK, ONOCPEIOBAHHON MUMEHHO

ATUMH KJIETKAMH.
4.2.4. DdpdexTnl cuHanTamuaa Ha TskecTh OIIII

Mebr ouenwin Tsbkecth OIIl Oe3 neueHus cUHANTAMUIIOM WIM C €T0
npumeHenueM (Puc. 23). Mbl oOHapyxunu, yto koHueHtpauuu BUN u SCr
3HAYUTENIbHO YBEIUYMIHNCH yepes 48 4 nocie 1/P nodek, a 1eueHrne CHHaITaMu0M
HE  YMEHBLIAJO  HapylmeHuss  (PYHKOUMU  TOYEK, HECMOTpSs Ha  €ro
npotuBoBocnanuTeNbHbId 3 Pext (Puc. 23A,B). Mbl Takke npoaHaIM3UPOBAIIN
Oojiee  YYBCTBHUTEIIbHBIH  Mapkep  TMOBPEXKIEHUS  TOYEK,  JIMIIOKAJUH,
acCOIMUPOBaHHBIA ¢ HelTpoduibHOU xkematuHazo (NGAL), B oOpasziiax Mouu
yepe3 24 4 nocne WU/P (Puc. 23B). Mbl HaOmofgain 3HAYUTENTHFHOE TOBBIIICHUE
ypoBHst NGAL B Moue kpwic u3 rpynn “I/R” u “I/R+cunantamun’. Ml Takxke
OILIEHUJIU IKCIIPECCHUI0 APYroro Mapkepa nospexaenus KIM-1 B moyedyHoi TKaHU
yepe3 48 4 nocie NoBpekACHUs U MPOJAEMOHCTpUpOBaiH, uTo 3kcnpeccuss MPHK
KIM-1 6bu1a 3HaunTenbHO NoBkIIeHa pu U/P 1 uMena TeHaeHInIO0 K CHUYKEHUIO B

MoyKax KphIc, monydaBmux cuHantamu npu U/P (Puc. 23T).
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Puc. 23. Oyenxa pazeumus OIIIl y kpvlc nocie uwemuu u JneyeHus
cunanmamuoom. (A) Coeteéopomounoe cooepocanue BUN unu (B) SCr y unmaxmmuolx
Kpbic, uepe3 2 CYmMOK NOCle No8pexdcoanujeco B030eicmseus u mepanuu
cunanmamuoom. (B) Vposeuu NGAL 6 moue uepe3 cymxu nocie nospexcoeHusl,
oyenenHbvle ¢ nomowpio secmept-onommunea. (I') Ixenpeccus mPHK KIM-1 uepes
2 cymok nocie nospedicoenusi u mepanuu. * p < 0,05, ** p < 0,01, *** p < 0,01
(oonogpaxmopuwiit ANOVA ¢ mHoocecmeeHnbIM cpagHenuem no Tvroku unu mecm

Kpackena—Yonnuca ¢ mnoorcecmeennuvimu cpasnenusmu no /launy). n(unmaxkmuule)

=35, n(U/P) = 7-8, n(U/P+cunanmamud) = 7-8.
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4.3. Pazputue OIIIl y HOBOPOKI€HHBIX IPH CHCTEMHOM BOCHAJICHUH

4.3.1. IloBpexaeHue MO4YeK y HOBOPOXKICHHBIX KPBICAT NPHU JAeldCTBUM

JITIC B pa3HbIX g03ax

B nanHoli paboTe MOAEIMPOBAIM SHIOTOKCHUH-UHAYIIUPOBAHHOE MOYEYHOE
MOBPEXKJICHUE Y HOBOPOXKJEHHBIX KpbIC MyTeM ojHoKpaTHoro BBeneHus JIIIC B
7103€ 4 MI/KT, KOTOpast UCIIOJIb3YETCS 1JI1 MOJIETTUPOBAHMS CHCTEMHOTO BOCIIAJICHUS.
JIJist OIIEHKW TOYeYHON (YHKIMHM W3MEPsUTd MOYEBHHY B CBHIBOPOTKE KPOBU B
KauecTBE MapKepa CHIDKEHUsI KIyOOukoBOM ¢uiabTpanuu. ModyeBUHA SBISETCS
OCHOBHBIM KOHEYHBIM TIPOAYKTOM a30THCTOTO OOMEHAa y MIICKOMUTAIOINX,
oOpazyeTcsi mpu Jerpajaluud OEJKOB M aMHUHOKHCIOT M TIOYTH TOJIHOCTHIO
BbIBOAUTCS ¢ Mouoil. Yepe3 24 uaca mocne BBenenust JIIIC B moze 4 mr/kr
HaOIIOAAaeTCsl CTaTHUCTHYECKW 3HauuMmoe (Oojiee yeM B 2 pasa) yBEJIMYEHHE
KOHIICHTPAIIUH MOYCBHHBI B KPOBH KPBICAT 110 CPaBHEHHUIO ¢ KOHTpoJieM (Puc. 24A),

YTO SABJSICTCS MOKa3aTesieM QYHKIIMOHABHBIX HapylieHui B mouke [Plotnikov et al.,

2018].

B 1o xe BpeMms ObLI0 OOHApPYXEHO, YTO KOHIEHTpAIMs KpeaTHHUHA B
CBIBOPOTKE >KMBOTHBIX, MOJYYUBIIMX BHYTpUOpromMHHYIO uHBbeKUu0 JIIIC,
JOCTOBEpHO He ommuaerca OT koHTposst (Puc.24b). Kpeatunun siBusiercs
MapKepoM, HauOoJiee aKTUBHO HCIIOJIb3YEMBIM B HACTOSIIMN MOMEHT B KIMHUKE
JUISl TMArHOCTUKU MOYEYHOW HeAoCcTaToYHOCTH. OH 00pa3yeTcsi ¢ OTHOCUTEIBHO
IOCTOSTHHOM CKOPOCTBIO B  pe3yibTare He(epMEeHTaTUBHOM JAeTuipaTanuu
MBIIIEYHOTO KpeaThuHa U CBOOOIHO (QUIIBTPYETCs KIIyOOuKaMu, He peabcopOupysch
IIOYCUYHBIMUA KaHalbllaMU. JIaHHBIA Mapkep B TIEPBYK0 OYEpEdb OTPAXKAET
U3MEHEHUS B CKOPOCTH KIYyOOUKOBOM (UIbTpallMd MOYKHM MU HE MO3BOJISET
JETEKTUPOBATh PAaHHUE CTaJUU MOBpexAeHUs Mnoyku. Kpome TOro, KoimuecTBo
MPOIYIIUPYEMOTO KpeaTHHUHA MPUOIM3UTEIHHO MPOMOPIIMOHATBEHO MBITIICYHON
Macce, a y HOBOPOXKJIEHHBIX KPBICAT YAaCTO YPOBEHb CHIBOPOTOYHOI'O KpEaTHHHUHA
OTpa)ka€T YPOBEHb JJAHHOIO BEIECTBA B KpOBU Marepu. F3BecTHO, UTO

CBIBOpOTO‘-IHbIﬁ KPCaTUHHH Y KPBICAT 3HAYUTCIIbHO IMOBBIIACTCA IIPU ITOTCPC Ooiee
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50% ¢dyHkOEOHANBEHBIX HE(DPOHOB, TMMOATOMY TP MEHEE 3HAYUTEIIbHBIX
MOBPEXKACHUSIX €ro KOHIEHTpalus MOXET He YBETU4YMBaThCs. MOXKHO
npearnoiarath, 4To Npu MOACIUPOBAHUU CUCTEMHOTO BOCITIAJICHUS ITyTEM BBEIACHUS
4 wr/kr JIIIC OIII pa3BuBaeTcsi B OTHOCUTENBHO JIETKOM CTEMEHHU, KOTOpas He

BBI3BIBACT 3HAYUMOTI'O YBCIINYCHHA CbIBOPOTOYHOI'O KPCATHHHHA.

Kak ObLI0 MOKa3aHO B pa3nuuHbIx ucciemoBanusx [Mussap et al., 2014;
Schinstock et al., 2013], ans neTeKTHPOBAaHWS PAHHHUX CTAJAUN TTOBPEKICHUS
Oonbllle TOAXOAUT Mapkep moueyHoro mnospexaeHuss NGAL, MOCKoJIbKy OH
BeLsiBIsieT Ol mpu OTHOCHTENBHO C1a00M MOBPEXKIEHUN TTOYEHHBIX KaHAIIBLIEB U
HE 3aBUCUT OT OCOOEHHOCTEW MeTadoiM3Ma, B OTJIMYME OT KpEaTUHUHA U

MOYCBHHEI.

JlaHHBI MapKep MPaKTUYECKH HE JNETEKTUPYETCS B MOUYE HOBOPOKIECHHBIX
Kphic, Toraa kak BeegeHue JIIIC B no3e 4 Mr/kr Bei3biBaeT nosisiienne NGAL B moue
yepe3 24 yaca nocne uHbekiuu (Puc. 24B). NGAL, npuHajuiexxanuii K CeMEMCTBY
JUINOKAJIUHOB, (UIBTPyeTCS M3 KpOBHU, HO 3areM peabcopOupyercsi B
IPOKCUMAIBHBIX KaHAJIbIIAX, TAKUM 00pa3oM, B CITydae 3/I0pOBOM IMOYKH MOTAaHUE
NGAL B mouy uckmoudaercs. OOHapyX eHUE €ro B MOY€ CBHUIECTEIBCTBYET O
BBICOKOM YPOBHE MOBPEXKIECHUS MOYEYHBIX KAaHAJIBUEB U MOJIXOAUT JJIsl JETEKIUU
octpoit dassl OIIII. Ucxonst u3 mosiy4eHHBIX pe3yIbTaTOB, MOKHO CEIaTh BHIBO/I,
yto mnpu cencuc-nogoonom OIIl wapymaercs peabcopbuus NGAL B
MPOKCUMAaJIbHBIX KaHaNblaX. KpomMe Toro, psia ucciieIoBaHUil MOKa3bIBAET, YTO MPHU
OINIl wnaGmromaercst cuHTe3 de novo HemocpeACTBeHHO moueuHoro NGAL
ANUTEINEM TOYEUYHBIX KaHAIbIEB U JKCKpelusi ero B Mody. Takum o00paszom,
oOHapyXeHHEe ero B MOYE€ HOBOPOXIECHHBIX OJHO3HAYHO CBHUAETEILCTBYET O
HApYyIICHUU HOPMAJILHOTO (PYHKIIMOHUPOBAHUS M TOBPEXKICHUM TOYKH MpHU

naseknuu JITIC.
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Puc 24. Oyenka mapkepog noueunozco nogpexcoenus, npoaugepayuu u
anonmo3sa yepe3 24 uaca nocie o0Hokpamuozo esedenus JIIIC 6 0oze 4 me/ke
HOB0pOJicOeHHbIM  Kpbicam. (A) Konyenmpayusi Moyesunvl 6 CblBOPOMKeE
HOBOPOJICOeHHbIX Kpbic (n(koumponv) = 5, n(JIIIC) = 9). (4) Konyenmpayus
KpeamuHUuHa 8 Cbl8OPOMKeE HOBOPOICOEHHBIX KpblC (n(konmpoav) = 5, n(JIIIC) = 9).
(B) Yposeno NGAL 6 moue KOHMPOIbHBIX HOBOPONCOEHHBIX Kpbic (N=4) u uepe3 24
y nocie 00OHoKpammuou unvekyuu 4 me/ke JIIC (n=6). **p < 0.01, ***p < 0.001

(Kpumepuii Manna-Yummnu)

Jlyist otieHKu TpoaudepaTUBHOTO MOTEHITHANA KIETOK TMOYKH KPBICST MOCTE
BozaeiictBus JIIIC 0wt mpoananusupoBan Mapkep PCNA. Dkcnpeccus Oenka
PCNA naOmromaercsi TONBKO B JAETSANIUXCS KJIETKaX, MOATOMY €r0 KOJIMYECTBO

MPSIMO  TIPOTIOPITMOHAIIEHO aKTUBHOCTH Tpoiudepanuu B TKaHu. [lpu anammsze
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TOMOTEHAaTOB TIOYEK KPBIC OBLJIO BBISBICHO, YTO B HWHTAKTHOM OpraHe ¥y
HOBOPOXJCHHBIX JIeTeKTHpyeTcs Oonbinoe koindectBO PCNA, To ecTh Benmka
JI0JIS1 ACIIAIIMXCS KJIETOK. DTO OTIUYACT HEOHATAIBHYIO MTOYKY OT MOYKH B3POCIOTO
’KUBOTHOTO, TJie mpoiudepanus npakTHuecku He Habmomaercs [[les3nep u np.,
2018]. Yepe3 24 uaca mocie omHokpatHoro BBeacHus JIIIC B mo3e 4 mr/kr
HaAO0JII01aeTCsl 3HAYUTENIPHOE YMEHBIIECHUE COJIepKaHUsi Mapkepa mpoiudepanuu
PCNA B moYkax HOBOPOXXICHHBIX KPBIC IO CPABHEHUIO C KOHTPOJbHBIMU
KUBOTHBIMH, YTO CBUJICTEIBCTBYET O HAPYIICHUHU MPOIECCOB JIEJICHUS KIETOK B
nouke (Puc. 25A). Baxxno ormetuts, uto noBpexaaroniee Bo3aeicraue JIIIC Ha
HEOHATAIBHYIO TIOYKY MPOMCXOAUT Ha (OHE aKTHUBHO MPOIH(EpUPYIOMIHIX
BCJIEAICTBUE Mpoiiecca Hedporenesa kieTok, uro ommdaet Ol y HOBOpOKIeHHBIX
OT aHAJIOTMYHOW CHUTyaIluu y B3pocibiX Kpbic [[leB3nep m ap., 2018], rae OIIII
HA000POT, BRI3BIBACT AKTUBALIUIO Mposidepannu AJjis pereHepanuu oprata myTemMm
3aMEHbl TMOBPEXKJACHHBIX JMUTEIUATBHBIX KJIETOK MyTeM IudQepeHIpoBKH B

snutearonnTsl [Andrianova et al., 2019].

N3BecTHO, yTO rubensb snuTennonutoB npu Ol MoxeT npoucxoauTh B TOM
YHCIIe MMyTeEM UHAYKIUU anonTto3a. /[ oleHKr anonTo3-uH1yupPOBaHHOW rHOen
KJIETOK B MOYEYHOW TKAHU MPU MOJEITUPOBAHUU SHJIOTOKCHH-UHIYIIUPOBAHHOIO
MOYEYHOTO  TOBPEXKIACHUS  ObUI  MpPOAHAIM3UPOBAH  YPOBEHb  AKTUBHOM
(paciueryieHHOM) Kacmasbl-3, KOTOpash CYUTAeTCs KIIOYEBBIM (EPMEHTOM B
poLecce Kaclas3-3aBUCHMOIO — arolTo3a. BBISBIEHO NOBBILIEHHE YPOBHS
paciieryieHHon kacnasbl-3 yepe3 24 4 nocine BBenenus JIIIC B moze 4 mr/kr mo
cpaBHeHHIO ¢ KOHTposieM (Puc. 25B), 4uTo cBuUIETENbCTBYeT 00 aKTHUBAIUU
TEPMUHAIBHBIX CTAAWM amomnTo3a. MOXHO 3aKJIIOYUTh, YTO CETNCUC-TIOI00HOE
COCTOSIHUE€ HWHIYLHMPYET OCTPOE IMOYEYHOE IMOBPEXKIACHUE 3a CUET amonTo3a B
KJIeTkax HepoHa. Takke MOXKHO cJenaTh BbIBOJ, 4YTO MPU HHAOTOKCHH-
unaynupoBanHoM OIIIl y HeoHaTabHBIX KPBIC allONTO3 MPOTEKAET Yepe3 IMyTh,

omocpeayeMbiii kacna3oii-3 [Plotnikov et al., 2018].

98


https://paperpile.com/c/PocIwp/PHPM
https://paperpile.com/c/PocIwp/PHPM
https://paperpile.com/c/PocIwp/PHPM
https://paperpile.com/c/PocIwp/9iDHj

A b
PCNA=> === .. Kacnasa-3 = -

o 2.0 E 60- |

) * ™ (:é ®

- [ 3 "

5 1.5 —e é L i

b4 g5 o

8 1.0 [ ] £ # E !

