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HMoHusupyloiiue M3aydeHUs] BbI3bIBAIOT KOMIUIEKC T€HETUYECKUX, OMOXMMUUYECKUX, CTPYKTYPHBIX M
(byHKIIMOHAIBHBIX U3BMEHEHUI B opraHu3mMe. OMHUM U3 BApUAHTOB MPOSIBJIEHUSI CUCTEMHOTO OTBETa OpP-
raHM3Ma Ha UX BO3JIEHCTBME CUMTAIOT Pa3BUTUE TTOCTIIYYEBOM BOCIAIMTEIBbHON peakluu, KoTopas Io-
CpEICTBOM aKTUBAllMM UMMYHMTETA BBIMOJHSET KaK 3allUTHYIO (PYHKIIMIO, TaK U MIPUHUMAET y4yacTue B
¢dopMupoBaHUM HeXeTaTeTbHBIX PAHHUX, OTCPOUYEHHBIX U HelleJIeBbIX 3(hdekToB. MosieKyIsapHO-KIeTOU-
HbI€ MEXaHU3MbI, COCTaBJISIIOININE €€ OCHOBY, 00yciIoBIeHbI: moBpexxaeHueM JIHK, nuameneHussMu metabo-
JIu3Ma CBOOOMHBIX paIuKaJoB (B IEPBYIO ouepenb aKTUBHBIX (POPM KMCIIOPOa U a30Ta), pa3BUTHEM OKCH-
IaTUBHOTIO CTpecca, akThBaliMeil nH(GJIaMMacoM, BHICBOOOXIEHEM “CUTHAIOB OITACHOCTU” U CeKpelueit
MMPOBOCTTAJIMTEILHBIX [IUTOKMHOB. B paboTe mpeacTaBieHbl CBEACHUS O POJIM HEAIIONTOTUYECKUX TUTIOB
rubenu KJeTok (¢pepponTo3a v IMPOITO3a) B reHe3€e MOCTIy4eBOli BOCIIAIMTEILHOM peaKIuy U IOCIeny-
IolEeM TTIOBPEXIEHUM TKaHel, OpraHoB, cucteM. OTMeueHa CrtocCOOHOCTh TOCTIIYYeBOM BOCITAIMTEIbHOM
peaxivu, 3a CYeT HAJTMYHS TTOJIOXUTEIbHOM 0OpaTHOM CBSI3M MEXIY pa3HbIMU 3BEHBSIMU €€ TaToreHesa,
npuoOpeTaTh XapakTep yCTOMYMBOTO BO BPEMEHM CaMOTONIEPKUBAIOIIETOCS MPoliecca, YBeInYnBalolie-
T'O CTEIEeHb TSIXKECTU panvallMOHHO-UHAYIUPOBAHHBIX TTOBPEXKIACHU.

KnroueBbie ciioBa: alapMUHbBI, allONTO3, BOCNaJIeHUe, BOCTIAIUTeNIbHAsI peakilvsl, WH(IaMMacoMbl, MIOHU-
3UpYIOIINe U3NTydeHus, HelleJeBble 3D (heKThI, OKCUIATUBHBINM CTpecC, IMUPOIITO3, (heppOoITO3, IIUTOKUHBI
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OO0I11Ien3BEeCTHO, YTO BO3IEMCTBHME MOHU3UPYIO-
mux u3nydeHuii (M) crmiocoOHO BBI3BIBAaTH TMOEIb
KaK OTIEJIbHBIX KJIETOK, TaK M ILIE€JIOTO0 OpraHu3Ma.
PesynbTathl MHOTOJIETHUX UCCIEIOBaHUIA CBUIE-
TEJIbCTBYIOT, UTO TAKOU MCXO HACTYyIaeT BCACACTBUE
MEPBUYHBLIX paguallIOHHO-XUMHWYECKUX PpEaKIIMid,
0OyCJIOBIEHHBIX HEIIOCPEICTBEHHBIM B3alMOIeii-
CTBMEM WU3JIy4eHUII C MOJIEKyJIaMU-MUILIECHSIMU (B
MEPBYIO 0Yepeb, C BOAOI, HYKJIeMHOBBIMU KHCJIO-
TaMu, JUOUAAMU, TIoJMcaxapuaamMu, OeJaKaMu).
ITpu noHU3aLIMK ¥ BO30OYXJAEHUU aTOMOB (3a CYET
sHeprun M) mpoucxomut M3MeHEHHUE CTPYKTYPBI
MOJIEKYJ, X CBOMCTB U (PYHKIIMIA, C IIOCASAYIONIAM
pa3o0IIeHNEM MEXaHU3MOB MOAACPKAHMS XXU3HE e -
SITEJIBHOCTU KJIETKU (B TOM 4YMCJIE, ITOCTOSHCTBA
BHYTPUKJIETOYHOI cpelibl), HApyLICHUEM MTPOLIECCOB
neneHus1, Beiaencteue nospexaeHusa JAHK, u ee ru-
6eibio. [10CKOIIBKY “SIBIEHUS MOJIEKYISIPHOTO YPOB-
HsI COCTaBJISIOT (hyHIAMEHT, OMOXUMNYECKYIO OCHO-
BY IIPOLIECCOB U IIPOSIBICHUI XXN3HEACATSIILHOCTI
[1], mMeHHO paguallMOHHO-XUMUYECKHNE peakKlui B
00JTlydeHHOM OpPTaHU3Me OTBETCTBEHHBI 3a MOCTEy-

JOIIMIA KacKaJl OTBETHBIX peaKlMii Ha MOJIEKYJISIPHO-
TeHEeTU4YECKOM, KJIETOYHOM, TKAHEBOM 1 CUCTEMHOM
YPOBHSIX, OMHUM M3 IIPOSIBJICHUI KOTOPHIX CUUTAIOT
MOCTJIYYEBYIO BOCHAIMTENbHYIO peakiuio (puc. 1)
[2—6].

BUOPAJINKAJIBI
N OKCUIOATHUBHBIN CTPECC

ITponoaXuTeNbHOCTD CTAANY MEPBUYHBIX paaua-
LIMOHHO-XMMUYECKUX PEaKIIMii B OpraHu3Me COCTaB-
nset 107—~1073 ¢, 1 Ha 5TOM 3Tarne B pe3y/IbTaTe pa-
IMOJM3a BOIBI B YCIIOBUSIX a®pOOHON KIIETOYHOM
cpenpl 1 3HayeHUs1X pH, cooTBeTcTBYIOIIIMX (DU3UO-
JIOTUYECKOIl HOpME, TIPOUCXOIUT 0Opa30BaHUE BbI-
COKO peareHTHO-CMOCOOHBIX KUCIOPOACOAEePXKAIINX
HecTabWIbHBIX TTponykToB: O; , *OH, H,O, u ap. [1,
7—10].

Bosnukmune B pe3ynbTraTte NepBUUHBIX ITpeoOpa-
30BaHUil paauKalibl CIIOCOOHBI B3aUMOIECTBOBATh
CO CJIOXKHBIMU OPraHWYEeCKUMU MOJieKyJamMu (B TOM
qucIie 0eIKaMU 1 HyKJIEMHOBBIMU KMCJIOTaMM) ¢ 00pa-
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NMOHU3NPYIOILIMWE U3TYYEHWA 1 BOCITAJIMTEJIbHAA PEAKLIMA

30BaHMEM TIEPEKUCHBIX U TUIPONEPEKUCHBIX MTPOU3-
BOJIHbIX, YTO B YCJOBUSIX HAIMYMS KUCIOPOIA MOXKET
3allyCKaTh JaJIbHEHIINIT KacKal peakluii, 00yCIOBIN-
BalOIIM1  yCUJIEHWE TEePBUYHOIO MNOBPEXAAIOLIETO
nevicreust UU [7, 11].

Xots MU BeI3bIBaIOT psiMoe ToBpexaenne JHK
c obpa3zoBaHNEM OIHO- U (WJIN) IBYHUTEBBIX pa3pbl-
BOB, TI0 HEKOTOPBIM TaHHBIM 0KoJ10 70% TIoBpeXIe-
auii JJHK wmanmuupoBaHo neiicTBUEM CBOOOTHBIX
paarKagoB Kak NPOIYKTOB paauoiaun3a Bodsl [12].

B opranusme axkTuBHBIE (OPMBI KHCJIOpoda
(ADK /reactive oxygen species — ROS) ciyxar He-
OTBEMJIEMBIM 3JIEMEHTOM BHYTPUKIECTOUYHBIX XUMU-
YeCKUX PeaklUii, a UX ypOBeHb TUMHAMMUYECKHN KOH-
TPOJUPYETCS IIPO- U aHTUOKCUIAHTHBIMU CHUCTE-
mamu [13, 14]. Tlpm pammailmoHHOM BO3IEHCTBUH
BO3HUKACT AucOalaHC BhIPAOOTKU M MHAKTUBALIUU
CBOOOIHBIX PagMKaJIOB. YMEPEHHOE IIOBBIIIICHNUE
YPOBHS aKTUBHBIX (DOPM KHCIIOPOJa MOXKET CITOCO0-
CTBOBAaTh KaHIIEPOTeHE3Y, TOIIa KaK BBICOKOE COJep-
xanne ADK craHeT TpUrrepom, 3aIryCKalollnuM pas-
JIMYHBIE TUMBI PETYIUPYEMOIl KIIETOUHOI riudeau, B
YacTHOCTH, alloNToO3, ayrodaruio u pepporro3s [15].

