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B cmamwve npedcmasnena poiv nieeMOKOKKOBOU unpexiuil 6 Cmpyxmype ocmpoix 6aKmepuaibho-accouUupoOSantbix 3a001e6anuil
PECRUPAMOPHO20 MPaKma y 0emeii u MeXanu3MvlL POPMUPOBANHUSL UMMYHIHO020 OMEEMA, HANPABTCHHDIE HA IPAOUKAUUIO BHEKIEMOUHO-
20 6030ydumens.. Ha ocnosanuu ananusa mumepamypnoix uUCMOUHUKOE 0aHO COBPEMEeHHOe NPedcmasienue 0 QyYHKUUOHUPOBAHUL
MONEKYIAPHDIX MEXAHUSMOB DEKOZHULUU NTHEBMOKOKKOBIX NAMO2EH-ACCOUUUPOBANHBIX MOLCKYIAPHOIX CIPYKIMYP U UHOYKUUL GHY-
MPUKIEMOUHBIX CUZHATBHLIX NYMEU 6030YicOeHUs IPPEKMOPHBIX KIEMOK pecnupamophozo mpaxma. I[Ipodemoncmpuposano, umo
OIS UHUUUAYUU BOCTATUMEILHOZO POUECCA NPU NHEBMOKOKKOBOU UHDEKLUU 1He0OX00UMO, KaK MUHUMYM, 064 CUZHAILA, OOUH U3 KOMO-
POIX aKmusUpyem o6pas-pacno3naiouie Peuenmopbl, a 6mopoti 00YCIasIusaem GOPMUPOSAHUe U AKMUBAUUIO UHDIAMMACOMbL.
Knroueswvie cnosa: niesmonus, Streptococcus pneumoniae, demu, ummynioiii omeem, PRR, ungrammacoma.

BBenenune

HHEBMOKOKK SIBJISIETCSL PACIIPOCTPAHEHHBIM [ATOTe-
HOM YeJI0BEYEeCKO MOMyJIsiuu. B cTpyKType ocTphIx
6aKTepUaTbHO-ACCOIMUPOBAHHBIX 3a00I€BAHUIT PECTTIPATOP-
HOTO TPaKTa ITHEBMOKOKK YCTOHUMBO 3aHUMAET MIEPBOE MECTO
Ha MPOTSDKEHUU MHOTHX JieT. [IHeBMOKOKKOBbIe MHGbeEKInu
JOCTATOYHO YACTO COMTPOBOKIAAIOTCST PA3BUTHEM OCJIOMKHEH T
1 MOTYT IIPUBECTU K JIeTaTbHOMY ncxoiy. CoriacHo Mupo-
BBIM CTATUCTUYECKUM JIJAHHBIM, €KETO/HO PETUCTPUPYETCS /10
1,2 MuIMOHA JIETAIbHBIX UCXO/I0B MTHEBMOKOKK-aCCOIIMUPO-
BaHHBIX 3abosieBaHuil y mereit [3,4,7,81]. TlHeBMOKOKKHM
SIBJISIIOTCSL CHHAHTPOITHBIMU OAKTEPUSIMHU, KOTOPbIe GeccumIl-
TOMHO KOJIOHU3MPYIOT HOCOTJIOTKY YeJIOBEKA M TPEKPAIaioT
cBoe (DYHKIIMOHMPOBAHUE, KAK IIPABUJIO, Yepe3 HEeCKOJIbKO
Helesib TI0CIe TePBUYHOTO WHMUIUpoBanus. Y gereil 10
JIBYXJIETHETO BO3pacTa He MeHee OJIHOTO Pasza OTMeYaeTcst
AMM307T HECCUMIITOMHOTO HOCUTEILCTBA Streptococcus pneu-
moniae B HOCOTIOTKe [45]. OmHaKo, TPU OMpPEAETEHHBIX
yCJI0BuUsIX, bakrepuu Streptococcus pneumoniae MOTYT MUTPU-
pOBaTh M3 HOCOIJIOTKU B JIETKUE W MHIYIIMPOBATH Pa3BUTHE
MTHEBMOHUH, 0COOEHHO y fieTeil 0 5-yeTHero Bo3pacrta [7].
B nacrosiiee Bpems uzentuduimposano okosio 90 ceporu-
noB Streptococcus pneumoniae. Pa3noobpasue cepoTHIIOB
ITHEBMOKOKKA JIEKUT B OCHOBE MOJMMOPGU3MA KIMHUIECKUX
TPOSIBJIEHUH TTHEBMOKOKKOBBIX WHGeKIH. Tak, cepoTHms!
mHeBMOKOKKOB 3, 6A u B, 9N, 19F acconuupyiorcst ¢ noBbi-
IIEHHBIM PUCKOM JIETATTBHOTO UCXO/[A TTHEBMOHWHU, & CEPOTH-
el 1, 7F u 8 unayrupyior passutue 3abojeBanuii ¢ 6oee
GuaronpusiTHbIM TeyeHreM [5]. OnHAKO pasBUTHE OTBETHOI
peaknuy Ha MHOUIMPOBAHUE PA3JUYHBIMU CEPOTHUIIAMU
[THEBMOKOKKA UMEET OOIIMEe MaTOreHETUYECKUE XapaKTepu-
ctuki. OJTHUM 13 MEPBBIX aKTOB 3AIIUTHOIN PEaKIH SBJISIET-
¢S pacHo3HaBaHME ITHEBMOKOKKOBBIX IATOTEH-AaCCOINNPO-
BaHHBIX MOJIEKYJISAPHBIX cTPyKTyp (pathogen associated
molecular patterns — PAMP) o6pa3-pacio3HaionyuMu perer-
Topamu (pattern recognition receptors — PRR). Pazmuuaror
HeckobKo ceMmeiicTB PRR, yyacTBytommx B pacmosnaBannu
PAMP rpamuosnoxurenbubix Oaxrepuii: Toll-mogo6ubie
perenitopsl  (Toll-like receptor — TLR), NOD-nogo6HbIe
perteniropbl (Nod-like receptors — NLR), JIHK-cercopsr.
TLR yuacTByIoT B pacrio3HaBaHW# MIPOKOTo criektpa PAMP
Gakrepuii, NLR SBJISIOTCS BHYTPUKJIETOUHBIMU PEIEIITOPA-
My pekoruuiuu Gakrepuaabibix PAMP; JTHK-cencopsr —
BHYTPUKJIETOUYHBIMU pelleniTopamMu pacrnosnasanust /JHK
[9,30,33,41,55].

