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BocnanurtenbHble 3a00JIeBaHUS KUILIEYUHUKA IIIMPOKO PACIIPOCTPAHEHBI B MHAYCTPUAIBLHO PAa3BUTHIX CTpa-
Hax, TIe UMW CTpamaeT KaXXIbli IBaAaThIi XXUTeNlb. BaXkHYI0 poib B pa3BUTHUM BOCITAJIMTEBHBIX 3a00J1€-
BaHUIl KWILIEYHUKA UTpAeT HapylleHWe 6apbepHOil (DYHKIIMU KUIIeYHOTo anuTtenus. [IpoHUIIaeMocTh
SMUTEUS KUIIIEYHUKA 3aBUCUT B MEPBYIO OYEPEIb OT COCTOSIHUSI KOHTAKTHBIX KOMITJIEKCOB MEXY KJIEeT-
KaMH, a TaKXKe OT CITOCOOHOCTH SITUTENINST K CAMOOOHOBJICHUI0. MUTOXOHAPUHY BBITIOJHSTIOT SHEpreTUYe-
CKYI0 (DYHKIIMIO 1, KPOME TOTO, YJaCTBYIOT B PETYJISILIMU IPYTUX MPOLIECCOB, ITPOTEKAIOIINX B KJIeTKe. JlaH-
HbIE TIOCJIEAHUX JIET YKa3bIBalOT HAa MOTEHIIMAJIBHYIO POJIb 9TUX OpraHelUl B peryIsiiuu 6apbepHOit PyHK-
I KUIIEYHOTO SIUTENIUSI M B Pa3BUTHUM BOCTIAJIUTENbHBIX 3a00JeBaHUM KUIIeYHUKA. JIUChHYyHKIIMS
MUTOXOHIPUI MOXET OBITh OMHOM M3 MPUYNH HAPYIIEHUST CTPYKTYPHI TNIOTHBIX MEXKKIIETOUHBIX KOHTaK-
TOB M LIMTOCKEJIeTa KJIETOK KUIIIEYHOTO 3MUTEJIMS, a TAKKe CHUKEHUST CITIOCOOHOCTHY SMUTEINAIbHOM BbI-
CTHWJIKU K CAaMOOOHOBJICHHIO. Bce 5TO MPUBOIUT K CHYKEHUTO GapbepHOM (DYHKIIMK KUIIEYHOTO STTUTEIUST
1 Pa3BUTHIO BOCTIAIMTENIBHBIX 3a001eBaHNM KuIlleuHUKa. OTHAKO MEXaHU3MbI 3THX TPOIIECCOB OCTAIOTCS
HEBBISICHEHHBIMU U TPEOYIOT JaJbHEMUIIIEro N3yYeHMUSI.
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AKTUBHBIC (l)OpMI)I Kucjaopoaa, aHTUOKCHUIAHTHBI
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BBEAEHUWE

BocnanurtenbHble  3a0osieBaHUS  KUILIEUHMKA
(B3K) mmpoko pacripocTpaHeHbl B MHIYCTPHUATbHO
pas3Buthbix crpaHax [1]. K B3K orHocsT 601€3HM He-
U3BECTHOI 3TUOJIOTMU, B TOM UHUCJIE SI3BEHHBIN KO-
Jut (AK) u 6one3ns Kpona (BK). OHu xapakTepusy-

I0TCSI TaKMUMU KIMHUYECKUMU TIpU3HAKaMM, Kak
cujbHasi 60J1b B XKMBOTE, TTOBBILLIEHUE TEMIIEPATYPhl
TeJia, TOIITHOTA U pBOTA, AUapesi, peKTAIbHOE KPOBO-
TedeHUe, aHeMUsI U 3HAUYUTEbHAsl MoTeps Beca. B
HacTosilIee BpeMsl JIedeHUEe STUX 3a00JIeBaHUI CYTy-
00 CUMIITOMATHYECKOE: C UCITOJIb30BAHUEM IIPOTH-

Cokpamenusa. AMPK (AMP-activated protein kinase) — AMP-aktuBupyemasi kunaza; DNM1L (dynamin-1-like protein) — nuHa-
MUHITOA00OHBIN 6enok-1; IL (interleukin) — unrepaeiikun; INF (interferon) — unrepdepon; MitoQ (mitoquinone) — 10-(6'-youxu-
HoHuN)-AenmiTpubenmwidochdounii; MitoTEMPO (mitochondria-targeted [2,2,6,6-tetramethylpiperidin-1-oxyl-4-ylamino)-2-ox-
oethyl]triphenylphosphonium chloride — [2-(2,2,6,6-TeTpaMeTHINUIIEPUANH- | -OKCUIT-4-MITAMUHO ) -2-0KCO3TUI | TpreHIIPOC-
¢donwuii xnopua; MPC (mitochondrial pyruvate carrier) — MUTOXOHIpUaIbHbIN TpaHcropTep nupysara; OPA1 (optic atrophy 1) —
MUTOXOHIpUabHas nuHaMmuHIonooHast GTPa3a; OXPHOS (oxidative phosphorylation) — okuciautenbHoe (ochopranpoBaHue;
PGC-1o (peroxisome proliferator-activated receptor-y coactivator 1-0) — KoakTuBaTop- 10t peienTopa-y, akTUBUpyeMoro nposude-
paropamu repokcucoM; SkQ1 (Skulachev’s quinone) — 10-(6'-mactoxunonwn ) aeunatpudenmicbochonuii; TLIA (tumor necrosis
factor family member TNF-like factor 1A) — TNF-nogo6HsIit turann-1A; TNF (tumor necrosis factor) — ¢hakTop HeKpo3a OITyXo-
qm; ZO (zonula occludens) — 6e10K MIOTHBIX KOHTAaKTOB; ADA — akTrBHBIe (hopmbl a30Ta; ADPK — akTHBHBIE (hOPMBI KMCIOPO/A;
BK — 60ne3nbp Kpona; B3K — BocnanutenbsHble 3a6oeBanus kuineuynuka; JICH — nmekcrpancyiabdat Hatpust; MTADK — Muto-
XOHIIpUAJIbHBbIE aKTUBHBIE (hOpMBI KHcopoaa; DTL — anekrpoHTpaHcopTHas Henb; AK — I3BeHHBII KOJIUT.
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BOBOCITQJIUTEJIBHBIX TIpEeIapaToB M JUETUYECKOTO
MUTAHUSI, — a B 0CODO TSKEJIBIX CITydasix Xupyprude-
CKO€ — C LEJbI0 yOaJeHUs MOPaKeHHBIX YJ4aCTKOB
KUIIeyHuKa [2].

B ocHoBe naroreHesza B3K BbIae/sII0T HECKOJIBKO
OCHOBHBIX (DAaKTOPOB: TeHETUYECKasT Mpeapacnoio-
KEHHOCTb, TUCPETYISILIUSI UMMYHHOUM CUCTEMBbI, Ha-
pylieHue 6apbepHOi (PyHKIMMU KUIIEYHOTO IMUTE-
Just, nucbamaHc MUKPOGIIOPhl KUIIEUHUKA, a TAKXKe
¢dakTophl cpeabl, BKIOYas MUTaHWE U JeKapCTBEH-
Hble Tpenaparsl [3, 4].

CuuTaercs, YTo 3HAYUMYIO poJib B pa3zButuu B3K
UTpaeT HapyllleHUue 6apbepHOi (DYHKIMUU KUILIEUHO-
ro snurenusa [5—7]. DnurenmanbHBIN Oapbep KH-
IIEYHUKA COCTOUT U3 CJIOs CJIU3U, TTIMKOKAJIUKCa U
COOCTBEHHO 3MUTENNATIbHOM BICTUIKM [8]. Kuieu-
HbIA DIIUTENN BLITTOJIHSIET 1BE OCHOBHbIE (DYHKIIMU:
abcopOLIMIO HYTPUEHTOB U 0AphePHYIO, — POJIb KOTO-
pBIX 3aKJtoyaeTcsl B MpeaoTBpallleHUU TOoMNagaHus
ITAaTOTEHOB BO BHYTPEHHIOIO Cpemy opraHu3ma [6].
Cuuraetrcs, yTto OapbepHast (PYHKIHMS KUIIEYHOIO
SMUTEINUS 3aBUCUT MPEXIIE BCETO OT COCTOSIHUSI KOH-
TaKTHBIX KOMILJIEKCOB MEXIY COOCTBEHHO STUTEJIM-
albHBIMU KJleTKamu [9, 10], a Takke OT MpOayKIIMU
CJIM3U OOKaJTOBUIHBIMU KiaeTKamu [ 11], cekpenyu aH-
TUOAKTepHAaJIbHBIX TeNTUAOB KieTkamu [lanera [11] u
OT CITOCOOHOCTHU SMUTEJIUSI K cCaMOOOHOBIeHUIO [12].

OCHOBHYIO pOJIb B PEryjisiliui NPOHUIIAEMOCTHU
KMIIIEYHOI'O BIIUTEJIMS UIPAIOT IJIOTHbIE KOHTAKTHI.
[1moTHBIE KOHTAKTHI IIPEACTABIISIIOT CO00IT OEIKOBBIE
KOMILJIEKChI, COCTOSIIIIME W3 HECKOJbKHUX TUIIOB
TpaHCMEeMOpaHHBIX OeNKOB (OKKIIOAWH, OCENIKU U3
ceMeiricTBa KiaymuHoB, Marvel D3, aare3amoHHBIe
MOJIEKYJIbI ceMelicTBa JAM U TpULETIOINH), KOTO-
pbIE C TTOMOIIBIO OSIKOB IMJIOTHBIX KOHTaKTOB: Z0O-1,
Z0-2, Z0O-3, UMHTYIWHA U CUMIUIEKTHA — COCIMHSI-
I0TCS C TIPUMEMOPaHHBIM aKTOMHO3UHOBBIM KOJIBILIOM
[9]. OcHOBHBIMU MEMOpPaHHBIMU GeTKaMU, ONPEaesisi-
IOIIMMHU TIPOHUIIAEMOCTb TUIOTHBIX KOHTAaKTOB, SIBJISI-
10Tcst KiayauHsl [13]. HapyliieHue cTpyKTypbl MEXKIIe-
TOYHBIX KOHTAKTOB BBI3bIBACT 3HAUYUTEIILHOC YBEIYC-
HUe€ TTapaleUIIoISIPHOM MTPOHUIIAEMOCTH, YTO MOXKET
MPUBOIUTH K MPOHUKHOBEHMUIO TTATOT€HOB B CTEHKY
KMIIKA 4Yepe3 OoO0pa30oBaBIIMECSI MPOCBETHI MEXIY
IBYMSI COCEOHMMM KieTkaMu srmarenus [14]. Us-
BECTHO, YTO ITPOHUIIAEMOCTb TJIOTHBIX KOHTAKTOB
MOXKET PETryJIMpPOBaThCS MOCPEICTBOM LIMTOKMHOB U
¢dakTopoB pocta [9]. Tak, mpoBOCIIANUTENbHBIE 11~
TokUHBI MHTEPDEPOH-Y (IFN-Y) 1 daxkrop Hekposa
onyxonu (TNF) npuBogsiT K peopraHM3aliii MHO-
JXKeCcTBa OEJIKOB IJIOTHBIX KOHTAKTOB, BKifouass Z0-1,
OKKJIIOJWH, KJIayIuHbI-1 1 -4, u, TaKuM o0pa3oM, K
MOBBIIICHUIO IIPOHMLIAEMOCTU. TpaHCchOPMUPYIO-
it akrop pocra-f§ (TGF-f), Hanporus, nomiep-
>KMBAET LIEJIOCTHOCTh TUIOTHBIX KOHTAaKTOB, CIIOCO0-
CTBYSI BOCCTAHOBJICHMIO SIIUTEJINS IIPU ITOBPEXICHUN
[15, 16]. U3 oTuX DaHHBIX CJIEOYET, YTO BOCIIAIUTENb-
HbIC TIPOLIECCHl B KUIIEYHUKE MOTYT UHAYLUPOBATh
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LIMTOKMH3aBUCUMYIO pa300pKy MEKKJICTOUHBIX KOH-
TaKTOB B KMILIEYHOM 3MUTEJINU, CHIKAsI TEM CaMbIM
ero 0apbepHyI0 (YHKIIUIO U YCUJIMBasi BOCTIAJICHUE.

