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HeiiTpoduisl SBISIOTCS OMTHUMU U3 OCHOBHBIX KJIETOK BPOXKJICHHOTO MMMYHHTETA U BBITMIOJHSIIOT KITIOUEBYIO
3 dHeKTOPHYIO U PEryIsITOPHYIO QYHKUMIO NPU Pa3BUTUM OTBETHON BOCMAJIMTEIbHON peakilMu OpraHu3Ma.
AnonTo3Hble (GOPMBI HEUTPODUIOB UMEIOT BaXKHOE 3HaYECHUE B PEryISILIMA WHTEHCUBHOCTU BOCITAJICHUS U
BOCCTaHOBJIEHUST TKAHEBOIO roMeocTasa. B HacTosiieM 0630pe 0600111eHbl COBPEMEHHbIE TaHHBIE O MOJIEKY-
JIIPHBIX MeXaHU3MaX MOIYJISIIIUU alloNTo3a HEHTPOMUIOB OCHOBHBIMU PETYJISITOPHBIMU (haKTOpaMU BOCTa-
JIUTEbHOM peakliuy — IIUTOKUHAMU, UHTETPUHAMM U CTPYKTYPHBIMU KOMITOHEHTaMu 6akTepuii. Takxke mpo-
aHaJM3UPOBaHbI HAPYIIIEHUS aroITo3a HEMTPODUIOB IIPU CTpecce, MPeACTaBIeHbI MOJIEKYIISIPHbIE MapKephbl
U3MEHEHUsI TPOJOJLKUTEIbHOCTY XU3HU HEHTPOdWIOB, HabII0AaeMble TTPY Pa3IMYHBIX 3a00J€BaHUSIX U TTa-
TOJIOTUYECKMX COCTOSTHUSIX, pacCMOTpeHa MHbopMarus o papMaKOJIOTMIECKUX CPEICTBaX MOAYISILIMN aro-
nTo3a.

Karouegnie crosa: HeﬁTpO(l)PU[bI, aIrltoIITo3, BOCIIAJICHUE, CTPECC, BpO)K,HCHHbeI MUMMYHUTET

Cokpamenus: BAJl — 6ponxoanbBeonsipHblii 1aBaxk, [6MDK3 — rimoko3a-6-docdara3Hblii KOMIUIEKC TAIIA 3,
I'K — rmokokoptukouasl, JIIT — nunonporentsl, JITIC — munmononucaxapun, OPJIC — ocTprhlii pecriupaTop-
HbII nuctpecc-cuHapom, I1I' — nentumornukansl, AK2 — ameHmnaT kuHa3a 2, Akt — mpoTenHKrHa3a B,
ANCA — antineutrophil cytoplasmic antibody, Apaf-1 — apoptosis protease activating factor 1, Bcl-2 — B-cell
lymphoma protein 2, CDK — cyclin-dependent kinase, cIAP — cellular inhibitor of apoptosis proteins,
Cp-DNA — HemetunupoBaHHble Cp auHykiaeotuasl, CR — nurokuHoBslii petientop, DAMP — danger-asso-
ciated molecular patterns, ER-cTpecc — crpecc sHmorurazmarudeckoro perukyiayma, ERK — extracellular signal
regulated kinase, FADD — Fas-associated death domain protein, Fas — aHTuUTeH anmonTo3a, 3KCIIpecCUpPOBaH-
Hblii Ha moBepxHocTH KiieTku (CD95), FasL — Fas ligand, FcRy — peuenrtop k Fc ¢dparmenty Ig gamma,
G-CSF — granulocyte colony-stimulating factor, GILZ — glucocorticoid-induced leucine zipper, GM-CSF —
granulocyte macrophage-colony stimulating factor, GPCR — G-protein-coupled receptor, HAX1 — hematopoi-
etic cell-specific Lyn substrate 1-associated protein X-1, Hsp — heat shock proteins, IAP — inhibitor of apoptosis
proteins, ICAM-1 — intercellular adhesion molecule 1, IFN — uarepdepoHn, IFNAR, -BR, -GR — receptor for
interferon alpha,- beta,- gamma, IGF-1— insulin-like growth factor-1, IxBa. — inhibitor of nuclear factor-xB
alpha, IL — unrepneiikuna, IRAK — IL-1 receptor-associated kinase, JAK — Janus kinase, Mac-1 — macro-
phage-1 antigen, MAPK — mitogen-activated protein kinase, MIF — dbakTop mHruémupoBaHust MUTrpaliuy Mak-
podaros, MyD88 — myeloid differentiation primary-response protein 88, NF-kB — nuclear factor “kappa-light-
chain-enhancer” of activated B-cells, NOD — nucleotide-binding oligomerization domain, PAMP — pathogen-
associated molecular patterns, PDE-4 — phosphodiesterase-4, P13-K — phosphatidylinositol 3-kinase, PRR —
pattern recognition receptors, Pyk2 — pyruvate kinase 2, RIP — receptor-interacting protein, ROS — reactive ox-
ygen species, SAA — serum amyloid A, SHP — Src homology domain 2 (SH2)-containing tyrosine phosphatase,
Smac — second mitochondria-derived activator of caspase, Src — Rous sarcoma virus proto-oncogene, STAT —
signal transducer and activator of transcription, Syk — spleen tyrosine kinase, TLR — Toll-like receptor, TNF —
tumor necrosis factor, TNF-R — TNF receptor, TRADD — TNF receptor-associated death domain, TRAF —
TNF-receptor-associated factor, TRAIL — TNF-related apoptosis-inducing ligand, VCAM-1 — vascular cell
adhesion molecule -1, XIAP — X-linked inhibitor of apoptosis protein
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BBEAEHWE

B xom1e 3BOIIOIIMOHHOIO Pa3BUTHUSI CUCTEMBI BPOX-
IEeHHOTO MMMYHHUTETA YeJIoBeKa C(hOPMUPOBAIICS Me-
XaHU3M pACIO3HAaBaHUSI CUTHAIOB TMOTEHIIMAIbHOTO
MOBPEXICHUSI CTPYKTYPHBIX KOMIIOHCHTOB TKaHEH,
IpeaCcTaBICHHBIN 3BOJIOMUOHHO KOHCEPBAaTMBHBIMU
narrepH-pacrno3HatommmMu perientopamu (PRR) num-
MYHOKOMIIETEHTHBIX KJIeTOK. CIIOCOOHOCTh 3TUX pe-
LEeNTOPOB PaCIO3HABAaTh MOJIEKYJISIPHBIE CTPYKTYPHI
paznuuHbix TatoreHoB (PAMP), a Takke cuTHasbI
onacHoctu B popme DAMP, BricBoOOXKTaIomecs 13
pa3pyIIeHHOTO 3KCTPaKJIeTOYHOIO MaTpHUKCca 1 pacma-
JTAIOIIMXCSI KJIETOK OpraHM3Ma, TeCHO CBsi3aHa ¢ (op-
MHUPOBAHUEM OCTPOTO BOCITAIMTEIFHOTO OTBETA B 04Yare
wHOUIUPOBaHUS MM oBpexkaeHud [1—3]. B ommmane
OT APYTUX TPaHyJISIPHBIX JEMKOIIMTOB, Ha HEUTpODU-
JlaX MOpPEeICcTaBJICHO OrPOMHOE KOJHMYECTBO pPa3HOO00-
pa3abIx PRR [2], m mMeHHO 3TN 3 DeKTOpHBIE KIETKA
OJHUMMU U3 NEePBBIX pearupyroT Ha CUTHAJ OITaCHOCTH,
MUTPUPYIOT U3 HUPKYJISITOPHOTO pyciia K o4ary moBpe-
XKIEHUS, UASHTU(DULIMPYIOT IIPUPOIY pa3apaxkKUTeIs 1
BBIOMPAIOT ONITMMAaJbHBIE CITOCOOBI €ro HelTpam3a-
MM — TeHepaluio aKTUBHEIX (hopm Kuciaopoaa (ROS),
JIerpaHyJIsiIuio, (aromuro3 win (GOpMHUPOBAHUE KC-
TPaKJIETOYHBIX JOBYIIeK (HeTo3) [1]. Ha kaxkmom aTarme
pa3BUBalOLIEIiCSI TP 3TOM BOCIIAJIUTEJIBHON peaKlIny
HEUTpOGWILI UTPAIOT OTHY U3 KIIIOYEBBIX posieii Kak 3¢-
(beKTOpHBbIE M PETYJISITOPHBbIE YYaCTHUKM IIpoliecca, a
MOMEHT 1 (hopMa UX THOeJIN UMEIOT KPUTUYECKOE 3HaUe-
HUeE IJI51 TOJTHOLIEHHOT'O 3aBepIleHMsI TIpoliecca BocHa-
JIEHUSI 1 BOCCTAaHOBJIEHUSI ToMeocTasa [1, 4].

ATIONITO3 $BJISIETCSI OCHOBHOII GopMoil rudenu
HEeUTpOUIIOB, a MEXaHM3M €ro MHAYKIIUY HE SIBISIST-
Cs1 YHUKAJIbHBIM M COXPaHSIET OCHOBHBIE YEPTHI, TIPU-
cyliMe BceM KjieTkaM opraHusMma [5]. Tak, cBsi3biBa-
HUe 3KcTpakieTodyHblXx JurangoB FASL, TNF wm
TRAIL ¢ coorBeTCcTBYIOIIMMNU MeMOpaHHBIMU “pe-
uentopamu cMmeptu” (FAS, TNF-R1, TRAIL-R1/2)
aKTUBUPYET HUTOIUIa3MaTUIECKUE “TOMEHBI CMEPTH”
(FADD unu FADD/ TRADD) u 3armyckaeT MHOTOCTY-
TeHYaThlii KacKaj BHYTPUKJIETOYHBIX MOJIEKYJSIPHBIX
B3aMMOJCUCTBUI, KIIIOYEBasI POJb B KOTOPBIX OTBO-
IUTCS Kacma3zaM-8 1 -3, MpoTeMHKMHAa3aM CeMeicTBa
MAPK u perynsitopHbIM O6esikam cemeiictBa Bel-2, ox-
HU U3 KOTOPBIX IIPOSIBJISIOT IIPOAIIONTO3HbIE CBOMCTBA
(Bad, Bim, Bax, Bid, Bak), a npyrue obyianarot 3aur-
HbIM 3(bdekToM (Mcl-1, Al, Bel-X;) [6—8] (puc. 1).

BHYTpUKIIETOUHBIE TPUITEPHl WHAYLAPYIOT IIYTU
amnorTo3a, OIocpeayeMble HIOIIA3MaTUUECKUM pe-
TUKYJIYMOM WU MUToxoHapusmu [7—10]. Amomnro3s,
OMnocpeayeMblii MUTOXOHAPUSIMU, 3aBUCUT OT AOMMU-
HUPOBAHUSI B IUTOIJIa3Me IIPOAITONTO3HBIX OEIKOB
cemeiicTtBa Bcl-2, pyHKIIMOHATBHOTO COCTOSIHUSI MU-
TOXOHIPUATBHBIX MEMOpPAaH U aKTUBHOCTH KacIia3bl-9
[6, 8, 9]. [1pu ammonTo3e, onocpeayeMOM 3HIOTIa3Ma-
TUYECKUM PETUKYJIYMOM, OCHOBHAsI pPOJib OTBOIMUTCS
TaK Ha3bIBaeMOM “peakliii HECBEPHYTBHIX OEIKOB”,
VHIYLIHUPYIOIIEe HE3aBUCUMBII OT KacITa3HOTO MeXa-
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HU3Ma chnenuduueckKuii MmyTh MNpOrpaMMUPyeMOit
ru6enu Heiitpoduiaos [10]. ITomobHO npyrum daro-
LHUTUPYIOIIUM KJIETKaM, HEUTPO(GMIbI CIIOCOOHBI
peanrn30BaTh NPpOTpaMMYy arolTo3a, MHIAYLIUPYEMOTro
¢aronuuro3om [7] (puc. 1). AmonTo3Hbie GOPMEI Heii-
TpOopMIOB TepsoT (GYHKIMOHAIBHYI0O aKTUBHOCTD,
MPUOOpPETAIOT criendpUIecKre MOP(POIIOTHIECKHE Xa-
PaKTEPUCTUKHN U BHIBOISTCS U3 LIMPKYJISIIAMN (haroim-
TUPYIOIIMMU KJIETKAMU KOCTHOTO MO3ra, JIETKUX WU
neueHu [1, 11].

Crpecc nmpeacTaBiisieT cO00M BEICOKOKOHCEPBATUB-
HBIIA OMOJOTMYECKUI OTBET HAa CUTHAJI TPEBOTU WU
YIpO3bl, CBSI3aHHBIN C 3BOJIIOLIMOHHO IpPEBHEH CUCTE-
MO BpOXIECHHOIO MMMYHHUTETA I UMCIOLLIMIA pellao-
1mee 3HaYeHMe U1 BEDKUBaHUsS opranusma [12]. Acco-
MU POBAHHLBIC C pea.nyl3auylel71 nporpamMmbl 3allIUThI
pa3HOHAaIIpaBJIeHHBIE M3MEHEHMUS IIPOIOJIKUTEIBHO-
CTHU >XU3HU HEUTPOMDHUIOB OTMEYAIOTCSI KaK IIPU BOC-
nmajeHuu, Tak U npu crpecce. HapyiieHus arornro3a
HEeUTpo(MIIOB KaK (pakTopa peryasiiuuu ux (yHKIIHO-
HaJIbHOM aKTUBHOCTU MMEIOT ITaTOreHeTUYeCKoe 3Ha-
yeHue Mnpu GOpMUPOBAHMU XPOHUUYECKUX 3a00JjieBa-
HUU pa3IM4YHON 3TUOJIOTUMU.