BsanmogeiictsBue PAMP mukpooprannamos ¢ PRR mak-
POOpranusmMa Bo30yK/aeT BHYTPUKJIETOUHBIE MOJIEKYJISIPHBIE
CUTHAJIbHbIE MIYTH, KOTOPBIE IPUBO/ST K AKTUBAIIUU OITpejie-
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JseHHbIX (akTopoB Tpanckpununu. [locae Tpanciokannun
B SI7IPO KJIEeTKK (haKTOPBI TPAHCKPUIIITIH YCUIIMBAIOT HKCIIPEC-
CHIO T€HOB, KOTOPbIE OTBETCTBEHHBI 32 CUHTE3 TJIEHOTPOITHBIX
[POBOCIIAJIUTENbHBIX IUTOKUHOB, B yacTHoctn TNE
IL-1. Hwurokwasr 1L-1 cemelicTBa TpeACTaBIAIOT OMHY W3
KJIFOUEBBIX IPYIII COTIOTaOHBIX MEAUATOPOB, KOTOPbIE MIPE/0-
Mpe/IesITioT Pa3BUTHeE 1Ipoltecca Bocaienus. OcHOBHas po-
aykiust [L-1p, mpenmytiiecTBEHHO, OCYIIECTBIISETCSI MOHOIH-
Tamu 1epudepudeckoil KpoBU 1 TKAaHEBbIMH MaKpodaramu,
XOT$1 IPOYIIUPOBATH ITOT IIUTOKUH CIIOCOOHBI OUEHb MHOTUE
THUIIBI KJETOK YeJ0BEYECKOr0 Opranuama. BoicBOOOKAECHHbIN
u3 npoxynupyioreit kietku 1L-1B nmpenmyiecTBenHo Haxo-
JIUTCS B MEMOPAHOCBSIBAHHOM COCTOSTHIU. DTO 0becreynBaet
CIIOCOGHOCTh aKTUBUPOBAHHBIX MAaKpO(haros WHAYIUPOBATH
nposdepanuio T-KIeToK MOCPeICTBOM KIETOUHBIX KOHTAK-
TOB TP HEBO3MOKHOCTH ONpenesguTb npucyrcrsue IL-1B
B nupkyjastopuom pycie. Ilox Biausinuem aeiicrBust [L-13
ycumBaetces mpoaykius 1L-2 u ero perentopos, 4To 00yciaB-
auaer T-kierounyto npoaudepanuio. Taxxe IL-1B
U UHIYIMPYEMBI UM KOJOHUECTUMYJUPYIOUUN (axTop
GM-CSF c¢noco6CTBYIOT yBEJUYEHUIO IIPEACTaBUTEIbCTBA
HeNTpohuUIOB B iepuepudeckoM pycie KpoBu. MUHIMATb-
HOe yBeJIMYeHHe YpPOBHS KouieHTpaiuu 1L-1B BbisbiBaer:
yeusienre cunrtesa 1L-6, KoTopblit MHAYIUPYeT MaTypaliuio
B-kieTox, Apyrux MpOBOCHAJUTENBHBIX [IUTOKIMHOB; MOBBI-
[IeHUE TPOAYKIUU OCTPO(ha3oBbIX OEJNKOB, TaKUX Kak
C-peakTuBHbII 6€/I0K, CHIBOPOTOUHbIN aMIIon]] A; BBIPaOOT-
Ky JIeHKOIMTAaMU M 3HIOTEJUOIUTAMU MOJIEKYJ aJIre3uH,
XEMOKHHOB; aKTUBAIIMIO CUCTEMbI KOATYJIAINN KPOBU, IIPUBO-
AT K CHUKEHWIO YPOBHS KOHIIEHTPAIIMH CHIBOPOTOUYHOTO
JKesesa, uHKa [2,8,12,32].

[Turokunst IL-1 cemeiicta (1L-1p, IL-18) npomyiupytorcst
B OUOJIOTIYECKH He aKTHBHOIT (hopme. VIHTEHCUBHOCTD CHHTE3A
MPHK npodopm IaHHBIX HUTOKUHOB OOYCJOBJIEHA YPOBHEM
aktuBHocT TLR-3aBucnMoro curnana. IIpoBocnanntenshyio
AKTUBHOCTH OHU ITPHOOPETAIOT TOJIBKO TIOCJIE B3aNMOIENCTBISE
¢ Kacnasoit 1, mporeosMTHYecKas aKTHUBHOCTb KOTOPOH pea-
smsyercs Ha naThopMe MYJIBTUMOJIEKYISIPHBIX (hOPMUPOBa-
Huit mporentos cemeiictBa NLR — undaammacom. OyHKImo-
HUpOBaHUe MH(}IAMMACOM aCCOIMMUPOBAHO C WMH/IYKTUBHBIM
JIeiicTBUEM MOJIEKYJISIPHBIX T1aTTEPHOB, aCCOIMMPOBAHHDBIX
¢ MoBpeskAeHneM i cMeprbio kierkn (damage-associated
molecular patterns — DAMP) [38,61].

Takum 06pasoM, [isi HHUIMAIIMU TIPOIIECCA BOCHAJIEHUS
HEOoOXOIMMO, KaK MUHUMYM, JIBa CUTHAJIA, OJIMH M3 KOTOPbIX
aktuBupyetr PRR (B wactroctnn TLR), a npyroii, cBumeress-
CTBYsI O IIOBPEXKIEHUU KJIETOK, 00yc/aBiuBaer (hpopMuposa-
nue undiaammacomsi [32].

47



YmntamTte Hac Ha canTe: http:/med-expert.com.ua

Ta6ruya 1
XapakTtepucTtuka cynepcemeiicte PPR, yuacteylowmx B pacno3dHasaHum PAMP rpamnonoxuTtenbHbiX 6aktepuii [1]
PPR Nokanusauus AkTuBaTOpBI ApantepHble ®dakTopbl 3¢ pekTopHbIE
MorneKynbl TpaHcKpunuumn LMTOKUHbI
TLR MeM6paHbI kneTku, PAMP MyD88 NF-«kB MpoBocnanuTenbHbIe
MeMm6paHbl 3HA0COM AP-1 LIMTOKWHBI
NLR Liutonnasma PAMP (nentugornukaHbl) MyD88 NF-«kB IL-1B3, IL-18
OHK IRF [MpoBocnanuTernbHbIe
ceHcopbl Luronnasua AUHHK STING NF-kB LMTOKUHBI

AnexBatubiii PRR-accorumnpoBannslii oTBeT opranusma
obycaaBiBaer M EKTUBHYIO 9PAAUKAIMIO MATOTEHHOTO
UHDEKITMOHHOTO areHTa, pernapanuio MOBPEeKJAEHHBIX TKaHel
U BbI3fIOpoBJenue maipenta. Oanako aedunutapHoe Win
u36BITOYHOE BO3OYK/ICHUE PEIENITOPOB MIPU B3aUMOJIEHCTBIM
¢ JIMTAHZAMU MOJKET CTaTh OCHOBHO TIPUYNHOI XPOHU3AIINN
BOCTIAJIEHHsT WK 00YCIOBUTD Pa3BUTHE OCTPOTO CUCTEMHOTO
BOCIAJIUTETBHOTO OTBETA € HEKOHTPOJIUPYEMBIM TedeHueM
3aboseBanus [1].

