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CoBpeMeHHble npeacTaBreHUsl 0 poniv anonTo3a B ruéeny KapanoMMOLUTOB
npu niwemMmmnyeckon 6onesHu ceppua

AHHoOTaumsA. pu paccMoTpeHMM BOMnpoca MOBPEXAEHUS KapAMOMMOLMTOB B npoLlecce
nwemmyeckon Gonesnn cepgua (MBC) TpaguUMOHHO OCHOBHOE BHUMaHWE yaensieTcs
ANCTPOUN N HEKPO3Y KNETOK. TeM He MeHee, CYLLEeCTBYIOT NPMU3HaKK, ykasbiBalowme Ha
Hanuyne npoLeccoB MPOrpaMMMPOBaAHHOM KNETOYHOW CMEePTU B cepaue B YCIOBUSX
HeJoCTaTOYHOCTN KpoBooOpalleHnss MMokapaa. B gaHHom crtatbe paccMOTpeH BoMnpoc
BO3MOXHOCTW MPOTEKAHUS anonTo3a B MbILEYHbIX KMNeTkax cepaua, ero xapakTepHble
0COOEHHOCTM M crnocobbl BbISIBIIEHUS, @ TaKke POoSiM 3anporpamMMUpPOBaHHON KIETOYHOM
CMEepTM B MNOBPEXOEHUN MMOKapaa B YCMOBMSX WWEMMM W MpU  NocreayroLmnx
OCJITOXXHEHUSX.

KnroueBble cnoBa: nwemmyeckas 6onesHb cepaua, KapanommoumnTbl, anonToa.

Mpouecc 3anporpaMMMpPOBAHHOW KIMETOYHOM rmMbenn npuHATO CBA3bIBaTb CO
CMOCOBOHOCTBLIO KMNEeTKM BCTynaTb B MWUTOTUYECKMW LUMKM, a, crnefoBaTernbHO, cregyet
cyuMTaTb arnonTo3 HexapakTepHbIM [OMS KNeTOoK B TepMuHanbHou AnddepeHuMpoBKe,
KOTOPbIMU SABMISIKOTCA M KapAMOMUOUMUTBLI, KIETKM BbICOKOM CTeneHu chneuynanmsaguu.
[aHHoe yTBepXxaeHue ocnapuBaeTcs npu3HakamMu anonTos3a, KOTOpble MOXHO BbiSiIBUTb B
MUoKapae B YCnoBuaX Aeduumta KpoBOCHabXeHua. K TakMm nokasaTensiMm MOXHO
OTHECTU MopONnorndeckne npu3Haku, BbIABASEMble Ha YNbTPACTPYKTYPHOM YPOBHE B
KNeTKun, siBfieHne «MUCYE3HOBEHUS KNeTok 6e3 BochnaneHusi» B OOKyCe HeKkpo3a TKaHu U
BOCNaneHnsa, 1 akTUBHOCTb FEHOB M UX OenKkoBbIX MPOAYKTOB, MPUHUMAKOLLMX ydacTue B
pa3sBuTuUmM anonto3a[l5].