[Ipu B3K crpykTypa INIOTHBIX KOHTAaKTOB Hapy-
IIAeTCs, YTO MPUBOAUT K MOBBIIICHUIO Mapalie/uIio-
JIIPHOM MPOHUIIAEMOCTU 3MUTEIUsT KUIIKU. Tak, y
OonbHbIX AK cHMXeHa TOJIIMHA 30HBI IUIOTHBIX
koHTakToB [17]. ITpm A K mmoka3zaHo moBeIIIIeHIE KC-
Mpeccur mopoodOpa3yollero KjayauHa-2, a TakxKe
KJ1aynuHoB- 1, -12 1 -18. Kpome Toro, y Takux rmaimueH-
TOB CHMZKAeTCS DKCIIpeccus KinaynuHos-4, -5, -7, -8,
y4acCTBYIOIMX B YMEHBIICHUM MapaleuTIoNsIPHON
npoHuniaemMoct, ZO-1 1 CBI3BIBAIOLIETOCS C HUM
OKKJIIOAMHA, YTO BeleT K HapylIEHUIO ITPOIIECCOB,
UTpaIOIMX KJIIOUYEBYIO POJIb B TMOMAEPXKAHUM Iie-
JIOCTHOCTH IUIOTHBIX KOHTAaKTOB [8, 18, 19]. U3Mme-
HEHUS B CTPYKTYp€ IJIOTHBIX KOHTAKTOB HaOII01a-
1orcsg u nipu bK. Tak, ne3opraHuzanusi IJIOTHBIX
MEXKJIETOYHBIX KOHTAaKTOB OOHapyXeHa B TEpMU-
HaJIbHOM OTJeJIe MOAB3A0IIHON KUIIIKY ITAIlUEHTOB C
BK [20]. B o6pasiiax u3 CUrMOBUIHOMN KUIIIKW Maly-
eHToB ¢ BK B ocTpoii ¢ase sakcrnpeccus KiiayquHOB-3,
-5 u -8 ObUIa CHMKEHA, TOrma KaK 3KCIIPeCcCHs Kiia-
yauHa-2 mosbiieHa [21, 22].

Hapyimenue 6apbepHOil (PYHKIIMU MOXKET OBITh
nepponpuynHoii pasButusa B3K wam cnencrtBuem
BOCITJIMTEILHBIX IIPOLIECCOB B CTEHKE KUIIKU. DTO
HapylleHWe NPUBOIUT K TPAHCIOKALIMM OaKTepUil B
CJIU3UCTYIO U UHAYKUMUW WIN YCUJIGHUIO YXKe Cylle-
cTtByloniero BocmaneHust [4, 23]. Takast curyanus
CITOCOOCTBYET (POPMUPOBAHMIO TIOPOYHOTO Kpyra.
IMpennonaraercsi, yto npu uHaykuuu B3K Gakrepu-
aJIbHbIE aHTUTE€HBI U30BITOYHO CTUMY/IMPYIOT UMMYH-
HYIO CHCTeMY COOCTBEHHOM IIJITACTUHKM CIU3UCTOIA.
DTO NPUBOAUT K Pa3BUTUIO UMMYHHOU peaklvu, mpu
KOTOPOM BBIAEISIOTCS ITPOBOCIIAIMTEIbHBIE IIMTO-
KuUHBI, Takue Kak TNF-momoOHwlii nurang-1A
(TL1A; tumor necrosis factor-like cytokine 1A),
TNF, unrepneiikun-1 (IL-1) u INF-y, cnocobHbie
MOBBILIIATH TPOHUIIAEMOCTh KUIIIEYHOTO SITUTEIINS, B
TOM YHCJIE U IS aHTUTEHOB, KOTOPBIE AOTTOJHUTEIb-
HO CTUMYJIMPYIOT UMMYHHYIO cucTemy. Takoit mpo-
1IeCC MPUBOAUT K XPOHUUYECKOMY BOCIIAJICHUIO, YTO
xapakTepHo 1s rmauueHToB ¢ B3K [4, 23, 24].

C puckoM paszButusi B3K cBSI3bIBalOT MyTalliu B
npubmm3uTeasHo 200 reHax [25], 4acTh M3 KOTOPBIX BO-
BJIeYEHA B PETYJISILIMIO UMMYHHOTI'O OTBETA, a YaCTb — B
noaaepxaHue OapbepHON (DYHKIIMM KHUILIEYHOTO
STIUTENS, YTO CIYXUT JOMOJHUTEIbHBIM MOATBEP-
KIEHUEM POJIW B3aMMOMAECHCTBUSL BMUTENUS U UM-
MYHHBIX KJIETOK B TTaToreHe3e B3K.

Bce Gosbliie JuTepaTypHBIX JaHHBIX YKa3bIBaeT
Ha poJib MUTOXOHAPHUAIbHON ITUCGYHKIIUU B Hapy-
IIeHUU OapbepHON (PYHKIIMU KUILIEUHOTO STUTETUS
rpu B3K [26—30]. MUTOXOHAPUH yIaCTBYIOT B pETY-
JIIIIAM MHOTUX MEeTabOJIUYECKUX U CUTHAJIbHBIX ITy-
Teil, HEKOTOpble U3 KOTOPBIX UTPAIOT KPUTUUYECKYIO
poJib B TIOAAep>XKaHUM OapbepHOit (PYHKIIMU KUIIIeY-
Ne 6
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Horo srmmTenus [16]. B maHHOM KOHTEKCTE K Hanbo-
Jiee 3HQYMMBIM OTHOCUTCS 3dHepreTuyeckas (pyHK-
LISI MUTOXOHAPUii, BEIpaXKeHHAsI B IIPOAYKIINU He-
obxomumoro kKonmdectsa ATP, a Takke CItocoOHOCTB
MUTOXOHJIpUIA TIPOAYLIUPOBAaTh aKTUBHBIE (DOPMbI KUC-
nopona (ADK) u aktrBHbIe (popmbl a3oTa (ADA), BBI-
CTyHalollIe B POJIM MEINATOPOB MHOXECTBA CUTHAb-
HBIX TTyTeii. bosiee Toro, HapylleHue CHOCOOHOCTU MU -
TOXOHAPUIA K CAMOOOHOBJIEHHUIO MOXET TPUBOINUTH K
HAKOILICHUIO IUCGHYHKIIMOHAIBHBIX OpraHesLl.

B npencraBieHHoOM 0030pe paccMOTpeHa poJib
BCEX BBINIECNIEPEYNCICHHBIX (DYHKIINI MUTOXOHIPUIA
B HapyllIeHUU 6apbepHON (DYHKIIMU KUILIEYHOTO 31~
tesmst ipu B3K.

MUTOXOHAPUN U ANCDOYHKLI A
KUIIEYHOTI'O SITUTEIWA

B ocHOBe mpu4rH TUCHYHKIIMU KMIIIEYHOTO SIT1-
tesus npu B3K yacTto nexut HapylieHue (pyHKIMO-
HaJbHOW AKTUBHOCTU MUTOXOHIPUIA, KOTOpPOE, B
CBOIO oYepeb, MOXET OBbITh CIEACTBUEM Pa3TMUHbBIX
BozaeiicTBUil (MH(peKuMsI, Aucbuo3, BocHajeHue,
HIIeMMsI, XUPYypruueckoe BMemareabcTBo) [31]. Kak
yXe OTMedYaJloChb paHee, IOSBISIETCSI BCe OOJIblle
CBUJIETEJILCTB YYaCTHUsI OKMCIIUTEIHLHOTO cTpecca [32]
U MUTOXOHAPHUAJIBHON AWCOYHKIIMU B HapylIeHUU
OapbepHOl PYHKIUMU KMILIEYHOTO SMUTEIUS U pa3-
putuu B3K [26, 33]. YabTpacTpyKTypHbIE U3MEHE-
HUSI MUTOXOHIIPUIA, CBUAETEIBCTBYIOIIUE O CHUXE-
HUU X GYHKIIMOHAILHO aKTUBHOCTH, BBISBIISIIOT B
SMUTEIMATLHBIX KJIETKax KUlledHnKa 60JibHbIX B3K
ellle 10 U3MEHEHUS CTPYKTYPbI TJIOTHBIX KOHTaKTOB,
YTO CBUIETEJILCTBYET O BOBJICYEHHOCTH MUTOXOH-
JIpUajbHbIX TUCHYHKIMI B pa3BUTUE JaHHBIX 3200-
neBaHuii [34, 35].

OcHoBHasi GyHKIMSI MUTOXOHAPUI COCTOUT B 00-
pa3soBaHUM “PHEPreTUYECKOTO CHIPhI~ KIETKU —
ATP. Kpome 61osHepreTndecKoi GYHKIIMU, MUTO-
XOHIPUU MPUHUMAIOT y4acTUe B CUHTE3€ HYKJICOTH-
JIOB, XUPHBIX KHUCJIOT, TeMa, a TaKXKe IIPOAYKIINU
ADPK u romeocraze Ca?'. MUTOXOHIPUU TaKXKE
YY4acTBYIOT B Pa3JIMYHBIX BHYTPUKICTOYHBIX CUT-
HaJIbHBIX ITyTSIX, HallpUMep B MHAYKLIMU IpOrpam-
MUpYEMOI KIIETOUHOM rubenu [36]. MUTOXOHAPUMN
MOCTOSTHHO MpPEeTEepIIEBAIOT AWHAMHUYECKHE IIepe-
CTPOIKM, KOTOpbIe HEOOXOMMMBI KaK JJis obecrieue-
HUSI DHEPreTUYECKUX MOTPEOHOCTEM KIIEeTKU, TaK U
ISt UX camooOHoBeHuss. HopmanbHbIil ToMeocTas
MUTOXOHAPUI TIoAAepXKUBaeTCsl Ojarogaps MUTO-
XOHJIPUAIbLHBIM IIallepOHaM, OTIEJIEHUI0 MWTOXOH-
IPUATBHBIX BE3UKYN, MuTodarn n omoreHesy. KoH-
TPOJIb KaueCTBa — OCOOEHHO BaXKHbIi1 MPOLIECC 15T MU~
TOXOHIpMIA, TaK KaK 3TU OpPraHe/UIbl IOCTOSTHHO
TOABEPIaloTCs MOBPEXAAIOIINM BO3IEUCTBUAM, OCO-
OEHHO IIpU pa3IMYHBIX KJIETOYHBIX cTpeccax [37].

IIpn B3K, B yacTHOCTM B KjIeTKaxX KHUIIECYHOTO
SIIUTENMS, HaOJIIoJaeTcsd HapylleHUe 3HepreTuye-
MOJIEKYJIAAPHASA BUOJIOT WA
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CKOIl (DyHKIIMM MUTOXOHAPUI M MX TrOMeocTasa, a
TakxXXe pa3BUTHE OKMCIUTEIbHOIO cTpecca. [lajee
MBI PACCMOTPUM MOAPOOHEE POJIb 3TUX MPOLECCOB B
naroreHesze B3K.

HDHEPTETUYECKMWH CTPECC IMPU B3K

B xone ananm3za, ripoBeneHHOTrO rpynmoii Haber-
man [38], ObUIa BbIsIBIEHA TUCHYHKIIUS MUTOXOH-
JIpuii B 06pasLax peKTalbHON OMOIICUU MALEHTOB C
BK, a uMeHHO CHM:XeHUE DKCITPeCcCur Beex 13 reHoB
CyOBEIVHUL] KOMILUIEKCOB 3JIEKTPOHTPAHCIIOPTHOM
uerm (OTLL), komupyembix MutoxoHapuaabHoi JJHK
(MtIIHK), Hapsioy ¢ HapylieHueM MUTOXOHAPUAIbLHO-
'O JbIXaHMSI U TPAaHCMEMOPaHHOTO MOTeHIIMAJIA.

