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O630p IIOCBAIICH COBpeMeHHOfI KOHICIIUU BPOXACHHOI'O UMMYHUTETA. PaCCManI/IBaIOTCSI JaHHBIC O IMaTOr¢H-aCColnuun-
POBaHHBIX MOJICKYJIAPHBIX MATTEPHAX U PACIO3HAOIINUX UX PEHETITOPAX, KOTOPBIC ABJIAIOTCA KPAaCYyTrOJIbHBIM MEXaHU3MOM
JUIA peajin3danuu (byHKHI/Iﬁ BPOXACHHOI'O UMMYHUTETA. HpeﬂCTaBJ’IeHBI CBCICHUS O KIICTOYHO-MOJICKYJISIPHBIX KOMIIOHCH-
Tax BPOXACHHOIO UMMYHUTETA, OTBETCTBCHHLIX 3a HCﬁTpaHHSaHHIO U 3JIMMHUHALUIO 6aKT€pHI>II 1 BUPYCOB.

KnioueBble c10Ba: BpOXKICHHBI IMMYHUTET, HH(PEKIIHH.

WH(pEKITMOHHBIHN MPOLIECC COCTOUT U3 KOMILIEK-
ca (pU3MOJIOTHYECKUX M TATOJOTMUYECKUX PEeaKIuil
OpraHMsMa XO3slMHa, pa3BUBAIOLIMXCS B OTBET Ha
BO3/IciicTBHEe MH(EKIIMOHHBIX areHTOB U SBIISICTCS
MaTOMCHETHYECKOW OCHOBOW pa3BUTHSL OOJEC3HU.
[laTonornueckue peakuuyu OpraHn3Ma 3aBHCAT Kak
OT €r0 0COOEHHOCTEH, TaKk U OT CBOMCTB BO30yIU-
TeJsl W, KaK IPaBUIIO, PaclpeaessitoTcsl BO BpeMe-
HU U OPOCTpaHCTBE. B coBpeMeHHOU JuTepaTrype
[1] k ¢pakTOpaM MATOreHHOCTH OTHOCST OT/ACIbHBIC
MOJIEKYJIBI MJTH MOJICKYJISIPHBIE KOMILJIEKChI, CHHTE-
3upyeMble MHPEKIUOHHBIMU areHTaMH «C IIEJIBIO»
Mapa3uTUPOBAHMS B OpraHn3Me. DT KOHCEpBaTHB-
HbIE MOJIEKYJISIPHbIE CTPYKTYpbl, Ha3BaHHbIE 11aTO-
I'eH-aCCOLIMMPOBAHHBIMU MOJIEKYJISIPHBIMU CTPYK-
Typamu (pathogen-associated molecular patterns,
PAMPs), npuHHMalOT akTHBHOE ydacTHhe B pea-
JIM3alMi OCHOBHBIX TAaTOT€HETUYECKUX (PYHKIUH,
MPOUCXOIAIIMX B OpPraHM3ME B OTBET Ha BHeIpe-
HUe WH()EKIMOHHBIX areHTOB [2].

K ocHOBHOI cucTeme 3aliMThl OpraHu3Ma, Ko-
Topasi crnocoOHa HAECHTUGHUIMPOBATH M YHHUUTO-
KaTh MaTOTEHBbI, TPUHAJICKUT UMMYHHasl CHUCTe-
Ma. VIMMyHHBI OTBET OpraHu3Ma MpPEACTaBIISICT
co00if COBOKYITHOCTH CHOCOOOB OOHapy>KEHHUS H
yAalleHUusT 4Y>KEepOAHBIX areHToB. CyILIecTBYIOT
nBe (OpMbI HMMYHHOTO OTBETa OpPraHM3Ma: IpH-
oOpeTeHHast U BPOXKJCHHAasA. B moHsATHE BpOXJICH-
HOTO, WU Hecnenu(puIecKoro, MMMyHHUTETa BXO-
JIAT MHOrue (haKTOpbl 3alIUThl OpraHu3Ma: Ouo-
MexaHuueckue 0apbepsl, puznogorundeckue, Gusn-
YecKHe, XMMHUECKHue U OMOXMMHYECKHe (aKTOpHI

u T. 1. [3]. K KJIeToYHBIM 35IeMeHTaM BPOXKJIECHHOTO
UMMYHHTETa OTHOCSITCSI (aroinuThl (HEHTPOQUIIBI,
06a30QwIbl, 303UHO(UIBI, TKAHEBBIC WIN TYYHbBIE
KJIETKH), BHYTPHUAMHTEIUAIbHBIC CyOMOmymsiun
nuMpouuToB — TYS-KICTKH, KMIIIIEPhl — ECTECTBEH-
Hbele (NK-knerku), kKuiiepHsie U TMM()OKUH-aKTH-
BUpoBaHHbIe KuJuiepHble kiaeTku (JIAK-kietku) n
Tak Has3biBaeMble Pit-kieTkn — cyomonymnsmus NK-
kieTok ¢ penorurniom CD567/CD16- [4].

B omnnume oOT aganTUBHOTO HWMMYHHTETA
BPOXKJICHHOE UMMYHHOE pacro3HaBaHHE pean3y-
€TCs C TIOMOIBIO HACTIECTBEHHO 3aKOIUPOBAHHBIX
PELENTOPOB, YTO O3HAYaeT I'CHETHYECKYI0 Npea-
OTPEIICHHOCTh CHEIM(DUIHOCTH KaXKJOTr0 perer-
Topa. OHUM U3 MPEUMYIIECTB ATOI HACIEICTBEH-
HOW 3aKOAMPOBAHHOCTH PEIENTOPOB SBISCTCS HX
HBOJIIOLIMOHUPOBAHUE MTPH €CTECTBEHHOM OTOOpE B
HaAMpaBJICHUH CHEUU(PUUYHOCTH K MHQPEKIHOHHBIM
areHTam [5].