BcTrymas B peakiiiyn ¢ BBICOKOMOJIEKYJISIPHBIMU
BemiectBaMu, ADK U3MEHSIOT UX CTPYKTYypy U
(GYHKIIMM, YTO Ype3BbIYaiiHO 3HAYMMO B OTHOIIICHUN
HYKJIEMHOBBIX KUCJIOT (SII€PHOM 1 MUTOXOHApPUATIb-
Hoii JIHK), 6eaKkoB, TUIMUIOB, ITOBPEXICHUE KOTO-
PBIX MOXKET IPUBECTU K HEOOpAaTUMBIM HapyIIICHUSIM
MPOLIECCOB TPAHCKPUIILIMU U TPAHCISLIUMU, TTOAIep-
XKaHWSI TOMEOCTa3a M MEXKKIJIETOYHBLIX B3aMMOICii-
CTBMIA, KJIETOYHOIO POCTa, AeJieHus u rudenu [9, 14,
16—18]. BrizBannoe ADK mepexumcHoe OKUCIEHUE
JIMIINIOB IIPUBOIUT HE TOJBKO K HapyIIeHUIO cOOp-
KM, CTPYKTYPHI M (DYHKIIMOHUPOBAHUS KJIETOYHBIX
MeMOpaH, HO ¥ TeHepallu HOBBIX CBOOOIHBIX paay-
KayioB, crtocoOHBIX moBpexnaarb JHK u 6enkm [13,
14, 18]. CnenoBatenbHO, B pe3ylabTaTe BbI3BAHHOTO
BosaelictBueM MU moBeIIeHUST YPOBHS HECTAOUJIIb-
HBIX IPOAYKTOB pagnon3a U OKCUAATUBHOIO CTPEC-
ca OydoeT IIPOMCXOIWTh IaJbHEWIlee yBeIMYCHUE
yucia KiaeTok ¢ noppexaeHusmu JJHK, uto crioco6-
CTBYeT (DOPMUPOBAHUIO YCTOMYMBOTO BOCHAIUTEIIb-
HoTo TIpotiecca [3, 6, 19, 20]. [Ipu BocnazeHU 10-
TEHLIMPOBaHNE MTOBPEXIACHUS KJIETOK OyIeT CBSI3aHO
HE TOJIBKO C M30BbITKOM aKTMBHBIX PaIuKaloB, HO U
JIMIIONEPOKCUAOB, METAJUIONIPOTEMHA3, IPOCTaIIaH-
JIMHOB U JIEMKOTPHUEHOB, (PepPMEHTOB JIM30COM (TIpO-
Tea3, juIas, ocdoauiia3, 3jacTa3, KojjlareHas u
IIp.), ICTOYHUKOM KOTOPBIX OYOYT SIBISITHCSI KJIETKU
MOBPEXIEHHOM TKAHU, HAXOISIIMECSI B HEM JIEMKO-
muThI [21, 22].

Bwmecte ¢ Tem ponbs ADK, o0pas3yronmuxcsl Hemo-
CPEICTBEHHO B Pe3y/IbTaTe PaauoIn3a BOIbI IPU 00-
JIy4EHUU, BEPOSITHO, BTOPOCTEIIEHHA B OTHOLICHUU
JaJbHENIIEero yCWIEHUST paauallMOHHO-UHIYLIMpYye-
MbIX TTOPaXKEHU, MOCKOIBKY OCHOBHBIMU UCTOYHU -
kamu ADK B Kj1eTKax SIBJISIOTCS MUTOXOHApUaIbHas
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IbIXaTelnbHas 1Ielb U (epMEHTHI, METa0OIM3UPYIO-
mue kuciaopon (HALMD-okcumassl, MUEJIONEPOKCH-
JIa3bl, HUKJIOOKCUTEeHA3bl U JIUITOKCUEHassl) [13, 16,
22, 23]. CtonT Tak:kKe OTMETUTD, UTO Upe3MepHOe 00-
paszoBanue OH ' -pagukanos u gpyrux A®K B KjeT-
KaX MOXeT ObITh MOTEHIIMPOBAHO MOHAMU METAJLJIOB
nepeMeHHol BajeHTHocTH (Me"") (a umenHo, Fe?',
Cu?*, Co?*, Ni**, Zn** , Ti**, V"), crocobcTBys
GOpPMHUPOBAHUIO OUYEPETHOIO KacKaga CBOOOTHOpa-
IUKaNbHBIX peakiuii [13, 14]. Takum obpa3oM, Ha-
omomaemble 3(p@dEKTHI, BEpPOSITHO, CBJI3aHBI B
MEPBYIO oO4Yepelb C pPa3BUTUEM METa0OJIMUECKUX
CIBUTOB M MPOBOCIHAJIUTEIBHBIX MPOIECCOB, a HE C
paguonn3oM Boasl [9].

Pa3BuTne KJIETOYHOro OKCHUIATUBHOTO CTpecca
CBSI3aHO TaKXKe U ¢ 0Opa3oBaHUEM MEPOKCUHUTPUT
annoHa (ONOO™), koTtopslit, Hapsiay ¢ ADK, cno-
cobeH MOBpeXAaTh KITIOUEBBIE MOJEKYJIbI-MUIIIEHU
(AHK, oenxu, nununei) [8, 9, 13]. Bo3pacranue
YPOBHSI aKTHUBHBIX (OpM KHCIopoda U a3oTa
(ADA /reactive nitrogen species — RNOS) Ha doHe
WCTOIIEHMS IIyJia “racuresneil” cBOOOMHOpaauUKallb-
HBIX MIPOLIECCOB SIBJISIETCSI BAXKHOM MPENNOCHIIKON K
Pa3BUTUIO BOCHAJIUTEILHOM pPEaKIUM, IOCKOIbKY
aKTUBALIMS MPOLECCOB NEPEKUCHOTO OKUCICHUS JIU -
MUI0B MPUBOAUT K MTOBPEXIESHUIO TJIa3MaTUYECKUX
MeMOpaH KJIETKM U €€ OPraHOUIOB, HAPYIICHUIO e
OapbepHOIi (DyHKIIMK U MOHHOTO OaaHca [9]. bonee
TOrO, YCTAHOBJICHO, YTO 3a CYET MEXaHU3MOB MEX-
KJIETOYHOM KOMMYHUKALIMUA TIPOSIBICHUSI OKUCIIH-
TEJIbHOTO CTpecca BO3HUKAIOT He TOJIbKO B CAMUX I10-
BpEXXICHHBIX KJIETKAaX, HO TaKXXe B COCEIHUX U yla-
JIEHHBIX (HeleJIeBbIX) KJEeTKax, M Jaxe y uX
noToMKoB [8, 23]. Ha ocHoBaHUM 0000IIIEHUS DKC-
MepUMEHTAJIbHBIX JAaHHBIX ObUIO CHOPMUPOBAHO
MPEAnoaoXkeH’e, UTO CYIIECTBYET KAK MUHUMYM JBa
IyTU TepeJayn CTpecc-CUTHAJIa: Yepe3 MOopHl 1iese-
BBIX KOHTAaKTOB MEXIY COCETHUMM KJIeTKaMU (KOH-
HEKCOHBI) WJIM 3a CYET BBIOEJICHUSI MEIUATOPOB B
MEXKJIETOYHOE MPOCTPAaHCTBO [6].

BaxxHy10 posib B YCUJIEHUU Y NPOJIOHTUPOBAHUU
OKMCJIMTEJILHOIO CTpecca, BEI3BAHHOIO BO3IEICTBU-
eMm MU, orBomaT mucperynsauny (PyHKIIMOHATIBLHOMN
AKTUBHOCTU MUTOXOHAPHIA. 3HAUNMMOCTb MUTOXOHAPH-
aJIbHOTO OKUCJIMTEIbHO-BOCCTAHOBUTEJILHOIO IHC-
OaylaHca OTMEYEeHa Ha BCeX ATamax peajlu3allu OT-
BETHOI peaklii KJIEeTKM Ha 00JydeHMe: B €r0 MHU-
LUMPOBAaHUM, KPAaTKOCPOYHBLIX M JIOJTOCPOYHBIX
nepecTpoiikax MeTaboyiM3Ma, YCUIeHUM (ITOTSHIIN-
poBaHUM) “IEepBUYHOTIO” 0OpaszoBaHUS CBOOOTHBIX
pagukaaoB, TUTOXpoM-C OIlOCpelOBaHHBIX Mexa-
HHM3Max IIpoTrpaMMHUPOBAHHOM KJIeTOYHOM rnden [§,
9, 24]. B uactHoctH, ¢ mipomyKuueit ADK/ADA
(ROS/RNOS), 00ycnoBIeHHOI BOCIHAJIUTEIbHOI
peaxkiuei, a Takske ¢ BO3MOXHOM “yTeuKoii” u3 mo-
BpeXIeHHbIX MUTOXOHIpuii HAJl-okcumas nim uH-
IyHUOMIBHOI cuHTeTa3bl okcuaa azoTa (iNOS) cBs-
3bIBalOT BOBHUKHOBEHME B TEUEHUE MJIUTEIBHOTO T1e-
Ne 3
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puoma Bpemenu TioBpexneHuit JHK B ximerkax
JIETKMX, oOecIieunBalollee yBeJndeHUe BbIpaskeHHO-
CTM MepBOHaYaIbHBIX HapylieHuit [25]. Kpome Toro,
B 3aBUCHMMOCTH OT BEJIMYMHBI MOMIOIIEHHON T03bI
HUCTOIIEHUE aHTUPAIUKAIbHBIX CUCTEM MOXET IpHr-
oOpeTraTh 3aTsKHOM xapakTep. IlpomoimkurelbHOE
JI0303aBUCUMO€ CHIDKEHME aHTMOKCUIAHTHOM CIIO-
COOHOCTH LIEJTBHOM KPOBH B TIEPHO], C ABYX I10 24-€ CyT-
KM MOCJIe BO3AECTBUS BBHISIBJICHO y MBbIIICi JIMHUA
C57BL/6 ], o6nyyeHHbIX B 103ax 0.5—3 I'p, Torma kak
MOBBIILIEHNE YPOBHSI MEPEKMCHOTO OKHWCJICHUS JIU-
MMUI0B OTMEYAJIU C ABYX IO 6-€¢ CYyTKU HaOIoAeHUS
[26]. B xome mnocienymoolIux MCCIeAOBaHUN ObLIO
YCTaHOBJIEHO CHMKEHME aHTUOKCUAAHTHOM CIOCco0-
HOCTH LICJIbHOM KPOBH Y MBIIIIEIi B TEUEHME HE MEHEe
gyeM 100 cyT mocyie ob6aygeHud B no3e 3 I'p, a mpm yBe-
JIMYEHUHU J030BOM Harpy3ku 10 5 I'p yka3zaHHEBIC U3-
MCHEHMsI HOCWJIM XPOHMYECKUII XapaKTep W ObUIU
3apeTrucTpupoBaHbl gaxe crrycTtsd 800 mHeif mociie 06-
aydyeHus [27].

Ha ocHoBaHUM JaHHBIX O POJIM U MECTE peaKLInii
CBOOOIHOPAANKAIBHOTO OKMCJIEHUST B T€HE3€ ITOCT-
JIy4eBBIX TTATOJIOTUYECKUX MPOLIECCOB MPOBOISIT IMO-
WCK JIEKAPCTBEHHBIX CPEJICTB, CIIOCOOHBIX OKA3bIBaTh
KOppUTHpYyIOlliee NeHCTBME Ha METaOOJMYECKHUIT TO-
MeocTa3 U mojjiepkaHue OajaHca Mpo- U aHTUOKCU-
JIaHTHBIX cucTteM. HarpuMmep, CHIKeHNE BhIpasKeHHO-
CTM HETaTUBHBIX 3(PPEKTOB ITOCTIIyIEBOTO XpOHUYEC-
CKOTO BOCHAJICHUSI Y OKUCIUTEIBHOTO MOBPEXKICHMS
TKaHei JOCTUTAIOT TepalleBTUUYECKUM IPUMEHEHUEM
ROS(RNOS)-ckaBenmkepos [25]. KoHuermus rmpu-
MEHEeHUsI aHTUOKCHUJAHTOB B KaUueCTBE CPEACTB MPO-
TUBOPAAVALIMOHHOM 3allIUTH aKTUBHO pa3padaThiBa-
€TCSI U HaXOAUT MHOTOUYMCJIEHHBIE 3KCIIEpPUMEHTaJb-
Hble TOATBEPKIACHUSI MPaBUJIbHOCTU BBIOPAHHOTO
HampasJieHUs ucciienoBanuii [28—30].