PETYJISALIMA ATTIOIITO3A HEUTPO®UJIOB
ITPU OCTPBLIX BOCITAJIMTEJIbBHbBIX
[TPOLNECCAX

ITponoKUTENbHOCTD KU3HU HEeUTpodUIoB B hu-
3MOJIOTUYECKUX YCIIOBUSIX orpaHuyeHa 12—18 yacamu
B LUPKYJISITOPHOM pyciie u 1—4 nHsaMmu B TKaHsx [1, 8,
11, 13, 14]. T1pu pa3BUTUU BOCTIAIUTEIbHOU peaKklivu,
XapaKTepu3yIolleicsl akTUBalUeil HEUTpOo(pUIBHOTO
3BeHa, ATOT IOoKa3aTejlb MOXET YBEJIUYUThCS B He-
CKOJIBKO pPa3, 4YTO IMO3BOJISIET UMMYHHOI CHCTEME C
HaunOoJbIIeil 3 (PEeKTUBHOCTHIO UCIIOIb30BaTh (PYHK-
LOHAJIbHBII noTeHuna HeliTpoduios [1]. ITocie 3a-
BEpLIEHUSI OCTpoii ha3bl BOCHANEHUS UCTOIIEHHbIE
HEUTPOdUIIBI MOABEPraTCs aroITo3y, a MOMIOIIEHNE
arorTO3HbIX Tejlell MakpodaraMu HeMmOCPeACTBEHHO B
oyare MOBPEXIECHUSI CIY>KUT CUTHAJIOM IepeKIoue-
HUSI TPOBOCTIAJIMTEIbHOM TTporpaMMbl Ha aHTUBOCTIA-
JIMTEJIbHYIO C TMOCJEAYIOIINM BOCCTAHOBJIEHUEM TKa-
HeBoro romeocrtasa [4, 15]. IlpomoXKMTenbHOCTH
JKU3HU HEUTPODUIOB B JAHHOM CJlydyae UMeeT KpUTH-
YeCKOe 3HaUYeHUEe U MOAYJIMPYETCS KOMILJIEKCOM pas-
JIMYHBIX CUTHAJIOB, BKIIIOYAs (pakTOphl MeTadboImde-
CKOTO COCTOSIHUSI KJIETKU U DKCTPAKIJIETOUHOIO MPO-
crpaHcTBa [9, 16, 17].

ITokazaHo, 4TO MOJEKYJSIpHbIE MEXaHU3Mbl CYy-
Mpeccuy arornTo3a akKTUBUPYIOTCS yXe B Mpoliecce
IMMPOHUKHOBEHUSI HEUTPOMDUIOB B OUar MoBpeKIeHUSI.
OTMeueHo, UTO TpaHCANUTEIUANIbHAS MUTPALIMST DTUX
KJIETOK COIPOBOXIAETCS CHUXEHUEM BKCIIPEecCUuu
nmpokacmna3s -3, -6, -7 u -8 u MPHK mipokacnas-3 u -8
[18], a HemocpeAaCTBEHHBIII KOHTAKT HEHATPO(DUIOB C
SHIOTEJINATBHBIM MOHOCJIOEM [N Vitro TOPMO3UT pas3-
BUTHE KaK CHOHTaHHOTO, Tak U Fas- nan TNFR-omo-
cpenoBaHHoro aronTto3a [19]. CurHan nonmaBieHuUs:
Ne 3
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Puc. 1. MonekyasipHasi peryjslus aronTo3a HeWTpoduyioB, omocpenoBaHHoro “peuenrtopamu cmeptu” (FAS, TNF-RI1,
TRAILR), ¢darounTo3oM M CTpeccoOM 3HIOIUIa3MaTUYECKOro peTukysayma. [1yTu cyrnpeccun amonTosa 0003HAaYeHBI KPACHBIM

LBETOM.

aronTo3a IIPYU TPaHCOHAOTEIMAJIBHOM MUIpaluy B
oyar BocHajeHUsi HedTpodWIbl MOJy4yaloT MOCpe-
CTBOM MHTETPUHOBOTO B3aMMOIEICTBUS, a TOOJTHU-
TEeJIbHBIMU CTUMYJIAMU MPOIJICHUS XKU3HU HEUTPOPU-
JIOB B OCTpyI0 a3y BocHaJeHUS SIBIISIIOTCS ITPOBOCHA-
JIUTEIbHBIE IIUTOKWHBI, ¢dakTopsl pocta, PAMP,
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DAMP u apyrue MoJeKyJasspHbIE PeryasiTopbl, Kaxk-
B U3 KOTOPBIX YETKO BBITIOJHSIET CBOIO pouib [1, 2,
8]. IIpu cpaBreHmM HeliTpodmiioB BAJl 60abHEIX TSI-
XeJoit popMoii MHEBMOHUM ¢ HEUTpOUIaMU IUPKY-
JIUpymolieit KpoBU BBISIBJICHO KOJIMYECTBEHHOE MPeo0-
JlalaHUe aHTUAIONTO3HbIX 0e1KOB Bel-X; u Al cemeii-
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ctBa Bcl-2 B Hevitpodunax BAJI [20]. Ha stame
paspeleHus BOCIAJIEHUST 3HAUYUTEJIbHBIM BKJIAI B MO-
IYJISILIAIO aroITo3a HEUTPO(MUIOB BHOCST LIMTOKUHBI,
obamarompe aHTUBOCTAIUTEIBHBIMA  CBOMCTBAMU
[1, 17].

HWurerpunbl Kak (GakTopbl peryjisiiud anonro3a

WHTerpuHbI SIBISIOTCS TpaHCMEMOpPaHHBIMU TeTe-
POIMMEPHBIMHU pPeleTITOPaMU IS MOJIEKYJT aAre3ui 1
OEJIKOB 9KCTPaKJIETOUYHOrO MaTpukca. PaznuuHble o 1
[ cyObenMHUIIBI 3KCIIPECCUPYIOTCST Ha TIOBEPXHOCTHU
KJIETKH, (DOPMUPYSI MHTETPUHBI C PAa3IUIHON CIIEILM-
(UYHOCThIO 11 JIuraHaoB. Ha muromnmazMaTudeckoin
MeMOpaHe HeUTpPOGUIOB 3IKCIPECCUPOBAHBI 0O 3,
omBsy, ayPs 1 0P, mHTErpuHE [21] ¢ mpeobiagaHuemM
oppB, mmu Mac-1 (CD11b/CD18, ITAM aHTuUreH),
MpUHAJIeXaIero cyocemMeiictesy [}, WHTErpUHOB
[22, 23]. AktuBanust Mac-1 MoieKyraMu MeXXKKJIETOU-
Hoit anre3nn ICAM-1, mpencraBaeHHBIMHA Ha TTOBEPX-
HOCTH 3HAOTEJIMOLMTOB KalIUJIJIIPHOTO pycjia, BHOCUT
3aMETHBII BKJIaJ B MOBHIIMICHUE KM3HECIIOCOOHOCTH
HEeUTpO(MWIOB B mpolecce UX TPAaHCIHIOTEIUAIbHOMI
MUTpannu B ouar BocriasieHus [23]. Cesa3piBanne Mac-1
C TaKMMU TIpOTeMHaMU a3ypoUIbHBIX I'paHyJ Heii-
TpodMIOB, KaK GUOPUHOTEH, TIJIa3MUHOTEH 1 MUEJI0-
nepokcHuaasa, TakKXke COIMNpPOBOXKIAETCS 3alepKKoit
CIIOHTaHHOTO amonTo3a [22, 24, 25]. Iloka3zaHo, 4TO
KOCTUMYJIUPYIOIINN CUTHAT C [3,-WHTETPUHA HEOOX0-
UM JUJIST aKTUBALMU TPAHCKPUNIIMOHHON aKTUBHOCTHU
NF-kB npu skcrno3uuuyu HEUTpodUIoB ¢ BOCIaIU-
TeabHBIMU LMTOKMHaMU I1L-8 1 GM-CSF [26]. Mexa-
HU3M Mepenayyd CUrHajaa ¢ JUTMPOBAHHBIX MHTEIPU-
HOB CB$I3aH C aKTMBallMel TUPO3UHKWHA3 U3 ceMeii-
ctBa Src, Syk m KuHaA3 QOKaJbHOM anre3u, B
yactHocT! Pyk2 [27]. B HelTpodumax kuHa3bl Syk n
Pyk2 MomynupyroT akTUBHOCTh kKMHa3 Akt u p38
MAPK [28]. BzaumoneiicrBue nuradnga ¢ Mac-1 BBI-
3pIBaeT €ro Kjaacrepusanuio, aktupanuio Akt 1 ERK
1/2, aTakke (hakKTOpOB, OJIOKUPYIOIINX CEKBECTPALIUIO
mutoxoHapuii [24, 29]. KpomMe Toro, mokasaHo, 4TO
pacTBOPUMBIN (UOPUHOTEH CITOCOOCTBYET TPaHCIIO-
kanuu NF-«kB B sgapo, akTUBUpPYS LUTOILIa3MaTUYE-
CKUII MHTHUOWUTOpP Ierpamaliuy 3Toro ¢akrtopa [29].
BrigBieHo, yTto g aktTuBauuy (GuOPMHOTEHOM MU
TUTa3MUHOTEHOM MYTeil BBIKMBAaHMSI, OIOCPEIOBaH-
HBIXx ERK1/2 1 Akt, HeoOXonuMO IIpUBJIeUeHIE 00eUX
CyOBeIMHUIL MHTETPUHA O3, [24]. I1pu cBA3BIBaHUU
Mac-1 ¢ mMuenonepokcuaa3oi, MOMHUMO aKTHUBalLIUU
nporenHknHa3 ERK1/2 u Akt, orMeuyaeTcss HaKOILIe-
HHWEe B IUTOINIa3Me aHTHAMMoNTo3HoTro akTopa Mcl-1
cemeiicTtBa Bcl-2, nmpegoTBpaiieHre TMCHYyHKIIUU MU~
TOXOHAPUIA U moaAepKaHue 3¢p(HeKTOpHOI KacIasbli-3
B HEaKTUBHOM cocTossHHNH [25]. TeM He MeHee ImoKa3a-
HO, YTO THOTJIMKOJAT-UHAYLIMPOBAaHHbIE HEUTpOhU-
JIBI, BBIOEJICHHBIE OT MBIIICH, Je(UIIMTHBIX II0 TeHY
CD11b (CD11b /), uMeloT 3aMemJIEHHBINA aIloITo3
[30], uTo mpenmoaaraeT CyieCTBOBAHUE IPYTUX NHTE-
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IPUH-OIIOCPENOBAHHBIX ITyTEM PETYSILIMUA 3TOTO MPO-
necca. Tak, B HacTosIIIee BpeMs U3BECTHO, YTO CBSI3bI-
BaHUE WHTEIPUHA O4f};, MPUHAAJIEeXaIlero K cyoce-
MEUCTBY [3,, BacKyaspHBIMU MOJIEKYJIaMU aare3uu
VCAM-1 (CD106) mpuBOINT K 3amepKKe He TOIbKO
CMOHTAHHOTO, HO U Fas-MHIyIMpoBaHHOTO arnoITo3a
HEUTPOGUIIOB, U COMNPOBOXIAECTCI CTUMYJISIIIUE
PI3-K omocpenoBaHHOTO ITyTH BELKMBaHUS M aKTHUBA-
nuen ¢pakropa rpanckpunuuu NF-kB [21].

Bosneuenve HeUTpodWIOB B [3,-MHTETPUHOBOE
B3aUMOJIEAICTBUE MOXET HE TOJIbKO IMONIaBJsATh, HO U
aKTUBUPOBATH arioITo3 HEUTPODUIOB. YCTaHOBJIEHO,
YTO MPOAOJIKUTEBHOCTh XWU3HU KIJIETOK B JTaHHOM
cllyyae 3aBUCUT OT DYHKIIMOHAJIbHOM aKTUBHOCTHU UH-
TETPUHOBOTO PELENTOPAa U KOCTUMYJIMPYIOIIETro nei-
CTBUSI OTHENBHBIX ITIUTOKMHOB. CBsI3bIBaHUE [3, UHTE-
IPUHOBOI CYObEIUHUIIBI C TUTAHAAMU TIPU OJHOBPE-
MEHHOM JEUCTBUU TaKUX MPOANONTO3HbIX (haKTOPOB,
kak FasL, TNF wiu ynbTpaduosieToBoe U3IydEHUE,
MOXKET YCKOPSITh aIlonTo3 HelTpoduioB [31]. Ycuie-
Hue pudoponekTuHoM TNFR - ormocpenoBaHHoOrO aro-
NTO03a HEUTPOPUIOB 3aBUCUT OT (HOCHOPUIIMPOBAHUS
npotenHa Ly-GDI, sBistonerocst perynsitopoM I'Tda3
[32]. Bo3aMOXKHOCTB cBsI3BIBaHUS Mac-1 ¢ KOMITOHEH -
ToM KoMIuiemMeHTa iC3b uiu Fc perienTopoM o0ycioB-
JIUBaeT B3aMOAEHCTBUE JaHHOTO MHTETrprUHA C OTICO-
HU3UPOBAHHBIMU OaKTEpUSIMU, COIMPOBOXAAIOIIEECS
nx (parommrTozoM [33], U, Kak ciaeacTBUE, UHAYKIIMEH
arronTo3a [7]. DKcnepuMeHTaILHO YCTAHOBJIEHO, YTO
aHTuTesla K Mac-1 OJIOKMpPYIOT aIlonTo3, OIoCpeno-
BaHHBII (HarolMTO30M OINCOHU3WPOBAHHBIX YaCTHII
[30]. MHTErpUHBI y9aCTBYIOT B MEXKKJIETOYHOM B3al-
MOJEHCTBUU HEUTpOoDMIIOB 1 MaKpodaros. DTo B3au-
MoJieficTBUE MOXET MPUBOAUTH KaK K aKTUBAIIMU aro-
MT03a HEUTPODUIIOB, TaK U K UX TociaenytoiieMy da-
rouuto3y Makpodaramu [34, 35]. Takum oOpazom,
MOCPEACTBOM WHTETPUHOBBIX PELENTOPOB aronTo3
HEUTPOMDUIOB MOXKET MOIYJIMPOBATHCS Pa3IUUHBIMU
JIMraHJIaMU, KaK 9KCITPECCUPOBAHHBIMU Ha MTOBEPXHO-
CTU COCEIHUX KJIETOK, TaK M HaXOISIIUMUCS B 3KC-
TPaKJIETOYHOM MaTPUKCE WU B PACTBOPEHHOM COCTO-
SIHUM.