OCHOBONONAraOIIUM CTPYKTYpPHO-MOJEKYISP-
HBIM KOMIIOHEHTOM BPOXJIEHHOH CHCTEMBI Hecrie-
HU(pUUECKON 3aluThl SABJIAIOTCS 0Opa3pacio3Ha-
ompe perentopsl (pattern recognition receptors,
PRRS), KoTOpbIe ONPEaesisiioT BHICOKOYHHUKATbHBIE
MaTOreH-aCCOLMUPOBAHHBIE MOJICKYJISPHBIE CTPYK-
typel (PAMPs). Kaxnas PAMP sBisietcs mapke-
POM JIOCTATOYHO OOJIBIIUX KIACTEPOB WH(PEKIINOH-
HBIX areHTOB, I03TOMY IPOLIECC UX PaCIO3HABAHU
PRR Hocut Hecnernuduueckuii xapakrep [6]. Pe-
uentopsl PRR skcnpeccupyroTest Ha 3 pexTopHbIX
KJIETKaX BpPOKJICHHOM WMMYHHOW CHCTEMBI, OCY-
MIECTBISIOMINX MEPBYIO JTUHHUIO 3alIUTHI, a TAK¥Ke
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Ha MPo(eCcCHOHAIBHBIX aHTHT€HIIPE3EHTUPY IOIINX
kieTkax. Jkcrnpeccusi PRRs He siBseTCsS KIOHAb-
HOW W MHOTHE KJIETKH BPOXKJICHHOTO UMMYHHUTETa
HECYT pelenTopsl eauHol crneuupuyHoctu [7].
Bricokasi ckopocTh BPOXKAEHHBIX MMMYHHBIX pe-
aKIMil oIpeseseHa CIIOCOOHOCTHIO KJIETOK IIOCIE
unenTudukanuun PAMPs 6e3 mponudepanuu ar-
PECCUBHO BO3JICHCTBOBATh HAa MATOTEH.

B 3aBucumoctu ot ¢pynknuit PRR nogpaszaens-
I0TCS Ha TPYIIY CEKPETUPYEMbIX BHEKJICTOUHBIX
pEeUenTopoB, TPymnIiy MeMOpaHHBIX pPELENnTOpPOB,
YYacTBYIOIIMX B 3HJOUMTOIM3E, IPYIIY CUTHAJb-
HBbIX TpaHcMeMOpaHHbIX Toll-TiogoOHBIX perenTo-
pPOB U Tpynmy BHYTPHKJIETOUHBIX LHTO30JbHBIX
peuenTopos [8].

Haunbonee m3BeCTHBIMH CEKpETUPYEMBIMHU pe-
LENTOpaMu SIBJISAIOTCS TIUKO3UI(POCHATHHOZUTON
(sCD14), manHo30-cBsi3bIBatOMi J1eKTHH (MBL)
U JTUNONOIHMCAXaPH/I-CBSI3BIBAIONINI  MPOTEHH.
PenenTopsl 3TOro kjiacca B OCHOBHOM IIPOIYIIH-
pytoTcsi HeTpodunamu U MaxpodaraMu/MOHO-
uutamu. Kak omncoHuHBI, cBsi3biBasick ¢ PAMPs
MH(EKIIMOHHOT'0 areHTa, 3TH PElenTOpbl aKTHUBH-
PYIOT KacKajJ KOMIUIEMEHTa, IPEIONPEACsiOT Bbl-
PaKEHHOCTh M XapakKTep MPOIECCOB BOCIIAJICHHUS,
a Tak)Ke MOTYT BO3AEHCTBOBATh Ha BBIPA)KEHHOCTh
cnenudruyeckoro UMMyHHOro oTBeTa [7]. Hampu-
Mep, sCD14, cBsi3bIBasiCh C JHUMOMOIUCAXAPUIAMUI
U NENTUAOTIMKaHaMH OaKTepui, TPaHCIOPTUPY-
0T UX K CHUTHAJbHBIM PELENTOpaM, aKTUBHUPYS
Makpodaru u HeuTpodrsl [9)].

K memOpanubsim PRR oTHOCcsTCS Makpodaraib-
HBIH CKaBeHJKep-pelentop (peuentop kiacca A,
SR-A), makpodaraiabHblii penenTop MaHHO3BI, [3,-
WHTErPUHBI, YUYACTBYIOUIME B MPOIECCE paclo3Ha-
Banuss PAMP u mannmupyromme ¢arounrtos [10].
MakpodarallbHbIil CKaBEHKEeP-PELENnTOp CBS3bI-
BAeTCsl C JIMIUJAMH TPaMOTPULIATENIbHBIX OaKTe-
puii [11] m aunmoTeiixoeBoil KUCIOTOW TpaMImoio-
KUTENbHBIX OakTepuil [12]. MakpodaraibHbIi pe-
LENTOP MAaHHO3bl B3aUMOJEHCTBYET C MAaHHO30CO-
JepKalluMH MOJIEKYJIaMH TIOBEPXHOCTH IAaTOreHa,
aKTHUBUPYET (ParounTo3 M HHAYIUPYET MPOTYKIUIO
Makpodarom IL-1B, IL-6 1 KOTOHUECTUMYIUPYIO-
mero ¢akropa GM-CSF [13]. UaTerpUrHBl — 00JIB-
o€ CEeMEHCTBO TeTepOAMMEPHBIX MEMOpPaHHBIX
0enKoB, cper KOTOphIX B pacrno3HaBaHuu PAMPs
yudacTByeT [3,-uHTerpuHoBoe cyocemeiictso (CD11/
CDI18). OHo 00beANHSET TPH OTINYAIOLIUXCS APYT
OT Jpyra KOMOWHANMSIMHU o- W P-lieneid MemoO-
paHHBIX TIMKonpoTenHa: o,f,-unrerpun (LFA-1,
CD11a/CD18), skcnipeccupyeMblii Ha MOBEPXHOCTH
MeMOpaH JIEWKOLIUTOB; 0,B,-MHTErpHH (pELEenTop
kommieMenTa — CR,;, MAC-1 unn CDI11b/CDI18),
MPEJICTABICHHBIM Ha MeMOpaHe HeUTPOQHIIOB,
Makpo(aroB, MOHOLUTOB M JIUM(QOLUTOB; 0.,f3,-
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unrerpun (CR4, pl150,95 unu CDI11c¢/CDI18), skc-
npeccupyeMblii  MakpodaraMu ¢  MOHOIIMTaMHU
[14]. B,-UuTerpun moxer cpasbiBarbess ¢ PAMP
OaxkTepuil M y4acTBOBaTh B aKTHBAIIMHU IIpolecca
(aronuTo3a HEONICOHU3UPOBAHHBIX YACTHUIl MAaKPO-
¢aramu. CDI18 B3anuMoneicTByeT ¢ JIUIONOIUCaXa-
pUIOM TIpPaMOTpUIATENbHBIX OakTepuil; o,p,-uH-
TErpUH CBsI3bIBaeTCs ¢ Blastomyces dermatidis,
Klebsiella pneumoniae, CTpEeNITOKOKKaMH Tpynm A
u B; a,B,-unterpun — co Staphylococcus aureus n
Listeria monocytogenes [10].