Beoywum mexaHM3Mom OecTpyKuuu KapguoMmouuToB MNpU BO3OEWCTBUM TUMOKCUN
ABNAeTCa UX AONCTPOodUs, HEKpOo3s, COMNPOBOXAAKLLUMWUCA peakuuen BocnaneHus. Ha
CEeroAHSAHMA [OeHb CylwecTByeT LUMPOKMMA [Ouanas3oH MeTodoB, MO3BONAOLNX
NOeHTUMUUNPOBATL MLIEMUYECKME M3MEHEHUS B MWOKapAe Kak Ha paHHUX ctagusax (K
npumepy, onpegerneHne cMmelleHuss 6GanaHca  OKUCIUTENbHO-BOCCTAHOBUTESbHbIX
peakunMin W KOHTPAKTYPHbIX W3MEHeHus Muodunbpunn), Tak U  HenocpeacTBEHHO
MapKupoBaTb Y4acTKM Hekpo3a TkaHu. OnpegeneHue anonto3a B MUOKapAe Bbi3blBaeT
TPYAHOCTH, YTO OO BACHAET CpaBHUTENBHO HeaBHee NepBoe YNOMUHAHWE O BO3MOXHOCTU
nporpammupoBaHHo rmbenn kapgnomuoumToB — 1995 r. OnucaHHbIM Npouecc
(«kapguomMmounTbI (o} anonTU4ecKon aereHepauneny) oTpaxan atnunusm
MOPQOSIOrM4YECKNX MNPU3HAKOB anonto3a B MuoKapAe, Brnocneactesum 6Gonee 4eTko
YCTAHOBJIEHHbIX Ha YNbTPACTPYKTYPHOM YPOBHE MPW MOMOLLUN 3NIEKTPOHHON MUKPOCKOMUMU.
B yactHoCTW, onsa mopdofiormyeckux Npu3HakoB anonTto3a B MbllLeYHbIX KneTkax cepgua
XapakTepHa [JesuHTerpauMsi W HepaBHOMEpHOe pacnpeferneHve XxpomatuvHa 6e3
MapruHauum Ha noslyfiyHHbIE Y4YacCTKM  HYKIIEUMHOBLIX KWUCMOT, MpoTekawwme npu
BO30EeNCTBUN 3HAOHYKNea3. Onpefensercs KoOHOeHcauus MUTOXOHAPUIA Nno nepudepun,



HO OTCYTCTBYET Ny3bIp4aTOCTb A4pa Kak rnokasatenb anonto3a. B mnokapae npoucxogut
obpa3oBaHve UM  OTLWHYPOBKA anonNTUYECKUX Ten, HO BNOCNeACTBMM  Tenbua
NPeNMyLLEeCTBEHHO 3axBaTblBaTbCs COCEAHMMW KapauvomuoumutTammu 6e3 npuBneveHus B
30HY rmbenun makpocdaros [1].

Takon aTtunuam no3BOSISIET OnpefensTb anonto3 B MUOKapae TOSIbKO Ha
YyNbTPaCTPYKTYpPHOM ypoBHE U TpebyeT apyroro, bonee cneumdpunyeckoro, MeToaa OLEeHKM
Hexenun npocToe Mopdornornyeckoe wuccnegoBaHMe rucTonormdeckoro npenapata. B
npakTuke NPUMEHUMBI anekTpogopeTnyeckoe pasgeneHuve
NnonNnae3oKCUPUBOHYKNEOTUAHbIX dparMeHTOB U M3yyveHne ux ydactkoB, TUNEL-meTOA,
OCHOBaHHbIN Ha BCTpanBaHWE UCKYCCTBEHHO CUHTE3UPOBAHHbIX ONUroHykneotngos B AHK
B y4yacTkax pa3pbLIBOB HYKITEVHOBbIX Kncnot ans nx MapKUpPOBKH,
uuTONIoOpoOMeTPUYECKNE METOObI ONpeaeneHns runonionaHbIN KNeTok [2].