ITurokuHbl Kak (akTopbl Peryjisnuy anonrosa

IMTomumo CR cemeiicta TNF (FAS, TNF-RI1 u
TRAIL-R1/2), cBg3aHHBIX C “moMeHaMU CMepTu”’
FADD u FADD/TRADD, Ha uutomniazmMaTuuecKoi
MeMOpaHe HeUTpoMUIOB 3KCIPECCUPYIOTCS MHOTO-
YUCJIEHHbIE PELENTOPbl, aKTUBAlIUS KOTOPBIX HE 3a-
TparuBaeT “JOMEHbI CMEPTH”’, OJTHAKO OKa3bIBaeT pa3-
HOHaMNpaBJeHHOE BJIMSIHWE Ha pa3jU4YHble TUIbI
arorTo3a Ha 3Tane TPaHCAYKIIUWU HUCXOSIIETO BHYT-
PUKJIETOYHOro curHaia K 3¢ @eKTopHoii Kacrnaze-3 —
KJIIO4eBOI “Monekyne cmeptu” [1, 36].

MHorre ITMTOKUHBI U (PAKTOPHI POCTa, UTPAIOIIE
BaKHYIO POJib B (pOpMUPOBAaHUY BOCIIAJIUTEIIBHOTO OT-
BETa, MOTYT pa3HOHAIIPaBJICHHO U3MEHSITh IIPOIOJIKM -
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TEIbHOCTh XX13HU HelTpoduioB. [Toka3zaHo, uro IL-1,
IL-2, IL-3, IL-6, IL-8, IL-15, IL-18, IL-32y, TNEF,
IFNy, IFNa, IFNB, GM-CSF, G-CSF, MIF u IGF-1
CMOCOOHBI 3aMeIsATh MPOollecC aronTo3a, OKa3bIBas
MPOBOCHAIUTEIbHOE NEHUCTBUE TIPU PAa3BUTUU OCTPOM
dasbl Bocnanenus |5, 11, 20, 36—45]. U3 atnx dakTo-
poB TNF u IL-6 oGnamaioT O6uGpyHKINOHATLHBIMU
CBOICTBaMM, T.€. MOTYT MIPU ONPEAETEHHBIX YCIOBUIX
aKTUBHPOBATh allONTO3 3TUX KJIETOK [6, 8, 16, 41].

TNF asnserca nurangoMm CR cemeiictBa TNF, Mo-
JICKYJISIDHBIA KOMILIEKC KOTOPOTO WMHIYLMPYET Kak
MPOAITONTO3HBII MyTh, OIIOCPEIYEMBI Kacla3on-8 u
cBsI3aHHBIN UckIounTebHO ¢ TNF-R1, Tak 1 aHTH-
aIloOIITO3HBIN, OIIOCPEAYEeMbIil 000MMU TUTIAMHU peleI -
topoB TNF-R1 1 TNF-R2 [16, 36]. Monynsius BbI-
KMBaeMOCTH HeuTpodumiioB nocpeactBoM TNF ocy-
LIECTBIISIETCST Pa3IUYHBIMU hakTopamMu [46], B KOHEU-
HOM HUTOI€ COABUTAIONINMM OaJIaHC IIPOAnONTO3HBIX 1
aHTHUATIOTNITO3HBIX CUTHAJIOB B Ty WX WHYIO CTOPOHY,
OJHAKO B OOJIBIICH CTEIIEHU 3aBMCUT OT KOHIIEHTpa-
nuu TNF B cpene nHKyOaly 1 HAIIPSDKEHUST KUCIIO-
pOJa B OKCTPAKJIETOYHOM MPOCTpaHCTBe |8, 16].

JleitcTBrEe OONBIIMHCTBA IIMTOKWHOB OITOCPEIYETCS
CR I u Il Tunos. OpHuMY 13 HanboJIee N3YyYCHHBIX JI1-
raanoB CR tumna I sensmiorcst pakropsl pocta G-CSF n
GM-CSF [1, 11, 36, 47]. I1pomoiXUTeIbHOCTD XKU3HU
HEUTpodUIOB, BbIAEIEHHBIX U3 KPOBU JOOPOBOJIbIIEB
mnocie KypcoBoro BeeaeHus: pekomouHanTHoro G-CSF
yesoBeka (10 MKr/Kr MOAKOXHO, €XeIHEBHO, OJHO-
KpaTHO, B TeUeHUe 7 Hel ), Oblla 3HAYUTEIHLHO BhILIE,
yeM B KOHTpoJibHOI rpynme [48]. Kak G-CSF, tak u
GM-CSF nogasismior Fas-ormocpeqoBaHHEBIN altonTos3
HelTpodusoB yenoseka [49, 50], onHako G-CSF He
OKa3bIBaeT BIAMUSHUS Ha HEUTPOUIIbI MblLei [51].

Ilpenmnosiaraercsi, YT0O OCHOBHOUW MeXaHU3M aH-
THUATTOTITO3HOTO ACHCTBUS IIMTOKMHOB HAa HENTPOhU-
JIbl 3aKJII0YaeTcsi B U3MEHEHUM COOTHOILUCHUST 3KC-
npeccuu 6eIKoB ceMeiicTBa Bcl-2 B cTopoHy 3a1lmT-
HbIx 6enkoB. Tak, GM-CSF, G-CSF, IL-3, IL-6, IL-15
u IFN-y cHuxarot 3kcnpeccuto Bax [5, 52]. GM-CSF
u TNF BebiBator PI3-K-3aBucumMoe dochopunpona-
HMe 1 TTO30J1bHYI0 TpaHcokanmio Bad [53]. G-CSF n
GM-CSF noaepXuBaloT 9KCIPECCUI0 OETKOB BIXKM -
BaHusd Al u Mcl-1 [20, 47], HO He BIMSIOT Ha YPOBHU
aKcIpeccuu apyrux o6enkos cemeiictsa Bel-2 (Bel-X,
Bax, Bcl-w) kak B HeiiTpoduiax MbIIIN, TaK 1 YeJI0BeE-
Ka [47, 51]. CienyeT OTMETUTh, UTO JaHHBIE 00 MHIYK-
1mu akcnpeccuu Bim, Bax u Bel-X; (pakropamu pocta
G-CSF u GM-CSF npotuBopeuussl [20, 47, 51], a He-
OIHO3HAYHOCTh PE3YJIbTATOB, MTO-BUAUMOMY, CBsI3aHA
C TAKUMU METOIUYECKUMU OCOOEHHOCTSIMU TIpOBeIe-
HUSL UCCIIEIOBAHUN in Vitro, KaK J103a U TIPOIOJKUTEb-
HOCTb 3KCMO3UIIMU UCCIIeTYyEMbIX (PaKTOPOB, a TAKXKE CO
CTEeTeHbI0 OUUCTKU MOMYJISLIMU HEUTPODUIIOB.

AHTRaronTo3Hble 3(PPEKTH MPOBOCTATUTEIIHFHBIX
LUTOKMHOB Ha HEUTPOGUIIBI MOTYT OBITH OTIOCPEI0Ba-
HBI He TOJBKO OajtaHcoM 6eJIKoB ceMeiicTBa Bcl-2, Ho
1 QYHKIIMOHAJILHOM aKTUBHOCTHIO KIIOYEBEIX ITPOTE-
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MHKWHa3HbIX KackagoB. CR tuna I (IL-4R, -6R, -12R,
-15R, G-CSFR, GM-CSFR) u CR tuna II (IFNAR,
IFNBR, IFNGR, IL-10R) KOHCTUTYyTUBHO CBSI3aHBI C
npotenHknHa3o JAK, cybcTpaToM [t KOTOPOii sSIB-
JIIeTCS aKTUBATOpP TpaHCKpunuuu TporenHoB STAT.
CBsI3pIBaHUE JIMTAHIA C 3TUM TUIIOM PELIETITOPOB UH-
IyUMpYyeT aKTUBALMIO MPOTEMHKWHA3HBIX KacKaloB
no curHamsHoMy niyTu JAK-STAT, perynupyroiemy
MHOTHWE€ IIMTOJOTUYECKUE TPOIECChl, B TOM YUCJIEe U
anonTo3 [36]. Cpenu npotenHOB cemelicTBa JAK kito-
yeBasi poJib B TPAHCAYKIIMU aHTUATIONTO3HOTO CUTHAIA
npuHamiexut JAK2 [54], nHunuupyoiieit CurHaib-
Hblil 1IyTh JAK2—STATs. AKTuBaLus JaHHOTO IYTU
nokaszaHa g1 MHorux JuraigoB CR I u II tunos, B
toMm yucie G-CSF, GM-CSF [54, 55], IL-15 [56],
IFNo u IFNy [36, 57]. OcobeHHOCTHM TIyTeil akTUBa-
o KoHkpeTHoro tumna CR, mo-Buammumomy, onpene-
JISTIOTCSI KOMOMHaIMEN petenTop-crienuuieckux Ba-
puantoB JAK u STAT, oOyciaoBjieHHON IIMPOKUM
CIIEKTPOM MX MOJIEKYJSIPHOTO pa3HooOpa3usi. Bax-
HYIO JOTOJTHUTEIbHYIO PETYISITOPHYIO POJIb B OCTPE-
LIETITOPHBIX MeXaHW3Max Mepefauyu CUTrHajia BbIMOJ-
Hsa10T TporenHknHa3a PI3-K u ee cyocrpar Akt,
snepHbld akTop TpaHckpuniuu NF-kB, 6enku ce-
MeiictBa Bcl-2, mHru6uTopsl anomnro3a ceMmeiictBa IAP
U psif OIPYTrUX BCIIOMOTATEIbHBIX DH3UMOB [6, 36].
Tak, wHampumep, npu o00OpabOTKe HEUTpPOoDUIOB
¢daktopom G-CSF akTuBauusi CUrHAJIbHOIO MYTHU
G-CSFR — JAK2 — STAT3/5 conpoBoxXaaeTcs yBe-
nuuenuem skcripeccuu cIAP2 [55]. GM-CSF BbI3bI-
BaeT 3aJepKKy arornTo3a 4epe3 CUTHaJIbHble TyTH,
orocpenoBaHHble TpoTenHkHa3zaMu ERK u P13-K/Akt
[45], Ho He p38 MAPK [58]. B To e BpeMst Ipyroi in-
rann CR tuna I, [L-15, akTuBUpyeT He TOJBKO KWHA3bI
JAK2 u ERK, HOo 1 p38 MAPK, uT0 Tak>ke mpuBOAUT K
3a7epKKe afnornrosa [56].

Cpenn nurangoB CR tuna I Hanbonpimmit nHTEpeC
npenctasisiior [IFNa/f u IFNy. IIponoHrupoBaHue
BbIXXMBaeMOCTH HelTpodunoB nocpeactsom IFNa u
IFNy cBg3aHo ¢ yBenuueHueM akcrpeccuu cIAP2, Ho
He cIAP1, Mcl-1 u Al [57]. AHTuarnonTo3Hoe Aeit-
ctBue IFN[ Ha HeitTpod Ukl 00yCIOBIEHO aKTUBAIIM -
eii mporenHkuHa3 PI3-K, CO u TpaHciaokauuei
NF-xB B sinpo [59, 60]. ITokazaHo Takxe, yto IFNy
nHTHOUpyeT Fas-omocpemoBaHHBIN amoITo3 HENTPo-
GMIIOB 3MOPOBOTO YenoBeKa [44].

AHTHAIIONTO3HBIM ITOTEHILIMAIOM 00J1aJal0T TaKXKe
HEKOTOphIe MHTEPJCHKNHBI, aKTUBUPYIOIIUE APYrue
TUIBl ITUTOKWHOBEIX pelenTopoB. IIpexne Bcero kK
HuM oTHocsites IL-1a /B u 1L-18, apnstomuecs im-
rangamu cyrnepcemeiictsa IL-1R/TLR [36] u npuHu-
Mamplle aKTUBHOE ydacTue B PeryJsiiuyd BOCHAJIM-
tenbHOro mnpouecca. B ormmune or CR 1 u 11 tumnos,
npu akTuBaum penenropHoro komiviekca IL-1R/TLR
CUTHaJI UHULIMMpYeTcsl GesikoM-anantepom MyDS88 u
kuHa3amu cemeiictBa IRAK ¢ manpHeiimmeit TpaHCIyK-
nueit Ha pakTop TpaHckpununy NF-kB 1 kimHa3bI ce-
MmeiictBa MAPK [36]. BeisiBieHo, uto 1L.-1 oka3siBa-
eT CyIpeccupylollee ACHCTBUE KaK HAa CIIOHTAHHBIN
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[38], Tak 1 Ha Fas-mHnmynupoBaHHBII aronto3 [50].
Mukybanusg o4yuIlleHHOW NONMyISIUA HeUTpodUIoB
KpPOBMU 310poBOTO YesnoBeka ¢ IL-18 Takske compoBoXK-
JIaeTcsl CyIpecCcHueil aIorTo3a, a MeXaHN3M yBeInde-
HUS TIPOAOJIKUTEIBHOCTH XXKMU3HU HEUTPOGDUIOB CBSI-
3aH C yBEJIMYEHUEM aKTUBHOCTHU (haKTopa BHIKUBAHUS
Al, Ho He Mcl-1, m omocpenyercs PI3-K 1 ERK, HO He
p38MAPK, kuHa3HbIMU TTyTIMU [61].

HekoTopsie mpoTenHBI, 00J1amaonie cBOMCTBAMM
BOCHAJIMTEILHBIX LIUTOKUHOB, SIBJISIIOTCS JIUTaHIaMU
PEeLIeIITOPOB, HE OTHOCSIINXCS K IIMTOKMHOBOMY THITY.
OnuH u3 HUX npencrasieH ropmMoHoM pocta IGF-1.
BrigineHo, uto IGF-1 BbI3bIBaeT BhIpaxKEHHYIO 3a-
IepXKy KaK CIOHTaHHOTO, TaKk 1 FAS-nHmynmpoBaH-
HOTrO arioITo3a HEUTPO(UIOB 3M0POBOro YejioBeKa B
YCIIOBUSIX in vitro [44], mpuyeM MeXaHU3M JeWCTBUS
IGF-1 He 3arparnBaeT 3Kcnpeccuio Fas 1 akTMBHOCTh
Kacrmasbl-8, Ho cBsi3aH ¢ PI3-K 1 mHrnoupyommm, Ho
He OJIOKMpYIIIUM, 3(p@PEKTOM Ha IeHOoJsIprU3aLUIo
MUTOXOHIPHATBHBEIX MeMOpaH. I1pn aToM addexkTnB-
Hocte geuctBusg IGF-1 cpaBHumma c addekTom
GM-CSF u IFN-y, kotopsie moutu Ha 50% WHTUOU-
pyioT Fas-onocpenyemerit anonTo3s [44].