Curnaneasie PRRs pacnoznator PAMPs u ak-
TUBUPYIOT IYTH IE€peJadyd CUTHaJIa JJIsI SKCIpec-
CHUU Pa3HOOOPa3HBIX TEHOB MMMYHHOTO OTBETa, B
TOM YHCJIE TPOBOCHAIUTENbHBIX HUTOKUHOB. JaH-
HBIIl KJIacC peLenTopoB BKJIOYAET HBOJIIOLUOHHO
3aKOHCEpBUPOBaHHBIE Tak HasbiBaeMbie Toll-mo-
nobusie peuentopsl (TLR), «3BoHsAIIME» HA MEM-
OpaHe KJICTKM WJIHM SHJOCOMBI, «OIOBEIIAONINE O
npuxoae yyxoro» [15]. OTu peunentopsl UrparoT
KJIFOUEBYIO POJIb B HHIYKIIMM UMMYHHBIX M BOCIIa-
JIUTENBbHBIX OTBETOB y Miekonuraromux. CTumy-
nsuust TLR npu mHQUIIMPOBaHWM OpraHW3Ma UHH-
LUHPYET CHUHTE3 MENTUAOB, 00JaJaloluX aKTHB-
HOCTBIO NMPOTHUB MH(EKIMOHHBIX areHTOB, MeIua-
TOPOB, YYacTBYIOIIUX B MPOIECCE BOCHAICHUS, U
AHTUTEHOB, MHIYUUPYIOIUX aKTUBALUIO T-KJIETOK
[5]. Monexynsipuas ctpykrypa TLR xapakrepu-
3yeTCsl HaJTUYUEeM JKCTPa- U MHTPALEIIIIOISIPHOTO
LUTO30JbHOT'O JOMEHOB. DKCTPALEIUTIONSPHBINA Ba-
puabenbHblii N-TepMHHAJIBHBIA JOMEH COJEPKUT
MOBTOPSIOIINECS OJNUTONENTUAHBIE (PArMeHTHI C
BBICOKMM COZCpKaHHEM JICHIMHOBBIX MOBTOPOB,
KOTOpBIE SIBJISIFOTCSL  CTPYKTYPHO-MOJIEKYJISIPHOI
OCHOBOW €ro CIIOCOOHOCTH B3aWMOJICHCTBOBAThH C
JIUTAaHJIaMM NaToreHa. PacnonoxkeHHblil ¢ BHyTpEH-
HEH CTOPOHBI KJIETOUHOW MEMOpPaHbI IIUTO30JIbHBIN
C-TepMHHANBHBIA JIOMEH COACPKHUT CTPYKTYpPHO-
KOHCEPBAaTUBHYIO IIOCIIEIOBATEIbHOCTb, COCTOS-
uryto npuMepHo u3 200 aMUHOKHCIOTHBIX OCTaT-
KOB, TOMOJIOTUYHYI0 peuentopy IL-1B u momy4us-
IIyI0O B CBSI3M C OTHM Ha3BaHue Toll-mHTepei-
kuH-1 peuentop [16]. IlpakTuyeckn Bce CUTHAIBI
aKTHUBALIMU TE€HOB-MulleHeH, uaymme ot TLRs,
OTIOCPEAYIOTCSl BKJIIOYEHUEM aJlallTepHOTo Oenka
MyD88 (benok mepBHYHOTO OTBETa MUEIOMIHON
nuddepenrupoku 88) [15]. KileTkn BpokIeHHO-
0 UMMYHHUTETa — MOHOLIIUTHI U Makpodaru — Kc-
npeccupytor Bce kiaccel TLRs, xkpome TLRS,
nerrpodunasl — TLR2, TLR3, TLR4, TLR6, TLR7,
TLRY, nennputHsie kaeTku — Bce TLR, Hatypams-
Heie kuiepsl — TLR2, TLR4, 6a3oduner — TLRI,
TLR2, TLR4, TLR6, TLRY [17]. TLRs pacno3na-
I0T KOHCEPBATHBHBIC MOJICKYJISIPHBIE IMPOLYKThI
pa3IMYHbIX KJIaCCOB IaTOI'€HOB: IPaMIIOI0KUTEIb-
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HbIX M rpamoTpuuarenbbix Oakrepuit, JHK u
PHK Bupycos, rpubkoB u npocreimux [16].