IIpu nccienoBaHUM MBILIEH ¢ MHAYLIUPOBAHHBIM
nekcrpaHcyinbdaToM HaTpus (JICH) koauTom moka-
3aHO, YTO B CJIM3UCTOM OOOJIOUKE TOJICTON KMIIKU
9KCHEPUMEHTAIBHBIX (KUBOTHBIX ypoBeHb ATP 1 ak-
tuBHOCTb DTILI 3amerHo cHuxkeHHI [39, 40]. [ToHu-
xeHue ypoBHS ATP B cim3ncToit 060109Ke KUIIey-
HUKa MOKa3aHO Kak JJisl malueHToB ¢ bK, y KoTophIx
BBISIBJICHBI HapyllleHUs paboThl KoMmIuiekcos 111 u IV
JIBIXaTeIbHOM Lenu, TaK M IjIsd mauueHToB ¢ K, y
KOTOPBIX CHUKeHA aKTUBHOCTh KOMILIEKCOB 11, 111 u
IV [41, 42], a B akTuBHOI1 (ha3e 3a00eBaHU el 1
komriekca I OTII [38]. bomee Toro, obHapyxkeHa
CBs3b noiuMopdusma rena M7-ND4, Koaupyroliero
ogHy u3 cyobenuHul komiuiekca [ DTLI, ¢ puckom
passutnug K [43]. B uccienoBannu, mpoBeIeHHOM
Ha KJIeTKaxX KulieyHoro snuteaus Caco-2, nmokasa-
HO, 4TO MHruoupoBanue komiuiekca 111 DT win
ATP-cuHTa3bl C ITOMOIIbI0 AHTUMUIIMHA WU OJIMTO-
MUILMHA IIPUBOJIUT K 3aMETHOMY HapyILIEHUIO pacIipe-
JeJIeHUs OeJIKa TUIOTHBIX KOHTAaKToB ZO-1, a MHTMON-
poBanme kKomruiekca | OT1I ¢ moMomibo poTeHOHA BBI-
3bIBa€T YMEpPEHHbIE U3MEHEeHUsI B aKcripeccuu Z0O-1
[44]. ITogoOHBIT 3(pHEKT MOXKET OBITh OIIOCPEIOBaH
neiictBueM mutoxoHapuadbHbIX ADK (MTADK),
MMOCKOJIbKY M3BECTHO, YTO AQHTUMMUIUH W OJIMTO-
MULIMH CITIOCOOHBI MHAYLIUPOBATh IIpoayKinio ADK
[45, 46]. O BiugHuu MTAPK Ha cTPYKTYpy IUIOTHBIX
KOHTAaKTOB MOApoOHee OydeT cKa3aHO B CJICAYIOLIEM
pasgene. HapymieHuss B 3KCIIpecCUM TeHOB OEJIKOB
IUIOTHBIX KOHTAKTOB TakxKe OOHApYy>KE€HBI IIPU CHU-
keHuu ypoBHs1 ATP B MoHocnoe kietok Caco-2. B
YaCcTHOCTHU, HAOIIOMAIOCh IepepacipeaesicHIe Kiia-
yanHa-7 BOOJb BCEi IMTOBEPXHOCTH MeMOpaHBI — OT
anuKaJibHOM 10 6a301aTepaabHOM CTOPOH KJIETOK, —
YTO HEeXapaKTEePHO JJIsI HOPMaIbHBIX KJIETOK KUIIIEY-
Horo snuTenns [47].

OCHOBHBIM MCTOYHMKOM 3HEPIUM [UJIsI KJIETOK
KMUIIIEYHOTO SMUTEIUS CYUTAETCS MTPOLIECC MUTOXOH-
JIPUATBHOTO -OKUCIEHUS SKUPHBIX KUCIIOT, OCOOEH-
HO KOPOTKOILIEMOYEYHbIX (OyTUpAaT, alleTaT U NpOonu-
OHAaT), MPOAYLUMPYEMbIX KUIIEUHON MUKPOhIopoi
[48]. dedbuunt B-oKUCIEHUs KUPHBIX KUCIOT KH-
IIEYHBIM 3IMUTEJIMEM MOXET UrpaTh KPUTUYECKYIO
poub B naroreHede B3K, ocooenno AK. Tak, npume-
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HeHue (HapMaKoJIOTUYeCKOro MHrMouTopa B-okuc-
JIEHUsI XXUPHBIX KUCJIOT 2-OpOMOKTaHOaTa HaTpuUsl
MIPUBOIUT K Pa3BUTUIO CIIOHTAHHOIO KOJIUTA y KPBIC
[49]. Kpome Toro, mytauium B reHe SLC22A45, xonu-
pytoiiero OCTN2 — Na-3aBUCUMBII TpaHCIIOpTEp
L-KapHUTHHA, BaXXHOTO TSI B-OKMCACHUST KUPHBIX
KHMCJIOT, — CBSI3BIBAIOT ¢ pucKoM pa3Butust bK [48].
BaxxHoCTb mipoliecca B-OKHUCIEHUST KUPHBIX KUCIOT
B MUTOXOHIPUSX B IOAAepKaHUM OapbepHOM (PyHK-
LAY KMIIIEYHOTO 3MUTEINS IIPOASMOHCTPHUPOBaHa Ha
MakKakax, 3apaXkeHHbIX BUPYCOM MMMYHoaeduuuTa
00e3bsH (SIV). ¥V Takux ;KMBOTHBIX HAPYIIEHUE IIPO-
HUILIAEMOCTHU KUILIEYHOTO SIIUTEJIMSI CBSI3aHO CO CHU-
XeHueM akTuBHOCTU (dakTopa PPARO, ydactByro-
1iero B [3-OKUCIIEHUM XMPHBIX KUCIOT. B KieTkax
KMIIIEYHOTO JITUTENMSI OOJbHBIX MaKaK JE€TEKTUPO-
BaJiid CHUDKEHME YK CJla MUTOXOHIPUI, a TAKXKe U3Me-
HeHMe uX Mopdoyioruy Ha (parMeHTUPOBAHHbLIA
(GEHOTHII ¢ TNIOXO Pa3BUTHLIMU KpuUcTaMu. B kuirey-
HOM 3TUTEIUU 310POBBIX XUBOTHBIX MUTOXOHIAPUU
pAacIIOJIOXKEHBI Ha alTMKaJIbHOM KOHIIE SHTEPOLIMTOB,
PSIIOM C 30HOI IMJIOTHBIX KOHTAKTOB, UTO MOXET OT-
paxaTb BaXXKHYIO POJIb MUTOXOHIPUI B MOAAEPKaHUN
(YHKIIMOHAIBHOM aKTUBHOCTH TUIOTHBIX KOHTAKTOB.
Boccranosnenue aktuBHoctn PPAROL mpuBOmiio K
HOpMayIu3aluu 6apbepa KMIISUHOTO SIUTEIUS U Ya-
CTUYHOMY BOCCTAHOBJICHUIO MOP(OJIOrun U (PyHK-
LU MUTOXOHIIPUI, YTO MOATBEPKIAIOCH TAKXKE pe-
3yJbTaTaMM aHaIuM3a 9KCIPECCUU MUTOXOHIpUATb-
HBIX T€HOB M TE€HOB, BOBJIEYEHHBIX B [-OKHCICHUE
KUPHBIX KUCJIOT [48].

TakuM o06pa3oM, Ha OCHOBAHUU BHILIEM3I0XKEH-
HBIX JaHHBIX MOXHO CIIeJIaTh BBIBOJ, YTO KaK paboTa
komIuiekcoB DTILI, obecneunBaroiiass OKUCINTEIb-
Hoe dhocdoputupoanue (OXPHOS), Tak u B-okuc-
JIEHUE XUPHBIX KUCJIOT, IIPOTEeKaolIe B MUTOXOH-
JIpUSIX HEOOXOAUMBI I MOAAEPKAHUS CTPYKTYPBI
IUIOTHBIX KOHTAKTOB KJIETOK KUIIIEYHOTO SIUTEIHSI.

CTBOJIOBBIE KJIETKU KUIIEYHOTO SMUTEJIUSI XapaK-
Tepu3yloTcsd BhICOKNM ypoBHeM OXPHOS [50-52].
HocratoyHnast nponykiusi ATP MutoxoHapusMu —
KpUTHYeCcKuii pakTop mist nponrudepauuu u nudde-
PEHLMPOBKHU CTBOJIOBBIX KJIETOK KUIIIEUHOTO DMUTE-
nus. Tak, HokgayH reHoB komiiekcoB OTLI B cTBo-
JIOBBIX KJIETKaX 3MUTEJIUs KUILeYHUKA APO30(hUIbI
MPUBOAWJ K CHUXXEHUIO UX TIpoJndepauuu u nud-
depenumpoBku. Haubosiee BbipaxkeHHBIN 3¢hdeKT
HabOo0aIu IIpyU UHIIMOrpoBaHUK KoMIuiekcoB 111 u
IV OTU; npu 3ToM mHTrMONpoBanue nTuddepeHIn-
POBKM CTBOJIOBBIX KJIETOK CBSI3aHO C aKTMBHOCTBIO
TpaHcKpunuoHHoro ¢akropa FOXO [53]. Ha skc-
MEPUMEHTAJIbHBIX MOJIEJNISIX XWBOTHBIX TTOKa3aHo,
YTO MOBbILIeHHas TpoayKuus ATP u akTUBHOCTH
OXPHOS B cim3ucToii 000JI04Ke XKETyTOUYHO-KU-
ILIEYHOTO TpaKTa CHUXKAIOT BBIPAXKEHHOCTh KOJIUTA,
nHayuuposanHoro JICH wimn 2,4,6-TpuHUTPpOGEH-
30J1CyAb(OHOBOI KUCIOTOM, MO CPAaBHEHUIO C MbI-
mamMu ¢ 6oJjiee HU3KMM YPOBHEM aKTHBHOCTU KOM-
TUIeKcoB, yyacTByomux B OXPHOS, u moHM:keHHOM
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nponykuueiir ATP. I[Tosernienne comepxkanus ATP B
KJIeTKEe TIPUBOIUT K YBEJIUYEHUIO MHTEHCUBHOCTD
NF-kB-3aBucumoii mpoandepaliiii 3HTEPOIIMTOB,
YTO CIIOCOOCTBYET OOHOBJIEHUIO KUIIIEYHOTO 3MUTE-
JIusl — KJIIOYEBOTO Tpoliecca MPU BOCCTAHOBJIEHUU
TKaHU MOCJIe BO3ACHCTBUS ITOBPEXKIAIONINX CTUMY-
J0B [54]. Ognako ponbs NF-xB B perynsumm nmpoHu-
LIAEMOCTHU 3MUTEJIMAIbHOIO 6apbepa HEOMHO3HAUHA,
TaK KakK 3TOT TPaHCKPUIILIMOHHBIN (hakTop Ipu n3-
OBITOYHOI aKTUBAIMK COOTBETCTBYIOIIETO CUTHAJIb-
HOTO IMyTH UHAYLHUPYET CUHTE3 TPOBOCTATUTEIbHBIX
HUTOKMHOB. CTBOJIOBBIE KJIETKM KUIIIEYHOTO SITUTE-
JIMS cofepKaT O0MbIIOe KOIUYECTBO MUTOXOHAPUIA,
HO TIpU BTOM 3KCIPECcCUsi MUTOXOHIAPUATBLHOTO
TpaHcnioprepa nmpyBata (MPC) B HuX CHMXeHa.
ITotepss MPC mim o6paboTKa OpraHoMaOB, BhIpa-
IIEHHBIX M3 CTBOJIOBBIX KJIETOK KUIIEYHOTO 3IMUTE-
qust, uarnouropomM MPC npuBoamiv K yCKOpeHHOM
npoanudepalii CTBOJIOBBIX KJIETOK. [eHeTmyecKast
neneuusi MPC B CTBOJIOBBIX KJIETKaxX KMIIEUYHOIO
SIIUTENHS IPp030(UIbI TAKXKE IIPUBOANIA K ITOBBIIIIE-
HUIO UX MpoarudepaTUBHON aKTUBHOCTHU, TOTIA KakK
u3bbiTouHasi akcrnpeccust MPC ee nmopasinsina. Ta-
KM 00pa3oM, orpaHMYeHrEe TPaHCIIOPTa IIMpyBaTa B
MUTOXOHAPUU HEOOXOAUMO IS TTOAAEP>KaHUS MTPO-
Judepalii CTBOJOBBIX KJIETOK KHUIIIEYHOTO 3TUTE-
s, a OONbIIOe ColepKaHMe B HUX MUTOXOHOPUIA,
MO-BUAMMOMY, CBSI3aHO C BBICOKMM YPOBHEM OKUC-
JIeHUsT B-)KUPHBIX KKCIOT [55]. DTH naHHbIe CBUIE-
TEJILCTBYIOT O TOM, YTO HapylIeHUEe SHEPreTUIeCKOM
(YHKIIMY MUTOXOHIPUI CTBOJIOBBIX KJIETOK KUIIIEeY-
HOTO 3MUTEJINS MOXET CHUXaTb 0apbepHYyI0 (hyHK-
LU0 KUIIIEYHOTO 3MUTEIINS 32 CYET HapyIIeHUs IIPO-
LIECCOB CAMOOOHOBJICHUS.

