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YJIK 616-006:541.515:661.98

B MOHOI‘paq)l/II/I PaCKpPBITEL o0111Me 3BEHbS PCAOKC3aBMCUMBIX MEXaHU3MOB KaHIIE-
PpoOreHesa. YCTaHOBJIeHO, YTO TICPBUYHBIMU M IOCIHCAYIOLUMMU STaraMu MeTaboinye-
CKOT0 I€pENnporpaMMMpOBaHNs MUTOXOHIPUI SBIISIETCS HEpEeryJupyeMoe HapacTaHue

ckopoctH reHepripoBanusa O3 , (opMHpOBaH¥e KIETOYHOM IMITOKCHH, aKTUBALIMAS (hepMeH-

TOB JCCTPYKLMH MEXKICTOYHOIO MaTpMKCa Y HEOBACKY/ISIpDU3allMM, HAKOIUIEHVE OKMC-
JIATEJIBHO-UHAYLIUPDOBAaHHBIX MYTAIlUi B MUTOXOHAPUATBHOM U SIIEPHOM TEHOME, Ha-
PYIIEHME CUTHATA3AUMU U KaK CJIENCTBUE UHULUALNS OIYXOJIEBOIO Imponecca. B sTux
YCIOBMAX B OIIYXOJIA (I)ODMPIDYGTCH KJIOH KJIETOK, YCTOMYMBBIX K LHUTOTOKCUYECKOMY

neiicterio O; u NO®, a sHeprus pagikajoB KUCIOPOAA MCIONB3YeTCs Ha obecreue-

HHUE €€ pocCTa M IPOTPEeCCHpPOBaAHUSA. BHCpBble JOKa3aHo, YTO 0; WHWIMHUPYIOT IIpO-

Judepaimio ¥ MeTacTasupoBaHHe, (OPMHUPYIOT YCJIOBUSI VIl MUTPALMH, SKCTPABA3aLlMu
KJIETOK ONYXOJM U POCT MUKPOMETACTa30B. Pa3paboTka Ha 5TOM OCHOBE HOBHIX TEXHO-
JIOTHH BOCCTAHOBJICHHS PENOKC-COCTOSHUS KICTOK MOXET ONTUMHU3MpOBaTh Tpodu-
JIAKTHKY W PETYJIMPOBAHKE OITyXOJEeBOrO IPOLIECCa.

st OHKOJIOTOB, 6MO(DU3NKOB, GHOXUMHUKOB, IIATODUIHOIOTOB.

Y moHorpadii po3KpuTo 3araibHi TaHKHM PEIOKCIANEXHIX MEXAHI3MIB KAHLIEPOTEHE3Y.
BcraHoBieHo, 110 NEPBMHHAMY i TOAAJIBLIMMY €TanaMM MeTaboNiYHOTO Meperporpa-

MYBaHHsI MUTOXOHIPIH € HeperyJbOBaHE HAPOCTAHHS LIBUIKOCTI T€HEPYBaHHS O;, ¢op-

MYBaHHs KJIITMHHOI TiMoOKcii, akTuBaniss (GhepMeHTIB AeCTPYKIi MIKKIITUHHOIO Mar-
PHUKCY i HeOBacKynsipu3allii, HAKOIMMYEHHST OKMCHO-iHAYKOBAHUX MYTAL{l B MiTOXOHI-
piabHOMY Ta SIIEPHOMY TeHOMi, MOPYLICHHS CHUTHATI3ALii i SIK HACTIZOK iHillialis
TYXJTMHHOTO MpOolLecy. 3a IHUX YMOB Y MyXJIMHI (DOPMYETHCS KIJIOH KJIITHMH, CTIMKUX IO
murorokcnyHoi mii O; i NO°, a eHeprisi pagukajiiB KMCHIO BHKOPHCTOBYETHCS Ha

3abesnedeHHs1 ii pocTy Ta nmporpecysaHHsi. Briepiue soBeneHo, mwo O; iHILi0OTH mpoLe-

cu mponidepanii i MeracTasyBaHHA, 3a0e3MEUYIOYM Mirpauilo, eKCTpaBa3aliio KIHITUH
MYXJIMHK i picT MikpoMmeTacTasiB. Po3poGieni Ha Lili OCHOBi HOBi TEXHOJIOTI BiIHOB-
JIEHHSI PefOKC-CTaHy KIITHH MOXYTb ONTHUMI3yBaTH NPOMIIAKTUKY Ta PETyIIOBaHHS
IyXJTMHHOTO TTPOLIeCy.
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BBEAEHUE