Pexorunius mnatoreH-acCOIUUPOBAHHBIX CTPYKTYP
Streptococcus pneumoniae

Kparkas xapakrepuctuka cencopoB PAMP Streptococcus
pneumoniae TipeficTaBiena B Tabimiie 1.

Toll-nodo6nvie peyenmopot

Penenrropsr TLR oTHOCsATCS K GOJIBIIOMY CyTiepceMeii-
CTBY TpaHcMeMOpaHHbIX curHanbHbIX PRR T Trma — peren-
topoB IL-1R/TLR, 2BOIONIMOHHO HEM3MEHHBIX OT YepBS
Caenorhabditis elegans g0 muekonuraromux. Uaentuduiim-
poBano 10 turnoB TLR y yesnoBexka m 13 TuioB y Mbiiieii.
DuiioreHeTyecKre NCCIEIOBAHNUST TIOKA3AH, YTO CEMENCTBO
TLR mioneii opranusoBano 5 cyGeemeiicrBamn — TLR2
(TLR1, TLR2, TLR6 u TLR10), TLR3, TLR4, TLRS5, TLR7
(TLR7, TLR8 u TLR9). Cy6cemeiicreo TLR2 (TLR1, TLR2,
TLR6 u TLR10) yuactByeT B pacrio3HaBaHWW JIUTIOTIETTHIOB;
TLR3 — B pexornunuu asynenodednsix PHK; TLR4 —
Bo B3anmoyeiictun ¢ LPS; TLR5 — B pacriosHaBanuu (JiareJ-
muna, TLR7 (TLR7, TLR8 u TLRY) — B pekorunimu BHyTpH-
KJIETOUHO PACIIOJIO’KEHHBIX HYKJIEUMHOBBIX KUCJIOT [17].

WNcenenosanusa Bzaumocsas3u TLR-acconnmposannbix
CUTHAJIBHBIX TyTeil M MHEBMOKOKKOBBIX MH(EKINI 1po/e-
MOHCTPUPOBaJIK Heociopumyio poJib TLR B narorenese 3a60-
JIeBaHU, BBI3BBAHHBIX Streptococcus pneumoniae. Tak, y nereii
€ TEHETUYECKH OOYCIOBICHHBIM JIe(UIIUTOM KOMIIOHEHTOB
TLR-acconnnpoBaHHBIX CUTHAJIbHBIX IIyTel pa3BUTHE ITHEB-
MOKOKKOBOI TTHEBMOHUU COTPOBOKIAETCST BHICOKIM PUCKOM
0CJI0KHEHHOTO TeueHus. [[HeBMOKOKKOBAsI ITHEBMOHMS TIPAK-
TUYEeCKH Y TIOJTOBUHBHI fieTeli ¢ gedurntom [L-1R-acconumpo-
BaHHOrO ¢ KuHa3oi 4 (interleukin 1 receptor associated
kinase 4 — IRAK-4) u ¢ 1eduiiuToM aanTepHoOro MpoTerHa
MyD88 (myeloid differentiation primary response 88) nmeer
TsKeJIoe U OCTIOKHEeHHOe Tedernwe [49].

Perntenrropst TLR aBrsioTest KirtoueBbIM KOMIIOHEHTOM MeXa-
HU3MOB BPOXK/IEHHOTO UMMYHUTETA, PEATHPYIONIIX HA HHbUIIN-
posanue Streptococcus pneumoniae. Pactiosnasanvie PAMP Stre-
ptococcus pneumoniae 3aBUCUT OT (GYHKINOHUPOBAHUS
Heckospkux TLR: TLR2, TLR4 u TLRY [32]. Ha noBepxzocTn
KJIETOYHON MeMOPaHbI SITUTETUOLUTOB 1 IMMYHOIIUTOB PELler-
Topsl TLR2 pacriosnator Jrornporentsl ¥ HeNTHIOTIMKAHBI
(PGN) xurerounoii crenkn maeBMoKoKKa [ 13], TLR4 — mreBmo-
Jm3uH ¥ sxzonentriasy O mHeBMOKoKKa [51,62], a srocomais-
Ho paciioskenHblii TLRY yuacTByeT B peKOrHUIINYT ITHEBMOKOK-
kosoii /IHK, nomnasiiieii BHyTpb KJIeTKN Makpoopranusma [33].

TLR2
Bakrepuasnbubie snnonporentbl 1 PGN rpamiiosnoxu-
TEJbHBIX MATOr€HHBIX MUKPOOPTAaHU3MOB, B TOM 4uCJE U
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Streptococcus pneumoniae, ABISIOTCS KIIOYEBbIMU JIMTAH/A-
Mmu TLR2 [68], GOJbIIMHCTBO U3 KOTOPHIX OIPEAESIOT YPO-
BeHb GakTepuaibHON BUpyJaeHTHOCTH [18].