Xopouro u3ydyeHHbId muTokuH IL-8, ¢yHKIMO-
HaJIbHO MpUHAJIEXKAIIUIA K TpYyIIe XeMOKUHOB U SIB-
nstroinuiics nuranaoM xemopeuentopa CXCR cemeit-
crBa GPCR [36], He TOJIBKO YCWIMBAET BHEApEHUE
HEUTpOodUJIOB B oUar BoCcIajieHUsI, HO U TPOJIOHTUPY-
€T MX BbDXKMBaeMOCTb [6]. B ycioBusIX KyJIbTUBUPOBa-
HUS HEUTpodMIOB Yea0oBeKa BhIIBICHO, uTo I1L-8 3a-
JIEp>XKUBAET pa3BUTUE KaK CIOHTaHHOro, tak u Fas-
v TNF-unnyuupoBaHHoro amormnro3sa [6, 45, 50], a
CUTHWJIbHBIE TIYTM  BbDKUMBAHUS  ONOCPEAOBAaHbI
ERK/AKkt [45]. Ipyrum, He MeHee BaKHBIM LIMTOKH-
HOM TUICOTPOIMTHOIO AEUCTBUS, OOJIANAIOIIUM XEMO-
KMHO-TIOAOOHO! aKTUBHOCTBHIO W aHTHUAINOITO3HBIM
apdekroMm, ssBisieTcss MIFE. TTokazaHo, 4To MeXaHU3M
BiussHUsT MIF Ha amonTo3 HelTpodujoB yeloBeKa
CBsI3aH C MPeJOTBpallleHUEM BbICBOOOXIEHUS U3 MU-
ToxoHApuii muToxpoma C 1 Smac, y9acTBYIOIINX B aK-
TuBauMu 3¢ dEeKTOpHON Kacrnasbl-3, a TakKXKe C TOoJI-
JIep>)KaHUEeM B HEAKTUBHOM COCTOSIHUW MPOAIonTO3-
HBIX (pakTOpOoB Bid m Bax [40].

Cpenmn LIMTOKWHOB, BBICBOOOKIAIOIINXCS B TIPO-
1ecce pa3BuTHs (asbl pa3pelieHUsI BOCTATUTEIbHOTO
orBeTa, nHrepec npeacrasisaoT 1L-4 u IL-10 kak Han-
0oJsiee U3yYEHHbIE C TOYKU 3PEHUS BIUSIHUS Ha aro-
nTo3 [1, 17]. B a1y dasy HeliTpod Wikl BCTyNalOT yKe B
aKTUBHMPOBAHHOM COCTOSIHUM, a MPOIOJIKUTEIbHOCTh
WX XWU3HU YBEJIUUYUBAETCS KOMITJIEKCOM MOJYJISITOPOB.
ITokazaHo, yto IL-10 oTMeHsIeT CylIpecCUIO CIIOHTaH-
HOI'O aronTo3a, OIMOCPEeIOBaHHYIO MPOBOCHATUTEb-
HbeiMu daktopamu TNF, GM-CSF, G-CSF, IFNy
win JITIC B ycnoBUSIX in vitro, HO TpY 3TOM HE OKa3bl-
BaeT BJIMSIHUE Ha BbIKMBAEMOCTb HETTPUMUPOBAHHBIX
HelTpodmios [62, 63]. U3yuasa MoJIeKyJISIpHbBII Mexa-
HU3M PEeBEPCUM 3aJEPKKU arornro3a HedTpoduios,
C. Ward u coaBT. IenaoT BEIBOM, YTO TpaHcayKys 1L -
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10-omocpenoBaHHOTO CUTHAJIA aCCOLIMMPYETCS C IO-
nmapieHueM aktuBHOcTH ERK, omHako oTiamgaercs ot
nmyTeii nepenayu curHajga K ERK ot perientopHbix Kom-
wiekcoB, aktuBupyeMbix GM-CSF wmu TNF [64].
ITpoanonTo3HbIi 3PEKT TaKKe ITPOIEMOHCTPUPOBAH
npu usydeHur BausiHus IL-4 Ha akTMBUpPOBaHHbIC
JITIC un KyJIbTUBUPYEMbBIC B YCIIOBUSIX TUIIOKCUM HE-
Tpodmisl yesroseka [17]. IL-10 n IL-4 aBisgroTcs Turan-
mamu IL-10R u IL-4R, 1 OOJIBIIMHCTBO MCCIeAOBAaTE-
Jieit yka3biBatoT Ha BaxxHOCTb Jak1/STAT3 B3aumoneii-
CTBUII B IIPOBEIECHUM OIIOCPEAOBAHHOIO IAaHHBIMU
MHTEepeiiknHamMu curHana [1, 17, 65].

Monynsiuysi anonTo3a KOMIOHEHTAMH OaKTepwii

Cpenu Heckoabkux TUNoB PRR omHuMu 13 Han6o-
Jiee M3YYEHHBIX SIBIISIIOTCSI TpaHcMeMOpaHHbie TLR,
npuHagiexkamue cemeiicty IL-1R/TLR peuenTopos
1 UMEIOIIME TTepBOCTENIEHHOE 3HAUYeHNE B paclio3Ha-
BaHUU Pa3IUYHBIX CTPYKTYPHBIX KOMIIOHEHTOB MHUK-
POOPraHMU3MOB C MOCJIEAYIOIIE aKTHBalLMEN BbIpa-
>KEHHOM OTBETHOIT BOCIIAJIUTENBLHOM peakiuu [36, 66].
ITocpenctBoM cBsi3biBaHUSA ¢ TLR KOMIMOHEHTHI MUK-
POOPTaHM3MOB MOTYT OKa3bIBaTh BIMSHUE HA allONTO3
HEUTPOGUIOB U MPU OTCYTCTBUM MPSIMOTro MHOUIIM-
poBaHusS KiIeTKM. B HeliTpodmiaax yeoBeKa mpel-
CTaBJICHBI Bce AecsITh M3BeCTHRIX TUITOB TLR, nckimo-
yasgs TLR3 [7, 36], Tpu 13 KOTOPBIX HAXOISTCS BO BHYT-
pukiaeTouHbix kommnaptMmeHtax (TLR-7, -8, -9), a
OCTaJbHBIE BKCIPECCUPOBAHbl Ha ILMTOILIa3MaTHU4E-
cKoit MemGpaHe [66]. Hauboiee nzyyeHusiMu PAMP
0akTepHaJIbHOM IIPUPOABI CUYUTAIOTCSI MEMOpaHHbIC
JITIC, JIIT, 1T m munoTteitxoeBble KUCIIOTHI, 00J1amaro-
1IIME aHTUATTONTO3HBIM ITOTEHLIMAJIOM PAa3JIMYHOM CTe-
MEeHU BhIPaXXeHHOCTH [6, 7, 22, 61, 64, 67, 68]. Dkcrie-
pPUMEHTAILHO TIpoaeMoHcTpupoBaHo, uto JITIC, gaB-
JISTIOIIUIACS KOMIIOHEHTOM Hapy>XKHOH MeMOpaHbI
OOJIBIIMHCTBA TPaMOTPUILIATEIbHBIX OAKTEPUil M OTHO-
BpeMeHHO JmiraHnoM TLR4, BBI3BIBaeT cymnpeccuio
CIIOHTAaHHOTO afonTo3a HEUTPOGUIOB B YCIOBUSIX
in vitro v in vivo [6, 22, 61, 64, 68], a BeIpaskeHHOCTb
a¢ddeKkTa cpaBHUMA C IEMCTBUEM TaKMX MEIMATOPOB
Bocriasienus, kak 1L-18, G-CSF wiu GM-CSF [6, 61].
DKCIIEpUMEHTAJIBHO IIPOJIEMOHCTPUPOBAHO, YTO IIO-
cne BBeneHust JITIC B HelTpodmiax JIETKMX KPBIC T10-
BoIIatoTcss aktuBHOcTU PI3-K, Akt, p38 MAPK wu
ERK, TpanckpunuuronHas aktuBHOCTh NF-kB, a Tak-
XK€ YCUJIMBaeTCsl JKcIpeccuss (akTopa BbIKUBAHUS
Mcl-1 [69].

JIIT u I1T" KJIeTOYHBIX MEMOpaH GaKTepuii SIBIISTIOT-
cs1 ocHOBHBIMM aronuctamMu TLR2, dopmupyrommnmmn
curHain B komruiekce ¢ TLR1 wian TLR6 [36, 67]. Ak-
tuBanus TLR2, kak mpaBmao, COMpOBOXIAECTCS CY-
Mpeccuen anonTo3a pa3InyHOMN CTETeHU BbIPaKeHHO-
ctu [22, 68]. Tak, HanpuMep, JITI rpaMoTpuIaTe TbHON
F tularensis nnn I1I" rpaMmoIoXXuTeIbHOTO S. aureus,
cBa3bIBasich ¢ TLR2, crmocoOHBI 3HAYUTEIILHO YBEIU-
YUBaThb TPOJOIKUTEILHOCTh XU3HU HEeUTpoGhUIoB,
MOIYIUpPYS ITyTH artonTo3a [67, 68]. B HacTosIee Bpe-
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MsI TIOSIBWIMCH HaHHEIE, YKa3bIBalOIIMe Ha B3aMMO-
neiicrBue 6akTepuanbHBIX [1I" He TOIBKO ¢ pelienTopa-
mu TLR2 tuma, Ho u ¢ BHyTpukieTouHbIMU PRR ce-
meiictBa NOD. B yacTHOCTH, TOKa3aHO, YTO aTOHUCT
NOD2 penenropa MypaMUIOUIICNTHI TpaMOTpHUIIa-
TeJIbHBIX OaKTepuil aKTUBUPYET KJIACCUYECKUEe Ipo-
BOCHAJIMTE/IbHBIC NYTU BBDKMBAHUSI HEHATPOPUIOB,
ortocpenoBaHHble akTuBanueir NF-kB 1 MAPK [70].

bakrepuanbnasgs JHK, BeicBOOOXKIaromasics mpu
JIM3Uce WU npojudepanun 6akTepuii, UMeeT BCE UM-
MyHoJornyeckue csoiictea PAMP, a kopoTkue nocie-
noBateabHOCTH Cp-DNA celIeKTUBHO pacIto3HaIoTCs
TLRY penentopamu HelitpoduiaoB. AktuBanus TLR9
6axkrepuanpHoii JIHK crumymmpyer (pyHKIMOHAIb-
HYI0 aKTMBHOCTb HEWUTpPOGWIOB, UTO MPOSBISIETCS B
WHAYKIIMUA 3KCIPECCUM XEMOKMHOB W WHTETpUHa
Mac-1, peryJIupoBaHUU MOJIEKYJ aare3uu, yCUJIeHUn
darouTapHoOit aKTUBHOCTU U CYTTPECCUU CTTOHTAHHO-
ro amnomnro3a [66], 4To B UTOTe CIIOCOOCTBYET ITOAAEP-
JKaHUIO OCTPOi (hpa3bl OTBETHOI BOCHAJIUTEIBHOM pe-
akuuu. MoJieKynsipHble MEXaHU3Mbl aHTUAMIONTO3HO-
ro curHaja aroHuctoB TLR Ha HelTpoduib
onocpeaoBaHbl 6enkoM-agantepoM MyDS88 [66, 71] u
aCCOLMMPOBAHBI C aKTUBALUel KMHA3HbIX ImyTeil P13-
K/Akt u MEK/ERK, 3anyckom NF-xB-omnocpemno-
BaHHOI TPaHCKPUIMILIMU TE€HOB MPOBOCIHATUTEIbHBIX
LIUTOKMHOB, YBEJIMUEHUEM SKCIPecCUU (hakToOpoB BbI-
xuBaHus Al u Mcl-1, a Takxke CHU>XXKeHUEM aKTUBHO-
ctu 3ddekTopHoIt Kacnasbl-3 [8, 61, 64, 66, 68]. Me-
Hee U3yvyeH mexaHu3M nopaasyieHust FasL-uHnyuupo-
BaHHOTO anonTto3a Jurangamu TLR. M3BecTHO, 4TO B
HelTpoduiax MbIIIA LHUTONPOTEKTUBHbIN 3ddekT,
oOycioBiaeHHBI  B3ammogeiictBuem ¢ TLR1/2,
TLR2/6 vniu TLR4, cBsizaH ¢ MHTMOMPOBAHUEM pac-
LIEeTJIEHUST Kacra3bl-8 M He 3aTparuBaeTr OajgaHc Oe-
KoB cemeiicTBa Bcl-2 [71].

CrenmyeT Takke OTMETUTD, UTO B TOTIOJITHEHHUE K aH-
TUAMOITO3HOMY ACHUCTBUIO CTPYKTYPHBIX KOMITOHEH-
TOB OaKTepuii, TOKCUHBI HEKOTOPBIX MUKPOOPTAHU3-
MOB, Halnpumep, BepoTokcuH E. coli, Illura TokcuH u
(deHOoJ-pacTBOPUMBIE MOAYJIWHBI, TaKXe CIOCOOHBI
MPOJIOHTUPOBATh MPOAOKUTEIBHOCTD XXWU3HU Heu-
TpomioB [11], Tem camMbiM 3(pheKTUBHO YBEIUINBAS
VX KOJIMYECTBO BO BpeMsl pa3BUTHSI OCTPOIi ha3bl BOC-
TTaJICHHSI.