Passutne 3anporpamMmpoBaHHOW KINETOYHOM CMepTM B  KapauvomuouuTtax
npoTekaeT Mo [ABYM BO3MOXHbIM MNyTEM: BHYTPEHHEMY W BHelHeMy. [lyCKOBbIM
MEXaHU3MOM K PasBUTUIO BHYTPEHHEro nNyTu akTmBauuu anonTtosa ABMASTCHA HapyLlleHus
MeTabonmama KneTkn, BO3HWKaloLmMe B OTBET Ha MMMNOKCUIO TKaHW. Ha cerogHswHnin aeHb
anctpocdhmnyeckne npouecchl B Mmokapae, npotekatowme Ha goHe NBC, XxopoLlo n3yyeHbl,
W paccmaTpuBaTtbCs, Kak W NpedHeKpoTUYecKne MOBpPeXOAeHUs, BMNOCneaCTBUM
nepexogawmmMmn B HeobpaTMMble MOBPEXAEHUs, HEKpo3 U BocnaneHuve. Oeduumt
Kncropoga B KNeTkM NpUBOAUT K nepexony KapauoMumouuTa Ha aHaspobHbI TN obMeHa,
caBury 6anaHca OKUCNUTENbHO-BOCCTAHOBUTENbHbLIX peakuun, aumgosy BCreacTBue
HaKoMMneHUs NPOAYKTOB HEMOSIHOro obmMeHa. BHYTpUKNEeTOYHbIM NOOBbEM KOHLEHTpaLumu
cBOOOOHbLIX paguKanoB OTAroOWAaeTCa yBerM4eHMeM CoaepKaHns Takux OKUCnuTenen u B
KpOBOTOKE B Yycrosusx uwemun [3]. B cnyyae wuctoweHus KNeToYHbIX MeXaHU3MOB
KoMneHcauuu, nepBbiIMM NOA4 MOBpexJawwue OeACTBME HapyleHus cocTaBa
BHYTPUKIIETOYHbLIX KOMMOHEHTOB MoOnagatT MUTOXOHOPUU. YTHETEeHUE OKUCIUTESTbHOMo
dochopunMpoBaHnst CONPOBOXAAETCH CHWKEHMEM KOnMyecTBa MaKpO3proB U, Kak
cnencreve, 9HeproaeULNTHBIM nageHvem mMemMbpaHHoro noTeHumana
MUTOXOHApPMAaNbLHON MeMbpaHsbl. [oBpexaeHne membpaHbl MUTOXOHAPUKM, NpoTekatoLlee
no TUMNY MEPEKUCHOro OKUCIEHUS NUMNUAOB, 3aBepLUaeTcsl MacCUpPOBaHHLIM BbIXOLOM
AONOSTHUTENbHBIX CBOBOAHLIX pagukanoB U psga GUonornMyeckn akTUBHbLIX BeLecTB,
HenocpeacTBEHHbIX aKTUBATOPOB M YY4aCTHUKOB anonTto3a, U3 BHYTPUMUTOXOHAPUANBHOMO
CEKTopa B MaTpUKC KNeTku [4, 5].

BaxHylo ponb B OaHHOM npouecce urpailoT MoHbl Ca?*, BO-NepBblX, KakK MOHbI,
Bbi3blBalOLLMe (pochopunupoBaHne, a 3Ha4MT akTuBauuilo crneundunyecknx epmeHToB
anonTo3a, LUMCTEMHOBbIX Kacnas MW 9HAOHyKNeas, W Hecneuumduyeckux npoTteas,
docdaras, docchopunas, nammHas. Bo-BTopbix, MoHbI Ca’?* — npuynHa WU3MEHEHUN
MMOUBPUIN B BUAE KOHTPAKTYp, Hanbonee 4acToro nyTy pasBuTna HEKPobmosa B KINeTKM
MuUokapaa. JTO noBpexgaeT OOLHOCTb M TECHYH CBA3b ABYX BO3MOXHbIX CMOCOOOB
cveptn kapgumommoumtoB npu UMBC: Hekpo3za u anonto3a. Kpome TOro, BHyTpU
MUTOXOHAPUM  TaK  XKe  JIOKanuM3oBaHbl  CUrHanNbHble U MNycKoBble  Gernku
NpPoOrpaMMMUpPOBaHHON KrneTouHon cmepTtu: uutoxpom C, Smac/Diablo, Omi/HtrA2, AlF,
Puma, aHgoHykneasa G. BHewHUN nyTb pa3BuTUS anonto3a KapauoMUOLIMTOB CXOLEH C
TakMM >Xe B [OpyrMx TKaHsax opraHuama. Knetka Mwuokapga HeceT Ha CBOeMu
uutonnasmaTtmyeckon MmembpaHe «peuenTtopbl CMepTU», npeactaBngwowme cobon
mMembpaHHble peuentopbl FAS/APO-1 n TNFR1 gns Bocnpusitusi 6enkoB-akTMBaTOPOB
anonTo3a, CUHTE3UPOBAHHbLIX BHE MOBPEXOEHHOM KMNeTKn. Takumu cneumpunyecknmm
aKkTuBaTopaMn SBRSKTCA nNuraHgbl AaHHbIX peuentopoB FAS/APO-1-L n TNFa/FasL [6].