BHyTpuKIIETOYHBIE LHUTO30JbHBIE PELENTOPHI,
pacno3Harouiue BUpychl, mnpenctasiensl PHK-re-
JUKa3aMd ¥ NPUHUMAIOT YYacTHE B PETYJISIUU
cucrembl nHTepdepona [15]. Peuentopom pacmos-
HaBaHus OakTepuanbHbix PAMPs sBisitorcs HyK-
JCOTHU/I-CBSA3BIBAIOIINE ¥ OJUTOMEPH3NPOBAHHBIC
JoMeHomofio0Hble perenTophl (nucleotide binding
and oligomerization domain-like receptors, NLRs)
[18]. OHM cocTOST M3 aMUHOTEPMHUHAIBHOTO (-
(heKTOpHOro ydacTKa, BKJIIOUYAIOUIETO JOMEH, aKTH-
BUPYIOIINIA ¥ BOCCTAHABIIMBAIOIIMKA Kacmasbl (cas-
pase activation and recruitment domain, CARD),
NUPUHOBLIN oMeH (pyrin domain, PYD) u nomen,
uHrHOMpyromuii anonrto3 (inhibitor of apoptosis
domain, IAP, wiu baculovirus inhibitor of apoptosis
protein repeat, BIR). LleHTpanpHyt0 9acTh perenTo-
POB COCTaBJISIIOT HYKJICOTHA-CBA3BIBAIOILNN U OJTH-
roMepusnpoBaHHbIl JoMeH (nucleotide binding and
oligomerization domain, NOD), kapOOKCHIBbHBIN
JIOMeH, 000TaleHHBIH TTOBTOPSIONTUMCS JICHITTHOM,
tepmuHan (leucine-rich repeat, LRR), xotopsrit
B3aMMOJICHCTBYET C KOMIIOHEHTaMu Oaktepuii [19,
20]. B HacTosAUIMi MOMEHT y 4YeloBeKa UACHTU(U-
nupoBaHo 23 uieHa cemeicTBa perienTopoB NLRs,
KOTOpbIE OTIMYAIOTCS 0 aMHUHOTEPMHHAIBLHOMY
addexkropuomy yuactky. NLRCs (NLRC 1-5),
panee u3BecTHble kak NOD, u PYD-conepxariue
NLRPs (NLRP 1-14) urpator BaxxHyI0 pOjib Hpu
Bocrasienuu [21]. M3BecTHO, uTo NLRC1 m NLRC2
OIIOCPEIOBAaHHO AKTUBHUPYIOT MUTOTCH-3aBUCHMYIO
MPOTEMHKUHA3Y U TPAHCKPUIITMOHHBIH (hakTop NF-
kB [22], urpamomuili BaXHYIO0 pOJib B PETYISLUU
MMMYHHOTO OTBeTa MpU HH(EKIMOHHBIX 3a0ole-
BaHuAX. [Ipuuem NLRCI pacnoznaer nuamMuHONM-
MEJIMHOBYIO KHUCIIOTY KJIETOYHOH CTEHKH IpamoT-
puuarenbHbix Oaktepuil, B To Bpems kak NLRC2
pacro3HaeT KOHCEPBATUBHBIC MYpPaMUJINEHTHIHbBIC
CTPYKTYPBI KJIETOYHON CTEHKH Bcex OaxTepwii [18].
B cBoro ouepenb MHrHOMPYIONIMK amonTo3 JIOMEH
IAP aktuBupyercs ¢dnareniauHoMm Oaktepuii [23],
a TMPUHOBBIM JIOMEH CTHUMYJIUPYETCsl B OTBET Ha
pa3JinuHble MUKPOOWIIMJIHBIE KOMITOHEHTHI [21].
NLRC »skcrpeccupyroTcss B MOHOITUTaX/Makpoda-
rax, HeWTpodmiax, TUMPOIHUTAX U XapaKTEPHU3Y-
I0TCSI BBICOKMM YPOBHEM CHEIH(DUUHOCTH.

B mnocnennue roael B OUTOMJAa3Me KJIETOK
BpPOKJICHHOI'O UMMYHHUTETa OBIJIM OTKPBITHI HOBBIE
MIPOTEMHOBBIE KOMIIJIEKCHI MaKpOMOJICKYT — WH(-
JaMMacoOMbl, B 00pa30BaHUU KOTOPBIX PHHUMAIOT
ydyacTue pasjinuHble peuentopbl cemeiictea NLRs
[24]. UudbaammacoMbl TPUHUMAIOT YYaCTHE B aKTH-
BallUM MpOTeasbl Kacmasbl-1 (MHTepIeHKnUH-1-KOH-
BepTUPYIOIIUKA (DEpMEHT), KOTOpas KaTaauzupyer
MPOAYKIHIO KiIeTKaMu IUTOKuHOB IL-1B m IL-18.
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®opmupoBanne HHPIAMMACOM, BKJIIOYAIOIINX
NLRP3, mpoucxoaut npu MHOTHX OaKTepHATBHBIX
unbexuusnx. Tak, S. aureus u L. monocytogenes
NPy y4YacTMM TOKCHHOB MOTYT aKTHBHUPOBATH
¢dopmuposanne NLRP3 nndnaammacomsl B Makpo-
(arax [25], a K. pneumonia u N. gonorrhoeae, 1o-
MHUMO 00pa3oBaHHS 3TOW CTPYKTYPBI, HHIYIHPY-
I0T HEKPO3 3TUX KJIETOK U NPOAYKLHUIO IIUTOKMHOB
BOCTIAJICHUS — BBICOKOMOOMIILHON TPYIIBI OEIKOB
B,, KoTOpBIE MOT'YT CTUMYJIHPOBaTh BHIOpPOC (ak-
Topa Hekpo3a onyxonei o (PHO«) ¢ aktuBarnueit
karencuHa [26, 27]. ®opmuposanne NLRP3-un-
(draMmMacoM MOXKET Tak)Ke aKTHBHPOBATHCS BHPY-
camu, Hanpumep, BupycoM CeHpmalli U BUpPYCOM
rpunma [28]. YyBCTBUTEIBHOCTh MakpodaroB K
JeTaabHOMY TOKCUHY B. anthracis, mpu y4acTuu
MeTajuionporenHassl, onocpeayercs NLRP1b un-
¢nammacomoii [29]. NLRC4-undpraammacoma ax-
TUBUPYETCS HEKOTOPHIMU BHJaMH TIpaMOTpHULIa-
TEeNbHBIX Oaktepuii: S. typhimurium, S. flexneri,
P. aeruginosa w Legionella pneumophila [23, 24].
Takum oOpa3oM, JoKazaHa BaXKHOCTh YYacTHUs MH-
¢1ammacoM B MeXaHM3MaxX BPOXKAEHHOTO UMMY-
HUTETa NMPU MHPEKIHAX, a B3aNMOJCHCTBUE MEXK-
ny memOpanubeiMu TLRs m muto3onpabiME NLRS
CTUMYJIMPYET NPOAYKLHIO KJIETKaMU IIUMTOKHMHOB
IL-1B u IL-18.

Ha ceronusimiauii neHb KJIETKH MOHOIIUTAPHOU
JIMHUU TIO CTETEHU 3KCIIPECCHU Ha UX MOBEPXHOC-
TH maTTepHpacno3Haromero peuentopa CDI14 u
mosekynsl CD16 pasnmensror Ha aBe cyOmomyis-
uu [30]. CyOnomynsinus KJIETOK C BBICOKOW CTe-
MeHpto FKcnpeccuu perentopa CDI4 u oTCYyTCTBU-
eM CDI6 oTHOCHTCS K «KJIacCHYECKOl», a cyOro-
MYJISIIUSL KJIETOK, MOJIOKUTEIbHAS TI0 SKCIPECCHH
CD16, — x «HEeKJIaCCUUYECKON», WITN «IIPOBOCTIAIH-
TEJIBbHONY», KOTOPasi IPEUMYILECTBEHHO MUTPUPYET
B MecTo BocnasieHus. [lo mepe nuddepeHnnpoBku
MOHOIIUTOB B Makpogaru COOTHOIIEHHE peLen-
topoB aaresun CDI11c¢/CDI18 mnoBblmaercs, a npu
AKTUBALMU KJIETOK YBEJIMYMBAETCS COOTHOILICHHE
penentopor CD11a/CDIS [31].