HAPYIIEHUSA ATTOIITO3A TIPU TTATOJIOTUN

B ocHoBe naroreHe3a OOJbIIMHCTBA 3a00JIEBaHUI
JIEXUT BOCHaJieHue, MpeaCcTaBIIsAIoNniee CO00il OTBET-
HYIO peakIuio MMMYHOJOTMYECKOIro XapakTepa, Ha-
MpaBJICHHYIO Ha JIOKAJIU3alIo U HEUTpaaIu3aluio Mo-
Bpexmaloniero areHra [72]. B OoJbIIMHCTBE ciiydaeB
OCTpBI€ BOCTTAJIUTEIIbLHBIE OTBETHI pa3pelialoTcs IMyTeM
yAaJleHUsI TKAaHEBOTO pa3ApaKUTe]IsI U ITOCTEIIEHHOTO
CHIDKEHUS COAEPKaHMS JIEMKOILIMTOB B 0Yare BocIiaje-
HMS B pe3yJbTare IpeKpalleHUsI UX PEKPYTUPOBAHUS
U3 CUCTEMbl LUPKYJISIIMUA, a TaKXKe BCJIEICTBUE HX
aronTo3a ¢ MOCIeAyIIIMM (aroluTo30M M BOCCTa-
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HOBJICHMEM IOMeOocTa3a B ouare rmoBpexaeHus. Hapy-
IIIeHWEe PeTYJISIINN arloNTo3a IIPU Pa3BUTUN BOCIIAIN-
TeJIbHBIX PeaKluii aCCOLIMUPYETCSI C HapyILIeHUEM aJl-
ropuT™Ma BOCITAIMTEBHOTO OTBeTa, CIOCOOCTBYET
XPOHU3AIIMU TATOJIOTUYECKOTO TIpollecca M pa3BUTHIO
3aboJyieBaHuii [4, 7, 73].

Tak, U3BECTHO, YTO MpPU BOCTAICHUSIX UHGEKIIM-
OHHOW 3TUOJIOTUY YBEJIMYECHUE MPOAOIKUTEITBHOCTA
JKM3HU aKTMBUPOBAHHbBIX HEUTPO(UIOB COMPOBOXKAA-
€TC M30BITOYHBIM JIOKAIBHBIM BBICBOOOXIEHUEM
KOMILIeKCa LIMTOTOKCUYECKUX OaKTEPULIMAHBIX CYO-
CTAaHLMU U PETYJISITOPHBIX IUTOKWUHOB, OJTHAKO, B CIIy-
yae BbIPAXEHHOI0 BOCHAJUTEIBHOIO Mpollecca Mpo-
IYKLMS TMTOKWUHOB YaCcTO MprUoOpeTaeT HEKOHTPOJIM -
pYEMBIM XapaKTep U BHOCUT CYLLIECTBEHHBII BKJIal B
dopMUpOBaHNE CUCTEMHOI BOCIIAJIMTEIbHOM peak-
muu [72]. B To ke BpeMs1 HeCBoeBpeMeHHasI aKkceliepa-
M aITONTO3a ITPY OCTPBIX MH(PEKIIMOHHBIX 3a00J1eBa-
HUSIX COMNPOBOXKIAETCS He3aBepIIEHHBIM (haromuTo-
30M W YacTo TIPOBOILIMPYET DPa3BUTHUE BTOPUYHOTO
HEKpPO3a, CBI3aHHOTO C YPE3MEPHBIM JTOKATBHBIM MO-
BpEXIAOIIUM JAEWCTBUEM MPOAYKTOB KJIETOYHOIO
pacnana Ha TkaHu [7, 11]. [TomoOHbIe HapylIeHUs 00-
JIETYAIOT YCKOJIb3aHUE MUKPOOPTaHU3MOB OT JIN3UCA U
0J1aronpUsTCTBYIOT TMCCEMUHALIMY B TKAHSIX XO3sIMHA
[7, 67], 9TO cITOCOOGCTBYET MOAACPKAHUIO PELIUIUBU-
PYIOIINX BOCIIAIUTENBHBIX TIPOLIECCOB W PA3BUTHUIO
XpOoHUYeCKO# maTojoruu. Hanpumep, nepcucTupyro-
LUA B OpPTraHU3ME PENUPATOPHBIA CUHLUTUAIBHBIA
BUPYC SIBIISIETCS TIPUYMHON OOOCTPSIOMINXCS OpOH-
XUOJIMTOB, CBSI3aHHBIX C MTATOT€HE30M OpOHXUAJIbHOM
acT™Mbl [74].

Hexkoropreie ucciaemoBareny MOPeAonararoT, 4To
MIpU BOCTIAJIMTEIBLHBIX MPOIecCax B MEXaHU3ME YCKO-
peHMsT aromnTo3a HEUTPO(UIIOB UeloBeKa BaXKHYIO
poJib urpaeT yBeanmdeHue akcapeccuu Fas. ITokaszaHo,
YTO y IAlIMEHTOB, YacTO OOJIEIOIIMX OCTPBIMU PECITH-
paTOPHBIMU 3a00JIEBAHMSIMU U UMEIOIINX KJIMHUYE-
CKU€ MPpU3HAKN MHTOKCUKALIIM, OTMEUYAETCS YBEIUIE -
HHe dKcrpeccnn Helitpodmmamu Fas 1 mmoBbImaeTcst
KOJIMYECTBO allONTO3HBIX POopM HeliTpoduios [75].

PasHoHampaBieHHbIE HapylleHUs TIpollecca aro-
To3a HeHTpoUIOB HAOIIOMAIOTCA HE TOJBKO TIPHU
pa3BUTHUH WHGEKITMOHHBIX TIPOIIECCOB, HO M TIPY MHO-
rMX HEMH(MEKIIMOHHBIX 3a00JIeBaHUSIX U TaTOJIOTUYE-
CKMX COCTOSHUX [5, 15, 40, 76—105] (Tabm. 1). Ciaenyer
OTMETHTh, YTO HEKOTOPBIC MOJICKYIISIPHBIE PETYJIsSITO-
pHI arionTo3a HeUTpomIoB, Takne Kak CD69, SAA n
SHP, y 3m1opoBBIX JToeif MPaKTUIECKU He BEISIBIISIOT-
csl, OMHAKO MX KOJMYIECTBO pe3KO BO3pacTaeT IpH He-
KOTOpPBIX 3a001eBaHusIX. [1py 3TOM MOBBIIIIEHHAST 3KC-
npeccuss CD69 1 SAA acconmmpyercs ¢ cynpeccueit
anornro3a [91, 96, 97], a SHP, HanipoTuB, C ero aKTUBa-
nueit [76, 46] (ta6a. 1). JlokanbHbBIE TTOBPEXICHUS
TKaHel, CBI3aHHBIE C OCTPBIM HapyIlleHNEM KPOBOOO-
palIeHus WIN C TpaBMaMU, SIBJISTIOTCST IPUIWHOM pa3-
BUTHSI CTEPUJIBHBIX BOCHAJIEHU, COTTPOBOXKIAIOIINX-
cs1 BeicBoOOXAeHNEM DAMP u HelTpoduiabHOI UH-
Ne 3
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dunpTpanueii. DAMP-omocpenoBaHHOE yBeJIMUESHHE
MPONOJKUTESIBHOCTU aKTUBHOTO (byHKIIMOHUPOBA-
HUS HEUTPOGUIIOB TIPU CTEPUITBHOM BOCTIAJIEHUU MO-
JKEeT TPUBECTU K TTOBPEXAEHUIO TKaHeil U OpraHos,
BBICTYyTNasl TOMOJHUTEbHBIM MATOTEHETUYECKUM (DaK-
TopoM 3aboseBaHus [1]. Tak, onupasich Ha KCIIEpU-
MeHTaJbHbIE JaHHbIE, HEKOTOPbIE UCCIeTOBATENU MO-
JlaraloT, 4YTO IPU OCTPOM CePACYHOIN HETOCTATOUHOCTHU
HEeUTpodWJIBI CITOCOOHBI OKa3biBaTh IPSIMOE MOBpE-
JKaarollee AeCTBUE Ha KapAMOMUOLIMTHI B o4are uiie-
MUM, pacliupssi 30Hy MH(apKTa MocpencTBOM aKTH-
Ballid UHTETPUHOBBIX B3auMoneicTuit [3]. ¥V manu-
€HTOB C XpOHUYECKOI cepAeyHOil HeITOCTaTOUHOCThIO
BOCIaJIeHWE MUOKap/aa TakKe MOXET ObITb YACTUYHO
CBSI3aHO CO CHUDKEHUEM CKOPOCTH CITOHTAHHOTO aro-
nTo3a HeiiTpodmios [106]. [TomoOHBI MEXaHMU3M MO-
JYJISIIIMM arnorTo3a TakKe SIBAsSIeTCS OMHUM U3 MaTo-
duznosorndyecknx pakTopoB GopMHUPOBaAHUS TaK Ha-
3bIBAEMOTO CHUHIpPOMa MOJMOPraHHON HUCHYHKLIUU
NPy HIOTEHHONH WHTOKCUKAIIMU Pa3IMYHOrO TeHe3a
[62]. KpuTepueM BuIpaxk€eHHOCTU SHIOTEHHON MHTOK-
CUKallUM MOXET CJIYXUTb KOJMYECTBEHHAs OlleHKa
comep>XKaHus allONTO3HBIX (hopM HEUTPOUIIOB B TIE-
pudepudeckoid KpoBu 6osbHOTO [75]. T1pu 3a0601€eBa-
HUSIX, COMTPOBOXIAaeMbIX ypeMUeil, 00bIYHO HabJIo1a-
eTcsl yCKOpeHue anorrosa HeiTpoduios [81, 90], on-
HAaKO TIpU COCTOSIHMSIX, KOIJa WHTOKCUKAILUS
opraHv3ma JOCTUTaeT 3HAUUTEJIbHOM MUHTEHCUBHOCTH,
Hafnpumep, IpU CETNICUCE WY OXKOTOBOM TpaBMe, OTMe-
yaeTcs yBeIUYEHUE MPOIOJLKUTETbHOCTY KM3HU HEM -
Tpodunos [78, 84, 85, 87, 92].

AHTUMUKpPOOHASI aKTUBHOCTh HEHTPO(]UIOB B CO-
YeTaHWM C HACIEACTBEHHBIMU OCOOCHHOCTIMM (PYHK-
LIMOHUPOBAHUSI UMMYHHO# CUCTEMBbI XO3sIMHA BHOCUT
3aMETHBII BKJIaJl B pa3BUTHE IIIUPOKO PACITPOCTPAHEH -
HBIX 3a00JIeBaHMIT ayTOMMMYHHOTO TeHe3a. ['eHeTuye-
CKU OOYyCJIOBJIeHHOE CHUXeHue mnpoaykuuu ROS
NADPH-okcugasHbIM  KOMIUIEKCOM HENTPO(PUIIOB
CBSI3aHO C ocjabneHneM MX GYHKIIMOHAJIbHOMN aKTUB-
HOCTM W HapylleHUeM allolTo3a, YTO 3HAYUTEeJIbHO
yBeJIMUMBaeT PUCK DPa3BUTUSI CUCTEMHOIN KpacHOM
BOJIYAHKU, PEBMATOUJHOTO apTpUTa, XPOHUUYECKUX
BOCIAJIWTENIbHBIX 3abojieBaHUll KullledHukKa [107—
110], a Takke IpUBOIUT K CEPhE3HBIM OCIOKHEHUSIM
MHQPEKIIMOHHOTO XapakKTepa y 00JbHBIX XpPOHUYECKUM
rpanysemaTto3oM [111]. ¥ 6oabpHBIX CHCTEMHOI Kpac-
HOIi BOJTYUAHKOM OOHApYXEeHO yBeJIMUEHE KOJINUeCcTBa
aTToINTO3HBIX (POPM HEUTPODUIOB B KPOBU, U ITOT I10-
KazaTejlb KOppeIupyeT ¢ TSKeCTblo 3a00JieBaHMS
[112]. ITpu aktTuBHOM ANCA-acconnupoBaHHOM Bac-
KYJIMTE€ NPUMUPOBAHHbIE HEUTPODUIIBI TAKXKE OTJIMYA-
IOTCSI YCKOPEHHBIM arornrto3oM [113]. B To xe Bpems
ANCA-accouMnpoBaHHbBII BACKYJIUT B CTaAUM PEMUC-
CUU, a TaKXKe PEeBMATOUMIHON apTPpUT U UCTUHHAS MO-
JIMLIETEMUST XapaKTepU3YyIOTCsl OTJOXKEHHBIM aroITo-
30M HEUTPO(dUIJIOB, BBISIBAEHHOTO B YCJIOBUSIX IKCIE-
pumeHTa in vitro [95]. Ilpu cunapome KocrmanHa u
mIMKoreHose 1b oOGHapykKeHbl MyTallMU, acCOLIMUPO-
BaHHbIE C HapylleHWeM MeTaboju3Ma HeHWTpoduIoB
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(Taba. 1), KoTopble CIOCOOCTBYIOT MpPEXaAeBpeMEeHHOM
aKTUBAlIMU BHYTPUKJIETOUHBIX MHIYKTOPOB arorro3a
1 TMOeIM KJIETOK Ha 3Tare Co3peBaHusl, YTO U SIBJISIET-
Csl OCHOBHBIM 3TUOJIOTUYECKUM (PaKTOpOM B MaTore-
He3e XpOHUYECKOI HeHTpONeHNHM IPU 3THUX 3a00J1eBa-
Huax [76, 101, 102]. B HacTosIee BpeMsI U3BECTHO
HECKOJIbKO TPYIIT BpOXKICHHBIX HEHTPONEHt, pa3BU-
BalOIUXCS BCAEACTBUE TEHETUUYECKU O0YCIOBIEHHOTO
MPEeXIeBPEMEHHOTO aronTo3a MUEJIOMIHBIX Mpeliie-
CTBEHHUKOB HeliTpoduios [ 14].