OauH M3 MEXaHU3MOB PETYISILIMU KJIETOYHOTO
MeTabdoar3Ma B YCJIOBUSIX CHUXKEeHUST ypoBHSI ATP —
aktuBauuss AMP-aktuBupyemoit kuHasel (AMPK).
DTa KMHa3a CTUMYJIMPYETCsl B OTBET HA MOBBIIIICHUE
ypoBHs1 AMP nipu cHuxeHuu konndectBa ATP, mocie
Yero oHa CITOCOOHA BIMSITh Ha PETYJISIIINIO METa00 N3~
Ma, COCTOSTHME ITUTOCKeJIeTa, CUHTE3 OenKka 1 ayToda-
ruto. B kumeuynrnke AMPK nHrubupyer ATP-3aBucu-
MBI TIEPEHOC MOHOB, a TakXke CHUHTe3 0enkoB [39].
Cuuraetcs, yto aktuBanuss AMPK Bener K coopke
IUIOTHBIX U aAre3UBHBIX KOHTAKTOB, a TAKXKE IPEIISIT-
CcTByeT (hoCc(OPMIMPOBAHMIO JIETKOM e MUO3MHA
U CXaTUIO aKTOMHO3MHOBOTO KOJbliAa, TEM CaMBbIM
yMEHBbIIIasl ITapale/UIIoJISIpHYIO IIPOHUILIAEMOCTb KH-
me4yHoro snurenus. Ilpyu yBeandeHUM BHYTPUKIIC-
TOYHOI KOHLIEHTPALIVM KaJIbIIUSI U AaKTUBALIMY KU HA-
31 CaMKK2 mnpoucxomgur dochopunupoBaHue
AMPK [56]. 3ammTtHbiil 3pdpexkt AMPK npoaemMoH-
CTPUPOBAH B HECKOJBKUX MOACISIX UHAYLIUPOBAHHO-
ro KOJIUTA Y MBIIIE 1 Ha KJIeTKax KyJabTypbl Caco-2
[57, 58]. Kpome Toro, moka3aHo, yto AMPK crmoco0-
cTByeT UM depeHINPOBKE KJIETOK KUIIICYHOTO AU -
TeJIUS 32 CUET MHAYKIIUY SKCIIPECCUM TPAHCKPUIIIIM -
oHHoro ¢akrtopa CDX2 [59]. Takum oOpa3om, B
KJeTKax kuiiegHoro anuteauss AMPK yyacTtByeTr B
Ne 6
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Taomuua 1. Posb sHepreTryeckoii pyHKIIMK MUTOXOHAPUIA B matoreHeze B3K

MuiiieHb Bo3zneiictBue/mMonenb DbdexT Ccrhuika
Kommnonentsr DT | [TauuenTtsl ¢ B3K CHMKEHUE IKCITPECCUN [38]
KowmmonenTsr OTL | HoknayH B kiteTkax armmrtenus Kuiied- | CHukeHHe TIpoandepaliy CTBOJIOBBIX KJTe- [53]

HUKa 1po30DUTbl TOK KUIIIEYHOTO SITUTEIIUS
KowmmonenTtsr 9T | AHTUMMILIVH, OJIMTOMUIIMH, pOTeHOH, |IlepepacnpenencHue n U3MeHEeHNE DKCIIPEC- [44, 47]
n ATP-cunTasza CCCP?, nuepuueany A cuu ZO-1, mepepacnpeneseHue KiayauHa-7,
yBeJMYeHUE TTPOHUIIAEMOCTH MOHOCIIOS
OXPHOS u ATP KoHmiacTuyeckyie MBILLIY C pa3HbIM CHMXXeHUE BhIPaKEHHOCTH KOJIUTA, MOBBILIIE- [54]
MUTOXOHAPUAIBHBIM TEeHOMOM HUe Tposiudepalii SHTEPOLUTOB
ATP JHC-nHnyuMpoBaHHBIA KOJUT B CHMXXEHHE YPOBHS [38—43]
MBIIIIMHOM Moaenu, manueHTs ¢ B3K
MT-ND4 Myramun Acconuanus ¢ puckoM pa3putus B3K [43]
B-okucnenue 2-0pOMOKTaHOAT HATPUSI PazButue konura [49]
KUPHBIX KMCJIOT
SLC2245 Myramun Acconuanus ¢ puckoM pa3putus B3K [48]
PPAR Makaku, 3apaxkeHHble SIV CHIXeHNE aKTUBHOCTU [44]
AMPK MetdopMuH (in vivo u in vitro), 6-gin- | CHUXEHHE TSXKECTH TeYEHUST KOJIUTa, yBelu- | [57—59]
gerol (in vivo u in vitro), AICARP (in YeHUEe DKCITPECCUM OCJIKOB MIOTHBIX KOHTaK-
Vitro) TOB, CHVKEHUE MTPOHULIAEMOCTH, CHUKEHUE
MPOIYKIIMU TTPOBOCTAIUTENIbHBIX IUTOKUHOB

8 CCCP (carbonyl cyanide m-chlorophenylhydrazone) — kap6oHUILMaHU #1-XTOPMEHMITUAPAZOH).
Y AICAR (5-aminoimidazole-4-carboxamide- 1-B-D-ribofuranoside) — 5-amuHonmMunason-4-kapookcamu- 1 -B-D-pubodypaHosu.

MeXaHU3Me OOpaTHOU CBSI3U, TOPMO3SI MPOLIECCHI,
Tpeldytone ATP, u crabuiausupysl TUIOTHbIE KOH-
TaKThl, IPEIISITCTBYS TEM CaMbIM JaJbHEHIIeMy pa3-
BUTHIO TUCHYHKIIMH SIUTEINATILHOTO 6apbepa B OT-
BET Ha DHEPreTUYECKUil cTpecc. DTOT MeXaHU3M —
JIOTIOJIHUTEIFHOE IIOATBEPXKACHUE PO SHEpPreTh-
YeCcKOM (PYHKIIMU MUTOXOHIPU B TTOIEP>KaHUN Oa-
PbepHOI (PYHKIIUU KUILIEYHOTO SMUTEIUSI.

Ha ocHoBaHMU 3THUX TaHHBIX MOXKHO 3aKJIOUYUTh,
YTO HapylleHWE IHEPreTuueckKoil yHKIIMU MUTO-
XOHIIpUM B KuilledHoM snuteaun npu B3K moxer
MPUBOAUTH K HAPYLIEHUIO CTPYKTYPbI TIJIOTHBIX KOH-
TaKTOB PHTEPOLIUTOB, CHUXEHUIO Mpojudepanunu u
I depeHIMPOBKU CTBOJIOBBIX KJIETOK KWIIIEYHOTO
SIUTENS, YTO UrpaeT KpUTUUECKOEe 3HAUYCHUE IS
BBITIOJTHEHUSI OapbepHON (PyHKINU. DKCIEpPUMEH-
TaJIbHbIE TaHHbIC, AEMOHCTPUPYIOLIIUE POJIb SHEPTe-
THYecKo (yHKuMKU MuToxoHapuit npu B3K, cym-
MUPOBaHBI B Ta0. 1.

OKUCJIUTEJIbHBIN CTPECC ITPU B3K

OcHoBHag yactb ADK B MUTOXOHIpUsIX 00pa3y-
I0TCS B pe3yibTare pabothl KomiuiekcoB [ u 111 OTLI;
npu 3ToM nponykiuust MTADK 3aBUCUT OT MHOTMX
¢$akTOpPOB: KOHILIEHTpALIMU KUCJIOpOaa, MHTEHCUB-
HOCTU AbIXaHus, KoHueHTpaunun Ca’t, MUTOXOHIpU -
ajibHoro Mem6paHHoro noteHuuama (A¥Ym). B Muto-
xoHapusax ADK o6pa3yloTcs TakKe B pe3yJibTaTe pa-
0OTBI JeruaporeHas B MaTpuKce, Oenka p66Shc
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(n3odpopma 6enka SHC1 — Src homology 2 domain-
containing) transforming protein 1) B MmexxMeMOpaH-
HOM MPOCTPAHCTBE, MOHOAMUHOOKCHU/Ia3bl BO BHEIII-
Heit MmemOpaHe. B DTl MuTOXOHIPUiIT MOCTOSTHHO
MPOUCXOAUT yTeyKa 3JIEKTPOHOB, OOBIYHO B (hopme

cynepokcuaa (O,) WM TMAPOKCUIIBHOIO paaukasia
(*OH). OnHako B KJETKE CYIIECTBYIOT aHTUOKCHU-
JIAaHTHBIC 3alllUTHBIC PETYISITOPHbIE MEXaHU3MBbI.
OOblyHO O, HeEUTpanu3yeTcss MUTOXOHIPUATBHOMN
MapratieBoi cynepokcuaaucmyrta3oi (MnSOD). B
pesyJibTaTe 3Tol peakliuu oopa3yercsl NepeKuch BO-
nopona (H,0,) u MosieKyJasipHBI KUCI0pOI, Jajee
H,0, HeiliTpanusyercs: non AeiicTBueM Katajiasbl. K
JIPYTUM  MUTOXOHJIPUAJIBHBIM aHTUOKCUIAHTHBIM
CUCTeMaM OTHOCST THOJICOAEPXKAIIUN TPUTNESTITHI
JIyTaTUOH, OEIKU TMOPEAOKCUHBI U DIyTapeloKCH-
HbI, (hepMEHThI IIyTaTUOHPEAYKTa3bl, THOPEIOKCH-
HOBBIE IIEpOKCUIA3bl (IIEPOKCUPEAOKCHUHBI). DTHU
¢dhepMEeHTbl UTPAIOT BaXKHYIO POJib B TMOAAEPXKAHUU
OKUCJIUTEJIbHO-BOCCTAHOBUTEIBHOIO CTaTyca MUTO-
XOHAPUWA, 3aluIlas OpraHUYeCKrUe MOJEKYJbl OT
okucineHust ADK [60—63]. Hapymenue OanaHca
Mexay npoaykuueii MTADK 1 nx HelTpanusauuei
CUCTeMOI aHTUOKCUJAHTHOM 3alllUThl MPUBOIUT K
Pa3BUTHIO OKHCIUTEBHOTO CTpecca.