PAAMALIMOHHO-MHAYLUNPOBAHHAA
I'MBEJIb KIIETOK. MEXAHN3MbI
BO3HUKHOBEHHWA U DOPEKTDHI

CBOOOIHBIC paauKalibl CITOCOOHBI MOBPEXAATh
TEHOM, YTO MOXET IIPUBECTU K rHOeIn KiieTKu. Bme-
cte ¢ TeM BeIsiBIIeH JIHK-He3aBncumprii myTh THOCTN
KJIETOK, OOYCJIOBJICHHBIA MHIYKIIUEU TMEPEKMCHOTO
OKMCJICHUSI JTUINUOOB (B YaCTHOCTU, B pe3yjbTaTe
B3aumozneiicteuss AD®K ¢ noaMHeHachIIeHHBIMU
KUPHBIMU KUCJIOTaMU MeMOpaH), MOJyYMBIINIA Ha-
3paHue deppontos [15, 18, 31—-33]. depponTo3 —
HearonToTu4YecKasl, Xxejae3o3aBucumast oopmMa pery-
JIMpYEMOI KJIETOYHOU Tmubesin, BO3HUKAIOIIAs B pe-
3yabTaTe upe3mepHoro HakoruieHuss ADK u akTBa-
LIMH TIEPEKUCHOIO OKUCIIEHUs JunuIos [16, 18, 31—
33]. K HacTosilieMy BpeMeHHU yCTaHOBJIEHA BO3MOXK-
HOCTb TMOeIM KJIeTOK IIyTeM (pepponTo3a mpu Heli-
ponereHepaTUBHBIX 3a00JieBaHUSIX (B TOM 4YMCIIE
TpaBMax TOJIOBHOTO MoO3ra), uieMuu/penepdy3uu
MOYEK, MEYECHU, CEPALA, a TAKXKE TMOENn OIyxoJe-
BBIX KJIETOK Ipu o0iydyeHuu [12, 34—36]. CpaBHu-
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TeJIbHbIM aHaIU3 peaklu Pa3IUYHbIX KJIETOYHBIX
JIMHUI OITyXOJIEBBIX KJIETOK Ha OOJyYyeHUe B IIUPO-
KoM auarna3oHe 103 (ot 2 go 50 I'p) moka3zai ux cxom-
CTBO U 3aBUCUMOCTb OT WHTEHCUBHOCTU BO3IEH-
CTBUSI, TIPU 3TOM OTMEUYEHO 10303aBUCUMOE YBEJI-
yeHue mnpoaykuun APK, ycuyieHus TMepeKUCHOro
OKHuCIeHusT JMnunoB m moBpexnenns JHK [12].
YcTaHOBJIEHO, YTO BO BCEX MCCIIEIOBAHHBIX KJIETOY-
HeIX TuHUSX (CT26, MCA205, 71-7) nMeno Mecto
YCUJIEHUE TIEPEKMCHOTO OKUCIECHUS JIMITUI0B Yepes
24 4 nmocye obaydeHus B go3ax 20 u 50 I'p, yro nipu-
BOIMJIO K TMOeJIu KJIETOK uYepe3 Xejae303aBUCUMbIe
MexaHu3Mbl [12]. Pe3ynbpTaThl mcciaemoBaHWM, BBI-
nmoHeHHbIX Ha kieTkax HT-1080, cBuaeTe1bCTBYIOT,
YTO IIpU 00aydYeHuU B no3ax 1, 2 unu 4 I'p nepexuc-
HO€ OKMCJIEHUE JTUTTUIO0B U (peppOonTO3 ObLIIN TPUIK-
HaMU paguallMOHHO-UHAYLIMPOBAHHOI rubenun Kie-
TOK JaHHoM TuHuM [36]. Ponb dpepponTosa B reHese
MOCT/IyY€BOT0 HapylIeHUsI KPOBETBOPEHUS U rTbdeun
opraHusMa Obljla TIPOJEMOHCTPUPOBaHA B BKCIIePU-
MeHTax Ha Mbitax [37—39]. I1pu o6nyyeHUM Mbliei
B no3ax 4, 8 u 10 I'p oTMedeHO MOBBIIIIEHNE YPOBHS
MEePEKUCHOTO OKUCICHUS JIMTTUAOB U YaCTOThI TUOE-
JIU KJIETOK KpOoBU (TIpEaIleCTBEHHUKOB IpaHyJialu-
TapHO-MakpodaraibHbIX KPOBETBOPHbBIX KJIETOK) IO
MexaHusMmy depponro3a [37—39]. HampasieHHoe
BO3JICMCTBME HA MEXaHU3MbI pa3BUTHS (heppoITo3a,
MyTeM BBeJIeHUsI )KUBOTHBIM Tociie Bo3aeicTeus N
deppocratuHa-1 (ferrostatin-1) mnmu LDN193189,
CMOCOOCTBOBAJIO CHMXXKEHUIO BbIPaK€HHOCTU Ha-
O0aeMbIX OMOXMUMMYECKUX W TeMaTOJOTUYECKUX
M3MEHEHUI Y 3HAUUMOMY YBEJIMYSHU IO BLLKMBAEMO-
CTH 00JydYeHHBIX MbIeit [37, 38]. PaguosalmuTHbIiA
2 deKT BBISIBIICH U B cIydae IIPUMEHEeHUs] MHTUOM-
Topa JIMIIOKCUTEHa3bl-15, Tmpenapata OelKajieuH
(baicalein/lipoxygenase-15 inhibitor). OmHOKpaTHOE
BBeJIeHUE YKa3aHHOTO TIperapara ciycTs 24 4 mocie
obOiyueHus B 103¢e 9.25 I'p cmocoOCTBOBAIO YBeIUUE-
HU1IO BBKMBA€MOCTHU XKMBOTHBIX OoJiee ueM B 2 pasa,
a TIpU €ro MCIOJb30BaHUM B COCTaBE CXEMbI JIEUYEHUS
U3 TpeX IpenaparoB (COBMECTHO C MHTHOUTOpaMU
HeKpo3a U aronTosa) — 10 75% [39].

Oco0o0 cienyeT OTMETUTh, UTO OHOM M3 OCOOEH-
HocTel hepponTosa SIBJISIETCS €ro MPOBOCATUTENb-
HBIIT 3¢ @PeKT, OO0YCIOBICHHBIN BBLICBOOOXKICHUEM
“curHajioB onacHocTu” (aemrgepoB), B YaCTHOCTH,
samepHoro ©Oenka amdorepuHa (amapMuHa 1)
(HMGBI1/high-mobility group box 1 protein/Brico-
KOMOOUJIbHBIM IpymnnoBoii 6esiok 1) [34]. [TocKoabKy
HMGBI1 uepe3 B3aumopeiicTBue C pelenTopaMu
pacrio3HaBaHUsl 0Opa30B yyacTBYeT B T'€HE3€ U IO-
TEHUMPOBAHUMW BOCITAJIUTEILHOU peakiuu, MpuBe-
JICHHbIE MaHHbIe CBUIETEJbCTBYIOT O HEMNOoCpe-
CTBEHHOI B3aMMOCBSI3U OKCUIATUBHOIO CTpecca C
¢dopMUpPOBAaHWEM BOCHAIUTEIbHON peakiuu MOCe
Bo3nevicteuga UN.

HecMmoTpst Ha MosIBJI€HME HOBBIX JaHHBIX O BO3-
MOXHBIX MEXaHN3MaX TMOeJIM KJIETOK ITOCIIe 00Iyde-
HUS, TPAAUILIMOHHO CUMUTAIOT JAHHOE COOBITHUE CJICH-
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CTBMEM BO3HUKHOBEHUSI OOHOHUTEBBIX M(MIN) IBY-
HUTeBBIX pa3pbiBoB JIHK, npuBoasiux K anonTosy
i (GOPMUPOBAHUIO HEKPOTUYECKMX M3MEHCHUIA
[40—42]. UBDyKOMS ammoNTOTUYECKO TMOen Kie-
TOK MOXET OBITh OOYyCJIOBJIEHAa aKTUBallMell Kak
BHYTPEHHUX, TaK U BHELITHUX CUTHAJILHBIX ITyTeit [43,
44]. Uonusupyoonine N3aydeHNs 3aIyCKaroT BHYT-
PEHHU allONITOTUYECKUIA CUTHAJIbHBIN MyTh, B 4YaCT-
HOCTHU, yepe3 Oenku cemeiictBa Bel-2 [45], Torna Kak
BHEIIHUM MHULIMUPYETCS TPAaHCMEMOpPaHHBIMU pe-
LIENTOP-ONOCPEAOBAHHBIMU B3aUMOJECHCTBUSIMU C
3aIeICTBOBAHUEM “pELIEIITOPOB CMEPTU” cCylepce-
MeiicTBa hakTopa Hekpo3a onyxonu (DHO) [43, 44,
46]. IT'ubeap KJIETOK Yepe3 aIlloNTO3 COIMPOBOXIAETCS
XapaKTepHbLIMM OMOXMMUYECKMMU IpolleccaMy U
CTPYKTYPHBIMU IIpe0oOpa3zoBaHUSIMU (OKpYIJIEHHEM
KJIETKU, YMEHBIIIEHUEM €€ 00beMa, U3MEHECHUSIMU 1
pacwerienneM JJHK, KoMmmakTuzanueit saepHOro u
LATOILIa3MAaTUIYECKOTO COINEPXKMMOTO KJIeTKHr) [43,
44, 47—49]. ITpu3Haku amoNTOTUYECKMUX UBMEHEHUIA
KJIETOK BBISIBJICHBI YK€ B caMble paHHUE CPOKHU ITOCTIC
oonyuenns. Ilo manmueiM S.A. Lorimore m coasT.
(2001) B cene3eHKe MBIIIE, TIOABEPTHYTHIX BO3IEHi-
crButo MU B nose 4 I'p, anmonroTudyeckme U3MeHEHUS
B KJIETKaX BBISIBJISIIOT YK€ CITYCTS 2 4 II0C/e 00ryde-
HUSI, a CIYCTS 6 4 UX YMCIIO JOCTUTAET HAUOOIBIINX
3”HaueHuit [50]. B mocnenyomiem (depe3 9 u mocie
00JIy4eHUs1) ObLJIO OTMEUYEHO CHIDKEHHME Yuciia Tuo-
HYIIMX KJIETOK, a YK€ CIyCTs 24 4 mocjie BO3aeii-
crBusgs MM uX 41CIO COOTBETCTBOBAJIO MCXOMHBIM
3HAYCHUSIM, IIPU 3TOM CHIDKEHHE KJIETOUHOCTU TKa-
HY COCTaBUJIO B T€YEHME MEPBbIX 24 4 IJIST JTUHUN
mbieit C57BL/6 u CBA/Ca — 82 u 72% cooTBeT-
crBeHHO [50].