DakTOpHI, YBEIMYUBAIOIINE ITPOIOJLKUTEIHHOCTD
>KU3HU HEHTPOGUIOB, MOSBIISIIOTCS B CBIBOPOTKE KPO-
BU OOJIBHBIX TTPU BOCTTAJIMTEIbHBIX ITpOLeccax pa3iny-
Hoit aTHonornu. Takue peryasaTopbl ObIIIN OOHaApy:Ke-
HBI y TIAIIMEHTOB C O3KOTOBBIMU MTOBPEXIESHUSIMU, CETI-
CHCOM, CHUHIPOMOM CHUCTEMHOTO BOCHAIUTEIbHOTO
oTBeTa, pernepdy3nOHHBIM MOBPEKICHIEM, O0JIC3HBIO
KpoHa, s13BeHHBIM KOJIMTOM, PeBMaTOUIHBIM apTpU-
TOM, a TaKKe TTocJie OOLIMPHBIX MOJOCTHBIX OIepaLuii
[13, 80, 97, 114—117]. B cuHOBMAJBHON XWIKOCTHU
OOJbHBIX PEBMATOMIHBIM aPTPUTOM  BBISIBJISIOTCS
¢daxkTopbl pa3HOHAIPAaBJIEHHON PETyJISILIMU aIrlonTo3a,
U UX KOJMYECTBEHHBIM aHAIN3 MOXET UMETb KIWHU-
yecKoe 3HaueHue. Tak, Ha paHHell cTaiuu peBMaTOU/I -
HOTro apTpuTa (IJUTEJIbLHOCTh 3a00JeBaHUSI MeHee
3 Mec) HeUTpoUIbl CUHOBUAJIBHOM KUAKOCTU U TIe-
pudeprudecKoil KpOBU AEMOHCTPUPYIOT OTIOKEHHBIN
aroriTo3, YTO CBS3aHO C BHICOKMM YPOBHEM cojiepxKa-
HHS aHTUAINTONTO3HBIX HUTOKMHOB I1L-2, 1L-4, I1L-15,
GM-CSF u G-CSF. B 10 Xe BpeMsl Ipu aKTUBHOM
pEeBMaTOUIHOM apTPpUTe B CMHOBMAJbHOM >XUIKOCTU
nosiBJsieTcs: pactBopumblii Fasl, u jokanbHOe Koau-
YeCTBO arnonTO3HbIX (hopM HEUTPOPUIOB yBEIUYNBA -
eTcsl, HECMOTpSl Ha MOBbILIEHHOe conepxXaHue G-
CSF [13]. [Io-BummMoMy, 3TO CBSI3aHO C pemyKIIUEH
OTBeTa HEUTPOMUIOB OOJTBHBIX PEBMATOUIHBIM apT-
pUTOM Ha BocHajluTejbHble HUTOKMHBI GM-CSF,
G-CSF n TNF, compoBoXpamoIieiics yBeIUndeHUEM
6azaibHOrO ypoBH: (hochopunupoBaHust kuHaz ERK
u p38MAPK [118]. DkcniepruMeHTaabHBIM ITyTEM BBbI-
SIBJIEHO, UTO Pa3BUTHE MHIYLIMPOBAHHOTO UMMYHHBbI-
MU KOMIIJIEKCAaMM apTpUTa OMOCPEIOBAHO aKTHUBAILIM-
eit Fcy pelienTopoB U CBSI3aHHOU C HUMU TUPO3UHKU-
Ha3bl Syk, Momyaupyloleil CKOpoCTb aforTo3a
HelTpodunoB. Huskas mpoayKius BOCTIAJIUTEIbHBIX
LIUTOKUHOB U YCKOPEHME arlonTo3a SIBJISIIOTCS OTIINYM -
TEIbHBIMU OCOOCHHOCTSIMU Ae(UIUTHBIX 110 Syk Heli-
TpoduioB cyctaBHOI cyMKU [119]. AHamOru4HbIN Me-
XaHWU3M CYIIPECCUM arlonTo3a HEUTpoUIIOB oOHapy-
XKEH TMPU CBA3BIBAaHMM MMMyHopeuentopoB Fcylla ¢
aHTu-1L-8/IL-8 MMMyHHBIMU KOMILUIEKCAMM, BbIIE-
JICHHBIMU U3 JIETOYHOI OTEYHO XXUAKOCTU OOJBbHBIX C
OPJIC [120]. R. Fudala u coaBT. mpoaeMOHCTpHUpPOBa-
JIV, YTO B JaHHOE B3aMOACIHCTBUE BOBJICUYEHBI ITPOTe-
WHbI CeMeCTBa TUPO3UHKMHA3bI STk, THPO3MHKHHA3a
Syk, xuna3zel ERK u PI3-K, a B pe3ynbraTe akTuBaliuu
nmyTeii BbDKMBaHMsS OajlaHC OelkoB cemeiicTtBa Bcl-2
CIBUTAETCSl B CTOPOHY aHTHUarnonto3Horo Bel-X; , cHu-
Kasi aKTUBHOCTB 3(peKTopHBIX Kacnas -3 1 -9. C yue-
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Ta6mauna 1. HapyiieHus npoiecca anonTo3a HeTpohUIOB U CBSI3aHHbBIE C HUMU U3MEHEHUSI B CUCTEME BHE- U BHYTPUKJIC-
TOYHOM PETyJISIIIMU TTPU HEKOTOPBIX 3a00JIEBAHUSX M MATOJOTMYECKUX COCTOSTHUSAX

ITaTonoruueckoe COCTOsAHMUE,

o01Ieit aHecTe3neit

saB0eBAHIe M3meHeHMe B ccTeMe PEeryisliiM aroITo3a HeiTpodmios™* Ccpuiku
Atonus IMoBsimenne nHayuuposanHoit GM-CSF skcnpeccuun CD69 [91]
Bone3ns KaBacaku [MoBbllIeHUE oTHOLIEHUsT Al/Bax [94]
Bosie3nb KpoHa 1 s13BeHHBIT | v DKCIpeccust ipokacasbi-3; 1 KoHIeHTpauus 1L-8 B cucteme 1up- [80, 88]
KOJIUT kyassuuu u G-CSF B yuacTKe BocniajeHMUsI
BponxuaibHas acTMa B tepuon | 4 Cekpenys mpoanonTosHoro I1L-10 MakpodaraMi 1 MOHOLIMTAMU [15]
00oCTpeHUs
PesmarounHsblit apTput T Bkenpeccus CD69, Al u Mcl-1 mPHK; [95—97]
0 ypoBeHb GM-CSF u SAA B n1a3me KpoBu
s OOmupHbBIe MEXaHUYECKIE T Yposens Mcl-1; J ypoBeHb Bax; T ypoBeHb GM-CSF B cbiBOopoTKE; [98]
© | TpaBMBI 0 akcnpeccus Fas/FasL mPHK
E MykoBucuumao3 T YpoBeHb KajblacTaTuHa, J YPOBEHb KaJibllanHa- 1; 3HaYUTEJIbHO [40, 77]
g 0 ypoBeHb MIF B ru1azme KpoBu
E Oxorosasi TpaBMa T Dkenpeccust Bel-XL, Hsp27, Hsp60, Hsp70; ¥ sxcnpeccust Bax [87, 92]
E OcTpblit TaHKpeaTuT J Dkcnpeccust kacmnas [93]
% OcTphlit KOpOHAPHBIN CHH- T KomuuectBo TNF, IFNy, GM-CSF u IL-1p B chIBOpOTKE [99]
™ | npom
IMapokcu3manbHas remorodu-| T Dxerpeccust reHoB Al 1 Mcl-1 [86]
HOYpUS
IlepunonTuT T VYposenb GM-CSF B yyacTke BocHajaeHUs [83]
Cencuc 0 YpoBeHb Mcl-1 mRNA, 0 TpaHCKpUNIIMOHHAas akTUBHOCTh N FkB; [78, 84,
T skenpeccust Hsp27, Hsp60, Hsp70 1 Hsp90; 4 AktusHocTb Kacmasz-3,| 85, 100]
-9, -1
XpoHuyeckasi HelTpoduibHas 1 AKTHBHOCTD KajibanHa [89]
JlefikeMust
BpoxneHHbII MUET0KaTEKCUC J Okcnpeccust Bel-X [79]
I'mukoreno3s Ib HapyiieHue B cucteMe aHTMOKCUIAHTHOM 3a1IMThI, ycuieHue ER- [101]
cTpecca, aktuBanus Bax, kacmaz-3,-9
o CunnpoMm KocrmaHHa (TsoKe- T AkrusHocts SHP-1 u SHP-2; Hapymenus T'6MK3 u myranum a1a- [76, 102]
Q| 1ast BpOXICHHAsT HEUTpOIIe- cra3, ycunusatowue ER-crpecc; nectabunusanust MeMOpaHHOTO
E |Hus) noTeHIMajaa MUTOXoHApuii Bcaenctue neduimra HAX1 u AK2
% CucreMHast KpacHas BojidaHKa | [TosiBJleHue B ccTeMe LIMPKYJISILIMYA ayTOaHTUTEN K HeiiTpodiaM; [103—105]
g HapylleH#e (haroLUTapHON aKTUBHOCTH; | 9KCIIpeccHst Kacmas -7, -8, -9
5 mPHK; J akcnpeccust IAP1/2 u XIAP, a takxke mPHK k Huwm; T ske-
§ npeccust Kacnasbel-3, Fas, u FADD; 0 kKoHueHTpauust Fas u TRAIL B
g CBIBOPOTKE KPOBU
Ypemus T Bkenpeccust Fas, T koHLeHTpaLMst aonTo3HbIX GakTopos B cucteme | [81, 90]
HUPKYJISILIAN
Xupyprudeckas orepanusi ¢ AuchyHKIMS MUTOXOHAPUIA [82]

* Bce MUBMEHEHMUsT KacaloTcsl BHYTPUKIIETOUYHOM CUCTEMbI PETYJISILIMU alonTo3a HeHTpohUIoB, KpOME YKa3aHHbIX U1 LIUTOKUHOB, ayTO-
aHTUTEJI, a TAKXKE BHEKJIETOYHBIX ITPOANIONTO3HBIX (DAKTOPOB MPU YPEMUU.

TOM TMOJIYYeHHBIX TAaHHBIX U COOOIIEeHUIT 00 oOHapy-
KEHUU [OPYTUX ayTOAHTUTEN B JIETOYHON OTEYHOI
xunkoct ooabHbIX ¢ OPIC, R. Fudala u coaBT. ripen-
OJIarailoT, YTO ayTOMMMYHHBIE MeXaHW3Mbl BHOCSIT
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cuHapoma [120].
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CTPECC KAK ®AKTOP PEI'VJIALNU
AITOIITO3A

Peakiiust opraHr3ma Ha TICUXO3MOLIMOHAIBHBIN WU
(GU3MOJIOTUYECKUIT CTPECC COMPOBOXIACTCS YCUICHU-
€M IIOCTYIUICHUS B CUCTEMY LIMPKYJISIIIAN KaTeXodaM1-
HoB U 'K [121]. AKTUBaLIMSI CUMITAaTUYECKON CUCTEMBI
IIpU CTPECCe 3aTparnBaeT UMMYHOPETYJISITOPHEIE MeXa-
HU3MBI IOCPEICTBOM CUHTE3a Y BLICBOOOXKIASHMS psida
MPOBOCITAIMTEILHBIX MEAUATOPOB, B TOM uncie 1L-6,
IL-1p 1 TNF [121], u3BecTHBIX KaK MOIYJISITOPHI arlo-
nro3a HeiTpodwios [5, 8, 36, 38, 52]. B To xe Bpemd
CTUMYJISIIMST TTapacUMITaTUUECKO CUCTEMBI U TTOCTY-
nampomuye B mupKyiasnuio 'K BHOCAT cylecTBeHHBII
BKJIag B yrHeTeHue BocmaieHus [121]. Xapakrep u
JJIUTETHOCTD CTPECCOPHOTO BO3EMCTBHUS BHICTYAIOT
(dakTOpaMM B3aUMOPETYJISILUN aKTUBHOCTA HEHPO3H-
TOKPUHHOI 1 MMMYHHOI CHCTEM, YTO IIPOSIBJISIETCS B
HEOAHO3HAUYHOM BJIMSIHUM CTpecca Ha XKM3HECIoco0-
HOCTh HeiiTpodunoB. Tak, y aull, HAXOMSIIUXCS IO
BIUSTHUEM IIPOAOIKUTEIFHOTO 3K3aMEHAIIMOHHOTO
cTpecca WIM UMEIOIIMX PacCTPOMCTBO aganTalluu, OT-
MeueHa aKTMBAaLUsI CIIOHTAaHHOIO aIloIlTo3a HEMTpO-
duos [8, 122]. OmHaKo y 3M10POBBIX JIOACH, IIEpeHeC-
X KPaTKOCPOYHBIN cTpecc B (opMe ToyiofaHusl,
YCUJICHHOI CHOPTUBHOIM HArpy3kKud WIA HapyLICHUS
CHa, BBISIBJICHA 3a7ep>KKa armonTo3a [8].

WccnenoBaHus in vitro mokasajiu, YTO JIEKapCTBEH-
Hble cpenctBa rpynmbl ['K 3HauuTENbHO MOBBIIIAIOT
KU3HECITOCOOHOCTh HENTPOMUITOB 3I0POBBIX JOHOPOB
[123]. AroHucTbl [2-ampeHOpenenTopoB (canbdyTa-
MoJi, (popMOTEpOI, cCallbMETePOJI) MOTEHLIMPYIOT aH-
tuanonto3Heiii 3ddekr 'K (Oymeconun, dayruka-
30H) B aHAJIOTUYHBIX SKCIIEPUMEHTAITbHBIX YCIOBUSIX,
OJIHAKO COOCTBEHHOTO IEACTBUSI HA CHOHTaHHbI ano-
nTo3 HeEUTpo(dmiIoB He oKa3weiBaroT [124]. Cpenu Tepa-
neBTUYecKux cpeactB rpynnbl I'K Hanbosee n3ydeH-
HbIM IO BJIMSIHUIO Ha TPOLECCHI aronTo3a siBjisieTcs
neKkcaMeTa3oH. B TeueHue mepBbIX 24 4 MHKyOAlIMM
JleKcaMeTa30H CHUXKAeT CIIOHTAHHBIN anorTo3 Heii-
TpodmtoB Ha 50%, Torma Kak codeTaHHasi oopaboTKa
HEHTpOUIOB AeKcaMETa30HOM U JIeHKoTpueHoM B4
yrHeTaeT ux anonrto3 Ha 90% [125]. B To e Bpems aH-
tuarnonto3Heiii 3¢dekr GM-CSF Ha HelTpohuibl
HE3HAUYMTEJIbHO YCUINBAETCs INIIOKOKOPTUKOUIAMMU, B
TOM 4YMCJie U IeKcameTa3oHoM [123, 124]. MHTepecHO
OTMETUTD, YTO JAEKCAMETa30H YBEJIMYUBAET KCIIpeC-
CUIO Ha HeHTpoduiax peuernTopoB IS JICHKOTpUEeHA
B4 [125], xoTopblit 061a1aeT COOCTBEHHBIM aHTHAIO-
MOTO3HBIM MOTeHIMAaIoM [124]. DToT npenapatT TakKe Mo-
IaBJIsIeT aIlonTo3 HEeWTpOopWIOB, WHIYIWPOBAHHBIA
OKHCJIUTEJIbHBIM CTpeccoM (MHKyOalusl KJIeToK B dep-
MEHTATUBHOM CUCTEME TJTI0K03a,/TII0KO30KCcHaasa) [126],
9TO, MO-BUIUMOMY, OOYCJIOBJIIEHO €TI0 CIOCOOHOCTBIO
nomaBisitb NADPH-3aBucumyio mpomykumioo ROS
[127]. TK-omocpenoBaHHOE yrHETEHME amomnTo3a CO-
MPOBOX/AETCS YBETUUEHUEM IKCTIPECCUU OETKOB-UH-
ruouTOpoB arornro3a cemeiictea IAP u ¢gaktopa BbI-
xkuBaHus Mcl-1 B HeiiTpoduiax yeloBeka, a B 9KCIIe-
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pPUMMEHTaX C MCIIOJIb30BaHUEM HeuTpoduioB ObiKa
OoOHapy:KeHbI yBeJINWYEeHHE 3KCIpeccur (PakTopa BbI-
KUBaHUS Al, CHUDKEHHE DKCIIPECCUU MPOATONTO3HO-
ro ¢akropa Bak u ymeHbineHue konuuectBa Fas-pe-
LEeTTOPOB Ha KJIeTOYHOo# moBepxHocTH [127]. Ciuenyer
OTMETUTh, YTO MPU XPOHUUYECKOM CTPECCE OTMEYaeTCs
pe3UCTeHTHOCTh K Bo3aeiicTBuio 'K BciaencTBue vH-
rudupoBaHus GyHKIIMOHaNbHOU akTUBHOCTU 'K pe-
1enTopos [128].