Axruaius mHeBMOKOKKOBbIMU PAMP TLR2 nnpynmpyer
BoIpaskeHHblil NF-kB-onocpeioBantblii poBOCIAINTEIbHBII
OTBET, KOTOPBII COMPSIKEH € TSAKECTBIO TeUeHHsT 3a00JIeBaHUS
[8]. Takke TLR2-acconmuposartoe Bo3OysKaeHuE 00y ClaBIm-
BaeT UHIYKIMIO MEXAaHU3MOB a[[AIITUBHOTO UMMYyHHUTETA [83].
KoMIoHeHTb! KJIeTOYHO# cTeHKn — Juronporentsl 1 PGN —
MOTYT CTUMYJINPOBATh BocTIamuTebHble peakin u TLR2-wHe-
3aBUCUMbIM TiyTeM [68]. Ha axcriepuMeHTaNbHBIX MOJETSIX
6bL710 ycTaHOBJIEHO, uTo TLR2 IpUHUMAIOT yyacThe Ha Pa3HbIX
JTarax pa3BUTHs THEBMOKOKKOBOI undeximu [8]. Tak, nmpone-
MOHCTPHMpOBaHa canoreHerndeckast posb TLR2 kak na pannmx,
TaK M Ha MO3[HNX CTA/USIX KOJOHU3AUN Streptococcus pneu-
moniae. Ha pauneii cramuu aktusarmst TLR2 cmocoGerByer
KOJIOHU3ALUU Streptococcus pneumoniae 3a CYET WHIYKIIUN
HApPYIICHNH IVIOTHBIX KOHTAKTOB MEK/Y ISIUTEJUOIUTAMU
CTM3UCTON O0OOJOUKH, BBI3BAHHBIX CHIDKEHHEM MPOLYKITHN
kiayzinHoB 7 u 10 [27]. Bo Bpemst nos/Hei cragny KOJIOHU3a-
i aktuBaius TLR2 crioco6cTBOBaIa YCKOPEHUIO dpaiiKa-
un Streptococcus pneumoniae. Y TOMO3UTOTHBIX MBITIEN
¢ HokayTHbIM reHoM TIr2 (TIr27") naburopanock peskoe CHIKe-
HUe KJaupeHca Streptococcus pneumoniae. Ilo MHeHUIO
M.C. Annemarie van Rossum u coasrt. [82], nist abdexTuBHO-
ro KJmpeHca Streptococcus pneumoniae HeoOXOIMMa AKTHBA-
st umero TLR2, a ve TLR4. Y mbimeit TIr2” niHeBMOKOK-
KOBasl ITHEBMOHMS TIPOTEKAET C MeHee BBIPAKEHHBIM TTOBbIIIIE-
auem cozepxkanus 1L-1, IL-6 u ymepennoit HeliTpodribHo
peaxrmeii [77]. VInTpanazampHOe BBe/eHNE TTHEBMOKOKKOBOM
JmnoreiixoeBoil kucsorsl uHAympyer TLR2-acconuuposan-
nyto npoaykiuio TNF-o, IL-1B, I1L-6 u xemokuna CXCL2
(GROB, MIP-2a), pekpyrupyroiiiero Heirrpoduibl. OpHaKO
HEOOXOIUMO OTMETUTD, YTO YPOBEHb JIETAILHOCTHU TIPH TTHEB-
MOKOKKOBOII THeBMOHUK y Mbiineii TIr2”” ve ortiuyancs or
YPOBHSI JIETAJILHOCTH y MbIITieii jirkoro tuta [8,58].

Jlumoniporennst Streptococcus pneumoniae SABISIOTCS
OCHOBHBIMHU (haKTOPAMHU, CIIOCOOCTBYIOIMMU PA3BUTHIO MaK-
podarampaoit TLR- u NF-kB-omocpenoBantoit Bocmasiu-
tenbHOI peakiuu. [TneBmokokk (mrtamm WT TIGR4) unmy-
LMPYeT BbIPa)KEHHbIE M3MEHEHUS KCIPECCUN TeHOB MaKpO-
(daros, 1oBbIAs ypoBeHb akTuBHOCTH Gosiee 900 TeHOB.
B tpanckpurniimonnom orBete MakpodaroB Ha nH(GUITPOBaA-
Hue Streptococcus pneumoniae 1peodIATAET TPAHCKPUIIIIHST
reHoB, 3aBUCUMBIX OT TLR2-Bo36yKmeHus, ¥ OCHOBHBIMU
TLR2-3aBucnMBIMI TeHAMU SIBJISIOTCST T€HBI, KOAMPYIOIINe
MPOBOCIAJNNUTENbHbIE [TPOTEUHBI. YPOBEHb COJCPIKAHUS
IL-1B, TL-6, TL-8 u TNF-o. Bo Bpemsi IMHEBMOKOKKOBOII
nHQEKINN TPENMYIIeCTBEHHO CBsi3aH ¢ aktuBarmeir TLR2
JIATIONPOTENHAMU KJIETOUHOU MeMOpaHbl uH(peKTa. AKTHBa-
nusg TLR2 1HEBMOKOKKOM yBeJIMYUBAET AaKTHUBHOCTD
TLR4-, nuesmonusun- 1 NOD2-3aBucuMbIX BOCIIAIUTENb-
HBIX CUTHAJIBHBIX TyTell [50,76]. AKTHUBaIMs TeTepoarMepa
TLR2/TLR1 compoBoxkaaeTcsi yBeIWYeHUEM CEKpPeruu
IL-17. TLR2 urpaer HernocpeAcTBEHHYIO POJib B KJIETOYHOM
maddepenimannn HauBHbIX T-kiaeTok B Th17-kieTkn maxe
6e3 yuactust T-kierounoro perenropa (TCR) [69].
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Bos6y:xnenne TLR2 conpoBoskaaeTcs MpoAyKInei aHTu-
MUKpo6HBIX mentrnos (AMII) [34].

TLR4

OCHOBHOI1 CEHCOp JIMIIONOJNCAXAPUIOB TPAMOTPHUIIATEIb-
Hbix Oaxrepuit TLR4 MoKeT ydacTBOBaTh B DPEKOTHMI[UH
(Pneumolysin — PLY) u sugonentuzassi O (endopeptidase
O — PepO) nHeBmokokka [62,67]. MccenoBanus 3HaueHUst
PLY-TLR4-acconnnpoBaHHOrO BO30OY/KIECHMS MPU ITHEBMO-
KOKKOBO# MHGEKIUU JeMOHCTPUPYIOT HEOJHO3HAYHbIE
peayabrarbl. Tak, Richard Malley u coasr. [53] ycraHosero,
YTO y TOMO3UTOTHBLIX Mbitieil TIr4” mHeBMOKOKKOBast nHbEK-
1¥sI COIIPOBOXKIAETCsT GOJIee BBICOKUM YPOBHEM KOJIOHU3AIIUH
U PUCKA Pa3BUTHsI MHBA3MBHOTO 3a00JICBAHMST, YeM Y MbIIIei
nukoro Thma. B To ke Bpemsa M.C. Annemarie van Rossum u
coaBT. [82] mposeMOHCTPUPOBAIM OJHOTUITHOCTD TEYCHUS
THEBMOKOKKOBOIT MH(peKmu y Mbitneid Tlr4” v Mpliieii ukoro
tuma. Cumtaior, yto TLR4 wurpaer smmb BTOpocTeTieHHYTO
POJIb B Pa3BUTUN ITHEBMOKOKKOBOI ITHeBMOHMH [26].