IMpu armonTo3e coxpaHSAETCS ILIEJIOCTHOCTH KIIe-
TOYHOU MeMOpaHBI M HEe TIPOMCXONUT BBIZACICHHUE U3
TMOHYIIEH KJIeTKU B OKpyXKalolllee MEXKJIeTOUHOe
MMPOCTPAHCTBO SHIOTEHHBIX ITPOBOCIIAUTETBHBIX
daxTopoB, cmenoBaTeIbHO, HE TPOUCXOINUT MHIYITHA-
poBaHUSI BocCHaIuTedbHOU peakuuu [43, 49, 51].
BwmecTe ¢ TeM oqHOBpeMeHHOE TTOSIBIICHHE OOJIBIINO -
TO KOJMYECTBA alTONTOTUIECKUX KIIETOK B pe3yIbTa-
Te Bo3aeiicTBust MM MoxXeT MpuBECTU K “HECIOCO0-
HOoCcTH” MakpodaroB X 3IUMUHHUPOBATH 32 KOPOT-
KWt TIPOMEXYTOK BPEMEHU, YTO, B CBOIO OUepenb,
MPUBEAET K 3aMycKy Ipoliecca, ONMChbiBAeMOro Kak
“BTOPUYHBIIT HEKPO3”, IIpU KOTOPOM (popMUpyeTcs
MMPOHUIIAEMOCTh MEMOPaH KJIETOK TSI MAKPOMOJIEKYJT
[7, 50]. HekpoTtuueckast ke CMepPTh KJIETOK COIIPO-
BOXXIIaeTCs YBETMIEeHNEM UX 00beMa, HabyXaHHeM Op-
TaHEJJT ¥ Pa3pbIBOM IIJIa3MaTUIeCKOl MEMOpPaHBI, 4TO
MPUBOJUT K BBICBOOOXKIEHWIO BHYTPUKJIETOYHOTO CO-
nepxuMmoro [33, 48, 52]. Cpenu nmpUHIMITAATBHBIX
pPa3IMIMii MEXIy aroINTO30M M HEKPO30OM CledayeT
OTMETHUTh TOT (PAKT, YTO UMEHHO HEKpOTHUUecKast T1-
6eJTb KJIIETOK BBI3BIBAET Pa3BUTHE BBHIPAasKeHHOM BOC-
najauTeabHoO# peakuu [7, 47, 49].

OTHOCUTEIBHO HeTaBHO ObU1a MACHTU(PUIINPOBA-
Ha MpOBOCITAJIMTENIbHAg (hopMa peryaupyeMoii Kie-
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TOYHOM THOesn, KOTopasi 3aBUCUT OT (DepMEHTATUBHOM
AKTMBHOCTH BOCHAIUTENIbHBIX MPOTea3 — IMUPOMNTO3.
YcraHOBIEHO ABa BapvaHTa MHIAYKIIMUA MUPONTO3a:
KaHOHWYECKWIT — 0OyCJIOBJIEHHBIN aKTUBaIneil NH-
diamacoMm M Kacmasbl-1 M, COOTBETCTBEHHO, HEKa-
HOHUYECKUIT — OTIOCpeToBaHHbI Kacrazamu-4/5/11
[49, 53—56]. INluponTo3 sBIsIeTCS peEryaupyeMoit
¢dopMoii HeKpo3a 1 OTJAMYaeTCs OT IPYTrux (popm ru-
0enu KJIeTOK KakK MO MEeXaHU3My BO3HUKHOBEHUS,
TaK U MOP(MOJIOTMIECKU, TIOCKOJIbKY aKTUBAIIUSI Kac-
nma3pl-1 MpUBOAUT K O0Opa30BaHUIO B IJla3MaTUye-
cKoii MeMOpaHe 3a cuetT Oenka I'acnepmuna 1 (Gas-
dermin D /GSDMD/) nop nuametrpom 1.1—-2.4 Hwm,
U3MEHEHUIO TpaJueHTa UOHOB BHYTPU U CHApYXU
KJIETKM, HaOyXaHUIO KJIETKU U €€ OCMOTHYECKOMY
susucy [33, 53—57]. Ilpu BozneiictBuun UM rudenb
KJI€TOK, B YacTHOCTU, MakKpoharoB, AEHIPUTHBIX
KJIETOK, HaTypaJibHbIX KuiepoB (NK-kieTtok), T- u
B-kJeTok 1o MmexaHu3My MUpOTITO3a Oblila BbISIBJIEHA
B MICCJIENOBaHUIX, BEITOTHEHHBIX V.M. Stoecklein n
coant. (2015) [58]. IIpu 06GaydYeHUM KYJILTYpPHL Hep-
BUYHBIX MakpodaroB KOCTHOTO MO3ra TakxKe Oblja
oOHapy:KeHa ruoesb KJIeTOK IIyTeM IupoIro3a [59].
B xone nsyyeHusi MexaHM3MOB paJMallMOHHO-UHY-
mupoBaHHBIX TToBpexaeHuii ITHC B akcniepumeHTax
in vitro TIOJlydeHbl JaHHbIE O Pa3BUTUU MUPONTO3a B
KJIeTKaxX MUKpOIIMU (KjieTodyHast tuHus BV-2) mpu
ofgHOKpaTHOM oburyyeHuu B go3e 10 I'p [60]. YkazaH-
Hble (aKTbhl MPUHUUIIMATIBHO BaXKHbl B KOHTEKCTE
00BSICHEHUSI MEXaHU3MOB BOCITAJIMTEIbHOM peakiiuu
npu BozaeiictBuun MU, TTOCKONBKY, B OTIWYHE OT
arrorrro3a (IIpy KOTOPOM, KakK OBIJIO OTMEUYEHO, CO-
XpaHsIeTCs ILEJIOCTHOCTb MEMOpaHbl KJIETKU), IIH-
pOIITO3  XapaKTepusyeTcsl “OBICTPBIM”’  pa3pbIBOM
TIa3MaTudecKol MeMOpaHBbl M BBICBOOOXIECHUEM
MPOBOCHATIUTEIBHOIO BHYTPUKJIETOUHOTO COJAEPXKU-
Moro (B ToM uucie, uHrepieiikuHa-13 /UII-1B/ u
nHTepieiikuHa-18 /MUJI-18/, HMGBI1, 6enkoB ce-
MeiictBa S100 u 1p.), UYTO UHAYLIMPYET pa3BUTHE BOC-
aJMTeabHOM peakiuu [46, 53—57, 60].

HecmoTtpst Ha TO uTO (pororeHHbIE (PaKTOPhI MO-
I'YT IPUHLIMTIIUAJIBHO pa3indaThCs 110 CBOEH Mpupoae
(Guonoruyeckoit, XUMHUYECKOH U (HDUBUYECKOI),
YCTAaHOBJIEHO, YTO MEXaHW3Mbl peaJiM3alluu OTBET-
HOW peaklMyi OopraHM3Ma Ha HUX B 3HAYUTEIbHOM
CTETIEHW OKAa3bIBAIOTCSI CXOXM. OBOJIOLIMOHHBIA
KOHCEPBATU3M U OOIIHOCTh MEXaHU3MOB Pa3BUTUS
BOCHAJIEHUsT TIPU BO3JICUCTBAM CaMbIX pa3HOOOpas3-
HBIX TTOBPEXIAIOIINX areHTOB OOYCJIOBJEHbI UX Ha-
MPaBJIeHHOCTbIO Ha KJIETKY — KakK KJIOUeBYI0 MU-
ILIeHb, U POJIbIO JAHHOM CUCTEMHOM peakliuy B orpa-
HUYEHUU (JIOKAJIU3alluN) TTIOBPEXICHUM, yCTpaHEHU U
UX TIEPBOMPUYMH Y MOCEAYIOIIeM BOCCTAaHOBJIEHUM
opranmusmMma [22].
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POJIb CUTHAJIBHBIX MOJIEKVII
B T'EHE3E ITOCTJIYYHEBOM
BOCIIAJIMTEJIbBHOM PEAKILIMA

VYxe B 1952 r. pe3yabTarhl 00CIEOOBaHUS JIMIIL,
noaBepruuxcs  Bosaeiicteuio MU, mnosBoauim
JI. T'emnenemany, I. Jlucko u 1. lodpmany cnemaTth
3aKJII0YeHMeE, YTO JTMHAMIUKA TU0EeU KJIETOK U pa3py-
LIeHUsI TKaHel nocie Bo3aeiicteusg MU nmMeet cxon-
CTBO C aHAJIOTUYHBIMU SIBJICHUSIMU TIPU OaKTepHUaIb-
HBIX MTH(PEKILIUSIX, a BRIPAXKEHHOCTb CUCTEMHOI peak-
LMY OpraHu3Ma Ha OOJydeHHEe ONpeaesaeTcs
du3MoIornuecK akKTUBHBIMU BellleCTBAaMM, BBIIE-
JIIEMBIMU KaK M3 MOTUOIINX, TaK U MOBPEXICHHBIX
KJIETOK (TKaHeit) [61].

B ycinoBusix 1okajibHOro (MECTHOTO) BO3JIEMCTBUS
NN umeer mecTto obGpazoBaHME XapaKTePHBIX 30H
TopakeHusl, Torma Kak Mnpu oOIeM oOJydYeHUU BO3-
HUKAIT MHOXECTBEHHbIE “oyaru” BOCHaJICHMSI, 3a-
TparvBamlle Bce TKaHW, OpraHbl U CUCTEMbI, KOTO-
pble CIOCOOCTBYIOT Pa3BUTUIO TTOJIMOPTaHHON HEemo-
CTaTOYHOCTU U TMOEIN OpraHru3Ma. XOTsl 3HaYUMOCTb
BOCHAJIMUTEJIbHON peakllMy B MaToreHe3e paauvaliyv-
OHHBIX MOPaXKEeHUI, HelleJIeBbIX 3(P(hEKTOB 1 APYyTUX
MaTOJOTMYECKUX COCTOSTHUI BecbMa BbICOKA, JIUIIb
Hay4yHbI€ TOCTUXKEHUSI TTOCTETHUX IBYX NeCATUIETUI
MO3BOJIMJIN CYILLIECTBEHHO MPUOJU3UTHCS K TOHUMA-
HUIO TIPUYMH WX BO3HUKHOBEHUSI M MEXaHU3MOB
¢opMuUpoOBaHUSL.