OIHOM M3 OCHOBHBIX OCOOECHHOCTEH TKAHEBLIX
Makpo(aroB SBIAETCS HAJUYME JIN30COM, COIEP-
KalMX KHUCIble THAponasbl, (docdarazy, ambda-
HaTUIDCTEpas3y, JUMAa3y, KaTelCUHBI, 3JacTasy,
JIN30LIUM, KOJTarenasy u jgaktodeppus. Ha cBoeit
MOBEPXHOCTH TKAaHEBbIE MaKpo(daru 3KCIpPeccupy-
10T PELEITOPhl, KOTOPbIE YYaCTBYIOT B IpoLeccax
aJre3uu, SHAOLUTO3a, BOCIPUITHUS PEryasiTOPHbIX
BO3JIEHCTBHH, MEXKKIETOUHOIO B3aUMOACHCTBUS.
JlokazaHo Hannuue Ha Makpodarax perenTopoB
Kk Fc-dparmMeHTy HMMMYHOTI00YyJIMHOB KJIACCOB
A, M, E u pasueiM cyOkjiaccaM MMMYHOTJIOOYu-
Ha G, pa3nu4yHBIM JTUM(OKHMHAM, TOPMOHAM, pe-
I'YJSTOPHBIM HENTHAAM U MHOI'MM KOMIIOHEHTaM
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komrmuiemenTa — C3, Clq, C4b, C5b, C5a [31]. Tka-
HEeBble Makpo(daru BBIIACISIOT BO BHEKJIETOYHOE
MpOCTPaHCTBO PepMEeHTHI (HEHTpaIbHbBIE TPOTEa3bI
U KUCIIbIE€ THIPOJIa3bl), KOMIIOHEHThI KOMIIJIEMEHTA,
WHTUOUTOPBI (HEPMEHTOB, AKTHUBHBIE (JOPMBI KHCIIO-
pona u a3oTa, OMOAKTHBHBIC JIUITUBl U IIUTOKUHBI.

NmmyHHast QyHKIUS APYTOH KISTKU BPOXKICH-
HOI'0O UMMYHUTETa — HelTpoduna — npu nHPEKu-
OHHBIX 3200JIEBAaHUAX TIABHBIM 00pPa30M aCCOILHUH-
pyercs ¢ (arounTo30M U NPOAYKIHEH [TUTOTOKCH-
YECKMX KOMIIOHCHTOB, B TOM YHUCJIC HUTPOKCUIHBIX
M KUCIOpOAHBIX paaukanoB [32]. [Ipouecc Bbixona
HelTpoduiaa U3 KpoBU B TKAHb NPOUCXOAMT B Te-
YeHHWE TEpPBBIX MHUHYT IIOCIE 3apakeHHs 3a He-
CKOJIBKO JTAroB: 3Tal MEPBUYHON aJre3uu U Me-
JIEHHO «KaTSAIIErocs» JIEHKOIUTA 10 MOBEPXHOCTH
SHIIOTENHS, TaK HA3bIBAEMBIH «POJUIMHIY; aKTHBA-
1Sl ¥ OCTAHOBKA KJIETOK HA OIPENEIICHHOM ydac-
TKE DHJIOTENINsS, MPOYHasi aare3usi K MOBEPXHOCTH
U Juarene3 BMecTe C MNepeiBHKEHHEM KIJIETOK B
obnactu Bocnasenus. PonnuHTr U aare3us — HeoO-
XOAMMBIE 3Tamnbl TpaHchopMauuu HEUTPOPHUIIOB U
MOHOITUTOB B OoJiee nudepeHIIupoBaHHBIC KIICT-
KM, KOTOpPbIE TPOUCXOAST C y4acTHEM MOBEPXHOCT-
HBIX PELENTOPOB CEJIEKTHHOB M WHTETPHMHOB. B
HaCTOsIIee BpeMs HICHTH(OUIIMPOBAHO JBa BUIA
cenektrHoB: L (CD 62L) u E (CD 62E) u 5 Bunos
UHTETPUHOB, K KOTOPBIM OTHOCSTCSI TPU I'eTepoIu-
Mepa, cocrosie u3 oobmeit dera-nierm (CD 18) u
Tpex anwda-ueneit (CD 11a, CD 11b, CD 1lc) [33].
Hefitpoduner 061a1ar0T crmocoOHOCTHIO, HAKATLIN-
BasCh B O4arax MOpa)X€HUs, MHUIMUPOBATH LeI-
HYI0 PEakIHIO C BBIJICJIEHUEM LUTOTOKCHYECKUX
BELIECTB U CO3/IaHHMEM JIOKAJbHOI'O TepeBeca B Oa-
naHce «d(hdekTop — UHTHOUTOPY.