Kpome TOro, Hecneumcpunyeckm CTuMmynupoBaTb anonto3 B MuoOKapae MoryT
KaTexonamuHbl, aHrMoTeH3uMH |l  aHTpauuKnuHbl, BOCMANUTENbHbIE  LUTOKUHbI,
BO3JENCTBYIOLME HA aHMMOTEH3MH-2-pelenTop, a-1-aapeHopelenTtop. Tak e BO3MOXHO
pasBuMTME anonTto3a B ClyyYae CHWXEHUS YPOBHA WHMMOUTOPOB KMETOYHOW CMEpPTH,
noaaepXMBawLNX KU3HEOEeATENbHOCTb KIMEeTKN: AencTBue HopagpeHanuvHa u beta-2-
aflpeHopeLenTopbl, 9HAOTENWH, NpoBOCNanuTesnbHble  LUWTOKUHbI,  3PUTPOMO3TUH,
3HOOreHHble OnMonabl, 3CTPOreHsbl, rOPMOH pocTa [7, 8].

[Ana noaTtBepXxaoeHns passuTua anonto3a B muokapae npu UMBC npumeHsioTcs
MeTOAbl, OCHOBaHHble Ha CBA3blBaHME aHTUTEeNn C perynaropaMmy arnornrtosa Wu
onpegeneHne CTeneHn 3KCMPecCUn OaHHbIX PerynsaTtopoB Npu NOMOLLW CEPOrIorm4yecKnx
peakuui, UMMYHOMNIOOPECUEHLMM U UMMYHOEPMEHTHOIO aHanuaa. B knetke mmokapaa
YCTAHOBIIEHO B YCMNOBUAX FMMOKCUWN MOBbILLEHWE JKCMpPEecCcUn npoaykta reHa p53 Genka
BAX, nocnegHuin aBnseTcs ogHUM M3 OCHOBHbIX (0aKToOp pasBUTUS NMPOrpaMMmnpoBaHHON
KNeTo4YHOW CMepTW, B YaCTHOCTM HapywaeT npoueccbl penapaumm [OHK n
BOCCTAHOBMEHUS  3NEKTPOCTabunbHOCTM  MeMOpaHbl  MUTOXOHAPWUW,  nogaBndeT
aKTUBHOCTb WHIrMObUTOpPOB anontos3a. McnonHutenbHbiMM ©enkamu anonTto3a SABNsSeTcs
CEMENCTBO CEPUHOBLIX NMpoTeas, Kacnasbl, UMEKLNX KaCcKagHbI MPUHLUMN aKTUBaLUKN U
obecneuvnBaoLLmNX HapyLleHNne YHKUNN BHYTPUKNETOYHbIX OEMNKOB NyTEM OTLUENNIEHUS NX
PEerynaTtopHbIX W KaTabonuyeckux cybbeauHul, HENOCPEeACTBEHHOE MNOBPEXAEHUE
CTPYKTYP KINETKM U MHrMbnpoBaHne 6enkoB-3almnTHUKOB. AKTUBHOCTb AaHHbLIX CEPUHOBbLIX
depMeHTOB Tak e nokasaTenb anonto3sa [9, 10].

MeToooM CeponorMyeckoro aHanmsa MOXHO ONpeaenuTb HanuumMe B KNneTke rexHa,
obecneyvnBarollero nogaepXaHne >KU3HEOEATENbHOCTM B KMNeTKM npu  anonTtose.
Haunbonbllee 3Ha4YeHne ans AMarHOCTUKN MMEET NPOOHKoreH bcl 2, aghdektamm KOTOporo
ABMSETCA noJaBreHne OKCUOATUBHOIO CcTpecca, MNOoLAEPXKMBAHME 3NEKTPUYECKOro
noTeHumana membpaHbl MUTOXOHOPUKU, NPENATCTBOBaHME BbIXoAdy umtoxpoma C n OTTOKY
Kanbums n3 mutoxoHapun [2]. MeHbwee 3HayveHue umerotr FLIP, ARC, IAPs, Hsp,
Smac/Diablo n nosblleHe NPOAYKUMM BHYTPUKINETOYHbIX OEnKoB TensmoBOro LUOKa.
MocnegHun nokasatenb MOXeT OblTb MHTEPECEH C TOYKM 3PEHUsI YCTaHOBMEHUS Posiv
anonTo3a npu AAUTENbHOW MMNOKCUM U ajanTaunm MuUoKapAa K AaHHbIM YCRnoBUAM, Tak
Kak MOCTEeMNeHHoe MoBbILEeHNE CMHTE3a OenkoB TEnsoBOro LWoka npun xpoHundeckon NBC
MOXeT HenocpenCcTBEHHO npeaoTBpallaTh MnoBpexaeHne OenkoB KNeTku, a 3HauuT
CHWXaTb puUck ee rmbenu [11].