ITHEBMOJIMBUH IPAMIIOJIOKUTEIbHBIX OAKTEPUl OTHOCHUT-
cs K CeMENCTBY XOJIECTEPUH-3aBUCUMBIX ITUTOJU3UHOB [42]
1 SBJISETCS OJIHUM 13 KJIIOUEBBIX (DaKTOPOB BUPYJIEHTHOCTH
MPaKTHYECKH BCEX CEPOTHUTIOB Streptococcus pneumoniae [52].
Pazimunble KIMHUYECKHE INTAMMbl MHEBMOKOKKA IIPO-
IYyIUPYIOT OTJu4YHble Mojekyabl PLY, uro ompenenser
KIMHUYECKWH TTOTMMOPGU3M TTHEBMOKOKKOBBIX WH(MEKITHI.
[THeBMOJIMBUH M3MEHSET HKCIPECCHI0 TEHOB KJIETOK MakK-
POOpPraHu3Ma, B TOM YMCJIE BJIMS HA SIIUTEHETHYECKUE MeXa-
HU3MBbI, MHYIIUPYET allolTO3 KJIETOK U IPUHUMAET yyacTue
B (OPMHUPOBaHUHU TOP B IUTOIJIA3MATHYECKOU MeMmOpare
keTok Makpoopranuama [10,43]. BaaumoneiictBys ¢ TLR4,
PLY nnaynupyer pazsutue BOCHAIUTETIBHOTO 11polecca [44].
IKCIEPUMEHTAILHO OBLIIO YCTAHOBJIEHO, YTO UHTAJISIIMOHHOE
Tpaxeobponxuaibioe BBegerre PLY BbI3biBaeT pasBuTHE
nuesmonun y moineit WT: PLY-ungynnposantoe Bocrase-
HUE JIETKUX CONPOBOKAAETCS IHMOBPEXKACHUEM JIeTOYHOMN
TKaHU, HAPYLIEHUEM AJIbBEOJISIPHO-3HIOTENNATILHOTO Oapbe-
pa M pa3BUTHEM OTEKa JIETKUX W XapaKTEPU3YETCH BBHICOKUM
PHCKOM JIETaIbHOTO Hcxona [57,79].

WccnenoBanug in vitro mokasaJjin, 4To Jake HU3KHUE {035l
PLY uHAyuMpyloT aKTUBHOCTL TPOBOCHAJUTENbHBIX peak-
U SMUTETNATBHBIX KJIETOK, HeHTpoduioB, Makpodaros,
MOHOITUTOB, HEHAPUTHBIX KiaeTok [40]. AnpBeonspubre
Makpodaru Ha B3aumozeiictsue ¢ PLY pearupytor n1o303aBu-
CUMOM npoaykuuell IIUTOKMHOB U/UIN XEMOKHHOB.
WurpanasanbHoe BBeneHue BbICOKMX 103 PLY npuogut
k TLR4-3aBucumoit npoaykiuu nnurteprieiikiuaon [L-1B, IL-6
u xemoknta CXCL1 (GROo, MGSA) [58]. CXCL1 cmoco6-
CTBYET PEKPYTHPOBAHUIO HEHTPO(MUIOB B JIETOUYHYIO TKaHb,
obycaaBIMBasi akTHBHOCTh OGaKTepuasbHOTO Kiauperca [23].
[TueBmomm3nH, B3anmozetictByst ¢ TLR4, Takke mpuBoanT K
aktuBanun  JNK/p38 BHYTPHUKJIETOUHOTO CUTHAJIBHOTO
KacKa/ia, Urpaoliero onpeae/eHHYIO PoJb B Pa3BUTUHN ITHEB-
MokokkoBoil mHeBMoHuu [20]. Ilokaszano, 4To akTuBarus
c-Jun N-repMunasibHoii KiHasbl (c-Jun N-terminal kinase —
JNK/ mitogen-activated protein kinase 8 — MAPKS) upu
ITHEBMOKOKKOBOW HMHMEKINN CTUMYJIUPYET MPOAYKIIUIO
[L-8 snuTennasbHBIMU KJIETKAMU PECIMPATOPHOTO TPaKTa
[64], a nugyxmusa p38 ycunmuaet mpostBiaerns: COX-2-acco-
UUPOBAaHHOTO Bocasenus [65]. Takske akruBanmst JNK/p38
BHYTPHUKJIETOUHOTO CUTHAJIBHOTO IIYTH WHAYIHUPYET aKTUBH-
PYIOIIWH TpPaHCKPUNIMOHHBIN dakTtop 3 (activating
transcription factor 3 — ATF3), KoTOpbIil B sipe KIETKH
B3aNMO/IEHICTBYeT C KOMIIOHEHTOM c-Jun ¢axTopa TpaHC-
kpuniuu AP-1, Bbi3biBaioniero akcrpeccuio reHoB [L-6,
IL-8, TNF-o [74]. YuureiBas, uto ob6a perenropa —
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TLR2 u TLR4 — accoiuupoBatbl ¢ CUTHAJIBHBIM KAaCKaJ[OM
MyDS88-IRAK-TRAF6, akrtuBarus KOTOPOTO NPUBOJUT
k pocopusmposannio NF-kB u MAPK-kunas, B Bo30y:xie-
nun JNK/p38 curnaisHOro ImyTH Bo BpeMsl ITHEBMOKOKKOBOM
nHpexmu Mmoxet npuHnmath yyactue u TLR2 [22].

[TreBMokokKkoBast PepO mpezcrabisier coboil MeTasio-
sugonentuaady (72 k6) M 13 mentnmasnoro ceMeicTBa, KOTo-
past crocobCTBYET YKJIOHEHUIO Streptococcus pneumoniae
OT MEXaHU3MOB BPOKJEHHOTO MMMYHHUTETa W IIPUHUMAET
yyacTue B MHBAa3UH I1aTOr€HA B KJIETKY MAKPOOPraHU3Ma IIpu
MOMOIIY CBSI3bIBAHUS € IIA3MUHOTEHOM, (DUOPOHEKTUHOM,
komnonerntom komiiementa Clq [6,63]. TLR4-accoruupo-
BanHoe PepO-Bo30yskjeHUE COIPOBOKIAACTCS MPOLYKIMeit
mutokunoB TNF-o, 1L-6 u xemoxnnos CXCL1 u CXCL10
(interferon gamma-induced protein 10 — IP-10). Xemoxkun
CXCL10, caswiBasch ¢ penentopamn CXCR3 Thi-nmumdo-
MUTOB, MOHOIMTOB, NK-K/IE€TOK, peKpyTUpyeT MX B oyar
MOPAKEHUS, a TAKJKE CIIOCOOCTBYET NHUIHAIIN aIAlITHBHOTO
WMMYHHOTO OTBeTa [ 23].

B pasBuTuUU MTHEBMOKOKKOBOU MHEBMOHUU OCOOYIO POJIb
urpaer crnocobrocth TLR4 BsammoneiictBoBath ¢ DAMP,
ABJIAIONIUMCS  BTOPBIM ITPOBOCHAJNUTENLHBIM CUTHAJIOM,
KOTOphIii coBMecTHO ¢ PAMP-omocpenoBanHoil peakimeit
WHUIUAIU3UPYET TIPOIECcC BOCHATEHUsI 1 aKTUBUPYET MeXa-
HU3MBI perapaiuu Tkanei [24].