T

[ U (=]

o ° g§ @ 207 [

C 0.51 £ —

p s s

c Sz

© 0.0 T T o 0 "ﬁ" r

KOHTpOnb nnc S KoHTponb nnc (4mr/kr)

(4 mr/kr) 244

Puc. 25. Uzmenenue mapkepos nporughepayuu u anonmosa yepes 24 uaca
nocie oonokpamnozo eeedenus JIIC 6 0oze 4 me/ke. (A) Ymenvuenue cooepocanus
PCNA 6 mxanu nouxu HeoHamanbHulX KpblC 8 KOHMpoae (n=4) uepes cymku nocje
unvexyuu JIIIC 6 0oze 4 me/ke (n=4), oyenennoe memooom ecmepH O10MmMuHeq.
(b) IlosviuieHue yposHs aAKmMUGHOU KACNA3bl-3 8 20MO2eHamax NoueKk KpviC 8
kowmpone (n=4) u uepez cymku nocie unvekyuu 4 me/xe JIIIC 6 xoumpone (n=4),
oyeHneHHoe mMemooom eecmepH Orommunea. lIpedcmasnenvt penpezeHmamugHvle
UMMYHOOIOMbL 00PA3Y08 20MO2EHAMO8 NOYEK U OEHCUMOMEMPUUECKULl aHAIU3

cneyuguueckux namen. *p < 0.05 (Kpumepuii Manna-Yumnu unu nenapmwiii t-test)

Takum 00pa3oM, B MEpBOM CEPUU SKCIIEPUMEHTOB OBLIIO MOKAa3aHO, YTO 71032
JITIC 4 mr/kr Bo3biBaeT BoipakeHHoe OIIII y HoBoposkaeHHbIX KpbIC. [IocKOTbKY B
JaHHOM paboTe€ MBI XOTENW OICHUTHb BIUSHUE TEpanuu aHTUOMOTHKAMHU Ha
pazButue JIIC-unnyuupoBannoro OIIIl, B ToM yuciae BO3MOXKHOE aJJUTUBHOE
nercTBUS HEQPOTOKCHUUSCKUX aHTHOMOTUKOB M CHCTEMHOTO BOCHAJICHHUS, TO ObllIa
nocTaBjieHa 3ajaada nojobpars no3y JIIIC, xkoTopas BbI3bIBajia OBl JOCTATOYHO
cmaboe OIIIl, 4yrtoObr Ha ero ¢oHe OBIJI0O BO3MOXKHBIM JETEKTUPOBAThH
JIOTIOJIHUTEJIBHOE TOBPEXKJICHUE OT aHTHOMOTHKOB. J[Jis 3TOro B AaHHOUM pabote
obuto uccnenosano pasputue OIIIl ot BBeaeHus BaBoe MeHbiei 10361 JITIC (2

MT/KT).
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bouto BbIIBIEHO, uTO oOmHOKpaTHOe BBenaeHue 2 wmr/kr JIIIC Bei3biBaer
nosiiieane mapkepa OIIIl NGAL B Moye HOBOPOXKACHHBIX KphIC uepe3 24 yaca
nocine uabekuu (Puc. 26A), 94To cBUIETENBCTBYET O Pa3BUTUH NOBpekACHUA. To
€CTh MOBPEXKICHUE IIOYEK IPOMCXOAWIO HA OYEHb YMEPEHHOM YPOBHE U
reTEPOreHHOCTh KMBOTHBIX M0 ycToumBocTH K OIIIl HEe mO3BONAET MOIMYYUTH

SHAYMUMBIC pa3JININA.

Kpome Toro, guepes 48 gacos mocie BBenenus 2 mr/kr JIIIC 3HaunTe1nHOTO
noBeilieHuss Mapkepa NGAL B Moue He HaOMIOAAIOCh MPAKTUYECKH Yy BCe
sKcnepuMeHTalnbHOU rpynnsl (Puc. 26A). Takum 00pa3oM, MOBBIIIEHHBIH YPOBEHb
Mapkepa NGAL BBISBIAETCS 4€pe3 CYTKH MOCJE MOBPEXKAAIOIIETO BO3CHCTBHS
JITIC, Ho He yepe3 48 4. DTOT (haKT MOKHO CBSI3aTh C TEM, YTO MOSIBICHHE B MOYE
JTAHHOTO MapKepa XapaKTepHO JJIi PaHHUX CTaJUi MOBPEXKICHHUS, a Ha BTOPHIC

CYTKH B CJIY4aC HC OYCHb TAKCIIOI'O OIIII ero KOIMYECTBO HAUMHACT CHUXKATHCS.

OnHOBpEMEHHO OBLIO IMOKA3aHO, YTO KOHLEHTPAllMs MOYEBUHBI B KPOBHU
3HAYUTEIBHO BO3pacTaia yepes3 48 4 nocie BHyTpuOpromurHHoro BBeaenus JIIC B

7103€ 2 MI/KT, YTO CBUJETENHCTBYET O (yHKIIMOHAIBHBIX HApYIIIeHUIX B ovke (Puc.

26B).

[Tockonpky OIIII mpu ucnonb3zoBanuu aanHou 03kl JIIIC Haxomusoch Ha
IpaHd JETEKIUU (YTO M SBISJIOCH IEbI0 YMEHBIIEHHUS J03bl), TO HaMU ObLI
JOTIOJTHUTENBHO MPOAHATM3UPOBaH enle oauH OenkoBbiid Mapkep OIIIl, a umMenHo
ypoBeHb Mapkepa nuctatiHa C B CBIBOPOTKE KPOBHU. YBEIMYEHUE KOHLECHTPALIMH
JAHHOTO MapKepa B KpPOBHM MOXET CBHJETEIBCTBOBATh O HAPYILICHUU
IKCKpeTupytomend GyHkiuu noyek. Yepes cyrku nocie BBeaeHus 2 mr/kr JIIIC
Ha0JII0/1aI0Ch TOBBIIICHNE KOJMYECTBA JAHHOTO Mapképa, HO TEM HE MEHee ero
YPOBEHb B KPOBHU 3KCIIEPUMEHTAIBHBIX )KUBOTHBIX JOCTOBEPHO HE OTJIMYAJICA OT
KOHTpoabHOU Tpymimbl (Puc. 26B). Uepes 48 yacoB mocie BO3JICUCTBUSA TAKKE HE
BBISIBJISUIOCH JIOCTOBEPHOTO MOBbINIeHUs! YpoBHs muctatuHa C (Puc. 26B). Takum
o0pa3oM, eAMHCTBEHHBIM 3HauyuMO u3MeHsrommmcs Mmapkepom OIIIT u moueunoit

muchyakunn npu BBeaenuun JIIIC B qo3e 2 Mr/Kr, cTana KOHIIEHTPAIHS MOYEBUHBI
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B KkpoBu. OcTanbHblE MapKepbl JUOO HE H3MEHSINCh, JUOO H3MEHSINCH
CTaTUCTUYECKM HE 3HAuMMoO. MOXHO 3aKitounTh, yTo AaHHas po3za JIIC mus
HOBOPOXJECHHBIX KPBICST SBJIAECTCA CyOTOKCUUECKONW U MOYKET MCIOIb30BATHCS IS
JNAJIBHEUIINX HKCIEPUMEHTOB IO BBISBICHHUIO AIJUTUBHOIO ITATOJOTHYECKOTO

JICHCTBUS.

K 24 K 48

Mapkepbi OIIN
yepes 24 vnun 48 yacos

300+ )
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Puc 26. Oyenxa mapkepos noueyHoco noepedicoeHus, npoaugepayuu u
anonmosa uepe3 24 unu 48 uwacose nocie oonokpamuozo esedenus JIIIC 6 doze 2
Me/Ke HoBopodcoenHbim Kpovicam. (A) Ypoeeno NGAL 6 moue KOHmMpPObHBIX
HOBOPOJICOeHHbIX Kpbic (n=4), uepe3 24 u (n=4) u 48 u (n=5) nocie 00HOKpamuou
unvexyuu 2 me/ke JIIIC. (B) Konyenmpayus moue8unvl 8 CblBOPOMKeE
HOBOPOIICOeHHbIX KpblC (n(koumpoas) = 3, n(JIIIC 24 y) = 4, n(JIIIC 48 v) = 4). (B)
Vposeno yucmamuna C 6 cvleopomke HOBOPONCOCHHBIX KpblC (N(KOHMPOab) = 3,
n(JIC 24 v) = 4, n(JIIIC 48 u) = 4,). (B) **p < 0.01 (ooHoghaxmopHhwiii
OUCNEPCUOHHBLIL AHATU3 C UCNOJIb308AHUEM MECMA MHONICECMBEHHbIX CPAGHEHULL
Tovroxu)
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[Tockonpky MbI mokazanu, uto npu nedctBuu 4 mr/kr JIIIC npoucxoaut
CHIDKEHHUE MPOoNu(epaTUBHOTO MOTEHIIMANA KJIETOK MOYKH HOBOPOXKIECHHBIX KPBIC,
JaHHBIA IMapaMeTp Takke ObUl MPOAHAIU3UPOBAH Y HOBOPOXAECHHBIX KpPBICAT,
nonyuaBiux 2 mr/kr JITIC. Yepes 48 vaco nocie onnokparnoro BeaeHus JIIC B
03¢ 2 MI/KI KpbicaM 4-5-JHEBHOTO BO3pacTa HaONIOAAETCs 3HAYMTEIbHOE
yMeHbleHue Mapkepa nposudepanuu PCNA B moukax 3KCIIEpUMEHTAIBHBIX KPbIC
10 CPAaBHEHHIO C KOHTPOJIbHBIMU KUBOTHBIMHE (Prc. 27A), 4T0 CBUACTENBCTBYET 00

YMCHBIICHUHU YMCJIa ACILAINXCA KIICTOK B ITIOYKC.

AHaQJIOTUYHBIM 00pa3oM, Kak U B Mojienu ¢ BBeAgeHueM 4 mr/kr JIIIC, 6bu10
MIPOAHAIU3UPOBAHO KOJIMYECTBO AKTUBHPOBAHHOM Kacmaspli-3 B mnouke. [lpwm
aHaJIM3€ aroNTOTUYECKOW aKTUBHOCTH ObUIO MOKa3aHO, YTO MOCJE OJHOKPATHOTO
BBenenus JIIIC B mo3e 2 mr/kr yepes 48 4 ypoBeHb aKTHUBHPOBAHHOW KacIasbl-3,
(epMeHTa, Y4YacTBYIOILEIO B TEPMHHAJIBHBIX CTaJUAX AaroONTOTHYECKOTO IIYyTH
ru0eny KIETKH, B TKaHM MOYKH MPAKTUUECKH HE M3MEHsUICA IO CPABHEHUIO C

KOHTpOJIbHOH Tpymmoii (Puc. 27b).
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Puc 27. Uzmenenue mapkepos npoaugepayuu u anonmosa yepes 48 uaca nocie
oonokpammnozo esederus JIIIC 6 0oze 2 me/xe. (A) Ymenvwenue cooepacanus PCNA
8 MKAHU NOYKU HEOHAMAIbHBIX KPbIC 8 Koumpoie (n=3) u nocae 2 me/xe JIIIC (n=5),
oyerneHHoe memooom eecmepH orommunea. (b) Yposenv axmusnoii xacnazvi-3 6
2omMozeHamax nodex Kpvic 6 kommponae (n=3) u nocne 2 me/ke JIIIC (n=35),
oyeHeHHoe Memooom eecmepH onommunea. Ilpedcmasnenvl penpezenmamugHvle
UMMYHOOIOMbL 00PA3Y08 20MO2EHAMO8 NOYeK U OEHCUMOMEMPUUECKUU AHAIU3

cneyuguueckux namen. **p < 0.05 (nenapnoui t-test)
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4.3.2. Ouenka noyeynoit pynkuuu npu OIIII, BbI3BaHHOM CHCTEMHBIM
BOCHAJICHHEM, M Tepanud AHTHOMOTHKAMM NPH JKCIEPHUMEHTAJIbLHOM

MOJAECIHPOBAHUHA

Tak kak eme He HailneHa tepamnust OIIIl, MBI pemviid OUEHUTH BIHSIHUE
QHTUOWOTHUKOB, KOTOPHIE MCIOJIB3YIOTCS MPH TEPaNHM CETcuca Ha MOBPEXKICHUE
nouek. M3BeCTHO, YTO M1 FeHTaMHUIIMHA HE(PPOTOKCHUYECKOW 030U IS KPBIC
aBnsieTcss 160 Mr/Kr, mpu UX KypCOBOM BBEJCHHM B TeueHue 6 nHel [SHkayckac
ap., 2012]. B manHoi pa®oTe ObLIO HUCCIIEAOBAHO JEHCTBUE 2 103 TeHTaMUIMHA —
50 mr/kr 1 150 MI/KT B cOUeTaHHHU C BBEIEHHEM DHJIOTOKCHHA B 03¢ 2 MI/KI. B
CepUU  TPEABAPUTEIBHBIX  JIKCIEPUMEHTOB  OBUIO  MOKa3aHO, YTO IMpH
BHYTPUOPIOIIMHHOM BBEJICHHM TEHTAMHUIIMHA B J103aX MeHbIne 150 MrI/kr He

npoucxoaut nosisyienus Mmapkepa OIIIl NGAL B moue (1aHHbIE HE TOKa3aHBbI).

Ha  ocHOBe  DJKCIIEpUMEHTOB 110  OINPEACICHUIO  J0303aBUCMOU
HE(POTOKCUYHOCTH TEHTAMUIIMHA OBLJIO MPOBEPEHO COBMECTHOE JCHCTBHUE
reatamunHa U JIIIC na wnaykouro OIIIl. B pgaHHOW cepum 3KCIEPUMEHTOB
Kpbicam 4-5-nHeBHOro Bo3pacta BBoawiau cHavana JIIIC B go3e 2 mr/kr, a uepes 24
y — reHTaMuiMH B J03e¢ 50 mr/kr. Yepe3 24 4 mocie BBEJAEHUS TCHTAMUIIMHA

ananusupoBanu passutue OIIII.

B nepByro ouepenpy pazBurue OIIIl anHanu3upoBaii C TOMOINIBIO
KJIACCUYECKOT0 Mapkepa (YHKIIMOHAIBHOTO TMOBPEXKIEHHUS MOYEK — COJIEPIKAHUS
MOYEBHUHBI B CBIBOPOTKE KpOBU. [I0Ka3aHO, UTO KOHIIEHTpaLKsi MOUYEBUHBI B KPOBU
npu couetanHoM Bo3aevcTteuM JIIIC u reHramunyza, BBEJCHHOTO yepe3 24 yaca,
CTaTUCTUYECKM 3HauuMo Bo3pactaeT (Puc. 28A), 4YTO CBHUAETENLCTBYET O
HapylIeHnd TodeyHoW (yHKIuu. B TO ke BpeMs mpu aHHOM BO3JEHCTBUU
KOHIICHTpAIUSI KpeaTUHUHA B KPOBU JOCTOBEPHO HE OTJIMYAETCsl OT KOHTpoJs (Puc.

28B).

[TockonbKy MBI HEOJHOKPATHO TOKAa3aJd HEAOCTATOUYHYIO OOBEKTHBHOCTH
ONPEAETICHNS KpeaTUHUHA U MOYE€BUHBI J1J11 TuarHocTUKU Ol y HOBOpOKI€HHBIX
npu JIIC-uHAYUMPOBAHHOM CHCTEMHOM BOCHAJIEHHH, TO Mbl IPOBEIU
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JOTIOJIHUTENIbHYIO0 OIIEHKY T[MOYE€YHOTO TMOBPEXKJECHHUS C TOMOIIBI0 aHalu3a
konnuectBa Oumomapkepa NGAL B moue. Bputo mokazaHo, 4TO y HEKOTOPBIX
AKCIIEPUMEHTAIIBHBIX KUBOTHBIX IpU coueTaHHOM AeiictBuM JIIIC u reHTamunmya
B Moue Ha0oan0ch nosBiieane NGAL, 94To CBUACTENIBCTBYET O pa3BUTHH OCTPOTO
noueyHoro noBpexaeHus (Puc. 28B). Onnako st Bceil BHIOOPKU TOBBILIEHUE
JAHHOTO MapKepa He ObL10 JocToBepHBIM. Kak yke Ob110 ykazano, NGAL sBnsiercs
XOPOIIUM MapKepoM JIJIsl IETEKIIUU TTOUYEUHOTO OBPEKACHUS HAa PAHHUX CTAJIUSIX,
OJIHAKO, B JJAHHOM MOJIENIM aHAJIN3 MOYH IIPOBOAMIICS 4yepe3 48 4 mociie MHBEKINU
JITIC u, COOTBETCTBEHHO, Yepe3 24 4 MOCie UHBEKIUU TeHTaMUIIMHA. BO3MOXHO,
ypoBeHb NGAL y OonbIIMHCTBA MOJONBITHBIX JKUBOTHBIX YK€ CHU3WJICS IMOCIHE
BoznericTBus JIIIC, u Mbl HaOMIOaeM TOBBINIEHHBIN ypoBeHb Mapkepa OIIIT mumib
B HECKOJbKMX oOpasiax. ITO TMOATBEPKIAACTCS MNPUBEACHHBIMU  BBIIIEC
pesyabTatamu omnpeaeneHus NGAL B moue depe3 48 9 1mocie BBeIEHUS 2 MI/KT
JITIC 6e3 BBenenus renramuimia (Puc. 26A), korjga ypoBeHb JaHHOTO MapKepa

TIOHM>KAJICS 110 CPABHEHMIO C TAKOBBIM 4epe3 24 u.