DHeprusi, HeOOXomMMAasT UT BBIMIOJHEHMS Pa3IMYHbIX
(GyHKUMI XUBOW KJIETKOM, YTWIU3UPYETCS IOCIEAHEN B
TpaHC(OPMUPOBAHHOM BHJE TIOCJE €€ IPEeBpalleHUs B
aneHosuHTpudocdar. biarogapsi otkpbeiTusiM B.A. DHresb-
rapata 1 B.A. Benuiiepa ycraHoOBIE€HO, YTO Takasi TpaHC-
dopmMansi 3HEPrUM OCYILIECTBIISIETCS B IMPOLECCE OKMC-
nuTebHOro ¢ochoprimpoBaHusi, ODUOJIOIMYECKOE 3HAYe-
HHME KOTOPOTO 3aKJIIOYaeTcsl B PECHHTE3e aleHO3UHTPU-
docdara u3 aneHosmHaudochara U HEOPraHUYECKOTO
docdopa. B.A. benuiiep caesian TeopeTUUECKUi BBIBOI O
TOM, YTO OKUCIIUTENIbHOE (pochopunnpoBaHue CBI3aHO C
MEPEHOCOM 3JIEKTPOHOB B IbIXaTCJIBbHOM LENM MHMTOXOHII-
puit, A. JIeHUHIKEp U ApYTUe UCCIIeOBATEIA YCTAHOBUIIM,
YTO LUK OKUCIUTENBHOTO (hochoprimpoBaHust peanm-
3yeTcsl B MUTOXOHIPUSIX.

biarogapsi oTKpBHITUIO SIBIIEHUS 3JEKTPOHHOIO Iapa-
MarHutHoro peszoHaHca E.K. 3aBoiickum mosiBiiach BO3-
MOXHOCTb MPOBOJIUThL MCCJIEIOBAHMS ITEPEHOCA 3JIEKTPOHOB
B MUTOXOHJIPUSIX METOIOM 3JIEKTPOHHOIO MapaMarHUTHOIO
pe3oHaHca.

B nmocnenHue roasl M3ydEHUIO MPOLIECCOB B OPraHu3Me,
KOTOpbIE TTPOUCXOMAT C Y4aCTHEM KMCJIOPOIA, YIEISIOT 0CO-
60e BHMMaHue. CHUCTeMbl YTWIM3ALMKA KHUCJIOPOAA HAaxo-
JSTCS B MUTOXOHAPUSIX, SHIOIUIA3MAaTUYECKOM PETUKYJIYME
M MCIMOJIB3YIOT €r0 TpU FeHepUPOBAHUM CUTHAIBHBIX MOJIE-
KyJl. B Kierkax CyliecTByeT pa3BeTBICHHAsl CEThb CUTHAIb-
HBIX YT OTBeTa KJIETKM Ha MOBPEXICHME, B KOTOPOU
paauKaibHbie (OPMBI KACIOPOAA, MPUHUMAIOLINE YJacTHE
B 3aITyCKe U peaju3allMy HAIlpaBJICHUN peardpoBaHusl 5THX
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Bsenenne

CHUCTEM, MOLYT BBI3bIBATh KOHCTPYKTUBHBIE U JA€CTPYKTUBHbBIC 3((EKTHI
B 3aBUCUMOCTU OT YpOBHEeH 0Opa3oBaHUs CYNMEPOKCUIHBIX PaJuKall-
AHUOHOB.