IToBpexxnenue, BbI3BaHHOE Bo3nelictBueM WU
(BIIpoYeM, KaK U IPYTMMU JeCTPYKTUBHBIMU areHTa-
MU: BO30yauTeNn MHGEKIU, TpaBMa, 0XOT, 00MO-
pOXeHHne), U IOoCeayiomas Tuoeab KIeToK (Jepe3
nupponTo3, ¢pepponTo3 u Ip. GOPpMbI HEKPOTHUUIE-
CKOM rr0eiv) NpUBOAUT K BBICBOOOXKIEHUIO “CUTHA-
J0B onnacHoctu” [7, 21, 62—65].

Cpenu CUTHAJIBHBIX MOJIEKYJI, CBUAETEIILCTBYIO-
IIMX O BO3IEHCTBMM HA OPraHU3M IOTEHIIUAIbHO
oInacHbIX (DaKTOPOB, BaKHasl POJib MPUHAMLICKUT
ajapmMuHaM (alarmins) min ¢paKTopaM MOBPEXKICHUS
(damage-associated molecular pattern / DAMP), ko-
Topble “UHGOPMUPYIOT” cOCeAHUE KIETKU O pa3BU-
TUU MIPOLECCOB NECTPYKUNU, aKTUBUPYIOT UMMYH-
HYyI0 cUcTeMy M (OpPMHUPOBaHME BOCHAJMUTEIbHOM
peakiun [63—70]. AJapMUHBI He HecyT WH(pOpMa-
oy o cneunpUIHOCTH BO3IeCTByIOIIEeTo hakTopa,
JIMIITb CBUAETEJILCTBYIOT O TOBPEXIECHUM KJIETOK, IO~
CKOJIbKY SIBJISIIOTCS 3HIOTE€HHBIMU MOJIEKYJIaMH.
B HacTosimee BpeMsI MIeHTUDUIIMPOBAH LICJIBII PSII
MOJIEKYJI, KOTOPbI€ COOTBETCTBYIOT OIIPeAeIEHHBIM
KpUTepUsIM (POJIU B BOCTTAJIEHUU/UMMYHUTETE, BOC-
CTaHOBJICHUM TOMEO0CTa3a, CIIOCO0e CEKPELI) I MO-
I'yT OBITH OTHECEHHI K ajapMuHaM. Cpean TaKOBBIX:
sanepHblii 6e1ok HMGBI1, 6Gelku TeIioBOro Ioka
(Heatshockproteins/ HSPs), mporenHbl cemeiicTBa
S100, marepneiikuu-1o (MJI-100), remaToMHBIN pak-
top pocta (HDGF), moueBas kuciiora (MUKPOKpPHU-
crayuibl ypuHata Hatpuss/MSU) u gp. [21, 64, 69—
72]. “CurHanbl oIacCHOCTU BOCIIPUHUMAIOT pelieH-
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TOPHI paclio3HaBaHUs 00pa3oB (pattern-recognition
receptors/PRRs), mTokaiu3oBaHHbIE HA TIOBEPXHOCTHU
kiretku (Toll-momo6HbIe penentopsl (TLRs) u nex-
TUHOBHBIE perienTopbl C-Tuna) u BHyTpu Hee (NOD-
1 RIG-1-nogo6HbIe petientopsl /NLRs u RLRs co-
OTBETCTBEHHO) [69, 71, 73, 74]. [1pu 3TOM pa3TUIHEIE
aJJapMUHBI BBI3BIBAIOT aKTUBALIMIO PA3JIMYHBIX TUTIOB
pEeLernTOPOB, B YaCTHOCTH, siaepHbIi 6ejok HMGB1
n HSPs cBa3piBatorcs ¢ peuentopamMu TLR2 1 TLR4,
NJI-10 gepes penentopsr MJI-1R, HeKoTOpBIE Kajlb-
LuicBsI3bIBalolIe 6enku cemerictsa S100 mocpen-
CTBOM B3aUMOICUCTBUS C pelenTOpaMU KOHEYHBIX
MPOAYKTOB ruKupoBaHus 6enkoB — RAGE (recep-
tor for advanced glycation end products) [21, 6971,
73,75].

CnexkTp OMOJOTMYECKM aKTUBHBIX (haKTOpPOB,
CUHTE3UPYEeMBIX B pe3yiabprare aktuBauum TLR,
BeCchMa IIMPOK M, HAPSAY C MPOBOCIATIUTEIbHBIMU
UTOKMHAMU, BKJII0YAaeT XeMOKWHBI, MOJICKYIbI aJl-
re3aur, (akTopbl poOCTa, TKAHEAECTPYKTUPYIOIINE
¢epMeHTHI (B YaCTHOCTU, METa/UIONPOTEUHAa3bl), U
¢epMEeHTHI, OTBETCTBEHHbIE 32 TeHEePaIINIO TAKIX M-
IMAaTOPOB BOCHAJIEHUS, KaK ILMUKIOOKCUTeHa3a-2
(ILIOI'-2 /COX-2/) n uHOyUUOWJIbHASI CUHTETa3a OK-
cupna aszora (iNOS) [70].

BHekJieTouHble CUTHaJIbHbIE MOJIEKYJIbl, B YacT-
Hoctu HMGBI, cBs3biBasichk ¢ Toll-mogoOHBIMU pe-
LIeNTOpaMu, MHULMUPYIOT (DOPMUPOBAHME KacKasa
peakliiuii, orocpeloBaHHbIX OeJIKaMHu amartepaMmu
MyD88 (nepBuuHBIN OeJIOK MUeIouAHON audde-
peHuupoBku 88) u TRIF (6enok, cogepxammii TIR-
JnoMeH, nHayuupytoiuii uarepdepon-f/TIR domain-
containing adapter inducing IFN-B/), samepHbIM
¢dakTopoM-kB (NF-kB), TpaHCKpUMNILIMOHHBIM (Pak-
TopoM AP-1, nHTepdepoH peryasiTopHbIM (haKTOPOM
(IRF) u MuUTOreH-aKTMBMPOBAaHHBIMU MPOTEUHKM-
Hazamu (mitogen-activated protein kinase/MAPK)
[65, 69, 76].

AxtuBaumst NF-kB oTrmedeHna mpm BO3IeiicTBUM
Pa3IMYHBIX KJIETOYHBIX CTPECCOPOB, B TOM YHUCIE U
npu nospexaeHnu (paspeiBax) JHK [77, 78], Tem He
MeHee, KAHOHUYECKMM U HauboJjiee U3yuyeHHbIM SB-
asietcss MexaHu3M aktuBanuu NF-kB, maayumpo-
BaHHbilt ®HOo u WUJI-1 [79, 80]. B GonbliuHCTBE
ciyqaeB NF-kB HermocpencTBeHHO CBSI3BIBAE€TCS C
MMPOMOTOPOM M ACWCTBYeT KaK aKTUBATOp TpaH-
CKPUITLHU OJj1s1 COTeH reHoB-MuleHeii [80]. M3Bect-
Ho, uyTo NF-kB, AP-1 u IRF5 xoHTpoIMpyioT 3KC-
MPECCUI0 BOCHAJIUTENIbHBIX [IUTOKWHOB, TOTAA KakK
IRF3 u IRF7 onpenensior akTuBaLuio MHTepdepoHa
(INF) I tuna u IFN-unayunomibHbIX TeHOB [70].
Bmecte ¢ TeM mMMeer MecTO B3aMMHasl aKTUBALIMS
mexny NF-kB u mpoBocmaauTeIbHBIMU LIUTOKMHA-
MM, TTIOCKOJILKY TaHHBI SIIepHbII (haKTOp peryjupy-
et akcripeccuto ®HO, unrepneiikunos (MUJI-1, UJI-2,
-6, NJ-8, UJI-12) [73, 81]. Uepe3 peryusuuio
9KCIIPECCUU TEeHOB, OTBETCTBEHHBIX 3a arllomNTo3,
npoyudepaluno KJIeToK, CHHTe3 XeMOKUHOB, IIUTO-
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KWHOB, MOJIEKYJT aare3mnu, 6eiaku ceMmerictBa NF-kB
obecreuynBaroT oOpMUPOBAHUE UMMYHHOIO OTBETa U
BOCITAJIMTEIbHOM peakuuu [79, 80].

VYBenuueHre YpoBHSI TPOBOCTIAJIMTENbHBIX IIUTO-
KMHOB U 3KCMPECCUM UX TeHOB Mpu Bozaeiicteun MW
HEONHOKPATHO KOHCTAaTUPOBAIM MO pe3yIbTaTaM 1uc-
caeaoBaHuM in vivo U in vitro [59, 60, 76, 81, 82]. dak-
TOp Hekpo3a omyxonu u WJI-1 o6nanaioT HMmpoKum
CHEKTPOM OMOJIOTUYECKOW aKTUBHOCTH, BbI3bIBas
ayTOKPUHHbBIE U MapakKpUHHBIE 3P EKThI, TPUBOISI -
IIM1e K aKTUBAaIUM MaKpodaroB M HEATpoduios [68].
Ilpu snmuMuHaM MakpodaraMu MNOBPEKICHHBIX
KJIETOK, KaK M B Cllydae YHUUTOXEHMSI MaTOTeHHBIX
OpPraHM3MOB, OHU MPOAYLUPYIOT OOJIbIIOE KOJInYe-
ctBo ADK (CBOOOIHBIX paauKaJiOB) U MIPOBOCITAIM -
TeJbHBIX (haKTOPOB. B pe3ynbraTe BO3HUKAET CUTya-
1111, KOT/a TIOBbILIEHUE YPOBHS MPOBOCIIATUTENbHBIX
LIUTOKMHOB U XeMOKWHOB 00€CIeunBaeT peKpyTUPO-
BaHUE JOIOJHUTEIbHBIX UMMYHHBIX KJIETOK, KOTO-
pble BBICBOOOXIAIOT BCe OOJIble CBOOOAHBIX paau-
KasioB. [23, 68]. 3HaunMoe yBeJIMdeHe YPOBHS IIPO-
BOCHAJIUTEJIbHBIX IMUTOKUHOB U, BEPOSITHO, B IIEPBYIO
ouepenb @HOO, TpUBOAUT K TUOETN KJIETOK BHE 3a-
BUCHMOCTH OT HaJmuus B HUX noBpexneHnii JJHK,
00ycIoBIeHHBIX Bo3aelicTBuemM M.