B Tedyenme mponomKMTENBHOTO MEpHONA Hei-
TPOQHIIBI CUUTATH TOMOTCHHON KJIETOUHOW TIO-
NyJasaUueld, Ha JaHHbI MOMEHT [0Ka3aHa €€ re-
TEPOreHHOCTh. Vcrmonb30BaHre MOHOKJIOHAJBHBIX
AQHTUTEN [aeT BO3MOXKHOCTh BBISBIICHHS CyOIIO-
MYJSIITAU 3peNbIX HeUTpodruioB. [eTeporeHHOCTh
nyJjia HeUTPOo(UIOB OCHOBBIBAETCS HA MPOSBICHUU
X (QyHKIIMOHAJIBHOM akTUBHOCTH. Hampumep, npu
aAre3uy He Bce KJETKM MOKa3bIBAIOT aKTHUBAIUIO
mporecca reHepaui aKTUBHBIX METa0O0IUTOB KUC-
nopoaa [34]. Paznuuaror nBa (QyHKIIMOHATBHBIX
COCTOSIHUSA (ParoIMTOB: HCXOHOE, TAK HA3bIBAEMOE
«redox», ¢ HU3KUM YPOBHEM NPOTEKAHUsS IMPOLEeC-
COB, M aKTUBHUPOBAHHOE, MIEPEXO B KOTOpoe 00yc-
JIOBJICH B3aHUMOJICUCTBUEM CO CTUMYJIsiTopamu [35].
[Ipu ctuMynupoBaHUU OaKTEPUSIMH yBEIUIHBACT-
csi QYHKIIMOHAJIbHBIM MOTEHIMAN (HaroluToB, TaK
Ha3bIBaeMbIl MpaliMuHT (priming), Takue KICTKH
B MECTE BOCIHaJieHHs] 0oyiee aKTMBHO PACIO3HAIOT
WH(EKIIMOHHBIN areHT.
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HeoOxonquMo OTMETHTH NMPU3HAHHYIO B IOC-
JIETHUE TOBI CIOCOOHOCTHh HEUTPOPHIIOB K CUHTE-
3y pa3IMYHbBIX BellecTB. Panee yTBepk1anock, 4To
XPOMOCOMBI 3TUX KJIETOK KOHCEPBATUBHBI, UTO HC-
KJTIOYaeT CHHTE3 UMU PA3JIMYHOr0 POjAA MENTHIOB.
HenaBHo oOHapy»XeHBI BbLAEIsIEMble HEHTpOdHIIa-
MU DKCTPALEIUTIONSIPHO MPOTEHHBI ¢ HEOONBILION
MOJIEKYJISIpHOM Maccoi — nedeHcunbl [36]. D10
CEMEHCTBO TMENTHAOB OO0BENMHSAET HAIHMYHE B HX
CTPYKTYpPE KOHCEPBATHBHOM MOCIEAOBATEIBHOCTH
13 6 nucTerHoB. JleeHCHHBI 00IaIaf0T IUTOTOK-
CHUYECKOH, MUKPOOHMJHON aKTUBHOCTBIO, CTHUMY-
JTUPYIOT TOTJIOTUTEIBHYI0O M TEPEeBaAPHUBAIOIIYIO
(YHKLIHIO KaK caMUX HEUTPOQPHIIOB, TAK U MaKpO-
¢aroB, a Tak)Ke OKa3bIBAIOT BIUSHHE HA CUHTE3H-
PYIOIIYIO0 aKTUBHOCTb MOCIEAHUX U SBJISIOTCS OJI-
HUMH U3 KJIIOYEBBIX MOJIEKYJAPHBIX TTOCPETHUKOB
B pa3BUTHH MMMYHHOTO OTBE€Ta OpPraHWU3Ma IIpH
nH(EKIIMOHHBIX 3a0oneBanusX [37].

B mocnengnee nmecsituneTue ObLT OTKPBIT HO-
BbIi MEXaHU3M YHUUYTOXKEHUS NaTOTCHOB HEM-
TpodmIaMu, KOTOPBIA TMOJTYYWJI Ha3BaHHE «HEHU-
TpoduiIbHBIE BHEKJIeTOUHBIE JoBymKn» (HBJII), —
SKCTPANCIITIONSPHBIE CETENOA0OHBIE CTPYKTYPHI,
COCTOSIIIIUE W3 HYKIEUHOBBIX KHCIOT W (hepMeH-
ToB [38]. Ha Momensx in vitro OBIIO TOKa3aHO,
4yTO (ParomuTO3 SIBISETCS TIABHBIM MEXaHH3MOM
M0 YCTPAaHEHWIO MHUKPOOOB B TEUEHHUE MEPBBIX MHU-
HYT TOCIie 3apakeHwusl, 3aTeM (aroluTapHas cro-
COOHOCTH KJIETOK OI'PAaHMYMBACTCS U BKJIIOYACTCS
BTOPOl aHTUMUKPOOHBIA MEXaHU3M IPU y4aCTHH
aKTHUBHBIX (OpPM KHUCIOpOJa, CHHTE3UPYEMBIX C
yuactueM HAJI®H-okcunasel. Pesynbratrom sTO-
ro mpormecca MoxeT ObITh (opmupoBanne HBIJL
[Ipu >TOM HEUTPOMIBI YILIOWIAIOTCS, B UX IIH-
TOIJIa3Me MOSBJISIOTCS MHOTOUHCIIEHHBIE BaKyOIIH,
MIPOUCXOJUT pacIljiaBlieHNe sSAepHOM MeMOpaHbl U
TepseTca XapakTepHas Joipdaras ¢opMma sjep, HO
MOp(OJIOTHS OpraHeNj OCTAeTCS HEMOBPEKICH-
HOM. 3aTeM SAepHBIM XPOMaTHH 3aHUMAeT BCIO
KJIETKY, TPaHyJbl PAaCTBOPSIOTCS, U KOMIIOHEHTHI
Oyayuieil JIOBYIIKM pacHpenesstoTcsl M0 BCEMY
o0pemy kieTku. [lamee kierka cokpamiaercs A0
pa3pbiBa ee IMia3MajieMMbl U BHICOKOAKTUBHOE CO-
JIEP’)KIMOE KJIETKH OKa3bIBAETCS BO BHEKJIETOYHOM
MPOCTPAHCTBE, YTO (OPMHUPYET CBOCOOPA3HYIO
CeTh, B KOTOpYyr Osaromaps <«JmankocTu» JIHK
nonajaroT WHPEKIUMOHHBIE areHThI, IJleé OHU TIO-
rU0ar0T. YHUKAIBHOCTh 3THX CTPYKTYP COCTOHUT
B TOM, YTO aKTHBHBIE MUKPOOWIIMHEIC BEIIECTBA
HEHUTPO(DUIIOB CBA3aHBI C XPOMATHHOM M 00pa3o-
Barne HBJI oOecneunBaeT MUHUMHU3AINIO TKaHE-
BOTO TIOBPEKJICHUS.