JlonoynHuTENbHBIM aHanu3 eme oaHoro mapkepa OIIIl mokaszan, yro mpu
coueranuu BozaeicTBuil JIIIC 2 mr/kr u rentaMmuiinaa 50 MI/Kr (MHTEpBaI MEXIY
BBEACHUSAMH 24 1) BBIPAKEHHBIX U3MEHEHUN B ypoBHE HUcTaTuHA C B CHIBOPOTKE

KpoBH He Ob110 (Puc. 28).
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Puc 28. Oyenxa msocecmu OIIIl nocie nocredosamenvrozo esedenus JIIIC (2
me/ke) u eenmamuyuna (50 me/ke) uepez 24 uaca. (A) Konyenmpayus mouesunvl 6
CbIBOPOMKE HOBOPOMCOCHHBIX Kpbic (n(konmponav) = 3, n(JIIIC+eenmamuyun) = 5).
(h) Kouyenmpayus KpeamuHuHa 8 CblBOPOMKE HOBOPOICOCHHBIX KPbIC
(n(komnmponv) = 3, n(JIIIC+eenmamuyun) = 5) . (B) Vposeno NGAL 6 moue
KOHMPOJIbHLIX  HOB0POJICOeHHbIX Kpbic (n=3) u nocie 6gedenus JIIC u
eenmamuyuna (50 me/xe)(n=6), oyenenHnwvlli Mmemooom eecmepn-onommunea. (I)

Yposenv yucmamuna C 6 cvieopomke HOBOPOIHCOEHHBIX KpPbIC (N(KOHMPOIb) = 3,

n(JIIC 24 u) = 4, n(JI[IC 48 u) = 4,). (B) ***p < 0.05 (nenapHuouui t-test)

[Tpu mocnenoBarensuom nevictBun JITIC (2 mr/kr) u rentamuniuaa (50 mMr/kr)
OTYETJIMBOM TEHACHUMU K H3MEHEHHIO MposindepaTUBHOIO TMOTEHIMANa He
BbisiBIsieTCs. Conepkanue mMapkepa PCNA B moukax 3KCIIEPUMEHTANBHBIX KPBIC

IPYIIbI MPAKTHYECKU HE OTIMYAIOCh OT KOHTPOJIbHBIX KUBOTHBIX (Prc. 29A).
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[Ipy omeHke WHAYKIMUM afonTro3a MO YPOBHIO  PACIICIVICHHOU
(aKTUBHPOBAHHOI) KacIa3bi-3 BBIABICHO MOBHIIICHUE CONCPKAHUS TAHHOTO OeKa
B TOMOT€HATaX MOYEK IKCIEPUMEHTAIBHOU TPYMIbI, YTO TOBOPUT 00 aKTHUBAIUH

aroNTOTHYECKUX MyTel B TKaHsaX (Puc. 29B).
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Puc 29. Oyenxa nponughepayuu u uHOyKyuu anonmosa nocie O0OHOKPAMHO2O0
seeodenus JIIIC 6 0oze 2 me/ke u nocie0osamenbHo20 66e0eHUsl 2eHMAMUYUHA 8 003€
50 me/ke uepes 24 uaca. (A)Ymenvwenue cooepocanusi PCNA 6 mkauwu nouku
HEOHamanbHulX Kpvic 8 Koumpone (n=3) u 6 epynne “JIIIC+eenmamuyun” (n=06),
oyeHenHoe memooom eecmepn drommunea. (b) Ypoeenv axmuenoii kacnazvi-3 6
20Mo2eHamax nouex kpvic 8 koumpone (n=3) u u 6 epynne “JIIIC+eenmamuyun”
(n=3), ouyenennoe  memooom  eecmepH  Onommunea.  IIpedcmasnernvi
penpe3enmamusHvle  UMMYHOOIOMbL  00pA3Y08  20MO2EHAMO8  NOYeK U
OeHcUumomMempuyeckull ananus cneyuguyeckux namen. **p < 0.05 (nenapmuoui t-

test)

Mpb1 MOXeEM clieniaTh BBIBOJI, UTO MPHU aHAJIM3E€ PACCMATPUBAEMBIX MapKEPOB
JIOCTOBEPHBIE OTJIMYHS BBISBICHBI TOJBKO B KOHILIEHTPALlMM MOYEBHUHBI B KPOBH.
[ToBbIIeHre MO4YEBUHBI TTpU coBMecTHOM BBesieHnu JITIC (2 MI/Kr) U reHTaMuIIiHa
B 03¢ 50 MI/KT (MHTepBaJl MEXAY BBEICHUSIMU 24 4, aHallu3 MapKepa — uyepe3 24 u

MOCJIE TeHTAMHIIMHA) CXO0XKE C OTBETOM HOBOPOXKAEHHBIX Kpbic Ha JI[IC 2 mr/kr
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gyepe3 484. Takum o6paszom, ycmnenns OIIII mpu BBenenun antuOnoTrKa uepes 24

yaca nocine Bo3aerncteus JIIIC He oOHapyx’eHO.

Kpome Toro, He0o6X0AUMO OTMETHUTh, UTO Mpu coueTaHHoM neictBuun JITIC (2
MI/KI') W TeHTaMHImHa B J03¢ S0 MI/KT HE BBIBISUIOCH H3MCHCHHUC
npoJiudepaTUBHOTO MOTEHITMANA, YTO OTIUYaeTcs OT d(PpdeKkTa CHIKECHHUS YPOBHS
PCNA, oka3siBaemoro uucteiM JIIIC, W MmO3BOJISIET Ja)k€ CTaBUTh BOIPOC O

camkenuu ¢ dekra JITIC Ha nponudepanuio moj 1eHcTBUEM TeHTaMUIITHA.

CnenyromuM »TanoM crajia oneHka coBMectHoro peucteus JIIIC wu
T€HTaMUIIMHA B MOJIEJIH, T/I€ MHTEPBAJ MEXY BBEJICHHUSIMU JIBYX MPEMapaToB ObLI
cokparieH A0 1 daca, a g03a reHTamuliuHa Obula yBenuueHa o 150 mr/kr. Ota
JI03UPOBKA Tak)Ke HE OKasblBasla HEe(pOTOKCHUECKU 3(P(HEKT Mpu OJHOKPATHOM

BBesieHnu 0e3 JITIC (manHbie HE IpeCTaBICHBbI).

Mg noka3zanu, uro BBeneHue JIIIC ysenuunsaio konueHnTpauuto BUN Oonee
4yeM B 2 pa3a yepes 1-2 1HA 1moce Je4eHus], 4TO MOKHO pacCMaTpUBaTh Kak JETKOe
OIIIl. Tepanusg TeHTAaMHULIMHOM 3HAYUTENBHO CHHU3WJIA YPOBEHb MOYEBHUHBI IO
CpaBHEHMIO C Trpynmnoi, mnoxydaBmeid Toiubko JIIIC, 4ro yka3piBaeT Ha
HEOXXHUIaHHBIM HepponpoTekTopHbld 3Pdekt rentamunuHa (Puc. 30A). Kpome
TOTO, SHIOTOKCUHEMUYECKOE noBpexieHne npuBoamwio k NGAL u KIM-1 B moue,
KOTOpPBIE SBJIAIOTCS JIONOJHUTENIbHBIMU OrOMapKepaMu moBpexaeHus noyek (Puc.
306, B). KIM-1 tpancMeMOpaHHbIi O€10K, KOTOPBIA OOBIYHO HE MPUCYTCTBYET B
KJIETKaX  I[POKCUMAJIBHBIX  KaHAJIbLEB, HO IMPU MOBPEKICHUU  IOYEK
AKCIIPECCUPYETCS Ha alMKaIbHOW MEMOpaHe, OTLIEIUISIETCS] U BBIIETSETCS B MOYY.
JledeHre reHTAaMUIMHOM TaKXXE€ HMMEJIO TEHJICHLMIO K CHI)KEHHMIO YPOBHSI 3THX

MapKEPOB B MOYE.
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Puc. 30. Brusanue mepanuu eenmamuyunom Ha cencuc-noooonoe OIIIL (A)
Cooepowcanue BUN 6 cvieopomre. * p-snauenue < 0,05 (ANOVA ¢ ucnonvzosanuem
mecma MHodcecmeenHvlx cpagHenuti Totoxu). (B) Yposenv NGAL 6 moue,
oyeneHHnvlll gecmepH-onommuneom. (B) Vposenv KIM-1, oyeneumwiii éecmepH-
onommunzom. * p-3nauenue < 0,05 (mecm Kpackena-Yonnuca c mHodcecmeeHHbiMU

cpasHeHusMu no Janmy).

Kak u B mpenpiaymieil cepuu SKCIEPUMEHTOB B JaHHOW MOJEIU ObLI
POAHATU3UPOBAH  MpOJU(EpaTUBHBIA  MOTEHIMAT TKAaHU TMOYeK. bwuio
0oOHapyXkeHo, uTO ypoBeHb Mapkepa PCNA, oTpa)karomiero KoJau4ecTBO JSsSIUXCS
KJIETOK, B OKCIIEPUMEHTAIIBHOM T'PYIIIE HE OTIIMYAICS OT 3HAYCHUN B KOHTPOJBbHOU
rpynne (Puc. 31A). Takum o6pasom, npu coBmectHoM nevictBuu JIIIC u
reHTaMUIMHA He ObUIO BBISBICHO YXYALICHHS NpOoaudepaTUBHOTO MOTEHIMANA B

TKaHH IIOYKH, B OTIIMIUC OT I[eﬁCTBHH YHUCTOI'O O HAOTOKCHHA.

HccnepoBanre MHAYKIMM arorTo3a IMOCHE IMOCIEeI0BATEIbHOrO JCUCTBUS
JIIIC (2 wmr/kr) u rentamunuHa (150 Mr/kr) mokaszango, 4TO CTaTUCTHYECKH
3HAYUMOT'0 U3MEHEHUS COJIEP KaHMs aKTUBUPOBAHHOM Kacma3bl-3 He HaOJI01a10Ch,
XOTSI Y HEKOTOPBIX AKCIEPUMEHTAIbHBIX KUBOTHBIX YPOBEHb JAaHHOTO (pepMeHTa

3Ha4YMTEIbHO MoBbImacs (Puc.31B).
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Puc 31. Oyenxa nponughepayuu u uHOYKYuu anonmo3sa nocjie 0OHOKPamHo2o
seeoenus JIIIC 6 003e 2 me/ke u nociedo8amenbHo20 86€0eHUS 2eHMAMUYUHA 8 003¢
150 me/xe uepes 1 uac. (A) Cooepowcanus PCNA 6 mxkanu nouku HeoHamanbHbix
Kpvic 8 koumpone (n=4) u 6 epynne ‘“JIIIC+eenmamuyun” (n=7), oyenenHoe
Memooom eecmept bnommunea. (b) Yposenv akmusnou kacnaswi-3 6 2comocenamax
nouek Kpuvic 8 konmpoine (n=4) u nocne 2 me/xe JIIIC (n=7), oyenennoe memooom
gecmepn  Onommunea. Ilpeocmasnenvt  penpezeHmamusHvle  UMMYHOOIOMbL
00pa3zy08 20M02eHamos8 No4eK U OeHCUMOMEMPUUECKUll AHAIU3 CReYUu@DUUecKux

namen. Kpumepuii Manna-Yummnu.

Takum o0pazom, ipu coBmectHOM BBeAeHuu JITIC (2 Mr/kr) u reHTamMuIHa
(150 mr/kr) HabMIOAAIOCH CTATUCTUYECKH 3HAUNMOE CHIDKeHHe ypoBHer NGAL u
KIM-1, a Takxke MOYEBUHBI, YTO TOBOPUT O HEPPONPOTEKTOPHOM JEHCTBUU
reHTamuiHa B go3e 150 mr/kr Ha poune JIIIC-unayuporannoro OIIIL. ITpu aTom,
HE Ha0JI0/1aeTcsl YMEHbIICHHS TPOIU(PEPaTUBHON aKTUBHOCTH KJIETOK IMOYKHU MPHU
coueranHoM Jneicteun JIIIC u rentamunuuaa (150 mr/kr), KoTopoe ONnMcaHo Mpu
BozzaerictBun  yucroro JIIIC. To ecTth 1no JaHHOMY IapaMeTpy TaKke

MMOATBCPIKAACTCA HCKOTOPOC 3alIIUTHOC I[GIZCTBHG IreHTaMHuIINHa.

[TockonbKy B KIMHHUYECKOW TMPAKTHKE TEHTAMHUIIMH B CBSI3U C €TI0
HE(POTOKCUYHOCTHIO YACTO 3aMEHSIOT Ha Jpyrue aHTHOMOTHKH, MBI MPOBENU

AHAJIOTUYHLIC JSKCIICPUMCEHTBI C OJHHMM U3 HanOoJIee YacTo HCIIOJIBb3YCMEBIX B
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HEOHATOJIOTUH aHTUOMOTHKOM, BAHKOMUIIMHOM. B aHHON cepun 3KCIEpUMEHTOB
OLICHUBAJI COBMECTHBIN 3(hPeKT, OKa3bIBAEMBbIN SHJOTOKCUHOM U BAaHKOMHIIUHOM
(uHTEepBaN Mexay BBeACHUSIMHU 1 4). I OLIEHKH YpOBHS OYEYHOI'O IOBPEKICHHUS
ObUIM MCTOJh30BaHbl MOYEBHUHA B CHIBOPOTKE KpOBH, a Takxke ypoBeHb KIM-1 B

MOYC.

Jliig vccneaoBaHus UCIIONIb30BaNIach J03a BaHKoMulmHa 200 MI/kr, KoTopas
ObL1a BBIOpaHa MCXO U3 aHAIM3a UCCIIEAOBAHUNA TOKCUYHOCTH BAHKOMHUIIMHA TSI
nouyek. Panee ObLIO MOKa3aHO, YTO MPHU3HAKU OCTPOrO MOYEUHOTO MOBPEXKICHUS
BO3HMKAIOT NPU BBEJECHUU BaHKOMuUIMHA B j03€ Bbime 300 mr/kr [Nishino et al,
2002]. CroWT OTMETHUTh, YTO TOKCHYECKOE TIOBPEXKICHHE pa3BUBACTCS IIPH
MHOTOKPAaTHOM BBEJACHMHU BBICOKMX J03 JaHHOro aHTuouotuka. llpu ero
OJIHOKpaTHOM BBeaeHMH B 103e¢ 200 wmr/kr HedpoTtokcuueckui 3h@ext He

nposieisiics [Pais et al, 2019].

B nannHoit paGote Obuto mokazaHo, uto npu aAeiictBuu JIIIC ypoBeHb
MOYEBUHBI TOBBIIAICS 1O CPABHEHUIO C MHTAKTHBIMU HOBOPOXKICHHBIMU
KUBOTHbIMH. Yepe3d 24 u mocne mnocneaoBarenbHoro BeeaeHus JIIC wu
BaHKoMHIIMHA (200 MI/KT), KOHLIEHTpAlMsi MOYEBMHBI B KPOBU HE Obljla MOBBIILIEHA

OTHOCHTEJILHO KOHTPOJIbHOTO ypoBHS (Puc. 32).

Taxoke ObuT0 TOKa3zaHo, uto npu aeictBuu JIIIC ypoBens mapkepa NGAL
MOBBILIAJICS TI0 CPABHEHMIO ¢ KOHTposeM. [lociie BBeieHrs BAHKOMHUIIMHA yepe3 24
Y ypOBEHb [AHHOTO MapKepa HE OTJIHWYaJCi OT KOHTpOJIbHOW Trpymmbl. [lpu
nocneaoBarenabHoM neiictBuu JIIIC n BankomunmHa coxepxanne NGAL B moue
HEMHOT0 TOBBIIIAJIOCH OTHOCHUTEJIIBHO KOHTPOJBHOW TpymHIbl, HO OBLIO

COIMOCTABUMO C TPyIoH, mony4asiiei Toasko JITIC (Puc. 32).
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Puc 32. Oyenxa msascecmu OIIII npu nocreoosamenvrhom egederuu JIIIC 6 0oze 2
Mme/Ke u ankomuyura 8 0oze 200 me/ke. (A) Konyenmpayus mouegunsl 6 coleopomie
HOB0POXM#COeHHbIX Kpbic (n(konmpons) = 3, n(JIIIC) = 4, n(JI[IC+eanxomuyun) = 4).
(b) Yposeno NGAL 6 moue KOHMPONbHBIX HOBOPOMCOEHHBIX KPbIC, OYEHEHHbILL
mMemooom  eecmepu-Onommunea.  (n(koumponv) = 3, n(JlIIC) = 4,
n(/IlIC+eankomuyun) = 4). *p < 0,05 (mecm Kpacrena-Yonwca -c

MHOIHCECMBEHHbIMU CPDABHEHUAMU NO ﬂaHHy)

Takum 0o0pa3oM, HHBEKIUS BaHKOMUIIMHA B 03¢ 200 MI/KT HE TOJBKO HE
ycyryossuta pazsutue OIIIT Ha ¢one JITIC, HO make B HEKOTOPOM CTEIICHU CHIKAJIA

BBIPAKEHHOCTH IOBBIILIECHHS YPOBHSI MapKEPOB 110 CpaBHEHMIO ¢ YuCThIM JIIIC.