ITpu BozneiicrBuu MU B peanu3aniiu BHyTpUKIIE-
TOYHBIX MEXaHU3MOB Tepegayld CUTHAJIOB U aKTHUBa-
IIMM KOMIIEHCATOPHBIX IMPOILIECCOB 3a/1eliCTBOBAHbI
MAPK tpex tunoB: ERK 1/2 (extracellular signal-
regulated kinase 1/2), INK/SAPK (c-Jun N-terminal
kinase/stressactivated protein kinase — TepMuHaJIb-
Hble KMHA3bl KJIETOYHBIX COWICHEeHMIi/CTpecC-aKTH-
BUpYyeMbIe npoTenHKuHa3bl) u p38 MAPK [83, 84].
KoHTponb BeIKMBaHUS, pocTa 1 (P PepeHINPOBKA
KJIeToK obecrnieunBaeTcs yepe3 ERK 1/2, Torma kak
JNK/SAPK u p38 MAPK GyHKIMOHMPYIOT Kak
MPOoanoNnTOTUYEeCKMe KWHA3bI, PETYIUPYIOIIE MeXa-
HU3MbI QOPMUPOBAHUS AUCHYHKIIUN MUTOXOHAPUIA
U paavalMOHHO-UHIYLUMPOBAHHOI amornToTuye-
CKoM Tmbenn KiIeTok [83, 84].

MUTOXOHIPUU UTPAIOT OCOOYIO POJIb B hOPMUPO-
BaHMM BOCIHAJIUTEIbHOU peakilMu TpU TOBpeEXIe-
HUU, YTO OOYCJIOBJICHO UX yJyacTHEM B MOAAEpKaHUU
romeocrasa KJIeTKM U PagrdouyyBCTBUTEIbLHOCTHIO.
OO6yyeHuMe gaxe ¢ KpaitHe HU3KOUM MOILITHOCTBIO JI0-
3blI (1 MIp/MUH) IPUBOIUT K UBMEHEHUIO CTPYKTYPhI
U (QYHKIUMM MUTOXOHAPHWM, UTO COIPOBOXIAETCS
yBeandyeHueM cogepxanust ADK u pa3BUTUEM OKCH-
natTuBHOro crpecca [85]. CremyeT Takxke OTMETUTD,
yto crereHb noBpexnenus MTIHK B pesynbrare
Boszaeiicteust MU cylliecTBEHHO BBIIIIE, YeM Y 3alIUILCH-
Hoit tuctronamu JIHK stmpa xretku (st/THK) [86, 87].

XapakTepusysi poJib MUTOXOHIIPUI B T€HE3€ BOC-
MaJIUTENbHOI peakluu, CIeNyeT OTMETUTh, YTO, BO-
MEPBbIX, OHU SIBJSIOTCS €AMHCTBEHHBIMU OpraHes-
JlaMu, KOTopble AeicTBYIOT Kak DAMP camu no ce-
0e, MHAYyUUPYSI CeKpelUI0 UMMYHHBIMU KJIeTKaMU
MPOBOCMAJIUTENbHBIX IIUTOKMHOB, a BO-BTOPbIX —
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IIPU MX IECTPYKIWM BBIASISICTCS PSII BEIIECTB, MM-
MYHOCTUMYJIMpYIOIEe NEUCTBUE KOTOPBIX peaausy-
eTcs yepes cBsa3biBaHUe ¢ PRRs min akTuBauuio nH-
¢dmamacom: muroxoHapuanbHasa JAHK (mtAHK),
AT®, MUTOXOHIPUAJILHBIN (PAKTOP TPaHCKPUITLIUU
A (T fam), masnble BBICOKOpeaKTUBHbIE MOHBI U MOJIE-
KyJibl (ADK/mROS), dopMuimpoBaHHbIe HENTUIBI
(formylpeptide) [64, 88—91].

MuroxoHapuansHble DAMP SIBISIIOTCSI KaK BHYTpY -
KJIETOYHBIMU, TaK W 9KCTPAKJIETOYHEIMU (paKTopaMu
VHUIIMAIWY BOCHaIuTeaIbHOM peakuuu [91, 92]. Pa-
JIVAIMOHHO-MHIyIMpoBaHHas ¢parmMeHTayss MTJIHK
U BBIXOJ €€ COCTAaBJISIIOIIUX B LIUTO30JIb KJIETOK TO-
JIOBHOTO MO3ra 1 CEJIe3€HKHU BBISIBIICHBI Y MBILICH Ye-
pe3 5 4 nocie obydyeHus B no3e 5 I'p [93]. B pesyiib-
TaTe BBIXOJIa BO BHYTPUKJIETOYHYIO Cpeay (pparMeHThI
MTJIHK MoryT BBI3BIBaTH (hOpMUPOBaHNE BOCIIAIN-
TEJbHOM peaklMyd KakK Yepe3 B3aMMOAECUCTBUE C
TLRY c mepenaueit curHaja simepHbIM (hakTopoM
NF-kB, Tak 1 myreM B3auMoAeiCcTBUS ¢ MHGpIaMMa-
comoii NLRP3 u aktuBanueii kacmaspi-1, 4To B 060-
X Cydasx IpUBEIET K YBEIUYCHUIO YPOBHS IPO-
BOCHAJIUTENIbHBIX TUTOKUHOB [94—97]. Tperuii Ba-
pHaHT UMMYHOCTUMYJIMpYyIomiero aecteust MmtIHK
peanmusyetcst yepe3d IRF-1 u mHOyK1Mio cuHTE3a
IFNB u INFA1 [94-97].

B xonme skcrnepuMeHTaJIbHBIX MCCIIeTOBaHUI 1O
OLIEHKE BJIMSIHWSI PEHTIT€HOBCKOTO U3JIyYeHUS Ha CO-
nepxanue pparmenToB MTIIHK u i/IHK ycTtaHoBE-
HO, 4TO yXXe mocje oosyyeHus B go3e 1 I'p konuue-
ctBO (pparmeHTOB MTIIHK B CHIBOPOTKE KPOBU MBI-
meii-camiioB auHuum BALB/c yBenuuuBaercs, a
cootHourenne MTAHK/aJIHK Bbilte KOHTPOJBHBIX
3HAYEHUI Ha MPOTSKEeHUN He MeHee 25 cyT [86]. Boi-
cBoOoxneHrue MTIIHK B kKpoBOTOK OyneT croco6-
CTBOBaTh (OPMUPOBAHUIO U TIOANEPXKAHUIO BOCMA-
JIUTEJIBHOTO Mpoliecca Ha CUCTEMHOM ypoBHe. O000-
IIIEHHBbIC CBEICHUSI O MOJEKYJSIpPHBIX MeXxaHu3Max
WHIYKIMKM BOCHAJUTENLHON peakluu, OINOoCpeao-
BaHHBIX MUTOXOHIAPUSIMU, B HOPME M MATOJOTUU
MpeACTaBJIEHEI B psifiec 0030pHbBIX cTaTeil [94—97].

NHDIAMMACOMDBI 1 UX 3BHAYEHUME

OnHuM U3 nyTeil hOpMUPOBAHUSI CUCTEMHbBIX UM-
MYHHBIX peaKIInii 1 BOCITaJIeHUsT, BBI3BAaHHBIX ITOBPE-
KIEHWEM KJIETOK, B TOM YMCJIe W TPU BO3NEUCTBUM
MW, aBnsiercst akTUBalvs aJapMUHAMU BHYTPUKJIe-
TOYHBIX OEJIKOBBIX KOMILIEKCOB — “UH(pIIaMmmMacoMm”
[74, 88, 98—100]. MudamaMMacoMBbl COCTOSIT U3 TPEX
2JIEMEHTOB: “CeHcopHOro” (peuenTopHOro) Oejka,
KOTOPBIM SIBJISTIOTCS PEIIENTOPBI pacrio3HaBaHUS 00-
pa3oB u3 cemeiictrea NOD-mogoOHBIX pelieNTOPOB
(NLRs) unu AIM2 (absent in melanoma 2 (AIM?2)-
like receptors), amanTopHOro OejiKka — aIroIITO3-acco-
LIUMPOBAHHOIO CIEKT-TI0I00HOr0 Oejka (apoptosis-
associated speck-like protein /ASC/) u acdbcpekTopHO-
ro 6enka — kuHasbl-1 [74, 88, 98—100]. K HacTos11e-
My BPEMEHU JOCTUTHYTHI CYIIECTBEHHBIC YCTIEXH B
Ne 3
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BBISICHEHUU CTPYKTYPHO-MOJICKYJISIPHOM OpraHu3a-
LMY MHOIAMMAcOM U MyTAX MX akTuBauu [98, 99,
101—106]. YcraHOBJIEHO, YTO “KJTaccyecKast” aKTH-
BallMsT MHMIAMMacoM SIBIISIETCS IOBYXKOMITOHEHT-
HBIM ITPOIIECCOM U PETYJIUPYETCS KaK Ha TPAHCKPUII-
IIMOHHOM, TaK ¥ Ha ITOCTTPAHCKPUIIIIMOHHOM 3Ta-
nax. IlepBas cranus akTUBallMU peaiu3yeTcs yepes
nytb TLR/NF-kB unmu TLR4/MyDS88. Bropas cra-
IHST — depe3 oOpa3oBaHMe MHMIAMMACOMBI U €€ B3a-
nuMoneiicTBrue ¢ akropamu moBpexaeHus [88—90,
99, 105, 106].

B panHux um oTcpodyeHHBIX 3(]deKTax BO3aei-
ctBust UM Ha opraHmsm KI04eBYIO pOjIb UTPAIOT MH-
¢dnammacoma NLRP3 u AIM2, uHAyKII1sI KOTOPBIX
MpU 00Jy4YEHUU MOXET OBbITh OOYCJIOBJIEHA U3MEHE-
HUEM ypOBHsI BHYTpUKIeTOYHOro myiaa K*/Ca?*, us-
obITKOM ADPK 1 OKCUIATUBHBIM CTPECCOM, BHICBO-
OOXIeHUuEeM aJlapMUHOB M3 MOTMOINMX W(UIM) MO-
BpEXIEHHbBIX KJIETOK.