TLR9

Penenrtop TLRY, pacnosioxkeHHbIil B 9HIOCOME, PACIO-
3HaeT oTpeseseHuyio nociaenoBarenbuocts JHK mukpoop-
raHu3MoB, u3BecTHyio Kak MoTuB CpG [55]. Drcrmepnumen-
TaJbHAsl THEBMOKOKKOBAsI ITHEBMOHUST Y MbIIIIEH OTJINYAETCS
60J1e€ BBICOKMM YPOBHEM JIETAILHOCTU, YeM Y MbIIIIEH JAUKOTO
TUIa U MbIed ¢ Hokaytom renos Tlr1, T2, Tlr4 win Tlr6.
Y roMo3uTOTHBIX MbIeld ¢ Hokaytom tena Thr9 (Tlr9/«)
[THEBMOKOKKOBasi MH(EKIIUsI MpoTeKaeT ¢ 0ojiee BBICOKUM
ypOBHEM (GaKTepuabHOIl HArpy3Ku B JIEFOYHOU TKaHU,
HO C TAKUM JKe YPOBHEM COJEPKAHUsSI TIPOBOCIATUTETbHBIX
IUTOKUHOB, KOTOPBII HAOJIIOMAETCS] Y MBIIIEN HKOTO THUIIA.
Yeranosneno, uto TLRY wurpaer Bakayio poxp B 3amure
OopraHu3Ma Ha paHHEel CTajuy THEBMOKOKKOBOU mHMeKInu
pecrnupaTopHoro TpakTa. AKTUBAIMSI MakpodarasbHbIX
TLR9-MyD88-accorunpoBaHHbIX CUTHAIBHBIX ITyTel, yda-
CTBYIOIIMX B Hecnenu@uyeckoil 3amuTe, MPOUCXOIUT
10 MHOUIBTPAIIUY [TPOBOCIIATUTEIBHBIMU KJIETKAMU JIETOY-
ot tkauu. Oxuoit 3 Bakueiimux dynknuit TLR9-3aBucu-
MBIX CHUTHAJBHBIX ITyTe SBJSETCS MHAYKIMS haronuTapHoi
AKTUBHOCTH PE3NIEHTHBIX Makpodaros [78]. YcranosieHo,
yro CpG [IHK Streptococcus pneumoniae, B3anmoieiictByst
¢ TLRY, npusoaut x Bo36ysxkaeHnio NF-kB-accormuposan-
HOTO CHUTHAJBHOTO IIyTH, B Pe3YJbTaTe 4ero IPOUCXOIUT
nupyknus cuaresa TNF-oo m IL-1B B kieTkax JserodHoit
tkanu in vivo [14]. Taxxke CpG [ITHK Streptococcus pneumo-
niae TLR9-zaBucumbiM 0o6pazoM axtusupyer MyD88-Src
Kackaj, uTo obycaasiuBaer npoaykiuio Kruppel-nogobuoro
dakropa 4 (Kruppel-like factor 4 — KLF4) B kaerkax asnu-
TeJIUST PecnupaTopHoro tpakra uesoseka. Daxrop Tpamc-
kpuniuu KLF4 cBsasbiBaercss ¢ npomoropom rena IL710.
HoxayT rera KLF4 6nokupyet akcrpeccuio IL-10 B mHeBMO-
KOKK-uHMunupoBanubix kiaerkax [75]. @Daxrop KLF4
peryaupyert akcrpeccuto IL-10 u B makpodarax [31].

Passutne TLR-acconmuupoBaHHOTO  IIUTOKHHOBOIO
U aHTUMHUKPOOHOTO OTBETa HPHU ITHEBMOKOKKOBOW ITHEBMO-
HUW CXeMaTHIHO MPe/ICTABICHO Ha pUCYHKe 1.

NOD-noxo6Hbie penentopst u uH(pIAMMaCOMbI

Cewmeiicteo NOD (CATERPILLER)-niogo6HbIX petier-
TOPOB Y€eJI0BEKA OObeIUHSIET 22 MHTPAELTIONSIPHBIX UMMYH-
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HBIX [TPOTENHA, NAEHTU(DUIINPOBAHHBIX B PE3YyJIbTaTe TIOMCKA
APAF-110106HBIX MOJIEKYJI, 001IEll 4ePTON KOTOPBIX SIBJISIET-
cs1 masmuue gomMeroB NOD/NBD (nucleotide binding oligo-
merisation domain) u LRR (leucine-rich repeats) nmosropos,
Gaarogaps yemy ux rtakxke HasbiBaior NOD/NBD-LRR-1po-
tenubl. [Iporemnsr NLR cemeiicTBa desoBeka ydacTBYIOT
B PACIlO3HABAHUU BHYTPHUKJETOYHO PACHOIOKeHHbIX PAMP
MHGEKITUOHHBIX areHTOB, B MHAYKIIUHU IPOIecca BOCTIATEH NS,
Pa3BUTUN UMMYHHOTO OTBETa ¥ MHOXKECTBE APYTUX GU3N0TI0-
rudeckux peaknnii. OHAKO 10 HACTOSIIETO BpeMeHH (hHU3Ho-
Jorudeckasi posb MHoOrux mporenHoB NLR-cemeiicTBa
octaetcst neusBectuoit [1,37,47].

[Tporeunst NLR-cemeiictBa uesoBeka  06pasyioT
HECKOJIbKO (hustoreHetnueckux cybcemeiicts (A-E): cybce-
meiictBo NLRP (14 uporeunosn), cybeemeiicreo NLRC
(5 uporeunoB) u cyb6eemeiictea NLRB, NLRX, NLRA
(CIITA). OcnoBubiM puddepenimpyionmm HakTopoMm, pas-
JEJISIONINM TIPOTENHbI Ha CyOceMelcTBa, SIBJISIETCS CTPYKTYpa

N-TepMuHaIbHOrO JOMeHa. Tak, mporentbl cybcemeiicTBa
NLRA cozep:kaT KHCIBIH TPaHCAKTUBUPYIONNH [OMEH;
NLRB — BIR gomen; NLRC — CARD; NLRP — nupunosbriit
nomeH [72].