4.3.3. Onenka pasputuss OIIIl u BIAMSHHMA Tepanuu AHTHOMOTHKAMH Y

HOBOPOKACHHBIX MAIIUCHTOB C IIPU3HAKaAMM CEIICHCA

Tak:xe MbI TpoBeU OMOMH(POPMATUYECKUM aHATU3 JAHHBIX MOJYYEHHBIX OT
HOBOPOKJICHHBIX MAIIUEHTOB OTAEIECHUS XUPYPTUH HOBOPOKIEHHBIX U IMOKa3alu,
YTO HAOIOJAETCS MOJIOKUTEIbHAS KOPPEIAUs MKy YpOBHEM MOYeBHHBI U C-
peakTuBHOTO Oenka B kKoropte Bcex mamueHToB (Puc. 33A). Iloxoxas kapTuHa
HaOII0AaeTCs MPY aHAIKM3E TPYMIBI MAIMEHTOB C MMPU3HAKAMU CETICHCa, IPU ITOM
NalueHThl 0e3 cercuca He JeMOHCTpupoBaiau Takou koppessiuu (Puc. 336,B).

Takum oOpazom, Oonee BbicokHe YypoBHU C-peakTUBHOrO Oeika ObUH
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accoIMupoBaHbl ¢ pazButueM Oomnee Tspkenmoro OINIl y manmmeHToB B KIIMHUKE

[Pevzner et al., 2024].
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Puc. 33. D¢ppexm cencuca na mapkepol Ol (A-B) Koppenayus yposHs Mmouesutul
8 CbIBOPOMKeE C KOHYeHmpayuel mapkepa cucmemHnozo gocnanenuss C-peakmusHo2o
benka y (A) ecex nayuenmos, (b) nayuenmos ¢ npusnakamu cencuca unu (B) 6e3

Hux. Koagpguyuenmor koppenayuu u p-values nokazanvi Hao spaguxkamu.

Kpowme Toro, Obl10 MpoaHaTU3UPOBAHO MOJIOKUTEIBHOE WM OTPULATEIBHOE
BIIMSIHUE CTIEM(PUUECKUX aHTUOMOTUKOB Ha KoHIEeHTpauuto BUN umam ypoBeHb
NGAL B moue y HOBOpOXIEHHbIX marueHToB (puc. 34, 35). Chayama MbI
MPOaHATU3UPOBAIM KOTOPTY MAIlMEHTOB C Mpu3HakamMu cericuca (puc. 34). Mai
MOKa3aJik, YTO TEpanusl aMIUMUMWJUIMHOM B KOMOMHAUMU C CYJIb0aKTaMOM WIIU
METPOHHUIA30JI0M JOCTOBEPHO KOpPpEIMpoBajga CO CHH)KECHUEM KOHIEHTpaLUU
BUN. U naobopoT, Tepamnus uepenumMom, JTUHE30JUIO0OM WIM HMHIIECHEMOM B
KOMOWHAIIUK C IMJIACTaTUHOM KOppenupoBajia ¢ moBeimieHneM ypoBHs BUN, a
JieYeHWEe HETWIMHUIIMHOM MoBbImano ypoBeHb NGAL B moue. Takum oOpazom,
HEKOTOpbIE AHTUOMOTUKU yiydlanu (yHKIMIO MOYEK, B TO BpeMsl Kak JApyrue
yeyryomsmu Tsixects OINI. Mebl Takke mpoaHaTu3upoBaIv TPy MalMeHTOB 0e3

cericuca (puc. 35). bputo moka3zaHo, YTO MPUMEHEHWE TE€HTAMMIIMHA Y JTHUX
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MAIMEHTOB CHIKano KoHueHTpaunto BUN. Hampotus, Tepanus IMHE30JIHIOM,
METPOHH/Ia30JI0M HJIM UMUTIEHEMOM B KOMOMHAITUH C ITUJIACTATHHOM ObLiIa CBSI3aHa

¢ noseimeHreM ypoBHs BUN [Pevzner et al., 2024].
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Puc. 34. Oppghexm mepanuu anmubuomuxamu Ha mapkepwvr OIIll y nayuenmog c
nooosperuem ua cencuc. Yposnu BUN u NGAL 6 moue y nayuenmog, He
noNYYaABWUX (CUHULL CMONOUK) UMU HOIYYABUIUX  (OPAHIICEBbIl  CMOJIOUK)
onpedenennwvii anmuouomux. Yposeno NGAL uzmepen ¢ nomowwro ELISA, A.U. =

ng/ml. * p-value < 0.05, # p-value < 0.1 (t-test).
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Puc. 35. D¢gexm mepanuu ammudbuomuxamu Ha mapxepor OIIIl y
nayuenmos 6e3 cencuca. Yposnu BUN u NGAL 6 moue y nayuenmos, He
noNyYaswUxX (CUHULL CMONOUK) UMU HOIYYABUIUX (OPAHIICEBbIL  CMOJIOUK)
onpedenennwvii anmuouomux. Yposeno NGAL uzmepen ¢ nomowwto ELISA, A.U. =

ng/ml. * p-value < 0.05, # p-value < 0.1 (t-test).

114



5. OBCYKJIEHUE

B 3TOM unccnenoBaHuM BHEPBBIE MPEACTABIEH MOAXOJ K MOJEIMPOBAHUIO
OYaroBOM HMIIEMHMHM TOYKH C HCHOJIb30BaHUEM (HOTOTPOMOO3a COCYAOB MOYKH,
MHULIMUPYEMOTO CBETOBOM axkTuMBanuen beHranbckoro posoBoro. B pamkax
JAHHOTO HCCJIEOBAaHUS IOKa3aHO, 4TO (OTOTPOMOO3 MPUMEHMM K IOYKE U
BBI3bIBAET  BOCIIPOM3BOJMMOE  HIIEMHUYECKOE  IOBPEKICHHE,  KOTOpOE
MIPEUMYILIECTBEHHO PACIIOJIIOAKEHO B KOPKOBOM ciioe moukH. C momonibto Mukpo-KT,
THUCTOJIOTMUECKUX M (DU3HOJIOTMUYECKUX KPUTEPUEB Mbl OLIEHUIM OCOOEHHOCTH
MIIEMUU TTOYKH, BBI3BAHHON (POTOTPOMOO30M, KaK B IMMOPAKEHHON 00JACTH, TAK U B
OKpYXalollel TKaHU. MBI Takke MpoaHaIU3UPOBAIN JAOJITOCPOUYHBIE MOCIEACTBUS
UIIEMUU TIOYKH, BBI3BAHHOW (POTOTPOMOO30M, TaKME€ KakK MOYEUHbIH (PuOpo3 u

BOCITIAJICHUC ITOCJIC TPABMBI.

®doToTpoMOOTHUECKOE  MOBPEKIAEHHUE  ObUIO  JTOCTUTHYTO  IIyTEM
(GOTOUHTYITUPOBAHHON aKTUBAIIMM OEHrajdbCKOrO PO30BOTO TMPU BO3JIEHCTBUH
3€JICHOTO CBETa, YTO MPHUBOJIUT K 00pa30BaHMI0 CBOOOHBIX pajukaioB [Saniabadi
etal., 1995], Tem camMbIM IOBpEsKIast KPOBEHOCHBIE COCY/IbI M BBI3bIBast 00pa30BaHKE
CT'YCTKOB M TPOMOO3 B MEJIKMX COCY/aX, YTO MPUBOJUT K 0OPa30BaAHUIO JIOKAJIBHOM
MIIIEMUYECKOM 30HBI B 00J1aCTH, MOJABEPrIIciics Bo3aeicTBuio jasepa [Li et al.,
2015b]. D1u coOBITHS MPUBOIAT K THOETHM KICTOK B 30HE MOBPEXJIEHHOIO OYara.
CorymacHO JUTEpaTypHBIM JIaHHBIM, TIOBPEKICHUE BBI3BAHO HE MPSMBIM
BO3/ICHCTBUEM JIa3€pHOTO Jy4ya Ha TKaHb TOYKH, a CBSI3aHO C JICUCTBUEM
00pa3oBaBIIMXCS TPU CBETOBOM akTuBaiuu beHrambckoro pozoBoro ADK, uro

NOATBEPKAAIOCH TNPU  OKPAIMBAHUM CPE30B TOYKM IMOCIE  “TI0)KHOrO”

¢dororpodmo3a [Ash et al., 2017; Mustafa, Jaafar, 2012].

Ucnonb3oBanue poroTpomMb03a B KaueCTBE MOJECIM TMOBPEKICHUS HUMEET
HEKOTOpbIE OTpaHWYCHHSI. MHOTHE U3 HUX YK€ OMHUCAHBI JIJIT MOJCIUPOBAHUS HA
MO3Te, U MBI MIPEATOaraéM, 4YTo aHAJIOTUYHBICE OCOOCHHOCTH HAOIOMAIOTCS IS
nmodek. Bo-TiepBBIX, 3€JIEHBIH CBET HE MOXET NMPOHHUKATh TIIyO)KEe HECKOJIBKHUX

MUJUTUMETPOB TKaHH, OTPAHUYMBAs pa3Mep ovara MmoBPEXACHHUS U €ro TIIyOOKYIO
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nokanu3anuio [Gunaydin, Gedik, Ayan, 2021]. Tem He MeHee, eCTh OAXObI, IJIE
JOCTYIl K BHYTPEHHMM YacCTsAM OPraHOB MPEAIaracTcst OCYIIECTBIATh ¢ TOMOIIBIO
ONTUYECKUX BOJOKOH M HAIPaBJICHHOIO OCBEIICHUS HWHTEpECylolield 00acTu
[Hosseini et al.,, 2018]. Bropoe orpaHuuyeHHe 3aKJIFOYaeTCs B TOM, YTO
MIOBPSXK/ICHHE, BBbI3BaHHOE (DOTOTPOMOO30M, OKa3bIBAaCT CHUJIBHOE BJIHMSHHUC Ha
CTCHKH COCY/IOB Y BBI3bIBACT PAHHUIN Ba30TCHHBIN OTEK, KOTOPBIA 00OBIYHO MEHBIIIE
npu unieMuieckom moBpexaeHun [Hosseini et al., 2018]. B-tperpux, mpwu
(OTOAKTHBALIMU OCHTaJIbCKOTO PO30BOTO 3aKyIMOPHBACTCSA HE OJMH, 8 HECKOJIBKO
cocymoB [Schmidt et al., 2012]. Hakonerr, u3-3a MOBEPXHOCTHOTO PACIIOJIOKCHHUS U
OTHOCHTEJILHO HEOOJBIIIOrO pasMepa mopakeHUs (YHKIIHOHAIBHBIC HAPYIICHHS B
opraHe MOTYT ObITh HE 0CO00 BBIp@KEHBL. TeM He MeHee, HECMOTPS Ha 3TH
OTpaHUYCHMS,  TPOLECChl, BOBJCUCHHBbIE B  pa3BUTHe  (HOTOTPOMOO3-
MHIyIIUPOBAHHOTO TOBPEKACHUSA, MPEANOJI0KHUTEIBHO OJIM3KK MaTOTCHHBIM

n3meHeHussM nipu uimemun [Uzdensky, 2018].

B HACTOSIIEE BpeMs HauoOoJsee HIMPOKO VCIIOJIb3YEMBIMH
skcniepuMeHTanbHpiMu ~ MojaenssmMu  OIINl  w XBII  sgBastorcs W/P  m
HepoTokcnueckoe moBpexxaeHue [Singh et al., 2012]. Tem He MeHee, MoaenH
0YaroBOTO MOBPEXIECHUS MOYEK MOTYT ObITh MOJIE3HBI [l BBISIBJICHUSI MEXaHU3MOB
NOBPEXKICHUS U PEreHepaly NOYeYHOW TKaHU. B kadecTBe MOAENN JIOKAIbHOIO
MOBPEXJICHUS MCMOIb30BANIACh CYOTOTaIbHAsA HEPPIKTOMUS, C TOMOIIBIO KOTOPOH
U3y4daJuch Kak (PU3NOJIOTUYECKUE, TAK U MOJICKYJISIpHbIE U3MEHEHHsI B MOYECYHON
tkauu [Zhang, Kompa, 2014]. B cBsi31 ¢ BEICOKOH CJI0KHOCTBIO peaTnu3aliuu JpyTrue
BO3MOYHBIE METO/IbI JIOKAJIbHOTO MOBPEKIACHUS MOYEK, TaKUe KaK TPOMO0IMOOIuS,
KJIMIIAPOBAHUE WJIM NEPEBSA3KA OTIAEIbHBIX MOYEYHBIX APTEPHOJI, TO3UPOBAHHAS

KOMIIPECCHS TKaHEU MPUMEHSIOTCS KpaHEe PELKO.

B wMosre mmpoko wucnonb3yercss (okajgbHas ~HIIEMHS, BbI3BaHHAS
dboToTpoMOO30M, KOTOpasi UMEET PsiJi MPEUMYIIIECTB MO CPAaBHEHUIO C JAPYTUMHU
MOJICIISIME MHCYJIbTa. Bo-IepBBIX, OHA OOECIeYrBaeT MPEACKA3yeMOEe M YETKO
orpeieieHHoe MecTo uineMudeckoro mopaxkenus [Uzdensky, 2018]. Bo-Bropsix,
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doToTpomMO0O3a  BBICOKO  BOCIPOM3BOAMMA, MAaJIOMHBAa3MBHA ©  TpeOyer
MUHUMAJIBHBIX ~XHPYPrHYECKHX BMEIIATEIBCTB, B TOM YHCIE OTCYTCTBHS
MEXaHUYCCKUX MaHUITYJISIIUNA ¢ KPOBEHOCHBIMH cocynaMu. HakoHell, 04eBHIHBIM
MIPEUMYIIIECTBOM 3TOTO METOJA SIBIISIETCS TO, YTO IOBPESKIACTCS TOJBKO YacTh
OopraHa, ¢ BO3MOXXHOCTBIO BapbHUPOBATh JIOKAJTU3AIMIO IMOPAKECHUS BMECTO

TOTAJIBHOI'O ITOBPCKACHUA.

HecmoTpss Ha MHHHMMAajibHYI0 HHBa3MBHOCTB, XOPOIIO OTPaOOTaHHYIO
IPOLIEAYPY M BBICOKYIO BOCIPOM3BOAMMOCTH, MOJAEIL (DOKATLHOW HIIEMHH,
BBI3BaHHON (OTOTPOMOO30M, BCE €Ille OYCHb OrPAHHMYCHHO TPAHCIUPYETCS Ha
Apyrue OpraHbl, KpOMe MO3ra. JTa MOJENb YK€ Oblaa YCICIIHO HCIOJb30BaHa
ToJIbKO Ha crmHHOM Mosre [Li et al., 2015b] wiu ceruarka [Ameri et al., 2008;
Zhang et al., 2008]. B stux opranax mpoToKoJ ObLJI aHAJIOTUYEH CTAHIAPTHOMY
(boToTpOMOO3y MO3ra U COCTOSI U3 BBEACHHS (DOTOAKTHBHPYEMOI'O KPaCUTENS H

BO3JICHCTBUS UCTOYHUKA CBETA HA MHTEPECYIONIYIO 30HY.

B pamkax paHHOW pa®OThl MBI MPOJAEMOHCTPUPOBAIA, YTO MOJEIb
(doToTpoMO03a MOYEK MOXKET ObITh MCIOJIB30BAHA JUIS JIOKATBHOTO MOBPEKICHUS
nouyek. CornacHo okpammBanuio TTC, mukpo-KT ¥ rucTonornyeckum JaHHBIM,
¢oToTpoMOO3 BBI3BIBAET HEOOJBITYI0 30HY HH(apKTa € BOCIPOU3BOAUMBIM
o0BEMOM,  pa3Mep  KOTOPOrO  MOTEHIMAIBbHO  MOXET  PEeryJIHpOBaThCs
WHTCHCHUBHOCTBIO JIyda, MPOJOJKUTEIFHOCTEIO CBETOBOTO BO3JICHCTBUS U
KOHIIeHTpanueil benramsckoro pososoro [Galkov et al., 2020; Verma, Singhal,
Anand, 2021]. B otauume OT JPYrHMX JKMBOTHBIX MOJENEH JIOKAJIBHOTO
MIOBPEXICHUS TOUEK, peanu3aiusi GoToTpoMO03a HAMHOTO MPOIIE, MOCKOJIbKY HE
TpeOyeT CEephEe3HBIX XUPYPTHUECKUX MAHUITYJISIUN C TTIOYEYHBIMH KPOBEHOCHBIMU

COCYJIaMU WJIN TTAPEHXUMOM.