B nepudepuveckom myne muMGOIUTOB KPOBH
NPUCYTCTBYET  (Qpakius KJICTOK, JIUIICHHBIX
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MapkepoB T- u B-mumdornuros, oOo3Hauaemas
kak 0O-kierku. B cocraB 3Toil Qpakiuu BXOIUT
HEOOTBIIIOE KOJMYECTBO HE3PENbIX JTUM(OUTHBIX
MpeNIIeCTBEHHUKOB, a e¢ OOJIbIIYI0 YaCTh COCTaB-
10T KusuiepHble kiaetku (NK-kietku). Muniens-
MH 11 NK-KJIETOK SBISIOTCA MPAKTUYECKH BCE
AIPOCOACPIKAIINE KICTKH, OIHAKO HAaWOOIBIIYIO
AKTUBHOCTb OHM IPOSIBJISIFOT [0 OTHOUIEHHIO K
OMYXOJICBBIM W TIOPAKEHHBIM BHPYCOM KIIETKaM.
Crneunduunocts ynm3uca NK-knerkamu wHUIIH-
POBAaHHBIX BUPYCOM KJIETOK OIpEACISETCS aHTH-
temamu. [loka He 00Opa3oBaimuch BHpYyCCIEIU(pH-
yecKkre TUM(OIHUTH U aHTHUTENA, pelaromiee 3Ha-
YeHHUE B OrPAaHUUYEHUM PACIIPOCTPAHEHUs BUpYyca B
OpraHu3Me HMPHUHAJICKHUT KIeTKaM, 00JaJaionm
€CTECTBCHHOM KUJLJIEPHON aKTUBHOCTHIO [1, 5].

OYHKIMH KIJIETOK BPOXIACHHOTO WMMYHHTE-
Ta, BMecTe ¢ NK-kiaeTkaMu, BKIIOYAIOT HE TOJILKO
POJUIMHT, aJre3UI0 U TPAHCMUIPALIMIO, HO M HEIOo-
CpEICTBEHHbIE MEXKJIETOUHbIe KOHTaKThI. [locnen-
HAA QYHKIHS OCYIIECTBIISETCS C YUaCTHEM CTPYK-
Typbl, KOTOpasi MOJNy4HJia Ha3BaHWE YPONOABl U
Obu1a 0OHApy KEeHa C MOMOIIBIO TIOKAJIPOBOH ChEM-
KM 1pu MUKpockonuu [39]. Dta cTpyKTypa npen-
CTaBIIET COOON CHEeNMAJIN3UPOBAHHBIN yYacTOK
I1a3MaJleMMBbl, OOOTaIleHHBIH pelenTopamMu, Ko-
TOPBII PUHUMAET Yy4YacTUE BO B3aMMOAEHCTBUSAX
MEXIY KJIETKaMH U BHEKJIETOUHBIM MaTPHKCOM.

YcraHoBIIEHO, 4TO (PEHOMEH amonTo3a, 0co0eH-
HO MHAYKIHUS €r0 B HeUTpomiax u Makpodarax —
KJIETKaX BPOXKJIEHHOIO MMMYHHUTETa, UMEET Mps-
MO€ OTHOILEHUE K MHULUALUU U IPOrpeccupoBa-
HUIO HHpEeKIHOHHBIX TporeccoB [40]. K mapkepam
arornTo3a KJIETOK OTHOCSTCS TOBBIIICHUE AKTHB-
HOCTH Kacma3, KOHJeHcalus 1 (pparMeHTanus Xpo-
MaTWHa, a Takke 0JeO0MHT — Ty3bIpeoOpa3oBaHue
[ja3MajJeMMbl U YMEHBIICHHE IUIOIAIU KIETOK.
Heperynupyemsplil anonTo3 cOnpoBOXIAETCS Jie-
npeccueil (QyHKIIMOHMPOBAHUS KJIETOK, OCOOEH-
HO UX MNPOTUBOMH(EKIIMOHHOW CHOCOOHOCTH.
AmnonTo3 HeHTpo(UIOB MPH BOCHAJCHUU IPEIO-
TBpAaLIaeT PacHpPOCTPAaHEHHE B TKAHSIX LIMTOTOK-
CHYECKUX KOMIIOHEHTOB, KOTOpBIE COIEp’KaTcs B
ux nutoruiazme [40]. [locrnenytomiee y3HaBaHue H
(daronuTHpPOBaHUE OCTATKOB ANONTO3HBIX KJIETOK
MakpodaraMm OTHOCHUTCS K OCHOBHOMY (akToOpy
paspenieHusl BOCHAJCHUs, TaK Kak B JTOM CIy-
yae rudenb HEUTpopuia CTUMYIUPYET MPOTHUBO-
WH(PEKIIMOHHOE JICHCTBUE Makpo(daroB W JIPYTruUx
KJIETOK.

OnHOl M3 OCHOBHBIX (YHKIHHA Makpodaros
U HEUTPO(UIIOB U, OJHOBPEMEHHO, UPE3BbIYAIHO
Ba)KHBIM MEXaHHU3MOM BPOKJACHHOTO HMMYHHUTETA
ABIAETCS (aromuTo3. YCIOBHEM YCHENIHOTO TO-
[JIOLIEHUS! MUULIEHHU C MOMOILBIO 3UIIEPHOIO Me-
XaHU3Ma CIyKUT aKkTUBaLMs NpoTeuHKHHa3bl C u
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mMoOmnm3zanuss Ca?". 3atem memOpaHa (harocombl
CIIMBAETCSl C TM30COMOM M o0Opazyercs ¢aronuso-
coma. OOpazoBaHue (Haroau30COMBI COMPOBOXKA-
ercsi cekpenueil menuatopos Bocmanenus (MJI-1,
NJI-6, ®HO, nelKoTpHEHOB M JIp.) U aKTUBHBIX
¢dopm kucnmopona. Pazpymienune oObekTa ¢aromm-
To3a (KWJJIMHT) peanu3yercs Orjaromaps aKTHBa-
UM JBYX OCHOBHBIX MEXaHU3MOB: KHCIOPO/3a-
BUCUMOTO U Kuciopoanesasucumoro [41]. Kuco-
PO/IHE3aBUCHMbIC MEXaHHM3Mbl AKTUBHUPYIOTCS B
nporecce CIUSHUS (arocomMbl U JH30COM. TOKCH-
YecKoe NeiCTBHE Ha MUKPOOHYIO CTEHKY IIEpBBI-
MU OKa3bIBAIOT JIAKTO(GEPPHH H JIM30IMM, 3aTeM
karnonnbie Oenku (CAPS57, CAP37), nporennassl
(konmarenasa, sjacrasa), karerncud G u nedeHcu-
Hbl. KHcnopon3aBucruMble MEXaHU3MbI UTPAIOT Be-
YUY PO B JIECTPYKIIUUA OO0BEKTa (haromuTo-
3a. DTOT Mpolecc MPOUCXOAUT MPH CTUMYISLIUAN
komriekca HA JI®H-okcnmaspl, Takke M3BECTHOM
Kak (aronuTapHas OKCHAa3a, WIM OKCHAAa3a KHC-
JIOPOJHOTO B3phIBa. B oTinmume ot HeiTpoduion
cyOKJIeTOUHasl JIOKaIM3alus 3TOr0 KOMILIEKCA B
Makpogarax BBISBISETCS TOJNBKO Ha IIa3MaTH-
YecKoil MeMOpaHe, ¥ BBHy TOTO, YTO €ro COCTaB-
JASI0MKE HEe OOHApy)KeHbl Ha MeMOpaHax TpaHyd,
HEKOTOPBIMHU HCCIICIOBATEIISIMHU  [TPEIIoNaraeTcs,
YTO AT KJIETKH MPOLYLHUPYIOT aKTUBHBIE (OPMBI
KHUcJIopoaa BHyTpudarocomaisHo [41].