Omnu ipencraBurteny cemelictBa NLR, B Tom uncsie NLR1
u NLR2, yuactByior B pacriozHaBanun PGN uHGEKITMOHHBIX
areHToB B 1uTomuiazme kJietku. Penenrtopsr NLR1
u NLR2 yuacTByIOT BO B3aMMOJEHCTBUAX C PEIENTOp-
B3aMMOIEHCTBYIOMUM TIpoTenHoM 2 (receptor-interacting
protein 2 — RIP2), BBI3bIBast akTUBAIINIO TE€HOB TIPOBOCIAI-
TEJIBHBIX [IUTOKMHOB Yepe3 MHAYKIMIO (hakTopa TPaHCKPUII-
nnn NF-xB. IIpexacrasasger unrepec, uro NLR2 pacnosnaer
PGN Bcex rpyin Gakrepuii, a NLR1 o6napysxusaer (pparmer-
Tl PGN, B OCHOBHOM, TPaMOTPHUIATEABHBIX GakTepuit [60].
[Tpuyem axtuBanus NLRC1/NOD1 npuBouT K mpoIyKIIHH,
npeumyiectsenio, TNF-oo u IL-6, a Bo30yxIeHue
NLRC2/NOD2 o6yciaBiaiBaet, MPerMyIIecTBEHHO, CHHTE3
TNF-om IL-1 [29].

Kacnasa-5 t
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AsSC

. CARD
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L .'r'
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Puc. 2. Apxutektypa unnammacom [36]

Ipumeuanue. B NLRP1-undaammacome N-tepmunanpubiii PYD nomen nporenna NLRP1 B3aumozgetictByeT ¢ aganrepnoit mosekynoit ASC,
a omen CARD — ¢ kacmiazoii-5. Aganreptast mosiekysia ASC ¢ pyroii cTopoHbl cBsizana ¢ Kacnasoii-1. Jlurangamu NRLP1 undramvacombr
spasiores mypamusaunentis (MDP) u neranbhbiii haxrop Bacillus anthracis. B NLRP3-undaammacome N-repmunasibhas o6macts PYD
NLRP3 B3anmozeiicTByeT ¢ agantepnoit Mosiexysioit ASC, koTopas ¢ pyroi cTopoHbI cBsidana ¢ kacmasoii-1. B NLRC4 /IPAF-undmrammaco-
Mme N-tepmunanpabiii CARD nomen npotenna NLRC4 nerocpenctsento cBsizan ¢ kacnazoii-1. B dopmuposanmn NLRC4 /TPAF-undmramma-
COMBI Takke MojKeT yuactBoBaTh NAIPS, koropsiii pactiosuaer duaresuiin. Bo Bpemst opranusain AIM2-undirammacombl mporens AIM2
nenocpezcterno caasbBaeT HIN200 romenom an/IlHK m PYD nomenom — agantepnyio mosexysy ASC.
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Puc. 3. Aktneaunsa NLRP3-nHcnammacomsl [84]

Bropyto rpynmy NLR mporenHos, yuacTByfonmx B pac-
nosunaBanu PAMP, npencrasisiior NLRB1/NAIP, NLRC4,
NLRP1 u NLRP3, kotopbie BO30Y/KIaIOT CUTHAIBHDII TIyTh,
CBS3aHHBIII C aloONTO3-aCCOIMUPOBAHHBIM POTEMHOM,
cozepsKaliiM Kaclasa-pPeKpyTUPYIomuil 1oMeH (apoptosis-
associated speck-like protein containing a caspase recruit-
ment domain (CARD) — ASC). IlokasaHo, 4TO B OTBET
Ha TPOBOCHATHUTESbHBIE CTUMYJbI AIAlTEPHBIN TPOTENH
ASC camocrosiTenrbHO nan ¢ mpoTenHamn cemeiictBa NLR
(NLRC4, NLRP1 u NLRP3) opranusyet MyJIbTUMOJIEKYJISIP-
Hble KOMIIJIEKCDI, MOJYYUBININE Ha3BaHue HUHOIAMMACOMBI,
KOTOPBle aKTUBHPYIOT Kaclasdy-1, pacuiersionryo Heak-
tuBHBle TTpocdopmbl [L-1 u IL-18 [73]. Beigensior gersipe
OCHOBHBIX THIA WHOIAMMACOM NLRP1, NLRP3,
NLRC4/IPAF u AIM2, y KOTOPbBIX [0CTATOYHO TOYHO OIIpe-
JleJIEHbI MOJIEKYJISIPHAsI apXUTeKTypa u (U3HOJOrnYecKue
(ynkuun (puc. 2) [21,83].

Jlng axTuBaimu uH(IaMMacOM HEOOXOANMBI JIBa CUTHA-
sa. [Tonaraiot, 4o B HU3MOTOTHYECKUX YCIOBHUSIX B KJIETKAX
CYIIECTBYET JIOCTaTOYHO BbIpakeHHas1 axcrpeccusi ASC
n kacmaspl-1 mpm Hu3koMm yposHe skcmpeccun NLRP3
u po-1L-1B, npo-1L-18. Bosbyskaenre TLR uiu perentopos
MPOBOCHAJUTENbHBIX IMUTOKUHOB (curHan 1), KoTopbie
MPUBOAAT K aktuBanuu daxropa tpanckpurmimu NF-xB, ycu-
ausaer npoxaykiuio NLRP3 u npodopm unrepieiikunos
(daza nuiensuposanus undaammacombr). VI ToJbKO 11ocie
BO3/elicTBUs Tpurrepuoro crumysa (curuan 2) — DAMP,
AT®, nopohopMHUPYIONIUX TOKCUHOB, KPUCTAILIIOB U JIP. —
dopmupyercss NLRP3-unpirammacoma, 00yciaBinBas akTu-
Banuio u mpoaykuuio mpo-1L-1F2(IL-1B) u mpo-IL-1F4
(IL-18). Bropoii npoBOCHATUTEIbHBII CUTHAT WHAYIUPYET
OJINTOMEPH3AIINIO KOMITOHEHTOB MHMDIAMMACOMBI, PEKPYTUHT
Kacmasbl-1 ¥ akTHBAIMIO Kacnasa- 1-3aBICHMOTO IIPOTE0IN3a
mpo-1L-1f u mpo-IL-18 ¢ dopmupoBanneM MX aKTHBHBIX
6uosiornueckux dhopm (puc. 3) [25,84].