Mexanusmbl  (HYHKIIMOHUPOBAHUSI CYTIEPOKCHUIHBIX paIyKal-aHu-
OHOB MMEIOT 3HA4YEHME MPEXIE BCEro B CBI3M C IIIMPOKUM IPU3HA-
HMEM MX PO B 3TUOJIOTMM W MATOTeHE3e 3710KaYeCTBEHHOIO POCTa,
CTapeHus1, YTO SABJIAETCA aKTyaIbHOU TIPOOJIIEMO COBPEMEHHOM MEIUIIN-
Hbl. HapyiieHue penokc-cocTosiHvsi OeIKOBBIX 3JIEKTPOHTPAHCIIOPTHBIX
KOMIIJIEKCOB JIbIXATEJIbHOW LIENM MHUTOXOHIPUIA 3alyCKaeT BHYTPUMUTO-
XOH/IpHAJIbHOE TeHEPUPOBAHUE CYINEPOKCHIHBIX paJMKaa-aHUOHOB U
peaTn3alui0 UMW OKCHIHBIX MOBPEXKICHUNA MOJICKYISIPHBIX KOMIIO-
HEHTOB KJIETOK. [IpMYMHHO-CIIeICTBEHHAsI B3aMMOCBS3b 3TUX sIBJIE-
HUI1 HA COBPEMEHHOM 3Tarle He 10 KOHIAa u3yyeHa. CII0XKHOCTb Ipooie-
MBI COCTOWUT BO BKJIFOYUEHUH TIETIM TMOJIOXHTEIbHON 0OpaTHOM CBSA3M,
B KOTOPO# CYIEPOKCHUIHBIC PAIMKaJI-aHUOHBI, BbI3BAB TIEPBUYHBIC OK-
CUJIHBIE ITOBPEXIECHUS, WHULMUPYIOT AyTOKATATUTUYECKU, IO THUITY
LIEMHBIX peaKkLrii, MHTEHCUDUKALIMIO UX 00pa3oBaHMsl. PamukaabHble
(bopMbl KMCIOpPOJA COCYILIECTBYIOT B OOIIEH PeaKTUBHON cpejie.

TpurrepaMyu MHULMALIMM HAPYIICHWIT PEOKC-COCTOSHUA B KJIETKAX
MOTYT OBITH pa3inyHbie (aKTOPhI, B YaCTHOCTH XMMHYECKUE KaHIIE-
pOreHbl, WOHU3MpYyIolas panvdanust, YP-usiydyeHue, HapylIeHWs
TOPMOHaJIBHOIO OasiaHca, QuIyKTyaliuyM MeTaboM4ecKrX IMOTOKOB. MHu-
TOXOHJIPUM KOHLEHTPUPYIOT OOJIBIIYIO YaCTh META0OJIMYECKMX TTyTEH,
PEOOKC-IIEPEHOCYUKOB W  PEIOKC-IIEHTPOB, KOTOPbIC ITOTEHIIMATLHO
CIIOCOOHBI K OIHO3JIEKTPOHHOMY BOCCTAHOBJICHUIO KMCJIOPOIA 10 CY-
MEPOKCUIHOIO paIuKal-aHUOHA — MPEAUIECTBEHHUKA IPYTUX paav-
KaJIOB. BHYTpUKIJIETOYHOE T€HEPUPOBAHUE CYMEPOKCUIHBIX DPaIUKaII-
AHMOHOB — HEMUHYEMbI M (DU3MOJOTMYECKH HEOOXOMMMBINA TPOLECC.
JI1s1 TOJTHOTO BOCCTAHOBJIEHUSI KUCIIOPO/Ia HEOOXOIMMO OIHOBPEMEHHOE
MEepeHECEHNe Ha MOJIEKY/Y KUCIIOPOAA YETBIPEX 3JIEKTPOHOB, KOTOPOE
COIIPOBOXKAETCS O0PAa30BaHUEM JIBYX MOJIEKYJI BOIbI WM SKBUBAJICHT-
HBIX €l CoeaMHEeHMI. B ciyyae BOCCTAHOBJIECHMSI KKMCIOPOJA MEHBIIMM
YEeM YEThIPE YMCJIOM 3JIEKTPOHOB OOpPa3ylOTCsl HECTaOMIbHbIE META00H-
Thl — PAIUKAIBLI KMCJIOPO/A.

Oxkcurn azora B OpraHu3Me 4ejloBeKa CMHTE3MPYETCsl OECIpPephIBHO
(bepMEHTATUBHBIM TIyTeM, PETYJIMPYET MHOTOYUCIEHHBIE (PU3UOJIOTH-
yeckue (DyHKUMM, TPUHHUMAET y4acTHe B Pa3sBUTHMM MHOIMX I1aTOJIO-
rMYeckux coctositHuil. Enuubiit cydocrpat NO-cuHTa3 — L-apruHuH.
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Beenenue

[Ipy KOHCTUTYTHMBHBIX YPOBHSIX CHMHTE3a CYIEPOKCUIHBIC paJMKall-
AHMOHBI U OKCUJ a30Ta NEUCTBYIOT KaK Crelu(pUIecKre CUTrHaIbHbIC
MOJIEKYJIbI, PErYJIMPYIOIIME UMMYHHbBIE TTPOLIECCHI, (PYHKIIMOHUPOBA-
HUE CepIeyHO-COCYIMUCTOM, SHAOKPUHHON M OPYIrMX CUCTEM OpraHu3Mma,
SIBJISISAICH HEOTHEMJIEMBIMUA COCTABHBIMU MEXaHU3MOB KOHTPOJISI TOMEO-
CTa3a, OKUCIMUTEIbHO-BOCCTAHOBUTEJIBHOM DPETYJISIIIMU OMOJOTMYECKHUX
[1POLIECCOB.