B HacTosimee Bpemsi aKTUBHO WCCIEIYeTCs
OKCHJ] a30Ta, KOTOPBIA SIBISETCS CBOOOTHBIM pa-
JIUKAIoOM (Ta30BOM MOJIKYJIOH) M MPOXYIHPYETCS
U3 MOJICKYJIIPHOTO KHCJIOpOJa U aToMa a30Ta rya-
HuAuHa L-aprunnna. OTa Mojekyia BKIIOYaeTcs
B HECNeU(PHUUSCKUl MMMYHHUTET W YaCTUYHO B
KOMITJICKCHBIF MEXaHHM3M TKaHEBOT'O TIOBPEKICHUS
KaK Ba)KHBI MEIMATOP BOCHAJIUTEIBHBIX MPOIEC-
coB ® amonTo3a. [Ipm 3TOM IHUTOTOKCHYECKOE/IIH-
TOMATHYECKOe ACHCTBHE yCHIMBAeTcs Onaromaps
cnocobHocT NO BCTyNaTh B PEAKIUIO C CYNEPOK-
CHJIHBIM paJHKaioM, o0pa3ys NEPOKCHUHUTPHUT C
MTOBBIMIEHHOW PEaKIITMOHHON CIIOCOOHOCTHIO [42].

Heo0xomuMo OTMETHTB, 4TO (arouuThl B Te-
yeHue TUPPEPSHIMPOBKHA MPHOOPETAIOT CYIIECT-
BeHHBbIE pa3nnuus. OHM BBIPAXKAIOTCAd B CTENEHU
IIUTOTOKCUYHOCTH (haroluToB, B BBIACICHUU BO
BHEKJIETOYHOE MPOCTPAHCTBO OOIIMPHOTO CIEKTpa
UTOTOKCUHOB M MOJICKYJIIPHBIX MEIUATOPOB BOC-
najeHusi (aKTUBHBIE (QOpPMBI KHCIOpOJA W a30Ta,
KaTHOHHBIC O€NKHN). DTH KJICTKH MEPBBIMH OKa3bl-
BAIOTCSl B OYare BOCIAJICHUS, I7Ie KOOIEPaTUBHO
BO3/ICHICTBYIOT Ha MATOTeH, BHICTYIas B KaueCTBE
3 PEKTOPOB M MOAYIISITOPOB BPOKACHHOTO HMMY-
HUTETA, B TIOCJIEAYIOIEM OKa3bIBas 3HAUYUTEIBHOE
BIMSHUE Ha aJalTUBHBIM UMMYHUTET. DyHKINO-
HaJIbHBIE CBOMCTBA ATHUX KIETOK OOBEIMHSIOT MX
B eNUHYI0 2((EKTOPHYI0 MHEIOUIHYIO (arolu-
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TapHYIO CHCTEMY, KOTOpasi COeAMHIET MOOUIIbHBIC
HEUTPODUIBI ¢ ATUTEIHHO KUBYIIECH MOMyJsnei
Makpodaros. lcrnonb3oBaHue OpraHU3MOM MJIe-
KOMUTAIOMINX TAKOW CUCTEMBI C ABYMS €€ COCTaB-
JAIOIMMMHA BHAAMH KJIETOK MPEACTABISIET COOOM
YCIEUIHYI0 aTaKyIOMIYI0 CTPATErHi0 BPOXKIEHHOIO
UMMYHHUTETa Ha MAaTOTE€HBI, KOTOpas TIO3BOJSET
3¢ dekTHBHO U 0€30MaCHO UCIOJIB30BATh MOIIHBIC
MHUKPOOHUIIMTHBIE KOMITOHEHTHI.

Takum oOpa3om, Ha pyOexe CTONECTUH UMMY-
HOJIOTHS BBIIIA HA MPUHIMITHAIEHO HOBBIH ypo-
BEHb, 3HAYUTEIBHO HM3MEHUJINCH MPEICTABICHHS
00 3 PeKTOPHBIX MEXaHU3MaX BPOXKJJICHHOTO HUM-
MYHHUTETa Ha OCHOBAaHMM OTKPBITHSA OOLIUX pe-
TYJIATOPHBIX CHCTEM TaTTePH-PACTIO3HAIONIUX pe-
nentopoB TLRs u NLRs, koTopbie CIOCOOHBI KO-
OpIAMHHUPOBATh BEChb UMMYHUTET. JI0OBOJIBHO YeTKO
OTIpEICNICHbl KIJIETOYHbIE M MOJICKYJISPHBIE ITYTH
B3aMMOJCHCTBUS MEXIy HH(EKIMOHHBIMU areH-
TamM# ¥ 3P (HeKTopamMu BPOXKICHHOTO UMMYHHTETA.
HoBelit B3 Ha pONb BPOXKICHHOTO UMMYHHUTE-
Ta B €CTECTBEHHOH M MPHUOOPETEHHON HEBOCIPH-
UMYHBOCTH K MH(QEKINUU OTKPBIBACT TEPCIEKTHU-
BBl 0oJiee IeNICHANPAaBICHHOTO YIPaBICHUS ATHM
MPOIIECCOM C MOMOIIBIO BaKIIUH, IMMYHOMOTYJIS-
TOPOB U JAPyTrux (papManeBTHUYECKUX MPENapaTosB.
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The review has been devoted to the modern concept of innate immunity. The data on pathogen-associated molecular pat-
terns and pattern recognition receptors which are a corner mechanism for the realization of innate immunity functions is
considered. The information about the cellular-molecular components of innate immunity responsible for neutralization
and elimination of bacteria and viruses is presented.
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