Bce OGomplile maHHBIX CBUIETEIBCTBYET 00 yda-
CTHUM OKUCIUTENbHOTO cTpecca 1 MTA®K B narore-
He3ze B3K. Bo mMHormx padorax BBISIBJIEHBI ITOBpE-
xneHus MTJIHK, GenkoB nmurockenera M JUMUAIOB,
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CBSI3aHHBIE C OKHUCJIUTEIbHBIM CTPECCOM B CIMU3M-
CTOI1 000J104YKe KUIIIKU B 0Opa3uax manueHToB ¢ B3K
Y B MBIIIMHBIX MOIEJISIX; IIPU 3TOM B CIM3UCTOI 000-
souke ypoBeHnb ADK 651 rtoBbineH [64—67]. C no-
MOIIbIO MarHUTHO-pPE30HAHCHOI ToMorpadum ¢
ycuneHneM OBepxay3epa ObLIO IT0Ka3aHo, YTO Ha Ha-
yanbHBIX cTagusax pa3sutus JJCH-uaIymmpoBaHHO-
ro koyuta y Mbiteit APK nmpoayuupyroTcs BHyTpU-
KJIETOYHO B IUCTAJIbHOM M IIPOKCUMAJILHOM OTJIeIax
TOJICTOM KMIIIKM, B TO BpeM: KaK Ha 0oJjiee MO3THUX
cranusix pa3Butus natojorun AOK npoayuupyrorcst
KaK BHYTPUKJIETOYHO, TaK M BHEKJIeTOUHO. boee To-
ro, ObUIO IPOAEMOHCTPUPOBAHO, YTO OKMUCIUTEIIb-
HO-BOCCTaHOBUTEILHBIN AMCOaTaHC BOZHUKAJ e1lie 10
Havana paszButus JCH-uHaynupoBaHHOIO KOIMTA,
MPEIIIeCTBYSI BOCHAIUTEILHBIM M3MEHECHUSIM CJIM3U-
CTOI 000JI0YKHM TOJCTOM KUILKHU [68]. ¥V MblllIeii ¢ ae-
¢uumTomM mryratmoHnepokcunasbl-1 (GSHPx-1) u
miytatuoHnepokcunasbi-2 (GPRP-2), cnenmduaHoi
JUIST KUIIIEYHOTO 3IUTENMSI, PETMCTPUPOBAIN Kak I0-
BBIIIIEHHBII YPOBEHb OKHCIIMTEILHOIO CTpecca B TOJI-
CTOM KHIIIKE, TAK Y MPU3HAKN pa3BUTHs Konura [69]. ¥V
MBIIIEN ¢ neduiuToM 6eKa BHYyTPEHHE MeMOpaHbI
mutoxoHapuit UCP2 (uncoupling protein 2) — Hera-
TUBHOTrO peryasatopa MTAD@K — pa3BuBajcst TSKEJIbIN
JCH-unnyuupoBaHHbIii Koot [70].

IMo-Bunumomy, MTADK MoryT yyacTBOBaTh B pery-
JISIUMKM O6apbepHOU (DyHKIUM KMIIEYHOTO SMUTEMS,
HETIOCPEICTBEHHO BJIMSISI HA TUIOTHBIE KOHTAKThI. TaK,
B MOJEJISIX HAPYIIEHUs 1IEJIOCTHOCTU MOHOCOS KJIe-
TOK KuieuyHoro snutesnst Caco-2 ¢ momoinso JJCH
1 OCMOTHYECKOTO CTpecca, a TAKKe MEeXaHMYeCKOIO
pacTsLKeHUsT ObLIO ITPOASMOHCTPUPOBAHO ydacTHe
MTAD®K B niepepacnpeneneHuu okkioauHa u ZO-1
W3 TUIOTHBIX KOHTAKTOB BO BHYTPUKJIETOUHBIE KOM-
MapTMEHThI, YTO MPUBOINJIO K HAPYIIEHUIO CTPYKTY-
pbl MEXKJIETOUHBIX KOHTAaKTOB. MHorue ¢GopMbl
A®DK BoBleUYeHBI B pa3pylleHUe TUIOTHBIX KOHTaK-
TOB ITOCPEACTBOM IEPECTPOMKM aKTUHOBOIO IIUTOC-
KeJleTa, YTO MPUBOAUT K YMEHBIIEHUIO €ro B3auMO-
JIEeHCTBUS ¢ OKKMOIMHOM, ZO-1 1 TSDKeIol 1LIeIbio
muo3rHa. bojsiee Toro, A@K crnocoOHbI HamnpsiMylo
OKWCJISITh U MIOBPEXIaTh akTUH U TyOysmH npu B3K,
YTO MOXKET HapyllIaTh HOPMAJIbHYIO OPraHU3aLINIO Y-
Tockesieta [67]. Bce 3TO BbI3bIBAET MOBBILLIEHUE Tapa-
LIEJUTIOJIIPHOI TIPpOHMIIAeMOCTU snuTenusi. Kpome
TOTO, IEPEKUCh BOAOPOJa, KOTOPasl MOBHIIIAET YpO-
BeHb BHYTpUKIETOUHbIX ADPK, usmensier ¢pochopu-
JIMpOBaHUE Y JTIOKaIM3a11io okKKiItoauHa u Z0O-1, Hapy-
II1asi TeEM CaMbIM 1I€JIOCTHOCTD IUIOTHBIX KOHTAKTOB, U
dochopunupoBanue B-KaTeHUHA, YTO MPUBOIMUT K Jie-
CTabWIM3alMK aAre3MBHBIX KOHTAKTOB M3-3a Iepepac-
npeneneHus: E-kanrepuna [71]. B Mmoaensix Hapylie-
HUS 0apbepHOUN QYHKIIMY KUIIIEYHOTO STTUTEINS TTOT,
neiictBueM ocMoTudeckoro crpecca u JICH mnokaza-
HO, uTo cHukeHue MTADK ¢ moMolbpio HOKAayHa
Ca?*-kananos Cavl.3 u TRPV6 niu aHTHOKCHIAHTA
Mito-TEMPO npenorBpaiago paspynieHue TIoT-
HBIX KOHTaKTOB [72].
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W3 stux nanubix caeayet, yto ADK Moryt Hapy-
IIaTh HOPMAJIbHYIO CTPYKTYPY IUIOTHBIX KOHTAaKTOB,
YTO MPUBOIUT K IUCHYHKINU GapbepHOil (QYHKINU
KMIIEUYHOTO 3nuTesiusg. OIHAKO TOYHbIC MEXaHU3MBbI
3TOTO Tpoliecca Moka HeU3BECTHHI.

3anuTHbll 3¢ ¢GeKT HaleleHHbIX Ha MUTOXOH-
npun antnokcugantoB MitoTEMPO u MitoQ mpo-
JIEMOHCTpUpPOBaH Ha pa3nudyHbIX moaeisx B3K. Tak,
npumeHeHue MitcTEMPO npu JCH-uHnyuupo-
BaHHOM KOJIUTE TIpeloTBpallajio HapylleHue Oa-
pbepHOI (YHKUMHU SMMUTEJINS U TPUBOIUIO K MEHEe
BbIpakeHHOMY BocHajieHWuto Kulku. Kpome Toro,
MitocTEMPO cHuxan npu3HakKM OKUCIUTEIBHOTO
cTpecca B 6uonTarax CJIM3UCTON OOOJIOUKU KUILIKU
ot namueHToB ¢ BK [27]. AHTHOKCHUIaHT MitoQ 3a-
LML OT WIEOKOJIWTA Mblllieii, HOKAyTHBIX MO Ty~
TaTuoHIiepokcugazam-1 u -2 [73]. Takxke MitoQ
ocnabsin JCH-uHaAylMpoBaHHBIN KOJIUT Y MBILIESH.
IMTokazaHo, yTo 3auTHbIN 3PP ekt MitoQ cBsizaH co
CHUXXKeHUEeM akTuBaluu mHpiammacombl NLRP3 B
WMMYHHBIX KJIETKaxX, KOTopasi UrpaeT KpUTUUECKYIO
pOJib B CEKPELIMU MPOBOCHATUTEbHBIX IIUTOKUHOB
IL-1B u IL-18 [74]. Mbiuu ¢ gedunmrom NLRP3
OKa3aJIMCh YCTOMYMBHI K KOJIUTY, Bbi3BaHHOMY JICH
[75]. Panee HamMu mokasaHo [76], 4TO TIpUEM MUTO-
XOHApHUAJIbHOHAIIpaBJIeHHOTO aHTUOKcuaaHTa SkQ1
npenotspaiaet pazsutue JJCH-uHIyuupoBaHHOTO
KOJIMTa Y MbIlIEH U pa300pKy MIOTHBIX KOHTAKTOB B
KJIeTKax KulilleyHoro anurteaus Caco-2.

A®K MoryT BBICTYIIaThb B KayeCTBE BTOPUYHBIX
MECCEeHKEPOB MpU Tepegaye BHYTPUKIETOYHBIX
CUTHaJbHBIX ITyTeit, B ToM yncie NF-kB, urpatoie-
ro BaxkKHYIO pojib B matoreHe3e B3K. B mopaxkeHHBIX
TKaHSIX TOJICTOM KuIKU TMauueHToB ¢ SAK akTuB-
HocTh NF-KB-curHammHra moBhIlIeHa, a OJoKama
akTuBHOCTU NF-KB cuutaercs neiicTBEeHHbIM METO-
noM JieyeHus SAAK [77]. B aTom ciayyae UMEHHO OKMC-
JINTEJIbHBIN CTPEeCcC MOXET aKTUBUPOBATh KUHA3Y UH-
ruoutopa NF-kB IKK (I-kappa-B kinase 2) u ctu-
MyJUpOBaTh sAepHyI TpaHciaokanuo NF-kB,
MPUBOAS K 9KCIPECCUU MPOBOCMATUTENbHBIX LIUTO-
kruHoB TNF-a, IL-1, IL-8 B anuTenuaibHbIX KJIET-
Kax KHUIIIEYHUKA, YTO CITIOCOOCTBYET Pa3BUTUIO BOC-
naneHus [78—80]. Crout otmeTuth, uTo NF-KB mr-
paeT HEOAHO3HAYHYIO POJIb B KUIIIEUHOM 3MUTEIUU.
C omHOI CTOPOHBI, OH HEOOXOAUM ISl HOPMaIbHOTO
CaMOOOHOBJICHUSI KWILIEYHOIO SIUTEIUS, C APYyrou
CTOPOHBI, €r0 M30BITOYHASI MM HEYMECTHasl aKTHBa-
LIMSI MOXKET HA00OPOT CHU3UTH OapbepHYIO (DYHKIIMIO.