ABTOpaMy MOHorpaguu peaaus3oBaHa 3a1a4ya 000OILIEHHUS Pe3y/Ib-
TATOB COOCTBEHHBIX UCCIENOBAHUN € 3 (HEKTUBHBIM HMCITOJIb30BAHUEM
MCTO[A 2JIEKTPOHHOIO TMAapaMarHUTHOrO Pe30HaHCa M PacCMOTPEHUS
Ha COBPEMEHHOM YPOBHE C NPUBICYCHUEM AAHHBIX JUTEPATYPHI MIPO-
OsieMbl  DYHKUIIMOHUPOBAHUS PEIOKC3aBUCUMBIX CUTHAJIBHBIX MOJIE-
KyJl — CYIEPOKCUIHBIX PANUKAI-aHUOHOB M OKCHIA a30Ta B Mexa-
HU3MaxX MHULMAUWKU Pa3BUTHUS 3JI0KAYECTBEHHBIX OIYXOJICH C LEIbio
CO3/JaHUsT COBPEMEHHBIX TIPOrpaMM MNPOMUIAKTUKM W PETYISILIAN
OITyXO0JIEBOTO Tpollecca.



JAKJIIOYEHHUE

BoccraHoBiieHHE Yy OMYXOJIeBBIX KJIETOK CHOCOOHOCTH, XapakTep-
HOW 11 HOPMAJIbHBIX, TPU KOTOPOW HEPEryJIUpyeMbIil YPOBEHb CY-
MEPOKCHUIHBIX paAMKal-aHUOHOB MHULIMMPYET CMEPTh KJIETOK ITYyTEM
aroIro3a npeacTapiIsieT co00i BaXKHYIO 3a/ladyy OHKOJIOTUM. 3JI0Kaye-
CTBEHHbBIE KJIETKU TIPU 3TOM MCIOJIb3YIOT PEIOKC3aBUCUMBIE MOJIEKY~
JIBL JIJI JIOCTMXKEHUSI CBOMX MPEUMMYILIECTB B METabOIMU3ME Hall OKpYy-
KarommMK ux kietkamu. OrnyxoneBble KJIETKA HAaXOMATCS B CJIOXKHOM
MMKPOOKPYXKEHUH U BMECTE CO CTPOMaJbHbIMA KOMIIOHEHTAMHU Yy4a-
CTBYIOT B TIOBBILLICHUU YPOBHSI PEIOKC3aBUCHMbBIX MOJIEKYJI, CIIOCOOCTBYS
OIMYXOJICBOK NPOrpeccuu. DKCIEPUMEHTAIbHbIC U KIMHUYECKUE [aHHbIC
MOJAUYEPKUBAIOT KIJIIOUEBYIO POJIb CYNEPOKCHUIHBIX PaIAUKaI-aHUOHOB
BO BCEX acrekTax ONyXoJIeBOro pocta. PeloKc3aBUCUMBIE MOJIEKYIIbI
B OIYXOJIEBBIX KJIETKAX YCWIMBAIOT MYTallMOHHBIA MOTEHLMAJ, pery-
JIMPYIOT BHYTPUKJIETOYHbBIC CHUTHAJIbHBIE MyTH KJIETOYHON miposinde-
pauyu, BbDKMBAHMWSA, TOJBMXHOCTU KJIETOK M HMX MHBa3UBHOCTD.