Mukpo-KT, ucnonp3oBanHas B 3Toi paborte, okazanach 3(h(HEKTUBHBIM
METOJIOM BU3yaiu3anuu o0aactu nHpapkra mocie pororpombo3a mouku (Puc. 6).

Muxkpo-KT-Bu3yanuzanusi  MO3BOJISIET ~ NPOBOAUTH  BBICOKOPA3PEIIAOIIYIO
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BU3YaIH3AIUIO UIIEMUYECKOTO TIOPaXKEHUS, COXPAHSISI €CTECTBEHHYIO apXUTEKTYPY
TKaHu. bosnee Toro, mporpaMMHbIE HHCTPYMEHTHI, UCTIOIb3yeMble JUIsl JalbHEHIIero
aHanu3a u300pakeHuil, HapUMep, U3MepeHue 00beMa U aHaliu3 HaCBIIEHHOCTH
CEporo, MOTyT OBITh LEHHBIMU JIJISl JOTIOJIHUTEIBHON XapaKTepUCTUKU HH(papKTa
(Puc. 6, 7). dns u3dexanus apreakToB pyuyHOU CErMEHTAIIMH U300paKeHUH, MBI
npeajiaraeM MCIoyib30BaTh HHCTPYMEHTHI MAITUHHOTO 00y4YeHus /1715t 00Jiee TOUHOM
CEeTMEHTAIlMU TETEPOTCHHBIX MOPAXKEHHH CO CIOKHOM reoMeTpueil B Oymymux

uccienoanusx [Hussain et al., 2021; Ohnishi et al., 2021].

Oxupaercsi, 4To MATOJOTHMUYECKHWE HM3MEHEHUs npu (PoToTpomMO03e OyayT
aHAJIOTMYHbI TeM, KoTopble Tpoucxoasit npu W/P nouku. Ilonnas /P nocturaercs
IyTeM MepexaTs MOYEYHON apTepUu, YTO MPUBOIUT K JIMILECHUIO MOCTYIICHUS
KHCIIOpOJIa ¥ THUTATENbHBIX BEIIECTB, BEIYIIEMY K OTEKy KaHaJbIEBBIX U
KJIyOOUKOBBIX KJIETOK, HEKPO3y WM amonTo3y M paclIUPEHUI0 KaHaJbIIEeB
[Korkmaz, Kolankaya, 2010]. JleWcTBUTEIbHO, HAa THUCTOJOTMYECKOM YpPOBHE
GoTOTPOMOO3-UHAYIIMPOBAHHOE MOBPEKACHUE TOUYEK HATIOMUHAIO MOBPEKICHHUE
ot U/P. [Togo6uo 1/P, poroTpoM603 BbI3Ba) rMOEh KIETOK B 001acTi HHGAPKTa,
YTO BBIPAXKAJIOCh B BHJIE KJIIETOK C OTCYTCTBHEM SAEP M TIOJOKUTENIBHBIX Ha Kacmasy
KJIETOK BHYTpH 00JacTH MH(DAPKTa, a TaK)Ke HeraTuBHOMY okparuBanuto Ha TTC.
[ToBpexxneHbl ObUTM KaK KaHAJBIIbI, TAaK U KIyOOUYKH, 4TO OBUIO YETKO MOKA3aHO C
nomotisio MUKpO-KT ¢ mocienyronmm rucToI0rHYecKUM UCCIIEIOBAaHUEM TEX JKe
y4acTKOB. EIMHCTBEHHBIM OTIMYHEM MEKTY MOJienbio hoToTpomMb03a u U/P moxer
ObITh OTCYTCTBUE (ha3bl penepdy3ru, OHAKO B CBSI3U C 3TUM Mbl HE OOHAPYKUIIU

CYIIECTBEHHBIX MOP(OJIOTHYECKUX OTIUYMIA.

Mpb1  Takke OOHApYXKWIM pacHIMpEHHE KaHaIbIeB U  00pa3oBaHUE
THATMHOBBIX IMJIMHJIPOB, KOTOPBIC SIBJISIOTCS OOIIMMH TpHU3HAKAMH JTUCQOYHKITUU
AIUTENHS U JIECKBAMAIUU TIPU PA3TUIHBIX MOJIEISIX TTOBPEKICHUS TTOYEK, BKITIOYas
W/P [Ashrafi et al., 2013; Uchino et al., 2017]. B nameii mogeau GporoTpomMb03a
MOYeK He(PPOHBI C TMAJTUHOBBIMH IUJIMHAPAMH XOPOIIO BU3YAJIU3UPOBAIHNCH KaK
IIPU TUCTOJIOTHYECKOM OKpatnBanuu ['9, tak u npu IIMK-peakuu 1 ¢ moMonisro
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MuKpo-KT. Kpome TOro, kaHanplpl ¢ THAIMHOBBIMU LUWJIMHAPAMU PACIIONAralliCh

10 BceMy He(pOHY BIUIOTH 1O MO3TOBOTO BEIIECTBA.

WireMust moueyHON TKaHU ¥ THOENb KaHAIBIIEBBIX KJIETOK OOBIYHO MTPUBOIST
K aCenTHYECKOMY BOCHAJCHUIO W JelkonmrapHomy wuHmibTpary [Linfert,
Chowdhry, Rabb, 2009]. AxruBauus HMMMYHHOW  CHCTEMbI  HIPacT
JIBYHAIIPABJICHHYIO pOJIb B IPOIPECCHPOBAHUN HIIEMHUYECKOTO TOBPEIKICHHS
nouek. [lociie MOBpeKACHNST IPOUCXOTUT WHAYKIUS BPOXKICHHBIX U aJlalTHBHBIX
UMMYHHBIC PCaKIMid, YTO TMPUBOJUT K PA3BUTHIO BOCHAJICHUSA WM JAJIbHCHIIICMY
MOBPEXKICHUIO TKaHeW. B TO jke Bpems MokazaHa poJIb UMMYHHBIX KJIETOK B
BOCCTAQHOBJICHHH TTOYEYHON TKAaHU IMOCIIE TIOBPEKICHHS, @ UMCHHO B PereHEepaIiu
[Bonavia, Singbartl, 2018]. JeiictButensHo, B ouare (oToTpomMb03a U
OKpYXarolled TKAaHU Mbl OOHAPYKUJIU JIEUKOLMTAPHYIO WH(QUIBTpALHIO, CJ1ado
HpOSIBISAIONTYIOCS depe3 24 4 u 48 4 mocie poToTpOMOOTHUECKOTO MOBPEKICHHSL.
[ToBbIlIeHHAas! MPOHUIIAEMOCTh COCYAMCTON CTEHKH, KOTOpas ObL1a oOHapyKeHa ¢
MIOMOIIIBIO TeCTa ¢ DBAHCOM CHUHUM UM okpammBaHuss MSB nHa ¢ubOpun , moxer
criocoOcTBOBaTh MHGMIbTpanuu JeiikonutoB [Kinsey, Li, Okusa, 2008].
Jle3opranuzaiusi BHEKJIETOYHOTO MaTpUKca , HaOtojaemast mocie GotoTpoMOo03a ,

TaK)KE MOXET crocoOcTBoBaTh Bocmanenuto [Heinzelmann, Mercer-Jones,

Passmore, 1999].

Mps1 npenmnonaraeM, 4yTo BbI3BaHHAsE (GOTOTPoMOO30M (poKanbHAs UIIEMUS
OYEK MOXKET ObIThb TMOJIE3HOH MOJENbI0 Ui HCCIEJOBaHUs MEXaHU3MOB
pereneparnmu novek. B Hacrosiiee BpeMsi MEXaHU3Mbl BOCCTAHOBIICHHS TIOYEK €II1e
HE BBISICHEHBI, U JIO CUX TOP HET €IMHOTO MHEHHS, YTO OTBEYAET 32 BOCCTAHOBJICHUE
TKaHeW: mnponudepanuss TPOTSHUTOPHBIX KIETOK Win AeauddepeHImpoBKa
snuTenus kaHanbies [Kramann, Kusaba, Humphreys, 2015; Lombardi, Becherucci,
Romagnani, 2015]. OrcyTcTBHE OOMICTIPUHATHIX MapKEepPOB, a TAKKE CIOKHOCTh
MOP(QOJIOTUM TOYEK 3aTPYIHSIOT BBISICHEHHWE MEXaHHW3MOB PETCHEpaIluu IMOYEK
nocie mnoBpexaenust [Andrianova et al., 2019]. Msr mnpenmonaraem, dTO
boToTpOMOO3 TOYEK MOXKET OBITh HCIIOJIB30BaH I OIEHKH OCOOCHHOCTEH
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pereHepanuu Mo4YeK, NOCKOJIbKY OH BbI3BIBAET JOKAIBHOE NMOBPEKICHUE C YETKOU
TPaHULIEd MEX]y NOBPEKICHHOM W 3I0POBOM TKaHbIK, YTO HEAOCTUKHAMO IIPH
UCIIOJIb30BAaHUU TPAIUIIMOHHBIX MOJIENeH, TakuxX Kak ToTanbHas /P mouku wiam

HEe(DPOTOKCUIHOCTb.

B nmaHHOW paboTe MPOBOAMIOCH JBOWMHOE HWMMYHO(MDIYOPECIIEHTHOE
okpammBanue ais oneHku nponudepannu (PCNA) u modyedHoro moBpeKICHHUS
(KIM-1).  ®ortotpom003  BbI3BaI  3HaYuTelIbHOe  yBenmmueHue  PCNA-
TIOJIOKUTENBHBIX KJIETOK 4epe3 48 4 1mociie MOBPEXKICHUS B 30HE MEHYMOPBI, UTO
yKa3pIBaeT Ha pervmkanuioo u pemapamuio JIHK B »tux kierkax [Boehm,
Gildenberg, Washington, 2016]. bosbiast yacte KieTok, sxcnpeccupyromux KIM-
1, takke Obti PCNA®, 9TO TOBOPUT O KOJOKAJIM3AIMH TOBPESKICHHBIX H
pereHepupyrommx  KiIeTok.  Koskcmpeccwss  MapKepoB — MOBPEXKICHUS U
nponmudepaiii  MOXKET  TIOMOYb  BBIIBHTH  INPOUCXOXKICHHE  KIICTOK,

nposnepupyromux nocie noppexaeHus [Humphreys et al., 2011].

B cBs3u ¢ HeGosbmum pazmepoM (1% oObema MOYKH), U COXPAHEHHEM
dbyHKIIMM KOHTpanarepaidbHoW mouku, mpuszHaku OIIIl mocrne doroTpom603-
WHJYIIUPOBAHHOW HIIEMHUHM ObUIM HE CWJIBHO BbIpaK€Hbl. Mbl U3MEPUIN YPOBHU
MOYEBHHBI M KpPEaTMHUHA B CHIBOPOTKE, KOTOPBHIE€ OOBIUHO HCIOJIB3YIOTCS JUIS
BeisiBNieHus: Ol B kIMHUYECKOM MTpaKTUKe, U OOHAPYKUIIH, YTO ITH MapKephl HE
OblM  yBenuueHbl mocie  ¢GoTorpombo3a. IlockosibKy [aHHBIE MapKephl
MOBBIMIAIOTCS TOJBKO TOCJIE 3HAYUTENIBHOW MOTEpU HEPPOHOB MBI H3MEPHUIIH
ypoBeHb Oenka NGAL B Moue, KOTOpBIM SBISIETCS OJHUM U3 HauboJsiee
YYBCTBUTEJILHBIX U PAHHUX MapKEpPOB MOBPEXKIACHUS MOYEK M MOBBIIIACTCS Yepes
HECKOJIBKO YaCOB IOCJIE MOBPEXKIAIOIIET0 BO3ACUCTBUS, JOCTUTasi MAaKCUMaIbHbIX
3HauYeHUM K 24 yacaM. [lelicTBUTENBbHO, (POTOTPOMOO3 MOYEK MPUBEIT K MOBBIIIEHUIO
ypoBHsi NGAL B Moue uepe3 6 u 24 yaca nociie TpaBMbl, CHHXKasICh yepe3 48 4acoB

IMOCJIC MHAYKIINH ITOBPCKIACHUA.

120


https://paperpile.com/c/PocIwp/rMR33
https://paperpile.com/c/PocIwp/rMR33
https://paperpile.com/c/PocIwp/tJhPH

B cBs13u ¢ yMEpEeHHOCTBIO pa3BUBAIOIIErOCs BeaeAcTBIE poToTpomb03a OIIII
MBI YBEJIMUWIM pa3Mep HIIEMHUYECKOr0 odYara, HCIOIb3ys HMCTOYHHUK CBETa C
OOJIBIIMM TUAMETPOM IISITHA JIyda M CAENaId He(PPIKTOMHIO KOHTpaIaTepabHOM
nouku. Mcrnonb3yst Oonee TKENyI0 MOJeNb, Mbl JOOUIUCH 00Jiee BBIPAKEHHOU
OIIII, koTopoe MBI CMOTJIM IUarHOCTUPOBATH C MOMOIIBI0 CHIBOPOTOUHBIX (BUN,
SCr) u ypunapsasix (NGAL, KIM-1) mapkepoB. Takum oOpa3zom, Haiia MoJeilb
UIIEMHUH TTOYKH, BBI3BAHHON (POTOTPOMOO30M, TTO3BOJIET MOYTUPOBATH TSXKECTh U
crenenp nposineHHoctu OIIIl, Hampumep, 3a cdeT M3MEHEHHsI pa3Mep odara
MOBPEKACHUS WM TPOBEACHUSA KOHTpanaTepaibHOW HedppakTomuu. OnHaKo
ClIeyeT OTMETHUTh, UYTO HCIOJh30BaHUE Oojee TsHKENoW MOAU(UKAIUK MOJEITH
(GoToTpoMO03a MOKET OBITH CBSI3aHA C TMOBBIICHHEM MHBA3HMBHOCTH MPOLIETYPHI U
CJIOKHOCTH OTIepaIiiy (B OCHOBHOM 3a CUET KOHTpajaTepatbHON He(hPIKTOMUN), a
TaK)KE JICTAILHOCTH JKMBOTHBIX. TakuM o00pa3oM, HCCIEIOBATEIA JTOJDKHBI
noaouparh Takue ycIoBHs Mojenu (HoToTpombO03a, KOTOpble B HaMOOJbIIEH

CTCIICHN COOTBCTCTBYIOT LCJIN KOHKPCTHBIX SKCIICPUMCHTOB.