Takue aHTUOKCUAAHTBI, KaK aCKOPOMHOBAsI KMCJIO-
Ta ¥ TPUTEPIIEHOU I OJIeOHaHOBOTO psiaa (2,3,19,23-tetT-
paruapokcuoseaH- 12-emn-28-oBast KUCI0Ta), CHUKAIOT
JACH-uHAYyIIMPpOBaHHBIN KOJIUT in vivo 3a CYET CHU-
xeHud aktuBHocT NF-KB 11 moBeIlIeHNnsT 3Kcmpec-
cuM OeJIKOB, YYaCTBYIOIIMX B aHTUOKCUJIAHTHOM 3a-
mure KieTok [81, 82]. DTu maHHbIC JOMOJIHUTEIBHO
JIOKa3bIBaIOT Haymmare ¢BsI3u Mexny NF-kB 1 okmc-
JIUTEJIbHBIM cTpeccoB npu B3K.
Ne 6
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Taommua 2. Pojib OKUCIUTEIBHOTO cTpecca B matoreHe3e B3K

MuieHb BosneiictBue,/Monenb Dddexr Cchuika
JHK, nunuael, 6eaku IMamumenTs! ¢ B3K Oxucnenue JJHK, 6e1koB 1 1unuaoB [64—67]
ADK JCH-uHayuupoBaHHBI KOIUT, | OKMCIUTEBbHBIN CTpecc [27, 67, 68]
nauueHTsl ¢ B3K
AXTUH JICH, Mexanunueckuii u ocMotu- | Okucienue non aeiicreueMm ADK, HapylieHue [67]
YecKUii cTpecc CTPYKTYpPHI LIUTOCKEJIETA
OxkkionuH, ZO-1, B- H,0, in vitro dochopumipoBaHreniepepacnpeaeaeHueoe - [71]
KaTeHUH KOB IJIOTHBIX U aIT€3UBHBIX KOHTAKTOB, YTO
MPUBOAMT K IECTAOMIIN3ALIUY DTUX TUTIOB MEX-
KJIETOUHBIX KOHTAKTOB
AHTHOKCUIAHTHEIS INammenTsr ¢ B3K CHIKeHIE KOJIMYeCTBA 3TUX aHTUOKCUIAHTHBIX [64]
depmenter GPx1, SOD (hepMEeHTOB
AHTUOKCUIAHTHBIE HoxkaytHbie 11o Gpx 1, Gpx2 mbiii| OKMCIUTENTbHBIN CTPECC B TOJICTOM KUIIIKE, pa3- [69]
depmenter GPx1, GI- BUTHE KOJIATA
GPx?
ucp2 JCH-uHaynrpoBaHHBIN KOIUTY | Boiee Tsokenoe TedeHre KOJINTa, YeM Yy MBI [70]
MBIIIIEH, HOKAYTHBIX 0 reHy Upc2| IMKoro TuIia, epepacnpeaeacH1ue OeIKOB II0T-
HBIX KOHTaKTOB
MTADK Hoxknayn Cavl.3 u TRPV6, Mito-| Cuuzkenne ADK u npenorBpallieHUe pa3pyliie- [72]
TEMPO na done netictust JICH | HUS TITIOTHBIX KOHTAKTOB
(in vitro)
MTADK Mito-TEMPO Ha ¢one JCH- CHUXXEeHME OKMCTUTEIbHOTO CTpecca U Bocraie- [27]
WHIYLIMPOBAHHOTO KOJIUTA WKW | HUSI KMIIKU
B3K uenoBeka
MTADK MitoQ B monenmu ICH-unnynu- | [IpenorBpaliieHre IaToJIOTMYeCKIX U3MEHEHUI [73]
POBaHHOTO KOJIMTA U KOJIUTA Y B KUIIIKE U PA3BUTHS KOJIUTA
MBIIIIEii, HOKAyTHBIX 0 Gpx 1,
Gpx2
MTADK SkQ1 in vitron B Mmonerm JICH- | [IpemoTBpaliieHre pa3BUTHSI KOJIUTA U pa300pKU [76]
WHIYyLIMPOBAHHOTO KOJIMTA TUTOTHBIX KOHTAKTOB

2 GI-GPx (gastrointestinal glutathione peroxidase) — racTpOMHTECTUHAIbHAS T'YTATUOHIIEPOKCUIA3A.

Kpome toro, AOK Moryt akTMBUpOBaTh KMHA3bI
MAPK, Takxe urparoliiie KpuTUYECKYIO POJb B BOC-
najuTeJIbHOM curHaymHre. AktuBanss MAPK-kuHa3
p38 u JNK BosieueHa B riporpeccupoBanue AK [83].

Croutr orMetuth, 4yto MTADPK yyacTBylOT He
ToJbKO B naroreHe3e B3K, HO 1 HeoOXoauMBI IJIst
HOPMaJILHOTO (DYHKIIMOHUPOBAHUSI U OOHOBJIEHUS
KUIIEYHOTOo anuTenus. Tak, conyTCTByOIasl HU3Kast
aKTUBHOCTb aHTUOKCHUJAHTOB KaTaja3bl U CylIepOK-
cuggucMmyTtasbi-2 (SOD2) MoXeT IIpencTaBiIsiTh CO-
00i1 OAHY M3 OCHOBHBIX MPUYUH aMONTOTUYECKON
rudeny anukajlbHbIX dHTepoluToB. ITokazaHo, 4TO
curHayibHbIe TyTH Notch u AKT, urpamoiime BaxXHy
poJib B (POPMUPOBAHUN KPUIIT B KYJIbTYPE KUIIIEUHbIX
opraHouaoB, MoayaupyoTcss MTADK [12].

Wcxons u3 3T10r0, JJOTMYHO IPENNOJOXUTh, YTO
M30BITOYHBIN YpoBeHb MTADMK npuBOIUT K HapyIle-
HUIO OapbepHON (PYHKLUMU KHUILIEYHOIO SMUTCIUS U
yyactByeT B mmaroreHe3e B3K kak 3a cyer mpsmoro
BO3JICMCTBUS Ha TIOTHBIE KOHTAKThI, TAK U 3a CYET
Ne 6
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MOBBIIIEHUS] YPOBHSI CUHTE3a IPOBOCHAIUTEIbHBIX
LUTOKMHOB. VICcronb3oBaHNEe MUTOXOHIPHUATIbHOHA-
NpaBJICHHBIX AaHTUOKCUIAHTOB, CHUKAIOIINX KOJIHM-
yectBO MTADK, okas3pIBaeT 3alllUTHOE IEWCTBUE HaA
KMIIICYHBIN 3MUTEINIA, BOCCTAHABIIMBAS €T0 Gapbep-
HyI0 (PYHKIIMIO, YTO TTO3BOJISIET paccMaTpUBaTh WX
KakK MepCIIeKTUBHbIE TapreTHbIE MpenapaThbl IS Je-
yenusi B3K. Pesynbrarsl uccienoBaHuii, B KOTOPbIX
MMOKAa3aHO yJacTue OKUCINTEIbHOTO cTpecca B B3K,
CYMMMpPOBAHKI B Ta0JI. 2.

Hapsny ¢ AQK cyliecTBeHHYIO POJib B pa3BUTUM
B3K wurpator A@A. IlocienHue MpeacTaBisiiOT CO-
60i1 okcua azora (NO) U IIPOAYKTHI €ro METa0O0IN3-
ma. NO reHepupyetrcst pepmeHTOoOM NO-CHHTa30M
(NOS), katanuzupyolleit mpespalieHue L-apruHu-
Ha B L-turpymimH. CyliecTByeT HECKOJIBKO M30-
dopMm NOS, B TOM unciie MUTOXOHApHUaIbHasA. ADA
o0pasyrorcs B pesyJibrare B3aumoneiicteus NO ¢ O, .
ADA, ananornyHo ADPK, oka3bIBalOT ITOBpPEXIAI0-
1Iee BO3JASUCTBUE HA OPraHUYECKUE MOJICKYJIbI KJIET-



8 YEPHSIBCKWM u np.

KM, TaKre Kak murmabsl Mmemopan, JIHK u 6enkn. M3-
6b1ToK ADA MpUBOAUT K Pa3BUTUIO HUTPO3aTUBHOTO
cTpecca 1 BOBJIEYEH B MEXaHU3M Pa3BUTUSI OKUCITU-
TeJbHOro crpecca. CTOUT OTMETUTb, YTO OKMCIIU-
TEJIbHBIA U HUTPO3AaTUBHBIN CTPECCHI JIEXKAT B OCHOBE
MHOTUX 3a0oJieBaHMii, MPOTEKAIOLIUX Ha (poHE BOC-
najeHus [63, 84—86].

V manumenToB ¢ B3K meTeKTnpyioT MOBBIIIIEHHBI
YpPOBEHb HUTPUTOB/HUTPATOB B TlJIa3Me KPOBHU, TO-
BBILIEHHYIO aKTUBHOCTh NOS B O1onraTax o0pa3ioB
ot mmaueHToB ¢ AK m BK [87]. D10 mmonTBepxmaer
posib ADPA B natoreHesze B3K. ADA BAUSIIOT Ha TIPO-
HU1IaeMOCTb KUIlIeYHOro 6apbepa, UHIyLUPYS ano-
MTO3 HTEPOLIMTOB M HEKPO3, a Takxke Hapylias
CTPYKTYpPBI IJIOTHBIX KOHTAKTOB [88]. bojiee moapo06-
Ho ¢ poibio ADA B matoreHese B3K MoxHO 03HAaKO-
MUTBCS B 0030pax [8§9—92].

POJIb IMHAMUWKHN 1 TOMEOCTA3A
MUTOXOHAPHWUN B PASBBUTHHN B3K

PacTer 4ymciio CBUAETENILCTB POJIM HapylIeHUs
JIUHAMUKU U TOMEOCTa3a MUTOXOHAPUI B MAaTOreHe-
3¢ B3K. [oMeocTa3 MUTOXOHIpMIT B IEPBYIO OUYEPEIb
ornpezessieTcss 6ajaHCOM MPOLECCOB MUTOGAruu 1
OuoreHe3a MUTOXOHAPUIL, a TaKXe OIOCpPeIOBaH-
HBIM IIIalIepOHAMU MUTOXOHAPUAILHBIM OTBETOM Ha
HEIMpaBUIbHO CBEPHYThIE OEJIKU, B pe3yjbTaTe 4ero
MMPOUCXOAUT YCTpaHEeHUE NeMEKTHBIX MUTOXOHAPUIA
1 OOHOBJIeHUE UX ITyJia. HapyliieHUsI 3TUX ITpo1ieccoB
MOTYT IIPUBOAUTh KaK K HAKOIUIEHUIO Je(PEeKTHBIX
MUTOXOHAPUIL, TaK ¥ K HETOCTATKY HOPMAJIbHBIX Op-
TaHEeJLI.

V o6onpuBIX AK B mepuon pemMuccun, IIpu KOTO-
poii 3abojieBaHNE OrPaHUUMBAECTCS TUCTATBHBIM OT-
nejioM Tojctoil kuiku, S. Hsieh u coasr. [35] Ha-
Oromany CHMXKEHHME SKCIPECcCHM OeJiKa-IariepoHa
MPOXUOUTUHA, JIOKAJIU30BAHHOTO Ha BHYTPEHHEM
MeMOpaHe MUTOXOHIPUIT U PeryJIMpyIOIIero MHOTI1E
X QYHKIINHY, B TOM YMCJIE IPAaBUIBHYIO COOPKY KOM-
tiekcoB OTL. A. Theiss u coaBT. [93] oOHapyXuIu
CHIDKEHUE YPOBHS IIPOXUONUTHHA B KUIIIEYHOM SITUTE-
Jmu maureHToB ¢ bK, a Takke B KMIIIEUHOM 3IUTEINN
MBIILICH B HECKOJIBKMX MOJIEJISIX SKCIIEPUMEHTATbHOTO
kommta. IlokazaHo, YTO B YCIIOBUSIX OKMCJIMTEIHLHOIO
cTpecca BKCIOpeccHs] NpOXUOMTHMHA CHIDKAJIACh, a
CBEPXAKCIPECCUST MPOXUMOMTHHA MpeaoTBpalaia Ha-
pylIeHre IPOHUIIAEMOCTH KJIETOK KUIIIEYHOTO SIIUTE-
s yenoBeka Caco2-BBE. D. Jackson u coaBT. [94]
MOKa3ajiv, YTO Y MbIlIel C A1e(DUIIUTOM IMTPOXMOUTUHA
B SIUTEINAJIBHBIX KJIETKAX KUILIEYHMKA IIPOUCXOI~
JIO CIIOHTAaHHOE Pa3BUTHUE BOCHAJICHUS KUIIIEYHUKA.
HapyimeHust yapTpacTpyKTypbl MUTOXOHIPUI U OT-
BET Ha HEIIPaBWJILHO CBEPHYTHIC OEJIKM Pa3BUBaJINUCh
yepe3 HeAero MOocje AeJIelIMM TeHa NpOXWOMTHHA.
OnHoBpeMEeHHO Haboaaaach akTuBalvs UHGIam-
macoMbl NLRP3 mox peiictBMeM MUTOXOHAPHAJIb-
Hbix ADK, BeiencTBre 4ero yCHMIMBaaach CEKpeLst
MMPOBOCTIATUTEIbHBIX HIUTOKMHOB. MitoTEMPO Tak-
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K€ HUBEJMPOBaJ IIPU3HAKM MUTOXOHIPUATLHOMN
IUCHYHKIMU U BOCITAJICHUSI KUILIKWA y MBbIIIEi, ae-
GuIUTHBIX 110 TpoxuouTUHY [94]. Takum obGpazom,
KOppEeKTHas1 paboTa MUTOXOHAPHUAJIHLHOTIO LIallEpOHa
NpOXUOUTHHA 0OecneurBaeT LEeJIOCTHOCTb DITUTEIU -
aJIbHOIO Oapbepa 3a cYeT MpeaoTBpalleHus 00pa3o-
BaHust MTADK.