AroHucTaMu, WHAYLUPYIOIIUMU oOOpa3oBaHUe
uHpaammacom NLRP3, saeinstorcs monekyabl ATO,
MopooOpasyrollie TOKCUHBI, MaTOreHbl rpuOKOBOIA,
OakTepuaJibHOM M(MJIW) BUPYCHOM MPUPOIBI, HYKJIe-
WHOBBIE KUCJIOThbl, THAIYPOHOBasi KUCJIOTa U KpU-
CTAJNIMYECKUE BelllecTBa (IMOKCUA KPEMHMSs, ac-
6ecT), KpUCTaJIIbl MOYEBOM KUCIOTHI [60, 98, 99, 102].
MoueBasi kucioTta (KpUCTaJJIbl MOHOYpUHaTa Ha-
TpUsl) SIBIISIETCS OOHUM W3 “CHUTHAJIOB OMNACHOCTH,
KOTOPHBI BBI3bIBAET pa3BUTHE BOCITAIIMTEIBbHON pe-
akuuu 4yepe3 aktuBauuio NOD-mmogo6HOro peier-
TopHOTO 6esika nHgpaammacombl NLRP3 (ctumynu-
pyst Beipa6otky MJI-1P u MUJI-18) u B3aumozeiicTBre
¢ Toll-momooubiMu peuentopamu (TLR2 u TLR4)
[107]. IToBbilIeHNE comepKaHMSI MOYEBOI KMCIIOTHI
npu BoznaeiictBuu MU coBmamaeTr ¢ pa3BUTUEM KJie-
TOYHO-OTIOCPENOBAHHBIX UMMYHHBIX peakiuii, 4To
MO3BOJISIET CUUTATh €€ OMHUM U3 TPUITEPOB aKTUBa-
LIMA U YCTOMYMBOTO PAa3BUTUSI BOCHIAJIUTEIBLHOM pe-
akuuu npu obnaydyeHuu [58]. Tak, mpu oGayyeHUU
MBILIei B 1o3e 4 I'p yke depe3 2 4 mocjie BO3IeCTBUS
YPOBEHb MOYEBOI KHUCJIOTbl CTAHOBUTCSI 3HAYMMO
BbIlle (DOHOBBIX 3HAYEHUM U OCTAeTCsl TMOBBILICH-
HBIM Ha IIPOTSKEHUU HEe MeHee CYTOK [58].

B otinune ot nHdiammacombl NLRP3, cTpyKTy-
pbl AIM2 oTBETCTBEHHBI 32 pacllO3HaBaHUE ABYXIIe-
nouyedHbIX pa3pbiBoB JIHK, KoTophie MOSBASIOTCS B
pesyabTaTe BosaeicTBust MU Ha reHeTU4YecKuii ar-
mapat xietku [99, 101, 102]. B pesynbTaTe akTHBa-
o MHpIaMMacoM Yepe3 Kacrasa-1 3aBUCUMBIN
MeXaHU3M, MPOUCXOAUT (OpMHUpOBaHUE (U3 Heak-
TUBHBIX MTpeKypcopoB npo-UJI-1B u npo-NJI-18) u
cekpenus (yHKIIMOHAIBHO aKTUBHBIX (DOPM IMpPO-
BOCMATUTENbHBIX TUTOKMHOB WJI-13 u UJI-18, uto B
JNajibHel1eM OyaeT CTUMYJIUPOBaThb BBICBOOOXKIE-
Hue ®HOw, NJI-6 u NJI-1a [88, 89]. Apyrum nato-
FeHeTUYECKN BaXKHBIM UTOTOM aKTUBALIUU 3TUX WUH-
¢dbnamMacoM sBisieTcs Kacmasa-1 3aBucuMasi Kjie-
TOuHas rudeab — nmuporTos [58, 59, 108].
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Pe3ynbTaThl 3KCIIepMMEHTAIbHBIX UCCISI0BAHMMI
Ha MbIIIax, oO0JaydeHHBIX B n03¢ 2 Ip, cBUIETENIb-
CTBOBaJI 00 OTCYTCTBUM aKTUBALIMM MH(IaAMMAacoOM
B paHHMe cpokHu 1tocie Bo3neiicteusg MM (criycts 1—
4 4), TeM HEe MeHee B IepHUoJI, C TIEPBBIX MO 7-€ CYyTKHU
OHa OblJa BBIPpAXXCHHOW, HO B HOCJIeaymoleM (K
14-M cyTKaMm) CHMXKaJaach 10 YPOBHS (DOHOBBIX 3HA-
yeHuid. Ilpu 3TOM OuMHaAMMKa TUOEIU UMMYHHBIX
KJIETOK TOYHO COOTBETCTBOBAJIa KMHETUKE aKTHBa-
oy mHdaammacoM [58]. Jozo3aBucumeie 3pGeKThI
BozaeiictBust MU (nmpu obiyyeHuu B no3ax 5, 10 u
20 I'p) BHa omocpenoBanHylo NLRP3 akruBamuio
Kacnasbl- 1, rubenb KJIeTOK M IMPOAYKIINIO IIMTOKM-
HoB: WJI-1P3, WJI-18, ®HO« u IFN-y moarBepxkie-
HEBI C MCITOJIb30BaHUEM B 3KCIEPUMEHTE KYIbTYPhI
MEPBUYHBIX MaKpodaroB KOCTHOro Moara [59].

CTPYKTYPHbLIE
N OYHKLMOHAJIbHBIE U3SMEHEHUWA

AHanu3 TaHHBIX 110 U3YYEHUIO POJIU LIMTOKUHOB U
nHpIIaMMacoM B (hOpMUPOBAaHUU OTBETHOM peakiiuu
opraHusMa Ha Bosaeiictue MM cBumeTenbcTByeT 00
WX y4yacTMM B TeHe3e MOCTIyueBbIX HapylleHUi
CTPYKTYPHBI U (PYHKIIMIA pPa3TMYHBIX OPTAHOB U CUCTEM.

IIpenmnosoxeHre 0 BaXKHOM POJIM aKTUBAIIK BOC-
MaJUTeIbHOI peaKIIuy B ITaTOreHe3¢e pagualiOHHO-
VHAYLIPOBAHHOTO MYKO3MTa OBLIO CIAEJaHO B XOJe
M3Y4YEeHUSI MEXaHU3MOB €T0 Pa3BUTUS B MOIEIbHBIX
SKCcIIepruMeHTax Ha Mblmax [82]. Tak, B obGpasmax
TKaHel sI3bIKa MBIIIEH CyCTs 8 CyT mocie ooyde-
HUs B no3e 15 I'p ycraHoBiIeHO yBenudeHue Oosee
gem B 20 pa3 akcripeccun reto UJI-13, UJI-6, UJI-11
u NJI-23 [82]. C yBenuueHreM 1030BOM HArpy3Ku 10
20 I'p BBIIIEyKa3aHHBbIE M3MEHEHUSI CTAHOBMINCH
erie 6oJiee CYyIIeCTBEHHBIMM 1 HAPSIAy C 9TUM 3HAYM-
MO YBEJIUYMBAJICS YPOBEHb 3KCIIPECCUU T€HOB TPO-
BocraauTeabHoro nurokuHa — HO, a Takke MH-
daammacombl NLRP3 (moutu B 60 pas) [82].

3HaYMMOCTh KacKaja akKTUBaLUu MHGIAMMacoM
Kak (akropa, OOYCIOBJIMBAIOLIETO ITOBPEXICHUE
KOCTHOM TKaHM U CEJIE3EHKU, IIPOAEMOHCTPUPOBaHA
MpY 00Jy4EHUHN MBILIE B 1o3e 9 [p, MOMUMO 3TOro
OTMEYEHO, YTO U3MEHEHNE UX BECOBBIX NTOKA3ATEIIEM
Koppesnupyet ¢ yposHem WUJI-10 [109].

ITonyyeHbl JaHHbBIE, CBUIETENLCTBYIOIIE O POJIU
aKTUBALIMU UH(MIAaMMacOM U BOCTIAJIMTENbHBIX MIPO-
LIECCOB B paavallMOHHO-UHIYLIMPOBAHHOM IIOBpe-
KIIEHUW TOJIOBHOTO Mo3ra. B 4acTHOCTM, BBISIBJIEHO,
yto BozaeiictBue MM okaswiBajio CTUMYIUpYIOIIee
BJIMSIHUE Ha 3KCIPECCHIO FTeHOB MH(p1aMMacoM, 0CO-
o6enHo NLRP3 B kinetkax mukporinuu BV-2, 4ro co-
MPOBOXIAIOCHh IMOBbIIeHWeM Tpoaykuuu MJII-1p,
MJI-18 u akTuBanueit MexaHU3MOB KacIta3a-1 pery-
JIMpyeMoii KJIeTouHoI rubenu [60].

YCTaHOBICHO HaJMYKe B3aMOCBSI3U MEXOy I10-
BBIIIICHWEM YPOBHSI (DEHOTUIIMYECKUX MapKepOB
BOCIAJIMTEJLHOM peakluU C pa3BUTUEM IIOCTJIyYe-
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BOro ImHeBMoHUTa 1 ¢prdpo3a [110]. 3HaummMocCcThs NH-
dinammacombl AIM2 B paguallMOHHO-UHIYLMPO-
BaHHOM NOPaXXEHUM JIETKUX IIPOJSMOHCTPUPOBAaHa B
pa6ore Gao J. u coanrt. (2019). BrrsaBiieHo, 94To 00JIy-
YyeHMe TPyIHOMN KJIETKU Mblliieii B o3¢ 18 I'p BbI3biBa-
JIO OTEK JIETKHMX, TUIIEPEMUIO U IPOTPECCUpYIONIce
YTOJIIIIEHUE CTEHOK aJIbBEOJI, TOIIa KaK MHTMOMpPOBa-
HMe akTuBauuy MHdIammacombsl AIM2 B ycioBusix
npuMmeHeHus: aHaporpadonuna (Andrographolide)
obecIieunBajIo yBeJIMYEHUE BBIKUBAEMOCTU OOIy-
YEHHBIX XKWUBOTHBIX W CHWXXAJIO BbIPAXXEHHOCTD
OCTPOTO ITHEBMOHMTA U1 JierouHoro ¢puopo3sa [108].

Kaxk u3BecTHO, IIporpeccupyone BOCIIaIuTEIb-
HbIEe peaKIUy SIBJISIIOTCSI OMHOM 13 IIPUYMH 3a00J1eBa-
HUiI CepACYHO-COCYIUCTOI CHUCTEMBbI, B YaCTHOCTH,
aTepocKiIepoTHIecKMxX mpoiieccon [111]. Moumsupy-
IO1IMiE€ U3JIYYEHUS Yepe3 aKTUBaLUIO MHAIaMMaCOMBI
NLRP3 BBI3BIBAIOT ITOBPEXACHUE SHIOTEINS, YCKO-
PSIIOT aTePOCKIEPOTUYECKHE ITOPAXKEHUS U MOTYT
MPUBOIUTH K ubpo3upoBaHuto [90].