OnpegeneHne 3KCNpeccun perynaTtopoB anonto3a — 3TO He TONbKO crnocob
NOATBEPXKAEHUS HanNuuusi B MUOKapAe Kak TakoBOW 3anporpaMMuUpOBaHHOM KreTOYHOMU
CMEpPTM, HO W METOA OUEHKM €ee AOUMHAMUKM W XapakTepa TeyeHus. Hawmbonee
MakcumarbHble MoKasaTenu npouecca anonto3a COOTBETCTBYHT 6-12 yacam 6oneBoro
cnHgpomMa cTeHokapaumm npu octpon dopme UBC. lNpu 3TOM B OTAENbHbIX KneTkax
MUOKapAa 3Ha4YnTENbHO NoBbIWEHA akcnpeccus p53 [12].

Takne KkneTkn pacnonararwTcd B TKaHM Muokapaa Auddy3HO (BO3MOXHO
MOpdoriorMyeckoe onpeaeneHne KapTUHbl ydacTKoB anonto3a ¢ npumeHeHne TUNEL-
mMeToda). YuuTbiBasi, 4YTO CTaTU4Has TKaHb MuoKapaa sBnsetca (YHKLMOHANbHbIM
CUHUMTMEM, MOXHO  npegnonaratb, 4YTO Takoe Anddy3Hoe  noBpeXaeHue
KapOMOMUOLMTOB MyTEM arnonto3a MOXET SBASATbCH MOPGONOrm4eckon OCHOBOM
3NEeKTpU4Yeckon HectabunbHOCTM cepaua U ObiTb NPUYMHOW BHE3aNnHOW CcepaeYHoun
cmepTn [13].

K 24 w4acam 6oneBoro cuHagpoma npeobnagawowen cdopmon rmbenu
KapOMOMUOLMTOB  SIBMISIETCA  HEKpOo3,  conmpoBoXgawwmincs  BocnaneHuem. B



KapauomMmoumnTax ¢ paHee BbICOKMMMU MokasaTensmu p53 noBbIlWaeTcsl akTUBHOCTbL bel 2.
BbIxoa KNeTkn n3 coctosHusA rmbenn Ha paHHUX CTagusax UemMumn MoXeT ABNASTbLCA OOHUM
n3 haktopoB pasBuMTUA rMbepHaunm — «OrnyLEHHOro cepaua», SBNEeHWe, Npyu KOTOPOM
CHMXXEHME KPOBEHANOSIHEHUS TKaHW MuOKapAa MpUBOAUT K CHWKEHMIO MeTabonuama
KNeTkn U npegoTBpallaeT ee Hekpo3. PacnonaratoTcsl Takme KeTku ovaramu BO3fe 30H
Hekpos3a. [lpegnonoXxuTenbHO TakMe ovarym  anonto3a MOoryT  crnocobecTBoBaTb
pacwmnpeHnto 30Hbl Hekpo3sa oT 5 0o 33%. OTtaaneHHble ocrnoxHeHna octpon UBC - aTto
peMogenvpoBaHne B KreTkax, NMOABEpPrIMXcs B CTaaun UWEMUYECKOro Kpmusa arnonToasy,
HO BblLIeAWNX U3 JAaHHOIO COCTosAHUSA [14, 15].