B ciyyae cIMIIKOM aKTMBHOTO HAKOTUJIEHUST HE-
MpPaBUJbHO CBEPHYTHIX OEJKOB M HECIOCOOHOCTHU
1IaTIepPOHOB CIIPABUTHCS CO CTPECCOM MUTOXOHIPUU
rmoaBepraroTcs (pparMeHTaAIMU U JaJbHENUIIIE MUTO-
daruu [95]. OcHOBHYIO POJIb B Ipoliecce ApOOICHUS
MUTOXOHIPUI UTpaeT TMHAMUHMNOAOOHbBIN OenoK-1
(DNMI1L). 3HauntenbHoe cHuXeHrne AYm 1 u3obi-
TouHasi mpoaykuusi MTADPK cuutaloT npusHakoM
IUCGhYHKIIMU MUTOXOHAPUI U CUTHAJIOM JIJISI CUCTEM
KOHTPOJISI MX KauyecTBa, B YAaCTHOCTU CHUCTEMBI
PINKI1-Parkin, koropast obecrieuBaeT M30MpaTeib-
Hylo ayTodaruio (MuTodarmio) aeheKTHBIX MUTOXOH-
npuii [60, 96, 97]. K oCHOBHBIM peryisiropaMm 6uore-
He3a MUTOXOHApUiIT oTHocuTcst 6enok PGC-1a: oH
3amnyckaer npoJjimdepaliio MUTOXOHIPUIA, YTO BOC-
CTaHaBJMBAET UX KOJIMYECTBO Ha (poHE MUTODATUU.
bananc mexny mutodarueil neheKTHbIX MUTOXOH-
JIpYi1 ¥ OMOT€HE30M HOBBIX OpraHeslsl — Heo0XoAUMOoe
ycioBue roMeocrasa. IlomaepkaHue HOPMaJbHOTO
COCTOSIHUSI TTyJIa MUTOXOHIPUIT 0OecrieunBaeT aaeK-
BaTHbBII KJIETOYHbIN OTBET Ha MeTabOJIMUYEeCKHUE W3-
MEHEHMUS U CTPECC, a TAKXKE UX aAalTUBHYIO POJib BO
BHYTPUKJIETOUHBIX CUTHAJIbHBIX MyTsAX [95, 98, 99].
Hapyiienusi storo mpoiecca MOBBIIIAIOT YyBCTBU-
TEJBbHOCTD KJIETOK K TTOBPEXIAIOIIMM BO3AECHCTBUSIM U
CMOCOOCTBYIOT Pa3BUTHIO OAphePHOU AUCHYHKIIVH.

Apo6GneHrne MUTOXOHAPHUI YAaCTO TIPEIIIECTBYET
mutoparun. Ilokazano, yro npu JCH-ungynmpo-
BaHHOM KOJIUTE B KMILIEYHOM DITUTEJIMU MBILLIENA YCU-
JIEH mpolecc APOOJEeHNUST MUTOXOHIPUIA, a UHTUOU-
poBaHUe ¢parMeHTalUd MHMTOXOHIPHUI CHUKAIO
npu3Haku koauta [100].

MNHBa3us 6akTepuil B KIETKU KUIIIEYHOTO 3MTUTE-
JIVSI IPUBOAUT K HAPYILIEHUIO TOMEOCTa3a MUTOXOH-
npuii. Tak, IToKa3aHo, YTO BO3AEUCTBUE MHBA3MBHO-
ro mrtamma Escherichia coli Ha MOHOCJION KJIETOK JIM-
Huu T84, B oTiMune OT HEMHBA3MBHOIO, BHI3EIBAJIO
DNMIL-3aBucumyio @parMeHTallMi0 MWUTOXOH-
npuii, BeIxon uutoxpoma C B LIUTOIIA3MY, CHIUKE-
e AWYm u xonnmuectBa ATP. Bojiee Toro, mHBa3suB-
HbI€ 0aKTepUM CHIDKAIM 9KCIIPECCHIO T€HOB, HEOOXO-
JUMBIX JJIsI CTASTHUSI 1 OMoreHe3a MUTOXOHapuii: OPA 1
u PGCIA. B atoMm ciiyyae uuruouropel DNM 1L, Takue
Kak Mdivil u P110, cHmkanm pparMeHTalaIio MUTO-
XOHJPUI JIMIIIb HA KOPOTKUi1 Tepuron BpemeHu. Bos-
MOXHO, 3Ta HECIOCOOHOCTh ITyJia MUTOXOHOPUIA
MOMIEPXXUBATh CJIUTHOE COCTOSHUE OOBSICHSIETCS
CHIDKEHHBIM conepxXaHueM (aKTopoB, HEOOXOIM-
MBIX JIJISI OMoTeHe3a U ciustHus MutoxoHapuii (OPA1
n PGC-10) Ipy mOCTOSTHHO ITPOMCXOASIIE M30bI-
TOYHOI (parMeHTalMu U Mutodaruu. Heobxomm-
Ne 6
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MOCTh MHTEpHAJIM3allu OaKTepUil B 3TOW MOOECIH
MOATBEPKACHA TEM, YTO TOJIbKO KMBBIE OaKTEpUH,
uMerolye nwin 1 Tuna, HeoOXoaMBbIe IUISI UHBA3UU,
BBI3BIBAJIM OoImMcaHHbIe BhIIe 3 dekTsnI [101]. Takum
0o0pa3oM, MHTEpHAJIM3alus 0OaKTePHUil B SHTEPOLIUThI
MOXET BBI3BIBAThb HApylIeHNE MUTOXOHIPHAIHLHOIO
romMeocTta3a Ha MOp(MOJIOTMIEeCKOM U (PYHKIIMOHATb-
HOM YPOBHE, UTO UT'PaeT pOJib Ha pAHHMX 3Tamax rna-
toreHe3a B3K. Tem He MeHee TOYHBIM MeXaHU3M
BIUSIHUS OaKTepuii Ha MUTOXOHIPUM HEU3BECTEH.
ITokazaHo nunib, yto 6enok EspF, xapakTepHbIit 11st
MAaTOTeHHBIX IITAMMOB E. coli, BbI3bIBa€T CHIZKEHNE
AW¥m [102], yTo MoxXeT ycrnuBaTh Mutodaruio. Eiiie
OIUH BO3MOXHBIII MEXaHU3M BJIUSTHUSI UHTECPHAIU-
30BaHHBIX OakTepuii Ha (pparMEHTALIUI0 MUTOXOH-
JPUii — MeXaHUYECKUE CUJIbI, TEHEPUPYEMbIE TBUXKY-
LIMMUCS BHYTPU 3yKAapUOTUYECKUX KJIETOK OaKTepu-
samu. Takue MeXxaHMYeCKHUE CHUJIBI MOTYT BbI3bIBAaTh
JIOKAJIbHYI0O aKTHBAlMIO CHUCTEMbI (parMeHTaluu
mutoxoHapwuii [103].

OTU gaHHBIE NoKa3biBaloT, YyTo npu B3K ycunu-
BaeTcs (pparMeHTaLMsI MUTOXOHAPUIA Y pa3BUBaCTCS
nx IuchyHKIONI, a MHTMOMpoBaHue pparMeHTallumn
MOXET 3aTOPMO3UTh pa3BUTUE KOJIUTA.

HapyieHuss Mutodaruu Takxke acCoLlMUPOBaHBI
C MOBbIIeHHO# BocnpuumumnBocThio K B3K. Tak,
noauMopdusM B reHe JRGM (immunity-related GT-
Pase family M protein), komupytomero GTPa3y,
YYaCTBYIOIYIO B PEryyjsiiuu (pparMeHTalluu MUTO-
XoHApU 1 MuTtodarnu, accounmponaH ¢ BK. MbI-
1Y C Aeeluei reHa Irgm nposiBASIIOT MOBBIILIEHHYIO
BOCHPUUMYMBOCTh K 3KCHEPUMEHTATbHOMY KOJIUTY
[104, 105]. Honumopdusm rena ATGI16L 1, urpato-
IIEr0 poJib B OOIIei ayTrodarmm, TakkKe CBsI3aH C
puckom pasputus BK [106]. Eciu ydecTb, 9TO MUTO-
daruss — 3T0 MexaHU3M YCTpaHeHUs AMCHYHKIIMO-
HaJIbHBIX MUTOXOHIPWIA, U3 TIPUBEICHHBIX BBIIIE
JIaHHBIX CTAHOBUTCS SICHO, YTO B naToreHe3 B3K Bo-
BJIEUEH MPOLIECC HAKOIUIEHUS NUCHYHKIIMOHATbHBIX
MUTOXOHOPUIA.

benok PGC- 10, urparomimii KpUTUYECKYIO pOib B
OuoreHe3e MUTOXOHIPUIA, BBICOKO 3KCIIPECCUPOBAH
B KMIlIeYHOM srmTesimu. Y mauueHToB ¢ B3K ero
akcripeccus cHukeHa [107]. B Toxxe BpeMst CTOUT OT-
METUTh, UTO B KPUIITAX, IAe HAXOISITCSI CTBOJIOBBIC
KJIETKU KMIIIEYHOTO SMUTEINSI, YPOBEHb SKCIIPECCUU
PGC-1o Hnu3kmit. Cunrtaercst, YTo B SHTEPOLUTAX 10
Mepe ux AuddepeHIIMPOBKU MOBBIIIAETCS IKCIIPEC-
cust PGC-10, 4To omnpenelsieT BBICOKYIO AbIXaTellb-
HYI0 aKTUBHOCTh MUTOXOHIPUIA, TIPY 3TOM HabJIro1a-
€TCS1 HU3KUU YPOBEHb aHTUOKCUIAHTHOW 3alllUThI.
D710 NpUBOAUT K HakoruieHuo MTADK u akTuBupy-
eT IIporpaMMy aroITo3a TepMHUHaTbHOTU(pOEpeH-
IIMPOBAHHBIX KJIETOK, YTO HEOOXOAMMO IS CaMOO0-
HOBJICHUSI Ku1lledyHoro snuTeus [108].