Hpyroii Tunu4HOi ocoOeHHOCThI0O W/P mouku sBisieTcss 3amenieHue
YTpauy€HHbIX  HEPpPOHOB  (PuOpo3HOM  TKaHblo. Mcmonb3dys — pa3nuyHbie
TMCTOJIOTMUECKHUE OKPAaCKH, Mbl TIOKa3aju, 4To uepe3 1 mecsil nocie Gpororpomb03a
oyar TOBpEXJIEHHs ObUI 3alOojHEH He3pesbIMH KOJIJIar€HOBBIMM BOJIOKHAMU U
OTJIOKEHUSIMU Kanblus. B pazsutuu Guodposza nocne OIIII yqacTByrOT HECKOIBKO
TUTIOB KJIETOK, BKJIFOYAsl MMPOKCHUMAJIbHBIE KaHAJIBbIIEBBIC KIETKU, (GUOPOOIACTHI U
MMMYHHBIE KJIETKHM. Mbl BBIBWIM HaJlUuhe Makpo(aroB, HKCIPECCUPYIOIIMX
CD163, nenocpeacTBeHHO B oyare B (OTOTpoMOO03a OKpyxkaromend TkaHu. M2-
makpodaru, B ToM uymcie u CDI163" urparoT BakHYIO pOJb B pa3pelieHUH
BOCHAJICHUs U IipeloTBpalieHnu pudposa B mouke. Makpodaru Obuin 0OHapyKEHbI
yepe3 1 mecsn nocie GoToTpoMOOTHUECKOTO MOBPEKIACHHSI, UTO CBUAECTEIHCTBYET

0 Hauajie pereHepanuy TKaHeh u paspemiennu Gpuodpo3sa.

Takum O6p8,30M, MBI OIIMCaJIM HOBYIO MOJCJIb JIOKAJIbHOI'O ITOBPCKICHUA
IIOYCK HINCMHNYCCKHUM BOBIL@?ICTBHCM, a TaKkKE MCTOAbI €Io O6H3py>KCHI/I$I.
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[IpennoxxenHnass MoOAENb OTIMYAECTCA NPOCTOTOM NPOLENYPBI, BO3MOKHOCTBIO
BAPBUPOBATH JIOKAIN3ALMIO TIOPAXKEHUs, MaJOd WHBAa3UBHOCTBIO M PHUCKOM
COIYTCTBYIOILLEIO NOBPEKJICHUA. brarogapss Majaol WHBa3UBHOCTH MOJEIH U
OTHOCHUTEJILHO HEOOJBIIOMY Pa3sMepy 00pa3yIoLIErocss MOpakeHUs, CTpajaHus U
ype3MepHasi THlenb SKCIEPUMEHTAIBHBIX JKMBOTHBIX B 3HAYUTENIBHON CTENEHU
npenorBpaniatoTcs. Mimemus noyek, BbI3BaHHAs (POTOTPOMOO30M, OOECeUunBaET
BOCIIPOM3BOAMMYIO O0JIACTh MOPAXKEHUS C MPEICKA3YEMBbIM MECTOIOJIOKEHUEM U
pasrpaHU4eHUEM MEXAY IOBPEXKICHHBIMU U 3J0POBBIMH TKaHSMM, YTO ITO3BOJISET
HCCIIEI0BATh IPOLIECCHl IOBPEXKACHUS, pEereHepanuu, BocnajeHus U (uodposa,
MPOUCXOIAIINE TaM. YUETKUMM KOHTYp IOBPEXKICHHOW TKAaHU IO3BOJIIET JIETKO
nojyyaTh 0O0pa3libl MOYEYHOW TKAaHW W3 IOBPEXKICHHBIX, MEPUMH(PAPKTHBIX U
HEIMOBPEXKICHHBIX 00JIacTeld OJTHOM M TOHM K€ MOYKH JUIsl PA3IMYHBIX «OMHUK»-
UCCIIEIOBAaHUNA. YUMUTBHIBas 3TH OCOOEHHOCTH MOYEYHOro (HOTOTPOMOO3a, MBI
OpeanojiaraeéM, 4YTo JaHHas MOJeNlb OyJeT TMoje3Ha s TeCTUPOBaHUS
HE(DpONPOTEKTOPHBIX  MpenapaTtoB W  HW3YYEHUS  MEXAHU3MOB  IMOYEUHOMH

HCIOCTATOYHOCTH U BOCCTAHOBJICHUA IIOCJIC TPABMBI.

Kpome pa3zpaboTku HOBOM SKCHEPUMEHTAIIBHOM MOAENH, MpoOesbl B
noHuManuu nartorene3a OIIIl mokeT MOMOYb HCCIIEIOBAHUE BOCHAIUTEIBLHOIO
orBera mnpu OIII, a Takke TECTUPOBAHUE BEIIECTB, MOIYJIUPYIOIINX
BocnanuTeNnbHb oTBeT [Andrianova, Zorov, Plotnikov, 2020]. Jlanuslii moaxon
MOXXET HE€ TOJBKO BBISIBUTH KIIIOYEBBIE (DAKTOPHI B MEXaHHW3MaxX BOCIAJICHUS,
BOBJICUEHHBIX B MOBPEXKAEHUE, HO U OMOouYb B noucke tepanuu OIIIl. B naHubIi
MOMEHT pa3pabaTbIBalOTCs pa3inuuHble npenapaTthl 1 jgedenus OIII, koropsie
MOTYT MOJABJIATh YPE3MEPHYIO BOCITAIIUTENBHYIO PEAKIMIO B TKAHU MOYEK IMOCIIE
noBpexaeHus. CylIeCTBYIOT HECKOJbKO MOTEHUUAIBHBIX TEPANEBTUYECKUX
noaxoaoB ais jaedeHus: OIII, HampaBlieHHBIX HA KOMIOHEHTHI BOCTIAIMTEIbHBIX
KackanoB. OJHAKO y CYHIECTBYIOIIMX MPOTHBOBOCHATUTEIBHBIX CTPATErvil €CTh
CEepbE3HbIC OrpaHWYCHMs. B  4YacTHOCTH, WCHOJIB30BAHUE HECTEPOUJIHBIC

npotuBoBocnanurenbHble  npemnaparsl  (HIIBIT) wmoxker yxyamars TeyeHue
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MOYEYHOro NoBpexaeHus. Jlannpie npenaparsl UHrHOUPY0T COX-2, 4TO IPUBOAUT
K CHIDKCHHIO YpoBHs npoctarianauaa E2 (PGE2) B mouke [Jiaetal., 2015]. B otset
Ha mazneHue ypoBHs PGE2 B mouke CHMXKaeTcss KpOBOTOK B adQepeHTHBIX
apTepuoyiax KIIyOOYKOB, a TakK)Ke KOMIICHCATOPHO YBEJIWYHBACTCS YPOBCHB
Ba30MPECCHHA B KPOBH, YTO B TaIbHEUIIIEM IPUBOIUT K BA30KOHCTPUKIIUH, KOTOPast
eme OOJbIIEe YXY/IIIaeT KPOBOCHAOKEHHE MOYEUHOM TKaHU U YCYyryonser ee
noBpexacaue [Ungprasert et al., 2015]. B c¢Bsa3u ¢ 3TUM MOBCEMECTHOE
ucnonb3oBanue kiaccuueckux HIIBIT He pexoMeHayeTcs B ciydasix OBPEKICHUS

IIOYCK.

B 3TOM KOHTEKCTE HEOOX0IMMO pa3padaThIBaTh MpEMapaThl, HAICICHHBIE Ha
albTepHATUBHBIC TATOTEHHBIE IyTH BocHanuTeabHOro mnporecca npu OIIIL
Cunanramu (N-moko3arekcaeHoMIETAHOIAMU]), CTPYKTYPHBIN aHaJior
aHajamMuja, dHJIOTCHHOrO JIMTaHJa KaHHAOWHOUIHOTO PEILENnTOopa, MPEJIoKEH B
KadyecTBe MEePCIEKTUBHOTO TepaneBTuIeckoro cpeactra [Watson, Kim, Das, 2019].
B nenom, nokazaHo, 4To 3HJOKaHHAOMHOUIBI OMETa-3 U OMera-6 >KUPHBIX KUCIIOT
MeTa00IM3UPYIOTCS Uuepes3 MyTH, orocpeaoBanHbie mnokcurenaszou (LOX), Ol u
nutroxpomom-P450 (CYP450). OnHako npou3BOIHOE I0KO3ar€KCACHOBOM KUCIOTHI
cuHantamuj, metabonusupyercs tonbko udepe3 LOX m CYP450. Kpome Toro,
MPEANOI0KUTEILHO TMPOTUBOBOCTIAIUTEIHHOE JEHCTBUE CHHANTAMHUIA MOXKET
peanu3oBatbca 3a cuer cHwkeHus L{OIl'-omocpenoBaHHOW — MPOAYKLIHH
HUKO3aHOUJIOB M3 apaxUIOHOBOW KHCIOTHI, WJIM MOXET ObITh TpeoOpa3zoBaH
AHUKO03aHOUI-CUHTE3UPYIOITUMU dbepMeHTaMU c oOpa3oBaHUEM

MIPOTHBOBOCIATUTEIILHBIX JIMITHIHBIX MeTabomToB [Meijerink et al., 2015].

[lenpro manHOTO MCccaeaOBaHus ObUIO M3ydeHue 3G(HEKTOB CHHANTaMKUIa Ha
Bocniasienne npu OIII, Bei3BanHOM W/P mouek, 4To paHee HE HCCIIEIOBAJIOCH.
N3BectHO, uyto mnpu wumemuyeckoM OIIIl  kneTku WMMYHHOH CHCTEMBI
aKTUBHPYIOTCS O4YeHb OBICTPO B (pase penepdysuu. Bo Bpems 1U/P mouek knerku
BPOKJIEHHOTO UIMMYHHUTETA, Takhe Kak HeuTpoduibl, Mmakpodaru, DC, NK-kneTku

n NKT-kjaeTku, KOTOpble HE SBISIOTCS AaHTUTCH-CICIU(PUICCKUMU, HUTPAIOT
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KIIOYEBYIO pOJIb B Pa3BUTHH BoCHalieHUs. HeHTpopwiibl MpUKPEIUISIFOTCS K
AKTUBHPOBAHHOMY SHJOTEIUI0O W WHOUIBTPUPYIOT B II0YKY, YTO OBLIO
IIPOJIEMOHCTPUPOBAHO KaK B MOJCIAX KMBOTHBIX, Tak M npu OIIIl y yenoBeka,
0COOEHHO B IEPUTYOYIISIPHON KAMMIIIIPHOU CETH HAPY>KHOTO MO3TOBOTO BEIIECTRA,
yke uepe3 30 munyT nocie penepdysuu [Kelly et al., 1996; Solez, Morel-Maroger,
Sraer, 1979; Watson, Kim, Das, 2019]. IToka3aHo, 4To KOJIHYECTBO MaKpo(daroB B
MOYKE YBEIMYMUBACTCS yKe depe3 1 yac mocnie pernepdys3nn, TOCTUTACT MHUKA Yepe3

24 yaca u coxpansercs B Teuenue 7 gueit [Li et al., 2008].

Panee ObLIO MOKa3aHO, YTO CHHANTAMHJ OOJAJAET IIMPOKHM CIEKTPOM
IIPOTUBOBOCIIAJINTENIBHBIX, HEHPONPOTEKTOPHBIX W HEHWPOTEHHBIX CBOWCTB, 4YTO
JIENAET €ro MEPCIEKTUBHBIM TEPANEBTUYECKUM areHTOM JUIS JICUEHHsI Pa3JInYHbIX
HEBPOJOTUUECKUX 3a00JI€BaHU I WU MOBPEKICHUM Mo3ra. JIedeHne cuHanTaMu1oM
IPY TPaBME MO3ra UM XPOHUYECKOM CJIaBJIMBAHUM CEAINIIHOTO HEPBA CHUXKAJIO
acTpOIVINO3 WM HMMMYHHYKO pPEaKTMBHOCTb, a TaKXe YMEHbBIIAJIO YPOBHHU
BOCIAJIUTENbHBIX OMOMApPKEPOB, TAKUX KAK KHUCIbIM TIHAIbHBIN (GUOPHILISPHBINA
oenok (GFAP), S100B u IL-6 [Manzhulo et al., 2021; Ponomarenko et al., 2022;
Starinets et al., 2022; Starinets, Tyrtyshnaia, Manzhulo, 2023]. Kpome Toro,
cuHantamuy npeporspaman JIIC-uHAynIHpOBaHHOE YBEIMYEHHE NPOAYKIUU
npoBoOCHANUTENbHBIX IUTOKMHOB TNF-o, IL-1p wu IL-6 B Mukporiue,
BBITIOJIHSIIOLICH POJIb PE3UJCHTHBIX MakpodaroB B mo3re [Park et al., 2016]. B
pamMKax JaHHON paloThl BIEepBbIE ObLIO MOKAa3aHO, YTO BBEACHHUE CHHANTaAMHUAA
MIPUBEJIO K BBIPAKEHHOMY MPOTUBOBOCHAIUTENLHOMY 3D PEKTY IpH UILIEMUYECKOM
OIIII. Tepanus cunantamuoM npu M/P nmouek cHu»kana 3KCHpPecCur0 HEKOTOPBIX
MPOBOCTIAIMTEILHBIX MenuatopoB, Takux kak IL-1B u TGFB1 (Puc. 17), uto
NO3BOJIAET MPEAINOI0KUTh, YTO CHHANITAMUL MOXKET MOAYJIMPOBATH ONPEAEICHHbIE

BOCHAJIUTCIIBHBIC ITYTH.

Kpome Toro, Mbl OOHapyXwuiH, 4TO JIEYEHHE CHHANTAMUIOM BBI3BAJIO
NOBBIILIEHHE YPOBHS MpoTHBOBocHauTeasHOro IL-10 B moveuHoit Tkanu nociue 1/P

(Puc. 18). DTO CBHIETEIBLCTBYET O TOM, YTO CHHAIITAMHM/T MOYKET MOIYJIMPOBAThH KaKk
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MPOBOCHANUTENbHBIE, TaK W MPOTHBOBOCHAIHUTEIbHBIE (AKTOPHI B IMOYECYHOM
BOCHIAJIUTEIHLHOM OTBETE. AHAJIIOTUYHBIC TEHACHIIMY HAOTIOAANNChH U JIJIs1 HEPBHOU
TKaHU TIOCJe MOBpexaAeHus. Hampumep, BBeJeHHE CHUHaANTamMuga oO0palaio
noBeimieHre npoaykiuu IL-1B u TNF-o B rummokamiie, BbI3BaHHOE BBEACHHUEM
SHJOTOKCHHA, U MOJIYJHUPOBAJIO YpoBHM mpoBocnanutedbHbix (IL-1B, 1L-6) wu
npotuBoBocnanuTeNbHbIX (IL-4, IL-10) IUTOKMHOB B CEIBOPOTKE U CIUHHOM MO3T¢

nociie ciapieHus Hepsa [Park et al., 2016; Starinets et al., 2023].

B Hamem wuccieoBaHUM MBI  HM3ydadd UHOUIBTPAIMIO Pa3TUYHBIX
MONYJISIUUNA JIEMKOLIUTOB B IOYEYHYIO TKaHb nociie M/P u nokaszanu, 4to HauboJsee
AKTUBHBIM OBLJIO MPUBIICYCHUE HEUTPOPHUIIOB, UTO MOATBEPIKIACTCS MHOTOKPATHBIM
yBesnuuennem skcnpeccud CXCL1 (Puc. 19¢). MbI Takke KOTHMUECTBEHHO OLICHUIIN
KOJIMYECTBO HEUTPO(DUIIOB MPU TUCTOJOTUYECKOM OKPAIIMBAHUM CPE30B MOYEK U
OOHapY>XUJTM 3HAYUTEIHHOE YBEIMUYECHUE ATUX UMMYHHBIX KJeToK mnocie 1/P, uto
YaCTUYHO OCJIa0isuioch BBeACHHEM cHuHanTamuaa Bo Bpems W/P (Puc. 20).
Conepxanue makpodaros, olieHeHHOE 110 kcnpeccuu CD68, Takxke yBeIUUNIIOCH
yepe3 48 uvacoB mnocie WU/P mouek (Puc. 19d). CtouT oTMETHTH, YTO BBEICHUE
CHHANTAMUJa CHWXXAJIO ypOBEHb JiehkonuTapHoro mHrerpuHa CDlla, xotopsrii
o1 moBbitieH mocie W/P. Panee Tepamust ¢ wucnons3oBanuem antu-CD1la
nokasajia 0JaroTBOpHOE BiMsSHHE Ha (yHKIHIO modek mocie WM/P u mpuBena k
YMEHBUIEHUIO HEKPO3a KAHAJIBLIEB U CHUKEHUIO MH(DUIBTPAIUH JIEHKOLUTOB TIOCIIE

noBpexacHus [Tajra et al., 1999].

HenaBuue wccnenoBaHuss TMOKa3aiM, 4YTO CHHANTaMHA MOAYJIUPYET
MPEJCTABICHHOCTh PA3JIMYHBIX TUIIOB Makpodaros. Bo BpeMst MOBpexXACHUSI HEPBa
CHHANTaMKJ yBeaudnBaia kojuuecTBo CD163™ kiaeTok (MpOTHBOBOCHAIUTEIBHbIC
Makpodarn), v cHrkaa komrdecTBo CD68™ KileToK, 4TO yKa3bIBajIO Ha YMEHBIIICHHE
yrcaa npoBocmanuTeabHbix M1 Makpodaros [Starinets, Tyrtyshnaia, Manzhulo,
2023]. AHQJIIOTUYHBIM o0Opazom, CUHAITaMU]I JIEMOH CTPUPOBA
MPOTUBOBOCTIANIUTENbHBIE A(D(PEKThI, CHUXKAs SKCIPECCUI0 MPOBOCTIAIUTEIBHBIX

MapkepoB (CD86 1 MHC II) u cmocoOCTBYS TPOIyKIIUKA MPOTHBOBOCTIAIUTEIHHBIX
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mapkepoB (Argl u CD206), a Takxke MOAaBsAs aKTHBHOCTH Iba-1"-makpodaros
[Park et al., 2016]. CunanTamu/ mpoaeMOHCTPUPOBAT CLIOCOOHOCTh YBEITHYUBATH
cunte3 CD206 B kynbType Makpodaros nocie LPS-unaynimpoBaHHOT0 BoCHaneHus
[Starinets et al., 2023]. B namem w#ccieqoBaHuU, XOTS 00IIEe KOJIUYECTBO
MakpodaroB HE HW3MEHWIOCh TI0J] BO3JCUCTBHEM CHHANTaMUIa, Teparnus
3HAYMTEIBHO CHU3WIA coaepxanne CD86'-kierok (mpeamonoxurenbno Ml
Makpodaros) u yBenuumiaa koiamuectBo CD163*-kinetox (M2 makpodaros), 4ro

CBHUACTCIIbCTBYCT O MOIYJIALIMU ITOJIAPU3AITUN MaKpO(i)al“OB.