HecmoTpss Ha oOHapyXeHHBI aHTUAIIONTO3HBIN
addexT 'K Ha HeliTpoWIbI B yCIOBUSIX in Vitro, CTIO-
COOHBIN ITOIIEPKATh B ONIPENCIICHHOM CTENIEH! Pa3BU -
THE OCTpOM (ha3bl BOCHAIUTEIbHON peaKiuni, CUHTE-
tnyeckue 'K akTMBHO MPUMEHSIIOTCSI B KIIMHUYECKOM
MpakTUKE B KayecTBe IMPOTUBOBOCTIAJIMTEIbHbBIX
CPEACTB, AEMOHCTPUPYSI IIIUPOKUIA CIIEKTP PEryasITOp-
HOTO BO3AEMCTBUSI HA UHTEHCUBHOCTh UMMYHHOTO OT-
BeTa. YcuiiuBasi (harolMTapHyl0 aKTUBHOCTb MaKpoO-
¢daroB, HaIpaBJICHHYIO Ha yOajJeHUWE alloIlTO3HBIX
¢opm HeliTpodmnoB, 'K BHOCIT cyliecTBEeHHbBINH
BKJIaJ B pa3BepTbiBaHUE (pa3bl pa3pelieHus: Bocraie-
Hus [129]. Perynupysi TpaHCKPUIIIMOHHYIO aKTUB-
HOCTb MHOXecTBa TeHoB, 'K MHaynUpyloT 3Kcrpec-
CcUIO B HelTpoduiiax IByX MPOTEMHOB, 00JaaarolInX
MPOAnoONTO3HBIM TMOTEHIIMAJIOM M BbIpaXK€HHBIM aH-
TUBOCTIAJIMTE/IbHBIM JIeMCTBEM — aHHEeKCUHa 1, Tak-
K€ U3BEeCTHOIO Kak turokopTuH-1 [130], u mpoTenHa,
konupyemoro reHom GILZ [127]. Ctumynupys amno-
MTO03 HEeUTpOoGWIOB, 3TU MNENTUAbI, TO-BUANMOMY,
CIIOCOOHBI CTJIAXKUBATh MPSIMOI aHTUATMIONTO3HBIN (-
dext I'K.

Takum 00pa3oMm, cTpecc IMOCPEACTBOM CBSI3aHHBIX C
HUM TOPMOHOB U HEMPOMEINATOPOB BbI3bIBACT Pa3HO-
HaIpaBJIEHHBIE HapYIIEHUs B CUCTEME KOMILIEKCHOI
peryjasauuu rpoaoJLKNTECIbHOCTHU (I)YHKLII/IOHa.HbHO aK-
TUBHOM >XM3HU HEUTPOUIIOB, OKa3biBasl BIUSHUE Ha
YyBCTBUTENHLHOCTh OpraHM3Ma K WHMEKIUSIM U CITO-
COOHOCTh K BOCCTAHOBJICHUIO TOMEOCTa3a B ouare mo-
BPEXICHMSI.

OAPMAKOJIOTMYECKAA MOAYJIALUA
AITIOIITO3A HEUTPOPUIIOB

Hapymenusi ¢hpyHKIIMOHAIBHON aKTUBHOCTU HEM-
TpodUI0B, BKIOUAs HApYILIEHUs arorTo3a, OTMeYa-
I0TCsI TP 3a00JIeBaHUSX pa3IMYHOrO reHesa (Taos. 1),
YTO MpUBJIEKaeT BHUMaHWE uccienoBareyieil K 3TUM
KJIeTKaM KakK K OOBbEeKTYy TepareBTUUYECKOTOo BO3Neii-
crBus [22, 23, 130]. B xauecTBe MOTeHIIMATBHBIX MU-
mieHei#t (HapMakoIOrM4eckKoro BO3MEHCTBUSI MOTYT
paccMaTpuBaThCs KJIIOUeBble MUHAYKTOPbI U MOJYJISITO-
pHl anonTo3a HelTpoduioB (puc. 1). K HacTosmemMy
BpPEMEHM Ha Pa3IMYHBbIX MOJEJISIX BOCIAJIEHUS Y MbI-
1Iefi moka3zaHo, YTO HEKOTOPbIE COEAUHEHUS TIPOSIB-
JISIIOT TPOTUBOBOCHAIUTENILHOE JeMCTBUE, COMTPOBOXK-
Jatolieecsl yCWJIEHMEM aronTo3a HeuTpoduios.
B wacTtHOCTH, Takoit TeparieBTMUecKuit 3(PdeKT OBIT
obHapyxeH y R-pockoButrHa (uHruourop CDK) Ha
MOJIeJISIX KappareHaH-UHIYyIUPOBAaHHOIO TLIeBpUTA,
Ne 3
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Puc. 2. MosekysipHble MEXaHU3Mbl MOIYJISILIMY alIONTO3a HEUTPOMUIOB MOTEHIIMATBLHBIMU (hapMaKOJIOTUYECKUMMU CPEICTBAMM.
IMpotuBoBoCcTaTUTENbHBIE 3(h(hEKThI pOIUTIpaMa, R-poCcKOBUTHHA M DHIOTEHHBIX MEIUAaTOPOB (ha3bl pa3pellieHUs] BOCTIAICHUS
(anHekcuH Al, pe3onBuH El, mumiokcuH A4) omtocpeayroTcst cCABUTOM OaaHca 6e1KoB ceMeiicTBa Bcl-2 B cropoHy npeobiiagaHust
MPpOoAronTo3HbIX (haKTOPOB, a TAKXKe OJIOKAI0M MPOBEASHUSI CUTHAIA BbKMBaHUS TocpencTBoM KuHasbl PI13-K u dakropa TpaH-
ckpuriiiun NF-xB. PekomOunanTHsiil nurang “perentopa cmeptu” TRAILR (fTRAIL) uHAynmpyeT arnonTos Mo Kacrna3HOMY
MexaHu3My (cM. puc. 1). DddekT capramocTuma nHIyIIMpyeTcs cBsa3biBaHueM ¢ petientopoM GM-CSF (GM-CSFR) nutokuHo-
BOTO THIIA M aHAJIOTM4YeH aHTHanonTo3HoMy 3¢ dekty GM-CSF. Dkcrnipeccus akrtopa BeKuBaHMsT Mcl-1 ycrmBaeTcst 1o aeii-

CTBHUEM TTIOKOKOPTUKOUIOB.

0JIEOMUIIMH-UHAYIITUPOBAHHOTO MTOBPEXAEHUS JIETKUX
¥ MTHEeBMOKOKKOBOro MeHuHruta [132, 133], ponunpa-
ma (uaruoutop PDE-4) na monenu JITIC-ungynupo-
BaHHoro meBputa [134] u rTRAIL (pekomMOuHaHT-
Hbeiii aurang TRAIL-R) Ha Moaensx 3MMoO3aH-UHIY-
poBaHHoro neputoHuTa u JITIC-uHaynupoBaHHOTO
ocTporo TnoBpexaeHus Jerkux [135]. B kadectBe 110-
TEHUWAIBHBIX TIPOTUBOBOCIIAIUTEAbHBIX CPEACTB,
YCWJIMBAIOIIUX KaK aronTo3, Tak U 3¢ deponTos Heil-
TpoUIOB, NMPEJACTABISIOT UHTEPEC IHIOTEHHBIE Me-
nuatopsl pe3oiBuH El, aHHekcruH Al 1 artumep JUTIo-
KCUHa A4, IeMOHCTPUpPYIOIME TeparneBTUIEKyIo 3(h-
(EeKTUBHOCTh Ha JKCHEPUMEHTATBbHBIX MOJMENSIX
BocrniasieHus [15, 23]. OCHOBHBIMU MOJIEKYJISIPHBIMU
MeCCEeHIKepaMU, O0yCIOBIUBAIOIIMMY MPOAIOINTO3-
HbIl (OEKT BBIIECYTTOMSHYTbIX COEAUHEHUN, SIBISI-
10TCs1 6enKku ceMeiictBa Bcl-2, peryisiTopHble KMHA3bI
u 3¢ dekTopHas Kacmasza-3 (puc. 2).

B Hacrosiiee BpeMs psan coemqMHEHUI, obJiamaro-
WX TUIEUOTPOITHBIM JIEMCTBUEM, B TOM YMCJIE U ITPO-
arronTO3HBIM 3((PEKTOM B OTHOILLIEHUU HEHATPOPUIOB,
HaXOOWUTCS Ha pa3MYHbIX (Pa3ax KIMHUYESCKUX UCIIbI-
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TaHuii. Tak, pOCKOBUTHH NPOXOIUT KIMHUYECKUE UC-
MbITAHUSI HE TOJBKO KaK CPEJACTBO Teparuu HEKOTO-
PBIX OHKOJIOTMYECKMX 3a00JIeBaHUIA, HO Y KaK IOTECH-
LMaJdbHbIA MPOTUBOBOCIAJMTEIbHBIM TIpernapar IJis
JIeUeHUs] peBMaTOUIHOTO apTpUTa, IIoOMepyJIoHeDpu-
Ta U MYKOBHCILIEN03a, OCJIOXHEHHOTO XPOHUYECKON
uHbexuueii [136]. Tlpu apyrux naTosorusx, Hampo-
TUB, TepaneBTUYECKU 3(hheKT hapMaKOJIOTUIECKUX
CPENCTB CBSI3aH C MPOJIOHTAIIMEN KU3HECTTOCOOHOCTU
HelTpodminoB. Tak, mpu XMMUOTEpaTTMK OITyXOJIeH Ja-
CTO pa3BMBAeTCs HEUTpoIleHUs1. B aTux cinydasix nmpu-
MeHeHHe pekoMOuHaHTHoro GM-CSF (capramo-
CTUM) TIPUBOOUT K 3aMEIJICHUIO aIloITo3a HeTpodu-
JIOB, BBI3BAHHOTO JEMCTBUEM MPOTHUBOOITYXOJEBbIX
npenapaToB. CxogHbIN 3¢ eKT onrcaH U IS CUHTE-
TUYECKUX KOPTUKOCTEPOUIOB, TAKUX KaK (DJIyTUKAa30H
u npeaHusosoH [137] (puc. 2).

CrenyeT TakK:Ke OTMETHUTh, YTO aIlONTO3HbIE (hOPMbI
HeUTpo(mJIoB 00JIafal0T COOCTBEHHBIM MPOTUBOBOC-
NAJIMTEIBbHBIM IMTOTEHIIMAJIOM, BO3MOXHO, OJjrarogaps
BBICBOOOXIIEHUIO M3 HUX O-Ie(PEeH3MMOB — HEOOJIb-
IIUX KATMOHHBIX TEMNTUAOB, MOJABIISIONINX ITPOIYK-
Ne 3

TOM 57 2021



194 HOCEWMKWHA u np.

o0 MakpodaraMiy IpOBOCIIAIMTEIbHBIX IIMTOKTHOB
[138]. IIpu BBegeHMM altONTO3HBIX (POpM HeHTpodu-
JIOB 3KCIEepUMEHTaIbHBIM XUBOTHBIM ¢ JITIC-uHay-
LUPOBAaHHBIM CEIICUCOM OTMEYaIMCh CHIDKEHUE KO-
JIMYEeCTBA LMPKYJIUPYIONINX MTPOBOCHATUTEIIBHBIX 1M~
TOKMHOB WU TIpedOTBpallicHue HSHAOTOKCHUUYECKOTO
moka [139], 9yTo mo3BoJIsIeT pacCMaTpUBaTh 3TU KJIET-
KM B KayecTBe ITOTEHIIMAJIbHOIO CpPeICTBa OOpPHLOBI C
“LIMTOKMHOBBIM ILITOPMOM”.