Kpome toro, O5 KOHTPOJIMPYIOT PEAKTUBHOCTb CTPOMAIbHBIX KOM-

IMOHEHTOB OIYXOJIM, YTO TAKXE SABJISAETCA OCHOBOW A POCTa OIyXO-
JIEBBIX KJIETOK, MX pPacnpoCTpaHeHWd, PAa3BUTUA BOCIHAJIEHUA, BOC-
CTAHOBJICHUSI TKAHEeW M MOAAEPXKKM HEOAHTMOreHe3a. YKasaHHbIC
IPU3HAKU, XapaKTepHble TIPAKTUUYECKU JUISI BCEX OMYXOJEBBIX KJIETOK,
MO3BOJISIIOT MM PacTM B 4YyXOM M BpaxaeOHOM OKpyxarolleil cpeje,
u3beraTb BIUSIHUS SHIOTEHHBIX 3alMTHBIX cCUCTeM. B ormyxosesbix
KJIETKaX BbICOKMI YPOBEHb CYNEPOKCUAHBIX palMKajl-aHWOHOB MO-
KeT ObIThb OOYCIOBJIEH YCUJIEHHEM OCHOBHOTO OOMEHAa, BO3HUKIUEH
KJIETOYHOM TUITOKCUEH NMPU MUTOXOHAPUAIBHON AUCHYHKIIMU U MHU-
TONnTO3¢/MUTO(ArUU, JESITEIbHOCTBIO TEPOKCUCOM, a TAKXKEe IOBbI-
[IEHHOW aKTHMBHOCTbIO MOIIHbIX WCTOYHUKOB CYNEPOKCUAHBIX Pajii-
KaJ-aHUOHOB, Takux, Kak NADPH-okcunassr (NOXes) u JMnokcmn-
reHassl (LOXes).

OrMmeTM (HOPMUPOBAHUE PEAOKC3ABUCUMON CAMOJOCTATOUHOCTH T
00CCITCYCHUU POCTa OMYXOJU, T. €. CIOCOOHOCTH HECKOJILKUX OIyXOI¢
BBbIX KJIETOK ayTOKPUHHO CHHTE3UPOBATh (DAKTOPLI POCTA M LIHTOKITHLI,
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3akmoyenune

a TakKe MOJIEKYJIbl, 00eCIeyuBaloiie KOMIIEHCATOPHbIC MEeXaHU3MBbI
pocta. BOJBLIMHCTBO HOPMAJIbHBIX KJIETOK HAaYMHAIOT ACJCHUE T10CTIe
BHEIUHEH PeryJisITOpHOU CUTHAIM3ALINM.

Ha onyxonesble K1eTKM BO3aeicTBYyeT MoaucbuuupoBaHHas O

M3BpallEHHAasi CUTHAJIM3alusl, UHULIMUpYolasi nponudepanuo. Cy-
MEPOKCUJIHbIC palMKaT-aHUOHBI aKTUBUPYIOT pPEIOKC3aBUCHMBIC MeEXa-
HU3MBI MOTEPU YYBCTBUTEJIBHOCTU K TMPUPOIHBLIM CUTHAJIAM PETYJIUPO-
BaHMsI pOCTa U TOPMOXeHUsl yepe3 jmraHaHezaBucumyo RTK-tpanc-
akTuBauuio, cHuxkeHue nopora RTK akTupauyu, ykioHeHHE OT 3a-
nycka arornrosa. OryxojeBble KJIETKM M30€raioT aronro3a B CBSI3U CO
CHMXKEHMEM KJIETOYHOW aAre3vu IO CYNEepOKCUI3aBUCMMOMY MexXa-
HU3MY, a TaKkoke TMOenu, MHAYUMPOBAHHONW XMMMOTEpareBTUIEeCKUMU
npenaparamu. [loMMMO YKJIOHEHMSI OT arorTo3a pakoBbIe KICTKH
TaKxke M30eratoT CrapeHusi U AOCTUTAIOT MPEACTbHOU MPOIOIKUTEb-
Hoctu xu3HU. [locnenHee oHM peanusyior Ojarogapsi CIOCOOHOCTH
YCWIMBATH KJIETOYHYIO TMIIOKCUIO, METACTA3UPOBAHUE M HEOBACKYJISI-
pU3alMIO 110 PeIOKC3aBUCUMOMY MEXaHW3MY akKTUBALUMU (PEPMEHTOB
MEXXKJIETOYHOTO MAaTpUMKCa M BACKY/SIPHOTO 3HIOTEIMaIbHOIrO (hak-
TOpa pocTa, 4To (PopMUpPYET KOJOHWMU U3 ONYXOJEBBIX KieTok. [eii-
CTBUTEJIBHO, OIYyXOJIEBbIE KJIETKM MPUOOPETAIOT CIOCOOHOCTb WHM-
LUMPOBaTh PEIOKC3aBUCUMbIE MEXaHM3Mbl HEOAHTMOIreHe3a WMJIM Bac-
KyaoreHesa. [locnenHee obOecrneuMBaeT arpecCMBHOCTH OITYXOJIEH,
MOBBIIIAET UX CMOCOOHOCTb BTOPrarbCsi B OKPYXKalollMEe TKAaHU, HUX
MOJABUKHOCTh U CMOCOOHOCTb K TPOTEOJUTUYECKOMY MOIM(PUIIMPOBA-
HUIO 0azaJibHOI MeMOpaHbl M BHEKJICTOYHOrO Matpukca. Takum oOpa-