B Takux kneTkax 4yacTto onpenensarTcs NpuU3Haku geKoMrneHcaumm, rmnepTpodun B
coyeTaHun ¢ guctpocpmsamun. Mpu penepdysmm n B Gonee NO3AHWIA MOCTUHMAPKTHLIV
nepuoa noBbIAKTCA nokasaTenu kacnasbl 8 m t-Bid, cnocobHble NOBTOPHO BbI3BaTb
anonto3 krneTtkn. [logobHble OCMOXHEHWUs BMNOCNEACTBUM MNPUBOAAT K  PasBUTUIO
cepaedHon HegocTtaTodHoCcTM [16]. Mpun xpoHnyeckon MIBC B 30HE pucka BO3HMKHOBEHUS
anonTo3a Haxo4daTcsa Takke rmnepTpodupoBaHHble KapanomuouuTsl. Mpyn nccnegosaHum
CTEMEHN aKTMBHOCTU MNPO-anonTUYeckonm cuctembl Ha ¢oHe XxpoHudeckon WBC
HanbonbluMe nokasaTenn COOTBETCTBOBANIM CHWXXEHMEM KOHEYHOro AMacTOfNM4ecKoro
obbema Hmxe 120 mn [17].

MpumeHeHne B npaktuke nedveHnss MBC nekapCTBEHHbIX MpenapaToB, MULLEHbLIO
KOTOpPbIX ABNAETCA anonToTudeckas cuctema, noarsepXaaeT posfb anonto3a B pasBuTUm
NnoBpeXaeHNss Muokapaa npu  ero  rUnokCUW. OKCNEPUMEHTanbHO MNPUMEHSHOTCS
neKkapCcTBEHHble CpencTBa, CNocobHble MHMMBUpoBaThb Kacnasbl. Ha cerogHsWwWHWA OeHb
nocrnegHue ewe He NonyYnnn KIMHUYECKOro pacrnpoCTpaHeHUst B CBA3WN CO CIIOXXHOCTAMMU
NPOHUKHOBEHUSA BellecTBa B KkneTtky. PaspabatbiBatotca cneundumnyeckne 6enku-
perynaropsbl, CNOCObHbIE MHIIMOMPOBATL anonTo3 Yyepes "peuenTopbl cMepTn'”.

3akntoyeHue. nbenb kKapaMoMMoUUTOB NpU UWEMUN MUoKkapga obycnosreHa He
TONbKO NpoueccaMmu UCTPOdUM C NoCreayroLwmMm HEKPO3OM, HO U anonTo3oM. Ha paHHuX
cTaguax nwemun anonTtos sisngeTca npeobnagatowien coopmon rmbenn KapanoMmMoLnTOB,
Aocturass MakcMmarnbHOM MHTEHCUMBHOCTU K 6-TUM 4acaM OT KIIMHMYECKOro MpOsBrEHUs
boneBoro cuHgpoma. AnNonTo3 KapaMOMUOLIMTOB BbISBMAAETCA MPENMYLLECTBEHHO B 30HE
KOHTPaKTYPHbIX  MOBPEXAEHUA  KapAMOMUMOUMTOB. AMOMTO3  COMpPOBOXAaeTcs W
nogTeepxgaeTcs crneununyecknmm MopgonorMiyeckKUMmn U3MeHEeHUSIMN U yBENNYEHNEM
aKTMBHOCTM  LUMCTEUHOBBLIX MpoTeuHa3. Hanwuuve anonTto3a KapaAMOMMOUUTOB B
nepumnHdapkTHon  obractm  CcnocobCTBYeT  pacLUMPEHU0  30Hbl  MOBPEXAEHUS.
Mo3anyHOCTb anonTo3a B CepAeyvHOM MbllLEe B NepBble Yacbl 60NeBoro npucTyna MoxeT
ABNATHCH OCHOBOW 3NEKTPUYECKON HECTabUNBHOCTU MUOKapAa v NPUBOAUTbL K BHE3AMHOM
cepoevyHon cMepTu, a B MNOCTUHAAPKTHbIA Mepuos nNpuBOOUT K OCIOXKHEHUAM —
peMOAENNPOBaHUIO C Pa3BUTUEM XPOHMUYECKOW CepaeYHON HEAOCTAaTOHYHOCTMW.
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