OO60O6IIeHHBIE CBEIEHUS O 3HAYEHUN aKTUBALUU
nHpiamMmacoMbl NLRP3 B hopMupoBaHy mydeBBIX
MOPAXEHUI KOXHU, KUILIEYHMKA, CIM3UCTOI 000JI0U-
KU TIOJIOCTY pTa U APYTMX CUCTEM IPENCTABJICHBI B
o630ope J. Wei u coanrt. (2019) [89].

st opraHv3Ma mocieacTBust QOpMUpoBaHUSI pa-
ITUAITMOHHO-MHIYIIMPOBAaHHOM BOCTIATUTEIBHO pe-
aKIIMM MHOTOTPaHHbI U COMPSIXKEHBI HE TOJBKO C TTO-
BpEXIEHUEM HOPMAJIbHBIX TKaHEM, HO U TIOSIBJICHU -
eM HeueneBbiX 3¢dexkToB ([lpum. — B IuTepaType
MIpY ONMMCaHUM (EHOMEHOB, SIBJISIOIIMXCS KOCBEH-
HBIMU TTOCJICACTBUSIMU OOTYYSHUS U HE CBSI3aHHBIMU
C HEIOoCPeNCTBeHHBIM Bo3neiictBueM MW Ha smep-
ayio JHK kneTok-muliiieHei, UCITOAb3YIOT TIOHSTHUS
“adexrt cunerens’) [3].

Hamuuue B3ammocBsI3n Mexay (OpMUPOBaHUEM
B TIOCTJIy4€BOM MEPUOJe BOCIAIUTEIbHON peaKIuu
(BKJTIOYAOLIIEe !t MHIYKLIMNIO aKTUBHBIX (h)OPM KHMCJIO-
pona, MPOBOCHAUTENbHBIX HUTOKMHOB — WMJI-1 mn
®OHOQ) u mosBIeHUEM HelleaeBbIX 3D GHEKTOB MO -
TBepXaaeTcst psinoM ucciaenoBanuii [3, 50]. OgHako,
Kak otMmedeHo D. Schaue u W.H. McBride (2010),
“3a4acTyI0 MOXET Ka3aThCsI TPaBOMOYHEBIM ITPOBEC-
HUE Tapa/uleid MeXay IpolieccaMu BOCIaJIeHUS
IIpU pa3BUTHUH OMOJIOTUYECKOIO OTKJINKA Ha BO3MIei-
ctBue MW u pammaliioHHO-WHAYIIMPOBAHHBIMUA
“HeueneBbiMu” (“cTopoHHUMU”) 3bdekTamu”. Ox-
HAKO, IO MHEHMIO CAMMX aBTOPOB, IIPSIMBIX JOKa3a-
TEJILCTB JJIsl TAKOT'O pOa 3KCTPaNoJIsIIIUY Ha JTaHHBI
MOMEHT HeT, Mo KpaiiHeil Mepe, TI0 TPUYMHE OTCYT-
CTBMSI OMHO3HAYHOCTH B XapaKTEPUCTUKH STUX SIBJIC-
Huit [23].

Takum o6pa3om, B CBSI3U C YCTAHOBJIEHUEM PO
ADK/ADA, “curHaioB ormacHOCTH” 1 MHGIAMMACOM
B pPa3BUTHM OTBETa OpraHm3ma Ha BosuaeiicTteue MU
CTajI0 OYEBUIHO, YTO OMOXUMMNYCCKHIE U UMMYHOJIO-
TMYEeCKNe IIPOLIECCHI, COIMPOBOXIAIOIINE MOCTIyYe-
BYIO BOCTAJIMTEJbHYIO peaklivio, MToOMHUMO obec-
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TeYeHUsl 3aITUTHON (DYHKIIMU, MOTYT TIPUBOIUTDH K
TeHOMHOI HEeCTaOUJIBbHOCTH U CIIOCOOCTBOBATH IMO-
BBIIICHHUIO PHCKa KaHIIepOoTreHe3a, BhI3bIBATh MPEXK-
IeBpeMEeHHOE CTapeHUe 1 Pa3BUTHE TTOJTMOPTaHHOMN
HEIOCTaTOYHOCTHU, YeMY B TIOCJIeAHEe BpeMsl TIpuaa-
10T ocoboe 3HaueHwue [21, 25, 112].

3AKJIIOYEHHME

INpencraBiaeHHBIE MaTepualibl CBUIETEbCTBYIOT,
YTO BOCHAJIUTENIbHAS peaKIus TPpU 00 TyYeHU U SIBJISI-
€TCsl pPe3yJIbTaTOM peain3alliu Kackajaa B3auMOCBSI-
3aHHBIX PagUMAlMOHHO-XUMUYECKUX, OUOXUMUYEC-
CKUX M IUTOT€HETUYECKUX MPOILECCOB, KOTOPhIE 3a
CUET MEXaHMU3MOB MEXKJIETOYHOM KOMMYHUKAIIUU
MIPUBOIAT K (POPMHUPOBAHUIO CUCTEMHOI peakIIvu.
Kak 1 B ciyyae mpyrux, oOyCIIOBJIEHHBIX BO3Ieii-
crBueM MU sBiaeHusIX, IepBUYHBIE (ITyCKOBBIE) (DaK-
Topkl (moBpexxneHne JJHK n panmonms Bogsl ¢ oOpa-
3oBaHueM A®K/AMA) BBI3BIBAIOT HapylIeHUE
(YHKIIMOHAJIBHON 1IEJIOCTHOCTU KJIETOYHBIX BJie-
MEHTOB (B IMEPBYIO oyepeab MEMOpaH OpraHoOuI0B U
CaMoi1 KJIETKU) U CITOCOOCTBYIOT “BTOPUYHOMY” TIO-
BpexkaeHMIo reHeTmdeckoro Matepuana (JJHK, PHK).
IMospexnenne JHK u dopmupoBanme MuKpome-
(hEeKTOB KIIETOUHBIX CTPYKTYP, CBSI3aHHBIE C PA3BUTH -
€M OKMCJIUTEILHOTO CTpecca, IPEIoNpenesIssioT Tn0eb
KJIETOK IMyTEM amonTo3a, WiId Yepe3 HEKPOTUIECKIE
M3MEHEHUs (B TOM YMCJIe, MUPOITO3, (hepponTos).
HMonusupyollee M3aydeHUe TPU YPOBHSIX BO3eii-
ctBUs 6osiee 1 I'p nHAYyLIMpPYET rMbesb KJIETOK U ITpr-
BOIUT K BBIIEJICHUIO “CUTHAJIOB OTTACHOCTU . DHIO-
TeHHEIE “CHUTHAJIbI OIACHOCTU’, pacIloO3HaBacMEIC
Toll-mogoO6HBIMU peLIeTITOPaMU, YEPE3 CUCTEMY “TIO-
cpenaukoB” (MAPs, NF-kB, COX-2) BBI3BIBAIOT
CEeKpeLMIO BOCTIAIUTENIBHBIX HUTOKMHOB UJI-1, NJI-6,
NJI-8, ®HO, WJI-33 u IFN-Yy, KoTopble 3a cueT Me-
XaHU3MOB MOJOXUTEIbHOI OOpaTHOI CBSI3M IIpemd-
onpenensioT gajbHeliree oopazoBanue APK u ru-
Oenb KieTok. Hanmmume 1mooXXUTEIbHOM 0OpaTHOM
CBSI3U MEXIYy MOBPEXICHUSIMU TeHOMa, HapyIIeHU-
eM OajlaHca aKTUBHOCTU TTPO- U aHTUOKCUIAHTHBIX
CHCTEM, TUOENbIO KJIETOK Y BbIIEJIEHUEM TIPOBOCHA-
JIUTENbHBIX (PaKTOPOB (LUTOKUHOB, XEMOKWHOB,
poreas, MPOCTAHOUAOB, a TaKXKe aKTUBHBLIX (opM
KHMCJIOPOJa W a30Ta) MpUIAeT BOCIIAIMTEIbHOM peak-
LM XapaKTep YCTOMYMBOIO BO BPEMEHU CaMOITIOIIEP-
KMBAOIIETOCS 1IMKJIA, YBEIMUYNBAIOIIETO CTEIIEHD TSI~
XECTU MNOBPEXIECHUI TKaHel, OpraHOB M CUCTEM.
VKazaHHBIE MPOLIECCHI, BEPOSTHO, OIPEACISIOT pa3-
BUTHE HelleJIeBbIX 3(P(MEKTOB, panuallMOHHO-UHIYLIU-
pOBaHHOI HECTAaOMIBHOCTU FeHOMa, KaHIEPOTreHE3
U Ipyrue oTcpouyeHHbIe a¢dekThI [4, 5]. PackpbiTue
OCHOBHBIX COCTABIISIONIMX MaTOTeHe3a pagualioH-
HO-MHIYLMPOBAaHHON BOCITAJIMTEILHOM peaKIuu U
BBISICHEHNE B3aMMOIEMCTBUS MEXOY pas3IndHbIe
3BEHBSIMHM MATOJIOTMYECKOIrO IIpoIecca IT03BOJISIT B
JaJbHEUIIIeM pacIIupPUTh IIPEACTAaBICHUS O IMyTIX U
Ne 3
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Puc. 1. CxeMa OCHOBHBIX IyTei ()OpMUPOBaHUS paIralliOHHO-UHIYIIMPOBAHHOI BOCTIAJIUTEIbHON peaKIInu.
Fig. 1. Pattern of radiation-induced inflammatory response formation pathways.
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Ionizing Radiation and Inflammatory Reaction. Formation
Mechanisms and Implications
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Ionizing radiation induces a complex of genetic, biochemical, structural and functional changes in the body.
The inflammatory response development is acknowledged as one of the manifestations of systemic bodily re-
sponse to ionizing radiation exposure, and this response, through the activation of immunity, acts both as
protector and leads to the development of undesirable early, delayed and off-target effects. Its underlying mo-
lecular and cellular mechanisms are defined by DNA damage, free radical metabolic changes (primarily re-
active oxygen and nitrogen species), oxidative stress development, inflammasome activation, “danger sig-
nals” release and pro-inflammatory cytokines production. The role of non-apoptotic cell death forms (ferro-
ptosis and pyroptosis) is described in the genesis of post-radiation inflammatory response and subsequent
tissue, organ, and system damages. The post-radiation inflammatory reaction’s ability to take form of a time-
stable self-sustaining process — that increases the radiation-induced damage severity — due to the presence
of a positive feedback between different components of its pathogenesis is noted.

Keywords: alarmins, apoptosis, inflammation, inflammatory response, inflammasomes, ionizing radiation,
non-target effects, oxidative stress, pyroptosis, ferroptosis, cytokines
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