30M, O WHULMUPYIOT pa3BUTHUE paka M €ro IporpecCUpoBaHUE,

(opMupyst 3710KauecTBeHHbIN (eHoTun (puc. 1.3).

[TociencTBust BAMSIHUS HEPEryJMpPOBAHHOIO IeHEpPUpOBAHUS pa-
JUKAJOB KUCIOpPOAa Ha OMOJIOTHUIO OIMYXOJIEBBIX KJIETOK CJIOXKHBI U
HOCHT IUIEHOTPONHbINA XapakTep. Pagukanbl Kuciopoga, MOCTOSIHHO
repernporpaMMupysi MeTaboan3M KJIETOK OIyXOJU U CTPOMBI, CO3/a-
IOT YCJIOBMSI /ISl BBHITIOJIHEHUS TIPOTPAMMBbI OITyXOJIEBOM TTPOTPECCUMN:
yewmBat 3¢hdekt O. BapOypra, cynepoKcHUI3aBUCUMOE Peryampo-
BaHUE aKTUBHOCTU (PEPMEHTOB MEXKJIETOUHOIO MaTpUKCa, TpaHCIopTepa
[JIIOKO3bl, aKTUBAallMM OHKOTeHOB Ras mu Myc, OKUCIUTEIBHO-UH/IY-
LIMPOBAHHBIX MYTallMii OMyXOJEBbIX CynpeccopoB (p53) M aKTUBHOCTH
HIF-1,2. Bbicokue ypOBHM CyMEpOKCHUIHBIX paauKal-aHHOHOB B
KJIETKAxX OMYyXOJM 3KPaHMUPYIOT ee OT BiausiHus T- u B-mumpouuros,
Makpodaros M MPUPOAHBIX KWUIEPOB.

B Hacrosiiee Bpemsi HalllM HEMOJHBIE 3HAHMS BCEH CETU peak-
Uit U 3(pdeKToB CYNnepoKCUIHBIX paauKai-aHUOHOB TOPMO3ST BHE-
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3akmoyeHne

JIpeHue HOBBIX 3(M(EKTUBHBIX CXeM Teparuu, OCHOBAHHBIX Ha IpH-
MEHEHUM PEeIOKC3aBUCHMBIX TPOTUBOOITYXOJEBbIX mnpernapatos. [lo-
MHUMO TOTO YTO CYNEepPOKCHUIHBbIE paJvKai-aHUOHBI HEMOCPEICTBEHHO
(bOpMUPYIOT MyTareHHbIN MOTEHIMAI U HECTAOWIBHOCTh (PYHKLIMOHU -
pOBaHUSI T€HOMa OIYXOJEBBIX KJIETOK, OHU TakKXe SMUIreHETUYECKU
CITOCOOCTBYIOT Pa3BUTHIO M MPOIPECCUPOBAHUIO paKa, BBICTYIasl B Ka-
YeCTBE CHUTHAJIBHBIX MOJIEKYJ JUISI MOJIEKYJl aAre3uu, a TakKe UHIYK-
TOPOB T€HETUYECKON MporpaMmbl rporpeccupoBanusi. Kpome Toro,
HEeperyJIMpOBaHHbLIA YPOBEHb OKUCJIEHHS KJIETOYHBIX KOMIIOHEHTOB
JIeJIaeT OIyXOJeBble KJIETKU 0ojiee YsI3BUMBIMU, UTO CTAHOBUTCS IIPU-
YMHOM MX CIIOHTAHHOW TMOenu u rudeiau B pe3yiabTaTe BO3ACHCTBUS
XAMHOTEPANIEBTUYECKMX TpernapaToB. YCTONUMBOCTb CUCTEMBI K HEpe-

TYJIMPYEeMOMY POCTY ypoBHel reHepupoBaHusi O; MpencTaBisieTcs oc-
HOBHBIM MEXaHU3MOM XUMHO- U PAIUOPE3NCTEHTHOCTH OITYXOJIH.