UToOBb! JTy4llle MOHSATh MOJICKYJISIPHBIE MEXAaHU3MBI JEHCTBUSI CHHANITAMUA,
MbI u3yumin posib GPR110, koTopsrii ObUT ipeioskeH Kak ero perentop [Huang et
al., 2020; Starinets et al., 2023]. M1 npearnonaracT, YTO CUTHAJIbHBIC IYTH Yepe3
ATOT PELENTOP BOBJICYEHBI B MPOTUBOBOCHAIMTENBHOE ICHCTBUE CUHANITAMUAA MTPU
OIIII. [e¥icTBUTENbHO, MBI OOHAPY WM 3HAUUTEIHLHOE YBEIMUYECHHUE IKCIIPECCUU
GPR110 B moueyHON TKaHU KpBIC, MOJyYaBIIMX JICUYCHUE CHUHANTAMUIOM, YTO
yKka3biBaeT Ha Bo3MoxHoe yuactue GPR110 B peanuzauun 3¢ (pexToB cuHanTamuaa
npu noueyHoM OIIIl. MHTEepecHO, dYTO 3KCIOpeccus 3TOro perentopa He
yYBEJIMYMBAJIACh Y MHTAKTHBIX >KMBOTHBIX, MOJIy4aBIIUX CHUHANTaMuI. YUYTOOBI
UACHTU(DUIIUPOBATh KOHKPETHBIC KJIETOUHBIE TMOMYJISINN, OTBETCTBEHHBIC 32
noBbIeHHY0 3kcnpeccuto GPR 110, mbr nzonuposaau CD11b/c*-kineTku, KoTophie
B OCHOBHOM IIpeICTaBlIeHbI HeMTpoduiamu u makpodaramu [Spitzer, Zhang, 1996].
HeiicrBurensno, CD11b/c*-KaeTKH U3 MOYEK KPbIC, moaBeprimuxcs /P u nedenuto
CUHANTAMUIOM, JEMOHCTPUPOBaNIM NOBBIMIEHHYIO skcnpeccuto GPRI110. bomee
toro, CD11b/c*-kieTkn moKa3ajii CHWKEHUE JKCIPECCHH IMPOBOCIATUTEIBHBIX
MapkepoB, Takux kak TNF-o u [L-1[, mocne BBenenusi cunantamuaa. B 1o sxe Bpems
Mbl 00Hapyxwmiu, uto GPR110 we skcmpeccupoBaiics B PBMCs, kotopbie B
OCHOBHOM TIPE/ICTABJICHBI TUM(OIIUTAMA U MOHOITUTAMH, KaK Y UHTAKTHBIX KPBIC,
TaKk U y TeX, KTo nojaseprajics /P, u 4To cuHantamMui He BIUSI Ha SKCIPECCHUIO
IPOBOCTIAJIMTEIBHBIX [IMUTOKMHOB B 3THX Kietkax [Farina et al., 2023]. Dt
PEe3yNbTAaThl MO3BOJISIOT MPEIONIOKUTh, YTO MPOTHUBOBOCTIAIUTEIBHBIN 3(PdeKT

CHUHANTaMUa, BEPOATHO, peAIM3yeTCs depe3 MmyTu, onocpenoBanusie GPR110, B
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HelTpodwmia, 4To BIEpBble ObUIO MpoaeMOHCTpUpoBaHO B koHTekcte OIIIl B

paMKax JaHHOr'O IUCCEPTAMOHHOTrO HcciieqoBanus (puc. 36).

H

— BocnaneHue :- =A=A=

CuHanTtamug

/P
MNOYKHU

ATF")AC

T cAMP — nerpapauus
PDE4

PKA 2 L npoBocnanuTeNnbHbIX|

LMTOKNHOB L

CREB > 1 BOoCnanewnusa |
A »

Hentpodunbl *

Puc. 36. BozmoorcHble Mexanuzmuvl CHUINCEHUST BOCNANEHUS, ONOCPEO0BAHHO2O
cunanmamudom/GPRI110, npu OIIII, evizéannom H/P. AC — adenunamyuxiasa,
ATP — aoenosunmpughocgpam, cAMP — yuxnuueckuii adeno3uHmonogpocgam,
CREB — 6enox, ceasvisarowuti onemenm omeema na cAMP, GPR110 — peyenmop,

cesazannvlil ¢ G-oeaxom 110, U/P — uwemus/peneppysus, PKA — npomeunkunaza

A, PDE4 — ghocghoouscmepasa-4.

HecmoTpss Ha TpoAEMOHCTPUPOBAHHBIN MPOTUBOBOCTIATUTENBHBIN A (HEKT
CUHanTaMuja Ha QOoHE HIEeMUYECKH-penepy3nOHHOTO TOBPEKACHHUS, Mpenapar
yJiydiuan (yHKIMIO TOYeK MpU BBIOPAHHBIX 03aX U JIUTeNbHOCTH JeueHus (Puc.
23). D10 MOXeET OBbITh CBsI3aHO ¢ TeM, uto narodusuomnorus OIIII Bkatouaet B ceds
CIIOKHBIE KIJIETOYHBIE M MOJIEKYJSIPHbIE CUTHAJIbHBIE IYTH, BKJIIOYAIOIINE
BOCHAJIEHUE, OKUCIUTENbHBIN CTPECC, alloNTO3 U MUKPOCOCYAUCTYIO TUCHYHKIUIO
[Maremonti, Meyer, Linkermann, 2022]. Mosxer mnotpeboBaTbcs MoauBUKALIHS
IIPOTOKOJA TEpalvyd CUHANTaMUAJIOM sl JOCTH)KEHHSI CHMJKEHHS TSKECTU

HINCMHUYCCKOT'O IMTOBPEIKACHUSA ITOYCK.

127


https://paperpile.com/c/PocIwp/b9ncG

B cBs3M ¢ TeMm, 4YTO BOCHAJIeHUE SBIIACTCS OJHUM M3 KIIFOUEBBIX
narojoruueckux mexaHusmoB B pazutuu OIIIl pazHoro renesza, a pa3BUTHE
Cericuca, KOTOPOMY TIOJIBEP)KCHBI HOBOPOXJICHHBIC, 4YacTO BJeYeT 3a co0oii
pa3BUTHE AWCPYHKIMH TTOYeK, MbI oneHwm TsokecTh OIIIl mpu aHammze
KJIMHUYECKUX JTAHHBIX MAallMEHTOB XUPYPTHUSCKUX OTICIICHHA, a TaKXKe MPOBEIH
MOJICTTHPOBAHNE CUCTEMHOTO BOCIIAJICHHUS Y HOBOPOKICHHBIX KPBIC, CONPSHKCHHOE
c Tepanueid aHTHOMOTHKAaMHU. Cemncuc - 3TO CIOXKHBIM KIMHUYECKUN CUHIPOM,
CBSI3aHHBIH C TSHKEJIBIM CHCTEMHBIM BOCIIAJICHUEM U MTOCJICTYIOIIUM TIOBPEXKICHUEM
MHOTHX OPraHOB, MPOBOIMPYIOIIUM IMOJMOPTaHHYI0 HelocTaroyHocTh [ROSsaint,
Zarbock, 2015]. Cemncuc cuutaercs omHoW w3 OCHOBHBIX mnpuunH OIIIl vy
HOBOPOXJICHHBIX B XHPYPTHYECKHX OTICICHHUSIX W OTACICHUSX HHTCHCHBHOM
teparun [Cleto-Yamane et al., 2019]. Dto maTosorn4ecKoe COCTOSTHHUE MOMKET
OCIIOKHSATHCS TMPUMEHCHHEM MAaCCHBHOW  (apMaKOTepanuy, BKIIOYAIOIIYIO
aHTHOaKTepuabHyI0. HecMOTpst Ha HE0OXOIUMOCTD JICUCHUSI aHTHOMOTHKAMH TIPU
CEITICHCE, ITH TIperapaThl MOTYT YCYT'YOUTh MOBPEXKICHUE MTOYCK M3-32 BO3MOYKHOU
Hepotokcuunoctn [Wargo, Edwards, 2014]. IlosToMy meiabi0 JaHHOTO
UCCIICIOBaHMS ObLIO OICHUTH BIIMSHUE PA3JIMYHBIX AHTHOMOTHKOB Ha TSKECTh
OIIII y HOBOpOXACHHBIX C MPU3HAKAMHU ceTicuca uiy 6e3 Hux. Moaenb CHCTEMHOTO
BOCTIAJICHUS HA >KUBOTHBIX OBUIA TaK)KE HWCIIOJIb30BaHA I TIOJITBEPIKICHUS
JAHHBIX, TOJIYYCHHBIX HA HOBOPOXKICHHBIX, M JUIS JIOKa3aTeIbCTBA JICHCTBHS
AMUHOTJIMKO3HMTHOTO aHTHOMOTHKA TCHTAMHIIMHA, KOTOPBIA SBJSCTCS OJHUM W3
HamOoJIee YacTO Ha3HAYaeMbIX MpenapaTtoB JJIsA JICYCHHS OaKTepHabHBIX
UHGEKIUA y JeTe M HEPPOTOKCHUYHOCTH KOTOPOIO XOPOIIO JOKYMEHTHPOBaHA

[Turner et al., 2009].

[Ipn wm3yuennn JIIIC-MHAyOMPOBAaHHOTO BOCHAJEHUS Yy HOBOPOMKIEHHBIX
KpBIC MBI 3aUKCUPOBaIN TeHAeHIuIo K ocnadnenuto OIIII, kotopas nposiBisiercs
B CHU)XKCHMM YPOBHEH HEKOTOPBIX MapKepoB MOCIE MPUMEHEHUS aHTUOWOTHKOB
reHTaMUIMHA U BAHKOMUIIMHA Ha (DOHE AHIAOTOKCHHA, 110 CPABHEHUIO C ICUCTBUEM
YUCTOTO JIIIC. Takoe CHUKCHUE MOXET OBITh OO0BSICHEHO

UMMYHOMOJYJIUpYIOUIMMU  3h(deKTaMu aHTUOMOTHUKOB, HE CBSI3AHHBIMU C HUX
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OpsIMBIM AHTUOAKTEPUATFHBIM JIEUCTBUEM, CBUJCTENHCTBA YEMYy HMEIOTCS B
mutepatype. U3Bectno, urto JIIIC wepe3 cneundpuueckuit peuentop TLR4
3allyCKaeT HMMMYHHBIH  OTBET, KOTOpbI  XapaKTepU3yeTcs  BbIpaOOTKOMN
MIPOBOCTIAJIMTEIbHBIX IUTOKUHOB, Takux Kak [L-1f, IL-6, TNFa Kpome Toro, JIIIC-
aKTUBALUs U3MEHSET SKCIIPECCHUIO pa3HbIX perentopoB TLR B MMMYHHBIX KJI€TKax,
OTBeUarolMX Ha Bo3zeiicTBue Apyrux PAMPs, uro Mo>keT npuBecTH BIOCIEICTBUN
K Ype3MEpHOM BOCHAIUTEIBHOM pEAaKUMH W PA3BUTHIO COCTOSIHUS OCTPOTO

IMMOBPCKIACHUA ITIOYCK U IPYIUX OPIraHOB.

OGHapyxxeHHoe Hamu ynydiieHue nokasareneit OIIIl mocne mpumeneHus
antuOnoTukoB Ha Qone JIIIC Moxxer OBITH CBS3aHO C TOKa3aHHBIM paHee
VMMYHOMOAYJIMPYIOLIHAM J€UCTBUEM F'€HTAMUIMHA 1 BAHKOMUIMHA HA ITPOAYKIIUIO
LATOKMHOB IIPU TPAMOTPULATEIIEHOM CEIICUCE 3a CUET CHWKEHMS dKcnpeccuu IL-
Ip u IL-6, a Taxke camoro TLR4, uepe3 xotopsii aeiictByer JIIIC. [ns
FEHTAMULIMHA TPOJAEMOHCTPUPOBAHO MOJABICHUE 3HIOTOKCUH-HHIAYLMPOBAHHON
npoaykuuu TNFo, B KiIeTKaX NPOKCUMAIIBHBIX KAHAJIBIIEB MOCIE UX CTUMYJISILUN
JIIC in vitro, Tpearnoio)UTEIbHO 3a CYET WHTUOMPOBAHUSA TPAHCISAIUU. DTH
pe3yNbTaThl CBUIECTEILCTBYIOT O TOM, YTO aHTUOMOTHKU MOTYT U3MEHSThH PEAKLIUIO
UMMYHHBIX KJieTok Ha JITIC. Monaynsius uMMmyHHOTO oTBeTa uepe3 TLRs siBisieTcst
IIEPCIIEKTUBHOW CTpaTerued B JIEYEHHM cercuca. M3BEeCTHO, 4YTO CHUCTEMHOE
BOCIIAJICHUE WIPAaeT 3HAYMUTENbHYHO poJjib B pa3Butun JIIIC-uHIynmpoBaHHOTO
OIIII. TIpoTMBOBOCHANMTENLHOE JEHCTBUE pPACCMATPUBAEMBIX AHTUOMOTHKOB
MOKET OOJIErYuTh Pa3BUTHE JIAHHOTO MOCIHEACTBUS CENTHYECKOTO MOPAKEHUS,

IIOMHUMO HUX IIPAMOTO I[CﬁCTBHH Ha 3JIMMHUHALUIO ITAaTOINCHHBIX MUKPOOPIraHUu3MOB.

TeM He MeHee, OCHOBHBIE MOJIEKYJISIPHBIE U KJIIETOYHBIE MEXaHU3MBbI IEUCTBUS
aHTUOMOTHUKOB Ha 7Kcrpeccuio pasHbix TLR M acconuupoBaHHBIX C CENCHUCOM
UTOKMHOB, OCTAIOTCSI HESICHBIMH, 4YTO BBI3BIBAET HEOOXOAUMOCTH MPOBOJIUTH
JaJIbHEHIIINE UCCIEOBAHUSI MMMYHOMOYJIUPYIOIIUX CBOMCTB aHTUOMOTUKOB MPHU

Pa3BUTHH CETICHCA.
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B pamkax nmanHOW paboOThl Takke ObUIO MpOaHAIM3HPOBAHO JeHcTBHE 12
aHTHOMOTHKOB, KOTOPBIEC MOJTyYadH MalUEHThl OTJACICHUS HEOTIOKHON XUPYpPrUH
HOBOPOXXJICHHBIX HalmoHaIbHOrO MEIUIIMHCKOTO HCCIEeI0BAaTEIbCKOrO IIEHTpa
aKylIepCcTBa, TUHEKOJOTMU M IEPUHATOJIOTMH. AHTHOAKTepUajabHas TEeparms
BKJIIOYAJIa TPEenapaThl U3 rPYII NEHUIUUIMHOB (aMOKCUIIMJIJIMH B KOMOUHAIIUU C
KJIABYJIAHOBOW KHCIOTOM W aMIUIUUIMHOM), aMHHOTJIMKO3UJOB (TE€HTaMUIIWH,
HETWIMHULIMH, aMHUKanuH), uedangocnopuHoB (uedernum, 1edonepasoH B
KOMOMHAIIMU C CylabOakTamMoMm), KapOameHEeMOB (MEporneHeM W HMMHUIICHEM B
KOMOMHAIMM ¢ UWJACTaTUHOM), a TaKXe TIJIMKOMENTUI0B (BaHKOMMUIIMH),
OKCA30JIMIMHOH (JIMHE30JIUJI) W HUTPOUMUJA30J (MeTpoHUAa30i). OCHOBHBIM
pEe3yJIbTaTOM HAIIEero HCCIENOBAaHUS CTajJ0 TO, YTO Tepamnus aMIULUUUIMHOM B
KOMOWHAIUU € CyJb0aKTaMOM M METPOHHA30J0M yMeHblnuia npusHaku OIIII y
HOBOPOXJCHHBIX C IPU3HAKAMU CETICHCA, B TO BPEMsI KaK y MOJy4yaBIINX, Ledenum,
JMHE30JIU]] UM MUMHUIIEHEM B KOMOMHALIMM C I[MJIACTaTUHOM, Mbl OOHapYXWIH

yBenuuenue Tspkectu OIII, onieHeHHOE MO YpOBHIO MOUEBHUHEI (puc. 34, 35).