B ogHoM M3 mccienoBaHuii IIPOAEMOHCTPUPOBa-
Ha 3ammTHas poiib PGC-10 B mommep:kaHuy 6apbep-
HOI (byHKUMM KullledyHoro anuteaus u npu AK. ¥V
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nauueHToB ¢ AK u y mereit ¢ ACH-unnynmmpoBaH-
HbIM KosiutoM PGC-10 alieTunupyeTcst M HalpaBJisi-
€TCsI Ha IPOTEaCOMHYIO Aerpamalliio, YTO IPUBOIUT
K CHUZKEHUIO €T0 YPOBHsI. B aTOM ciiyyae MbIlIM, HO-
KayTHBbIE 110 Pgc /a B KUILIEYHOM 3MUTENNU, ObLIIU 00-
nee BocripunuMauBeI K JICH-uHIynimpoBaHHOMY KO-
JIUTY, @ MMUTOXOHIPUM TaKUX MBIIIEH MPOSBIISIIU
MPU3HAKU TUCHYHKIIMU, BbIpAaXEHHON B CHUXKEHUU
akTUBHOCTU KoMmIuiekcoB | u IV DTLI. dapmaxkoio-
rnyeckast aktuBanuss PGC-1o cHmzKana nmpusHakKu
KOJIUTa U BOCCTaHaBIUBaJIa MOP(MOJTOTUI0O MUTOXOH-
npuii. bonee Toro, moka3zaHo, YTO Y MyTaHTHBIX MBI-
III€ii TTOBBIIIIEHA IIPOHUIIAEMOCTD KMUIIIEYHOTO ATIUTE-
Jusl sl GaKTepuii, YTO CBSI3aHO C HapyllleHUeM B
9KCIpeccur 0eJIKOB IUIOTHBIX KOHTaKTOB. Ha ocHo-
BaHuM 3Tux gaHHbix K. Cunningham u coanT. [28]
MPUIIUIM K BBIBOAY, YTO cHUXeHue ypoBHsI PGC-1a
B KMIIICYHOM SIIMTEIMU CIIOCOOCTBYET HapYyIICHUSIM
CTPYKTYPbl U (DYHKIIMA MUTOXOHIPUI, TEM CaMbIM
BBI3BIBAsI CHUXKEHUE OapbepHOi (DYyHKIIMU U 00JIer-
Yyast TpaHCJIOKAIUIO OaKTEePUIl.

Bce »T0 mo3BonsieT 3aKII0UYUTh, YTO HapyILIEHUE
MUTOXOHIPUAIBLHOTO TOMEOCTa3a M HaKOIUICHUE
IVMCHYHKIIMOHAJIBHBIX MUTOXOHAPUI TP HEoOCTa-
TOYHOM OMOTreHe3e HOBBLIX OpraHeT acCOLMUpOBa-
HbI ¢ matroreHe30oM B3K. IToBeIIIeHHOE comepkaHue
MOBPEXIEHHBIX MUTOXOHAPUIT MHIYLIMPYET SHEpPTe-
TUYECKUM U OKUCITUTEIBHBIN CTPECC KIIETOK KUIIIeY-
HOTO 3MUTENINS, YTO CHUKAET ero 0apbepHYyIO (pyHK-
LIAIO; TIPY 3TOM CHCTeEMa KOHTPOJISI KayeCTBa MUTO-
XOHIPUATBLHBIX OEJIKOB TaKKe acCOLIMMPOBAHa C
B3K, X0Tg TouHBIE MEXaHU3MBI 3TUX ITPOILIECCOB HE-
U3BECTHBI.

SAKJIFTOYEHUE

Takum obpazom, TIPOBEACHHBIN aHAINU3 JIUTEpa-
TYPHBIX JAHHBIX MO3BOJISIET 3aKIIOUYUTh, YTO MUTO-
XOHJPUU WTPalOT KPUTUYECKYIO POJIb B MOIJEpKa-
HUU OapbepHOU (YHKIIMM KUIIEUHOTO SMUTEIUS,
peryaupysl LIeJTOCTHOCTh MJIOTHBIX KOHTAKTOB JHTE-
POLIUTOB M CAMOOOHOBJIEHUE KJIeTOK anuTenus. [Tpu
B3K Habmonaetrcsd nucyHKIMS MUTOXOHAPUN K-
LIEYHOTO 3MUTEJIUsI, TPOSIBISIONIAsICS B HAPYLIEHUU
9HEPreTUYecKoi (yHKIIMMU, MOBBILLIEHHON MPOIYKIIMA
A®K u HapylieHur IMHAMUKA MUTOXOHIPUIA, — BCE
9TO MHAyUUpPYeT ux (parMmeHtauuo. HapylieHue
9HEepPreTMYeckoil PyHKIIMU MUTOXOHAPUUN MPUBOAUT
K CHUXXeHUIoO BbipaboTku ATP u, kak ciencrtBue,
Pa3BUTHIO BOCITAJIEHUSI 1 yBETMYEHU IO TPOHULIAEMO-
CTU 3TIUTeNns 1t 6akTepuii. Kpome Toro, HU3Kmit
ypoBeHb ATP cHuxXxaeT cnmocoOHOCTb KHUILIEYHOIO
SIUTENS K CAMOOOHOBJIEHUIO, YTO HEOOXOIUMO LIS
pereHepaliMy TKaHUW Tocjie nmoBpexaeHuil. B cBolo
ouepenb, akTuBalus KuHazel AMPK, pearupyioneit
Ha nageHus1 ypoBHs ATP B KjieTke, MOXeT CTaTb Ol-
HoIT m3 cTpareruii B jeueHnn B3K.

M36niTounas npoaykuusg MTADK ripu B3K Hapy-
IIAET CTPYKTYPY MEXKJIECTOYHBIX KOHTAKTOB U YCHU-
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Hapymenne 6apbepHoit GyHKIINN KUILIEYHOTO SITUTEINS
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Puc. 1. Ponb mutoxonnpuii B marorenese B3K. HapyiieHnne 6apbepHoit hyHKIIMY KUILIEYHOTO SMUTEJNSI, BBI3BAHHOE pa3ind-
HbIMU (hakTOpamMu (MMKPOOHUOTA KUILIKU, TeHETUYeCKasi TPeIpacioioXeHHOCTb, MUTaHUe, JIeKapcTBa U p.), IPUBOIUT K MH-
Ba3uM OaKTepwii B KIIETKU SIUTEIMs. DTO OKa3bIBaeT BIUSHWE Ha COCTOSTHME MUTOXOHIPWI: YCWJIMBAETCS TeHeparus
MTADK, MUTOXOHIpUATbHAS IMHAMUKA CIIBUTAETCSI B CTOPOHY (hparMeHTallMi MUTOXOHAPUI M1 UHTUOUPYETCsl UX OMoTreHe3.
IMoBpexneHHbIe hparMeHTUPOBAHHBIE MUTOXOHIPUY MOTYT MOABEPraThcsi MUTOGArnu, KOTopast CIIY>XXUT 3alllMTHBIM MeXa-
HU3MOM, TOIIEPXKMBAIOIIMM HOPMaJIbHOE COCTOSTHHE MUTOXOHIpUAIbHOTO TTysia. OgHaKo M30BITOYHOE HAKOTUICHHWE AVC-
(byHKIIMOHATLHBIX MUTOXOHIIPUIA, XapaKTEePU3YIOIIMXCsl CHYXKeHHbIMU 3HaueHUussMu AY u nponykuvu ATP nipy noBbIieH-
HOM ypoBHe reHepauu MTA®K, MpUBOANUT K IHEPTeTUUECKOMY M OKUCIUTEIBHOMY CTpeccaM. DTO MOXET ObITh OMHOU U3
MPUYWH HApYIIEHUS CTPYKTYPBI TUIOTHBIX MEXKJIETOYHBIX KOHTAKTOB M IIMTOCKEJIETa B KJIETKAX KUIIIEYHOTO SITUTENMSI, a TaK-
K€ CHUKEHUSI CITOCOOHOCTHU AMUTENATIbHOM BEICTUIIKM K CaMOOOHOBJIEHU 0. BeiencTBue aToro snureamaibHblii 6apbep cTa-
HOBUTCSI ellie GoJiee MPOHUIIAeM IJist OaKTepuii, a GaKTepraabHble AHTUTEHbI CTUMYJIMPYIOT UMMYHHYIO CUCTEMY COOCTBEHHOM
TUTACTUHKY CJIM3UCTOM. DTO MPUBOIUT K BBIIEIICHUIO TTPOBOCITAJIMTEIBHBIX IIMTOKWUHOB, KOTOPBIE TOTTOJTHUTETLHO TTOBBIIIIAIOT
MPOHULIAEMOCTb SMUTEIMAIBHOTO 6apbepa. Bee 3To hopMUpyeT MOpOUYHbIN KPYT, KOTOPBI MOXKET ObITh MPUYMHON XpOHU3a-

v B3K. Mmoctpanums cnenaHa ¢ ucnosib3oBaHueM nporpammbl BioRender.com (https://www.biorender.com/).

JIMBAEeT TMPOMYKIIUIO MPOBOCIAIUTEIbHBIX ITUTOKM-
HOB. IIpyuMeHeHUEe aHTMOKCHAAHTOB, B TOM YMCJIC
MUTOXOHAPHUAJIbHOHAIIPABICHHBIX, MOXET YACTUIHO
KOMIIEHCUPOBaTh HapyllleHWe 0apbepHON (DYHKIIUU
srmMTeNns KuieuHrka. Kaxk nmpasuino, nuchyHKIno-
HaJIbHbIE MUWTOXOHAPWUU XapaKTepU3yloTcs par-
MeHTUpoBaHHBEIM (peHOoTUTIOM. [Tpm B3K Hadmoma-
€TCsl HapylIeHue NWHAMUKU MUTOXOHIPUWM, BbIpa-
Xampleecsl B ycwieHuM apooneHus. IlpumeHeHue
areHTOB, CITIOCOOHBIX MOABUTH (DparMeHTALIUIO0 MUTO-
XOHAPUIA, TIO3BOJUT BOCCTAaHABIMBATH OapbepHYIO
(YHKIIMIO KMIIIEYHOTO anuTenusi. B HopMe nucgyHK-
IMOHAJIbHbIE MUTOXOHIPUM TOABEPTarOTCS YTWIM3a-
UM B Xole mpolecca Mutodaruu, Ho 1pu B3K 3tot
npoiecc HapyireH. ClemoBaTelIbHO, HCITOIb30BaHUE
areHTOB, YCWJIMBAIOIIUX MUTO(MAaruio, MOXHO TaKXKe

MOJIEKVYJIAAPHASA BUOJIOTUA

paccMaTpMBaTh B KauyeCTBE MOTEHIIMAIbHBIX MpeTia-
patoB 115 Tepanuu B3K. Ha puc. 1 mpencrapieHa cxe-
Ma, oTpaxkalomasi pojib TUC(HYHKIINY MUTOXOHAPUIA B
HapylIeHUM 0apbepHOi (DYHKIIMM KUIIEYHOTO SITHUTEe-
Just v rtatoreHe3e B3K. MMeroruecs Ha ceroqHsIIITHUMA
JIeHb JINTepaTypHBIC JaHHbIC 3a1al0T HAaIIpaBJICHUE ISt
JaTbHEHIIINX BO3MOKHBIX MCCIeIOBaHUN U pa3pado-
TOK. bojee geTajbHO M3yUYMB MEXaHU3Mbl BIMSTHUS
MUTOXOHApUIi Ha pa3Buthe B3K, MoxHO co3nath oc-
HOBY [JIsI pa3pabOTKM MUTOXOHIpHaIbHOHAIIPaB-
JIEHHBIX IIPOTUBOBOCITAJIMTEILHBIX IIPEITapaToB.

ABTOpBI BBIpaXarOT IITyOOKYIO IPU3HATEILHOCTD
1n.6.H. YepHsky bopucy Bukroposuuy, 3aBenyrolie-
My Jlabopatopueit OumosHepreTMku kietku HHWN
®dXb nmenu A.H. Beno3epckoro, 3a KOHCTPYKTUB-
HYIO KpUTHUKY.

Ne 6

TOM 57 2023
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Inflammatory bowel diseases are widely spread in industrial countries with every 20th citizen being affected.
Dysregulation of epithelial barrier function is considered to play a key role in the development of inflamma-
tory bowel diseases. Intestinal epithelium permeability depends mostly on the condition of intercellular con-
tacts and epithelial cells' renewal ability. Mitochondria participate in the regulation of various intracellular
processes besides performing the energetic function. Recent data indicate the potential role of mitochondria
in intestinal epithelial barrier regulation and inflammatory bowel diseases onset. Mitochondrial dysfunction
may be one of the reasons for disruption of the structure of tight junctions and the cytoskeleton of intestinal
epithelial cells, as well as a decrease in the ability of the epithelial lining to self-renewal. All this leads to a de-
crease in the barrier function of the intestinal epithelium and the development of inflammatory bowel diseas-
es. Nevertheless, the mechanisms of these processes are still unclear and further research is required.
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