JAPYTUE ®OPMbI TUBEJIWU HEUTPO®UJIOB
ITPU BOCITAJIEHUN

C TOYKU 3peHUsT PeTyJISIlIMM MHTEHCUBHOCTU BOC-
NaJuTeJbHOTO OTBeTa, (hopMa rudesn HeTpoUIOB B
ouare BocrajieHUsI SIBASIETCS] HE MEHee BasKHbIM UMMY -
HOMOIYJIMPYIOLIUM (paKTOPOM, UeM CTeTleHb UX (PYyHK-
[UOHAJBHOM aKTUBHOCTH. JImTnaeckue (opMbl THOE-
JIN KJIETOK (HEeTO3, MUPOIITO3, HEKPO3 U HEKPOIITO3)
YacToO COIPOBOXAAIOTCS YCUJIEHUEM WHTEHCUBHOCTU
ocTpoii (ha3bl BoCTiaJIeHUsI BCJEACTBUE BBICBOOOXKIE-
HUS 13 TMOHYIMX KJieTok DAMP, ROS u npoteas [1,
140, 141]. AnonTo3, HAIIPOTHUB, IIPEACTABIISIET COOOM
HEJTUTUYECKYIO BOJIOIIMOHHO KOHCEPBAaTHUBHYIO (hop-
MY TH0OeJIM KJIETOK, He 00JIaJalollyo BOCIIAIUTEIbHBIM
noreHumaaom [7, 140]. B otmmuune ot npyrux opM ru-
0e, HETO3 XapakTepusyeTcs:i (hOpMUPOBAHUEM 3KC-
TPAKJIETOYHBIX aHTUMUKPOOHBIX CETel M3 MOKUIAI0-
IIMX KJIETKY JEKOHIEHCUPOBAHHBLIX HUTEH SIIEPHBIX
JHK, uuTpyInMHUpOBaHHBIX TMCTOHOB M OaKTepu-
LMIHBIX TpOTea3 rpaHyaspHoro ammapata. Criemyer
OTMETUTh, YTO HETO3 HE BCEraa COMPOBOXIACTCS JIU-
31 COM LIMTOIIa3MaTUYeCKOI MEMOpPaHbI, a 0e3bsiaepHast
¢dopma HeuTpoduna coxpaHsieT psin IPHHOEKTOPHBIX
GyHKIMi, BKmodass dparouuros [1, 7, 140]. ITuponTos
HarpapJieH Ha 3JIMMMWHALMIO BHYTPUKJIETOYHbBIX MaTO-
T€HOB C TOMOILbIO BHYTPUKIETOUHBIX aHTUMUKPOO-
HBIX JIOBYLIEK, GOpMUPOBaHUE KOTOPHIX OMOCPEIOBa-
HO 00pa3oBaHueM creludUuIecKuX MEMOPaHHbBIX MOP
[140, 142]. HekporTo3 HEUTpOGUIOB (peryanupyemMblii
HEKpO3) WHAYLMPYETCS Pa3IMYHBIMU CUTHAJIaMU WU,
MO-BUAUMMOMY, TpeacTaByisieT co0Oil AOIMOJHUTENb-
HBII (PaKTOp MPOTUBOBUPYCHOM 3amuThI [ 140, 142].

AyTtodarusgs — 3TO KpaliHe KOHCepBAaTHMBHBIN 3a-
IIIMTHBIN OTBET KJIETKU Ha CTPECC, B TOM UMCJIe Ha He-
IOCTAaTOK NUTaTeNbHBIX BemecTB [7, 141, 143]. Ilpu
Ype3MEepHO CHUJIE CTPECCOBOTO BO3ASHCTBUS ayToda-
TUsl MOXET 00epHyTbcsl rubesibio kinetku [141, 144].
MopdonornueckumMm MapkepoM ayToaruu sIBISTIOTCS
OoTrpaHWYCHHBIC TBOMHON MeMOpaHOI KPYITHBIC IIUTO-
ruiazMaTudeckue BaKyoJu, Uin ayTo(arocoMbl, KOTO-
pBIe TIoCye CIUSHUS C JIM30COMaMU TpaHCHOPMUPY-
JOTCST B ayTOJIM30COMBI, TIE€ M TPOMCXOOUT JINTHYE-
CKMM pacnaig COOCTBEHHBIX MaKpOMOJEKYJTl U
HOBpeXIeHHBIX opraHen [7, 141, 143]. Ayrodarus
YacToO COMPOBOXKIAET alloITO3, HETO3 M HEKPO3 Heil-
Tpoduinos [143, 145], a mpu HEKOTOPBIX MHMEKIUSIX
BCTpanBaeTCs B CUCTEMY UMMYHHOM 3aIlIUTHI OT TATO-
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reHa, obecrneuynBasl €ro 3JIMMUHALIMIO B ayTOJIM30CO-
Max (peHomeH kceHoharun) [ 144, 145].

MexaHu3Mbl JTUTUYECKUX (DOpPM TUOETW HEWUTpO-
¢uI0B B maToreHe3e U3y4YeHbl HENOCTATOYHO, HO, TEM
HEe MEHee, BbISIBJICHO, YTO OHU MMEIOT CYIIeCTBEHHbIE
OTJIMYMUS OT aIloNTo3a, IIPU KOTOPOM IPOTEOIU3 CYyO-
CTpaToOB 00ECTICYMBACTCS IIPEUMYIIIECTBEHHO aKTUBAII-
eii appekTopHBIX Kacmas [6—8, 140] (puc. 1). Kpome
HEKpo3a, IIPeACTaBIISIONIETO COOO0I IMPOoLIeCC HEKOHTPO-
JIMPYeMOTO HaOyXaHUsI KJIETKH C IOCIEIyIOIINM pa3py-
meHueM MeMOpaH U pacriagom [141], Bce uabIe (hop-
MBI TH0€e/IN 3aIIporpaMMMpPOBaHbI B BUIIE celudude-
CKUX MOCJIENOBAaTEIbHOCTEl MOJIEKYJISIPHBIX COOBITHIA
[6, 140, 142], npeaycMaTpMBaIOILLIMX HEepeKpPeCTHLIE
BHYTPUMKJICTOYHBIE B3aIMOICIICTBUS MEXAYy pasiny-
HBIMU OYTSIMHA IPOBEACHMSI TEPMUHAIBHBIX CUTHAJIOB
[136, 142, 143, 146]. [TonydeHHbIE K HACTOSIILIEMY Bpe-
MEHU JaHHbIe (POPMUPYIOT oOOllee IIpeacTaBlIcHUE,
YTO MMEHHO IIporpaMMa amnonTo3a, B OTJIMYUE OT APY-
rUX IIporpaMM rmodean HelTpodMIIOB, BCTPOEHA B Me-
XaHU3M KOMIUIEKCHOI CyIIpeCCUM OCTPOro BOCIIAIM-
TEJILHOTO OTBETA B Ka4€CTBE OCHOBHOTO PETyJIsITOpPA.

SAKJIIOYEHUE

B xone »BOMIOIIMOHHOIO pa3BUTUSI CHOPMUPOBaA-
JIOCh HECKOJIbKO MEXaHU3MOB WHAYKIIWU amorTo3a,
KOTOpbIe TMOMIEPXKUBAIOTCS pa3HOHAMNpPaBJIeHHBIMU
PeTyJSITOPHBIMM TIYTSIMU, BOBJIEYEHHBIMU B KOHBEP-
rupyloliiiee B3auMOJeCTBIE MPY TPAHCAYKIIMY BHEIII-
HEro ¥ BHyTPEHHETO CUTHaja K 3(p(eKTOpHbIM Kacra-
3am. Hanpumep, GM-CSF u TNF cnoco6HEI, ¢ omHOMI
CTOPOHBI, B 3HAUUTEJIbHON CTENEHU MOAABISITh CIIOH-
TAaHHBIA amonTo3 HEUTpoUITOB mNepudepruIecKon
KPOBM YeJIOBEKA, a C APYroil, — YCKOPATH aroIlTos,
OINOCPEAOBAHHBI MUTOXOHAPUSIMHU MO 3aBUCUMOMY
oT Kacmasbl-9 MexaHusmy [20]. Takske BBISIBIEHO, UTO
WHIYyLIUPOBAaHHBINM (harolMTo30M amnornTo3 OTMEHSIeT
yBeJIMYEHUE MPOJTOJKUTEIbHOCTU XXU3HU HEUTpOohU-
JIOB, OIOCPENOBaHHOE MPOBOCIHAIUTEIbHBIMUA 1IUTO-
KyuHaMH [7], a pe3UCTEeHTHOCTh HEUTPO(PMIOB K BHYT-
PEHHUM CUTHaJaM aforTo3a, OOHapyXKeHHas Yy TsXe-
JIOOOJIBHBIX TTALIMEHTOB, TIPEO0JIeBaETCs aKTUBALIMei
Fas peuentopos [98]. UHTepecHO OTMETUTD, UTO Heli-
Tpoduabl KPOBU MAIUEHTOB C CENMTUUYECKUM IIIOKOM
OTJINYAIOTCSI OTJIOXKEHHBIM aroIlTO30M, HECMOTPSI Ha
3aMETHOE MPEBBIIIIEHNE IKCITPECCUU MTPOANTOTITO3HOTO
oenka Bim [47]. MHorodakTopHas peryJsiius Ipo-
JMOJDKUTEIbHOCTU XKU3HU HEUTPOMUIOB MO3BOJSIET B
psiae cllydaeB HUBEIUPOBATH BIUSHUE MH(DEKITMOHHO-
ro areHrta Ha anonro3. Ilokasano, uyro IL-6 u GM-CSF
OTMEHSIIOT YCKOpeHUe Tubeau HeUTpoduIoB, UHIY-
mupoBaHHOK BupycoM rpumniia A(N1N1) u Bupycom
OnmreiitHa-bapp coorBercTBeHHO [42, 147]. Takke
nokazaHo, uto JITIC, ¢ omHOI CTOPOHBI, BBHI3bIBAET
yBeJIMYeHUEe MPOIOKUTEIbHOCTHU XXU3HU HEHTpohU-
JIOB, a C IPYroii, CTUMYJIMPYET cuHTe3 perienTopa IL-10,
WHIYLUPYIOIINX YCKOPEHUE aronTo3a B OTBET Ha
IL-10 [148]. HecMOTpst Ha TO YTO BCE TAIIbl BOCIIAJIN -
Ne 3
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TEJILHOTO OTBETA YETKO OTPETYIMPOBAHBI, XPOHU3ALINS
MaTOJOTMYECKOTO Mpoliecca MOXET acCOIMUPOBATHCS
C U3MeHeHHEeM 0a3aIbHOM aKTUBHOCTU HEUTPO(DUIIOB
¥ COMPOBOXIATLCS HAPYIIIEHEM OCHOBHOTO aJITOPUT-
Ma perysaiuu anonrto3sa [73, 118]. Tak, oOHapyxkeHo,
YTO HEUTPOGUIIBI CUHOBUAJILHOM XUJIKOCTU OOJIbHBIX
PEBMATOUIHBIM apTPUTOM UMEIOT M3HAYAILHO BBICO-
Kuit ypoBeHb aktuBanimn NF-kB, 1 ux ctumynsguus
TNF He conpoBoxXnaeTcsl MHOYKIIME arornTo3a B OT-
JINYKE OT HEUTPODUIOB U PKYISITOPHOTO pycia [149].
TakuMm o6pa3zoM, cyap0y HEMTpodMIa oTIpeaesieT pe-
3yJILTUPYIOLIUI CIOBUT BHYTPUKJIETOYHOro OajlaHca
MpO- U aHTHATIOMTOTO3HLIX ()aKTOPOB B TY WIM MHYIO
CTOPOHY MOA IOENCTBUEM KOMILIEKCA PETrYISITOPHBIX
CUTHAJIOB, MOIYJIMPYEMbIX YPOBHEM Oa3ajibHOM aK-
TUBHOCTU KJIETKU.

IMoruMaHMe MEXaHN3MOB MYJILTUMOIAJIBHOM pery-
JISIIIAM arioTITo3a Kak (pakTropa MHTErpabHOM (pyHK-
UOHAJIbHOM aKTMBHOCTU HEUTPO(MUIOB MMEET BaK-
Helilllee 3HaYeHWE UIST BEIpAOOTKHU TepareBTUUECKOM
CTpaTeruy W BBISBICHUS KIIFOYEBBIX PETYISTOPHBIX
MOJIEKYJI B KayecTBe (papMaKOJOTMYEeCKMX MMUILIEHEH
HOBBIX JIEKAPCTBEHHbBIX CPEACTB.

NCTOYHUKUN ®NHAHCHUPOBAHUWA

Pa6ora nognepzkana [IporpaMMoil HOBBIIIEHUSI KOHKY-
peHTocnocoOHOCTH TOMCKOTO MOJIUTEXHUYECKOTO YHUBEP-
cuteTa, rpaHToM Poccuiickoro HayuHoro ¢onma No 17-15-
01111 (B pamkax HanucaHus pazaena “Dapmakosornyeckast
MOMYJISIIIAS allONTOo3a HEUTPOGUIOB™).

KOH®JIMKT MHTEPECOB

ABTODBI 3asBJISIIOT, YTO Y HUX HET KOHKYPUPYIOIINX WH-
TEepPEeCoB.

BKIJIAL ABTOPOB

E.M. H.u W. A. l11. npoBeau 0630p IuTepaTyphl ¥ MO -
TOTOBWJIN PYKOITUCh.

. A. I. mpemIoxXuyi KOHISHILNIO U OTPeIaKTUPOBa
PYKOTIUCH.

J. H. A. TInarejabHO OTpedaKTUPOBaJl PYKOIIUCh, IPe-
CTaBWI KPUTUYECKYIO PEAAKIINIO U BHEC CBOI BKJIa B OKOH-
yaTesbHbII BADUAHT PYKOTIUCH.

Bce aBTOpHI MpOYXTAIM U COTJIACHIMCH C OITYyOJIMKOBaH -
HOM BEpCUEI PYKOIIHCH.
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MOLECULAR MECHANISMS FOR REGULATION OF NEUTROPHIL
APOPTOSIS AT NORMAL AND PATHOLOGICAL CONDITIONS
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Neutrophils are one of the main cells of innate immunity, performing a key effector and regulatory function in
the development of the human inflammatory response. Apoptotic forms of neutrophils are important in regulat-
ing the intensity of inflammation and restoring tissue homeostasis. This review summarizes current data on the
molecular mechanisms of modulation of neutrophil apoptosis by the main regulatory factors of the inflammatory
response — cytokines, integrins, and structural components of bacteria. Disturbances in neutrophil apoptosis
under stress are also considered, molecular markers of changes in neutrophil lifespan associated with various dis-
eases and pathological conditions are presented, and data on pharmacological agents for modulating apoptosis

as potential therapeutics are also discussed.

Keywords: neutrophils, apoptosis, inflammation, stress, innate immunity, cytokines, cell life span
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