Panee coo011anock 0 BO3MOXKHBIX HE(QPOTOKCHYECKUX I (HEKTax HEKOTOPHIX
AHTHOMOTHUKOB Y HOBOPOXJICHHBIX. HedpoTOKCHYHOCTh SBISETCS OJHUM U3
HamOoJiee  PacHpoCTpPaHEHHBIX TMOOOYHBIX A(DPEKTOB  aMUHOTIIMKO3UIHBIX
antuonotukoB [Lopez-Novoa et al.,, 2011]. HenaBHue snuaeMHONIOTHYCCKHE
uccnenoBanus nokasanu, yto OIIII moxer pasBurbcs npumepHo y 20-33% nerei,
noayJamomux —amuHorimukosuasl  [McWilliam et al., 2017]. Hampumep,
HETPaBUIBHOE MTPUMEHEHHE TeHTAMHIIMHA C MHOTOKPATHBIMH JO3UPOBKAMU MOXKET

INPUBECTH K TIIOBBIMICHHUIO KpPCAaTHMHWHA Y HCIAOHOIICHHBIX HOBOPOXICHHBIX

[McWilliam et al., 2017].

B MupoBoil KIMHUYECKON MpakTUKe (YHKIHUIO TOYEK PEKOMEHIYEeTCs
onleHuBaTh 1Mo auHamuke kouieHtpanuid SCr u BUN B kpou [Khwaja, 2012].
[Tockonbky ¢Gu3HONOTHs MOYEK Yy AETei, 0COOEHHO HOBOPOXJACHHBIX, OTINYAETCS
OoT (U3HOJOTUM TOYEK B3POCIBIX, JUISI TAaKUX NAUEHTOB OBUIM CO3/aHbI

neauatpudeckre mkaiasl pRIFLE um nRIFLE [Ricci, Ronco, 2013]. Omnako
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YyBCTBUTEIHHOCTh OOIIEMPUHATHIX MAapKEPOB U CKOPOCTh HMX HM3MCHCHUS HE
COOTBETCTBYIOT COBpeMEHHBIM TpeOoBanusMm auarHoctuku OITIT [Wen, Parikh,
2021]. Hammpumep, ObUTO YOSAUTEIBHO AOKAa3aHO, YTO KpeaTHHUH He 3()PEeKTHUBEH B
auarnoctuke OINIl mpu HEKOTOPHIX HEOHATANBHBIX cocTosHHUAX [Ricci, Ronco,
2013; Yamate et al., 2005]. B nannoii pabote Mbl OOHAPYKUIIH, YTO KOHIICHTPALIHSI
C-peakTuBHOTO O€lika HE KOPpEIHPYeT C YPOBHEM KpeaTHHWHA B CHIBOPOTKE, B
OTIIMYUE OT YPOBHS MO4YEBHHBI (puc. 33), 4TO MOATBEp)kKIaeT TOT (akT, UYTO
KpEaTHHUH HE MOXET CIyKUTh xopomuM MapkepoM OIIIl y HOBOPOKICHHBIX, B

TOM 4HcIIe ¢ cericucoM [Pevzner et al., 2024].
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6. SAKJIIOYEHUE

HNannass  amcceprandoHHas pabota mocesmena  pasputmio  OIIII,
pPacIpOCTPaHEHHOTO NATOJIOTHYECKOIO0 COCTOSIHUSA, KOTOPOE BCTPEYAETCS KaK Y
B3POCIJIBIX, TAK U Y HOBOPOXXJEHHBIX ITAIMEHTOB, & TAKKE MOUCKY IMOTEHIMAIBHBIX
HOIXO0J0B K HedponpoTekuuu. B cBs3u ¢ teM, uto k paszsututo OIIIl mpusogst
pa3iauyHble NMPUYMHBI, HaUOOJIEE YaCThIMU U3 KOTOPBIX SBIIAIOTCS HUIIEMUYECKH-
penepdy3noHHOE TOBPEXKICHHE M CHUCTEMHOE BOCIAJCHHUE, UCCIEIOBaHUE
IPOBOJMIIOCH C MCIIOIB30BAHUEM PA3JINYHBIX SKCIEPUMEHTANBHBIX Moaenei. Tak
Kak 3a00J1€BaHUSAMHU MOYEK CTPATAIOT U B3POCIIbIE, 1 HOBOPOXK/IEHHBIE AIIUEHTHI B
paboTe HCIONB30BATUCH KUBOTHBIE Pa3HBIX BO3pacTHBIX Ipymil. Ha B3pocibix
KUBOTHBIX MWCCIIENOBAIA JEHUCTBUE [OTEHIMAIBHOIO 3allUTHOIO BELIECTBA
cuHantamuga npu moaenupoBanun OINIl B knaccuueckoit monenu M/P moukwu, a
TAK)K€ BIIEPBBIE IPEACTAaBMIM HOBBIM  OKCHEPUMEHTAIBHBIA  MOAXOH K
MOJIETMPOBAHUIO OBPEXKIEHUS TOYKH, @ UMEHHO (POTOTPOMOO03-UHIAYLIUPOBAHHYIO
JOKaJIbHYI0 HMUIEMHUIO MOYKH. Tak Kak HOBOPOXIEHHBbIE MNAllMEHThl HauOoee
IIOJIBEPKEHBI Pa3BUTHUIO CEIicMca M Takoro ocioxHeHus kak OIIII, Mbl mpoBenu
aHanu3 KIWMHAYECKUX JAHHBIX XUPYPrUYECKUX MALUUEHTOB HEOHATAIBHOTO
OTJEJICHUS, NMPUHMMABIIUX AHTUOMOTHKH, a TAK)K€ OLICHWJIM BIIUSHUE JICUCHUS
F€HTaMULMHOM IIPY MOJIEJTMPOBAHUHN CUCTEMHOI'O BOCIIAJIEHUSI HA HOBOPOKIEHHBIX

KphbICax.

Takum 06pazoM, B paMKax JaHHOM JUCCEPTAIMOHHON paboThI ObLIa OTMMcaHa
HOBas MOJENb JIOKAJBHOTO HWIIEMUYECKOTO TOBPEXKACHUS TIOYEK, a TaKkKe
MpUBEJICHA XapaKTePUCTHKA Pa3BUBAIOIICTOCS TMOPAKCHUS C HCIOJb30BaHUEM
Pa3IUYHBIX SKCIEPUMEHTANBHBIX MOAX0A0B. [IpemnoxkeHHas MOJenb OTIIMYAeTCS
IPOCTOTOM TPOIEAYPHI U BO3MOKHOCTHIO BAPHUPOBATH JIOKAIHM3AIUIO TIOPAKCHUSI.
bnaronapst HU3K0i MHBa3WBHOCTH MOIX0/Ia 1 OTHOCUTEIILHO HEOOIBIIIOMY pa3Mepy
BO3HUKAIONIETO B pe3yJbTaTe TMOPAXEHUS ouara, B 3HAYUTEIBHOM CTETCHU
IpeIOTBpAIIacTCs UYpe3MepHass THOCIb KCIIEPUMEHTAIBHBIX KUBOTHBIX, KOTOpas

MOXCT BCTPCUATBCA B XHUPYPIUUCCKU CIIOKHBIX MOICIIAX. HNimemust IIOYCK,
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BbI3BaHHAs (POTOTPOMOO30M, TO3BOJSET MOJYYUTh BOCIPOU3BOAMMYIO OOJACTh
MOBPEXKJICHHUS C NPEACKAa3yeMbIM DPACHOJOXKEHUEM W pa3rpaHUYCHUEM MEXKIY
MOBPEXKICHHBIMU U 3JOPOBBIMU TKAaHSIMH, YTO MO3BOJISIET UCCIEAOBATH MPOIECCHI
pereHepanuu, BocnaneHus u (ubOpos3a, mpoucxomsamnme B 3Tod 30He. [lpum
doToTpoMOO3€ TOUKH OBLIO BBISBICHO BBIPAKEHHOE HapylieHue MOpPQOJIOTHH
MOYEYHOUN TKaHHU, U3MEHEHHE TIPOHUIIAEMOCTU COCYAOB, THOEIb MOYEHHBIX KIETOK
B OCTpoil (pase, MHAYKIMS amorTo3a, MOBBIIICHHE Npoiudepanul Ha TpaHULE
MOBPEXKICHHOMN U 3/I0pPOBOM TKaHU, a TAKXKE OTIIOKEHHUE KOJJIAT€HOBBIX BOJIOKOH U
MPUBJICYCHHE MPOTUBOBOCHAIUTENBHBIX MaKpo(paroB B OTHAJICHHBIA MEPUOI.
VYuuthiBas 3T 0COOEHHOCTH (POTOTPOMOO3a MOYEK, MBI IIPEAIIOJIATaEM, YTO JaHHAsS
MoJienb OyJeT MoJie3Ha JJisi TECTUPOBAaHUS HEPPOMPOTEKTOPHBIX IMpPENapaToB U
M3Y4YEHUs] MEXAHM3MOB MOYEYHOW HEAOCTATOYHOCTH M BOCCTAHOBJIIEHUS IIOCIE

IMOBPCKIACHUA.

[IpotuBoBOCTIANUTENBHBIN A(h(PEKT cHUHANTaAMHAA, CTPYKTYPHOTO aHaora
SHJIOTEHHOTO JIUTaH/la KaHHAOMHOUJAHOTO pelenTopa aHaHJaMKJa, BIIEPBbIC ObLI
IPOJIEMOHCTPUPOBAH Ha MOJIeH uiemudecku-penepdysunonnoro OIIII. TTokazano,
YTO JICUYCHUE CUHANITAMUJIOM CHIXXAJIO YPOBHU MPOBOCTAIUTEIIHHBIX IIMTOKUHOB [L-
I u TGFB1 B mouye4HOl TKaHU MOCJE MOBPEXKIACHHUS, YTO OBLIO CBA3aHO CO
CHUKEHUEM UX IKCIPECCUU B UMMYHHBIX KJIETKaX, MHOUIBTPUPYIOIIUX MOYECUHYIO
TKaHb. Ha OCHOBaHMM MOJYUYEHHBIX JAHHBIX MBI MIPEJIIOIaraeM, 4To HaoIrojaeMble
IPOTUBOBOCTIATTUTENbHBIE d(DPekThl peanusyrorcs depe3 pernentop GPR110 wHa
Hetpodunax. OaHAKO, HECMOTPsSI Ha BBIPAKEHHBIM MPOTUBOBOCHIAIUTEIbHBIN
s dekT, IeueHne CUHANITaMUI0OM HE TTPUBEIIO K YIYUIIeHUIO (PYHKIIUU MTOYeK. ITU
PE3yNbTaThl MOTYT OBITH O0YCIIOBIIEHBI MHOKECTBOM MeXxaHu3MoB pazButus OIIII,
KOTOPbIE OJHOBPEMEHHO 3aIlyCKalOT BOCIAJIEHUE, OKUCIUTEIbHBIN CTpece, arnonTo3
Y MUKPOCOCYIUCTYIO TUCHYHKIIUIO, B TO BpeMs KaK CHHANITaMUJI HE BIHSICT Ha BCE
9TH MpOoIecChl. MBI HaIeeMCsl, YTO CUHAIITAMMU/T WM €T0 MMPOU3BOIHBIE MOTYT OBITh

ucnosib3oBansl B Tepanuu OIIII unu apyrux 3adoneBaHuil.
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Kpome TOro, ObUTIO TpOaHAIM3HPOBAHO BIMUSHUE aHTHOAKTEPUAIBHOM
tepanuu Ha pas3Butue OIIIl y HOBOpOXAEHHBIX C MpU3HAKaMu cencuca. Hamei
LEJIbI0 OBLJIO MPOBEPUTH TUIIOTE3Yy O TOM, MOXKET JIM JICYEHHE aHTHOMOTHKaMH
BbI3BaTh WM ycyryouts OIIII mpu HeonaTasbHOM cencrce. OHAKO Mbl BBISIBUJIH,
YTO Tepanusi aMOKCULIIMJUIMHOM B KOMOMHALMU C KJIaBYJIaHOBON KHUCIIOTON WU
TFEeHTAMULIMHOM OKa3blBajia JOBOJBHO OJIarONpHUsATHOE BIUSHUE HA (QYHKIUIO OYEK
n cHwxkana Mapkepel OIIIl B oOwmield rpymnmne namuMeHTOB, a aMIUUWUIMH B
KOMOMHALIUU C CYJIbOAKTAMOM WJIM METPOHUIA30JIOM yilydinan (GyHKIUIO MOYEK y
NAIUEHTOB C TIOJO3PEHHEM HA CENCHC. AHAJIOTMYHBIM 00pa3oM, JIeUEHHE
HEOHATAJIbHBIX KPbIC TEHTAMHUIIMHOM Yyiydmano (yHkuuto mnouek npu OIIII,

BeI3Banuoro JIIC.

Takum 00pa3oMm, JaHHas AUCCEpTallMOHHAs padoTa MPEACTaBISIET COOOM
KOMILUIEKCHOE uccieqoBanne mexanu3dmoB OIIl kak y B3pocibiX, Tak U Yy
HOBOPOXJEHHbIX. OnucaHHasi HOBas JKCIEPUMEHTAJIbHAs MOJIENb IOYEYHOTO
MOBPEXKJEHUS OTKPHIBAET HOBBIE BO3MOXKHOCTH HM3Y4YEHHUS JTAHHOW MATOJIOTHUHU.
[Ipumenenue cuHanTamua 00J1aJ1aJI0 BBIPAXKEHHBIM MPOTHUBOBOCIAIUTEIBHBIM
JNEeUCTBUEM TIPU UILIEMUYECKU-penepPy3nOHHOM MOBPEXKIACHUH, YTO HE MPUBEIO K
camxenuto Tspkectu OINNl. Ananu3 BiusHMS aHTHOAKTEPHAILHOW Tepanmuu Ha
MOYCYHYI0 (YHKIMIO y HOBOPOXKIEHHBIX TMAIlMEHTOB C CETNCHUCOM TOKa3aj
MOTEHIUAIBbHYIO 0€30MaCHOCTh MPUMEHEHHUS HEKOTOPHIX aHTUOMOTUKOB, YTO UMEET

Ba’KHOC KIIMHHNYCCKOC 3HAUYCHUC.

134



7. BBIBO/1bI

1. JlokanpHasi WIEMHUsS TOYKA B Pe3yJbTare (POTOMHIYIIHMPOBAHHOTO
TpomM0OO3a COCYJIOB TPUBOAUT K (OPMUPOBAHUIO oOvara IOBPEKICHHUS, C
BBIPOKCHHBIM HApYyIICHHEM MOpP(}OJIOTHH TOYEUYHON TKAHHW, W3MEHEHHUEM
MIPOHUITAEMOCTH COCYOB, THOEIBIO MOYCUHBIX KJIETOK B OCTpoMl (haze, a Takke
OTJIO’)KEHHUEM KOJIJIAr€HOBBIX BOJIOKOH M MPHBJICYEHHUEM MPOTUBOBOCHAIUTEIIHHBIX
Makpo(}aroB B OTIAJICHHBIN MIEPUO.

2. HNmemudecku-penepdy3MOHHOE IOBPEKICHUE IMOYKH MPUBOJUT K
MHQUIbTpAIlMM MMMYHHBIX KJIETOK B TKaHb IMOYKHU, OCHOBHBIMH MOIYJISLIUSIMU
cpenu koTopsix sABIstOTCS CD11a-; CD68- 1 CXCL1-11on0XuTenpHble KIETKH, a
TaK)Ke TIOBBIIICHUIO B TKAHH MOYKH MapKepoB BocrnaieHus, Takux kak TNF-a, IL-6
u IL-1B1.

3. Bsencume CHMHAITaMuaa MIPUBOJIAT K BBIPAKEHHOMY
IIPOTHUBOBOCIIATIUTEILHOMY A((PEKTy, U peaausyercs NPEANnoOKUTEILHO Yepe3
peuentop GPR110 Ha HeWTpoduiiax, onHako He cHkaeT TsbxkecTh OINIL.

4, JIIIC-uaaynupoBaHHOE CHCTEMHOE BOCIIAJIEHHE Y HOBOPOXKICHHBIX
Kpblc npuBoamio K paszButuio OIIIl, BeIpaxaromemycsi B MOBBILIEHUHA YPOBHS
MOYEBHUHBI B CbIBOpOTKE U NGAL B Mo4e, a MpU3HAKU CENCUCa Y HOBOPOKICHHBIX
NallMCHTOB B KJIWHUKE OBUIM accoIMupoBaHbl ycyryonenuem Tspkectu OIIII,
OLICHEHHOMY TI0 YPOBHIO MOYEBUHHBI.

5.  OmpeneneHbl aHTUOMOTUKH, TTOJOKHUTEIBHO BIUSIONIME Ha (QYHKITHIO
MOYEK MPU CUCTEMHOM BOCHAJIEHUM, B YACTHOCTH, TEHTAMULIMH CHUXAJ TSHKECTh
JIIIC-unnyuupoBanHoro OIIIl y HOBOPOXIECHHBIX KpPbIC, a aMIUIWIIMH B
KOMOWHAIUA C CyJh0aKTaMOM WM METpPOHHIa30s1 cHuxkan Mmapkepsl OIIII y

MMaquCHTOB C ITOJO3PCHUCM Ha CCIICHUC.
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