CONCLUSION

Return of tumor cells to the characteristic of normal in which the
unregulated level of superoxide radicals initiates cell death through
apoptosis is an important task of oncology.

Under these circumstances malignant cells use the redox-dependent
molecules to achieve the advantages in the metabolism as compared
to surrounding cells. Tumor cells are found to exist in complicated
microenvironment and in association with stromal components and play
a role in increase the redox-sensitive molecules, therefore promoting
tumor progression. Experimental and clinical data underscore the key
role of superoxide radicals in all aspects of tumor growth. Redox-
dependent molecules in tumor cells enhance mutational potential,
regulate intracellular signaling pathways of cell proliferation, survival,
motility and invasiveness. Moreover, superoxide radicals control the
reactivity of the stromal components of the tumor, which is also the
basis for the tumor cells growth, their proliferation, development of
inflammation, tissue repair and support of neoangiogenesis. Certain
features of virtually all tumor cells allow their growth in the own and
foreign environment, make them able to avoid the influence of endogenous
protective systems. In tumor cells high levels of superoxide radicals
derived from metabolic reprogramming of mitochondria, enhanced
basal metabolism, mitoptosis/mitofagy, peroxisome activities, as well
as increased activity of powerful sources of superoxide radicals and
NO — NADPH-oxidase (NOXes) and lipoxygenase (LOXes) exist.

It has to be noted also the formation of redox-sensitive self-sufficiency
in tumor growth, i. e. the ability of several tumor cells to synthesize in
autocrine manner growth factors and cytokines, as well as molecules
that provide the compensatory mechanisms of growth. Most normal
cells begin to divide after the external regulatory signaling influence.
Tumor cells can be affected by modified superoxide radicals, changed
signaling, leading to initiation of proliferation. Superoxide radicals
activate redox-dependent mechanisms of loss of sensitivity to the natural
signals controlling the growth and inhibition through the ligand-inde-
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Conclusion

pendent RTK-transactivation, reduction of the threshold of RTK
activation, escape from apoptosis. Tumor cells escape from apoptosis
due to the reduced cell adhesion by superoxide-dependent mechanism, as
well as death induced by chemotherapeutic drugs. In addition to
escape from apoptosis, cancer cells also avoid aging and reach the
unlimited duration of life. They implement capacities described above
due to their ability to strength cellular hypoxia, metastasis and neo-
vascularization by redox-dependent mechanism of enzyme activation
in the extracellular matrix and activation of vascular endothelial growth
factor, formation the tumor cells colonies. In fact, tumor cells acquire
the ability to initiate the redox-dependent mechanisms of neoangiogenesis
or vasculogenesis. The latter provides the aggressiveness of tumors,
increases their ability to invade surrounding tissues, their mobility and
ability to proteolytic modification of the basement membrane and
extracellular matrix. Thus, the superoxide radicals initiate the development
of cancer and its progression, forming a malignant phenotype (Fig. 1.C).

Effects of exposure to unregulated generation of oxygen radicals
on the biology of tumor cells are complex and pleiotropic. Oxygen radicals
constantly reprogramming metabolism of tumor cells and stroma
create an appropriate condition for the program in tumor progression:
by strengthening Warburg effect, superoxidependent regulation of the
extracellular matrix enzymes activity, glucose transporter, activation of
oncogenes Ras, Myc, redox-induced tumor suppressor mutations (p53)
and HIF-1,2. High levels of superoxide radicals in tumor cells shelter
her from the influence of T- and B-lymphocytes, macrophages and
natural killer cells. Currently, our incomplete knowledge of the entire
network of reactions and effects of superoxide radicals inhibit the
introduction of new and effective treatment regimens based on the use
of redox-dependent anticancer drugs. Besides the fact that superoxide
radicals directly create the mutagenic potential and instability of the
genome function of tumor, cells, they also contribute to epigenetic
development and progression of cancer by acting as signaling molecules for
adhesion molecules, as well as inducers of the genetic program of
progression. In addition, unregulated level of oxidation of cellular
components, makes tumor cells more vulnerable, which becomes the
cause of their spontaneous death and destruction upon exposure to
chemotherapeutic drugs. Stability of the system to unregulated growth
levels of superoxide generation is a main mechanism of chemo- and
radiation-resistance of tumors.
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