[To Bceil BeposITHOCTH, MHIYKIIUST MEXaHU3MOB, aKTHBH-
pyiomux NLRP3-undmrammacombl, B pasiamyHBIX THUTIAX
KJIETOK MMeeT CBOM 0cobeHHoCTH. Tak, HarmpuMep, TOKa3aHo,
yro aktuBaus NLRP3-undsammacombr B MOHOIIMTAX, MaK-
podarax wmau gpenaputHbix kiaerkax (DC) oriamuaercs,
110 KpaiiHeil Mepe, IByMs (DyHAaMEHTATbHBIMH TPU3HAKAMI —
XapaKTepPOM aKTUBHOCTU Kaciaszbl-1 u HaJuuneM BhICBOOOK-
nenst augorednoit ATO®. [To muenutoo Gang Chen u Joao H.
F. Pedra [11], MoHOIIMTaM TIPUCYTITH KOHCTUTYTHBHAS aKTHB-
HOCTh Kacmasbl-1 1 HajTndie BO3MOKHOCTH BBICBOOOKIEHMUST
sugorernoit AT®, a y makpodaros n DC akTuBarms Kacra-
3bI-1 Beeria HOCUT MHAYIUOEIbHBII XapaKTep U OHU HE CIO-
cobHbI K BbICBOOOKIEeHUIO aH0oreHHOI AT®D BO BHEKJIETOU-
Hoe TpocTpaHcTBO. I[loaToMy MOHOIMTAM IS aKTHUBAIUN
Kacrasbl-1 [0CTaTOuHO OJHOTO CHTHAJA, BO30OYIKAAIONIETr0
00pa3-pacio3HaIUI  peenTop, a s Makpodaros
U JIEHJIPUTHBIX KJIETOK HeOOXOJMMBI /[Ba CUTHAJA, OJUH U3
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KOTOPBIX TIPUBOJIUT K YCUJIEHUIO CHHTe3a IIPo¢opM MHTEp-
JIENKUHOB ceMelicTBa 1, a BTOpoil — K akTUBAIUU Kacmasbi-1,
npeobpasyionieil MHTEPJAEHKUHDbI ceMeiicTBa 1 B aKTUBHbIE
cexperupyembie (HOPMBIL.

RIP2-accoyuuposannasn undyxyus 6ocnaienus

Yeranosseno, uto NRL2 B niuroriazme KjieTKu pacro3Ha-
et ¢pparmentsr PGN Streptococcus pneumoniae, 4to npuBo-
T, 32 cdeT akTwBarmu daxropa Tpanckpunmun NF-kB,
K ycusenuto npoaykiuu IL-1B, xemokuna CCL2 (MCP-1),
peKpyTUpYIolero Makpodaru. YBesjuueHue Ipe/CTaBU-
TEJNbCTBA MaKpO(daroB crocoOCTBYeT MOAABJIEHUIO THEBMO-
kokkoBoil komoumsaruu [16]. NRL2-accormumpoBanubIii
CUTHAJIBHBIH IIyTh SIBJISIETCS KJIIOUEBBIM (haKTOPOM aKTHBa-
MU TPOJYKIIMKM MaTPUKCHOI MeTasutonentuiassl 9 (matrix
metallopeptidase 9 — MMP-9), BbicoKMiT ypoBEHb COEpIKa-
HUS KOTOPO# XapakTepen Juisd UHMEKINH, BbI3BAHHBIX TPAMIIO-
JIOKUTEJIbHBIMU, HO HE TPAMOTPUIATEIbHBIMU BO30YIUTEIsI-
mu. Marloes Vissers u coasr. [54] cuurator, uro Streptococcus
pneumoniae MOXeT WCIIOJIb30BaTh MHAyKIuio MMP-9 nisa
MOBBIIICHS BUPYJICHTHOCTH U MHBA3UBHOCTHU. B TO ke Bpemst
Tijmen J. Hommes u coasr. [56] He BBISIBUIN CYIIECTBEHHOTO
3HaueHnst NRL2-3aBUCHMBIX ITyTell B Pa3BUTUH BOCIIATICHUS
[IPY THEBMOKOKKOBO# MH(MEKIINH.

ASC-accoyuuposannas unoyKyus 60cnaieHus

OCHOBHBIM TTHEBMOKOKKOBBIM TPUTTEPOM MHOIAMMACOM
makpogaros siisiercst PLY [51,71]. CorstacHO coBpeMeHHBbIM
[IPE/ICTABJICHUAM, B Pa3BUTUU ITHEBMOKOKK-aCCOIMUPOBAH-
HOTO BOCHAJIEHUST TPUHUMAIOT y4acTue /iBa Thuia uHgiraMmma-
com — NLRP3 u AIM2, kacnasza-1 koTopbiX 1peoGpasyer
npo-1L-1p u npo-IL-18 B ux 6GuoaktusHbie GhopMbr (puc. 4)
[35,46]. TTHeBMOKOKKOBBIE cepoTuiibl mauddepeHinpoBaHo
aKTUBUPYIOT  MHGDIAMMACOMA-3aBUCUMYI0  TPOAYKIIUIO
IL-1PB B KJIeTKAaX TKAHU JIETKOTO YesioBeKa. [IHeBMOKOKKOBbBIE
ceporutnsel 2, 3, 6B, 9N, npoaynupyioiiue reMoIuTHIECKIe
dopmer PLY, aktusupyior NLRP3 undmrammacomy, a ceporn-
nel 1 u 8, mpopyupyioiue reMoJuTHdeckue hopMbl TOKCH-
HOB, XapaKTePU3yTCcs caboil CioCOOHOCTHIO UHAYIIMPOBAT
nrdaaMMacomMa-3apucumyto  mpoaykiuio  IL-1B  [59].
AxruBanmst AIM2 undIaMMacoMbl 00yCJIOBIEHA B3aMMO-
nerictsueMm ¢ IHK Streptococcus pneumonia | 24]. Ilpogemon-
CTPUPOBAHO, YTO y TOMO3UTOTHBIX HOKAYTHBIX MBbIIIEH
NLRP3” ormeuaiorcst Kak 60J1ee BBICOKasT BOCTIPUUMYNBOCTD
Kk Streptococcus pneumoniae, Tak u 6Gojee BBICOKUI
YPOBEHb KOJOHMU3AUKM ITHEBMOKOKKOM. OHAKO KJeTKH
NLRP3” u mpimm NLRP37 coxpassior cnoco6HOCTD TIPOLY-
IIUPOBATh 3HAYMTEJbHBIE KoJmuecTBa akTuBHOro IL-1B ma
dome wmubuMpoBanusa Streptococcus pneumoniae [24,51].
B To Bpems Kak roMo3urotHbie HokayTHble Mbln ASC”,
TO €CTb JIMIIECHHBIE AJIATITEPHOI MOJIEKYJIbI, KOTOPas ABJISET-
csa komrionernToM 1 NLRP3, n AIM2 nadaammacom, otmya-
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Puc. 3. Aktnsaunsa NLRP3-nHnammacomsi [84]

1otest Gosiee BBICOKON BOCHIPUUMYUBOCTBIO K Streptococcus
pneumoniae n 6osee HU3KUM yposHeM [L-1B 1o cpaBHeHuUo
¢ Mpitiamu inkoro tuna u NLRP37 mbrmavu [15,46].

JHK-cencopuvt

Pekorauiust BHESIIEPHO PACHOIOKEHHBIX HYKIEMHOBBIX
KHCJIOT — OINH U3 IPEBHEHTITIX MEXAHI3MOB 3AIUTHI OT BHY-
TPUKJIETOYHBIX MHMEKIUOHHBIX areHToB. OGHapykeHHe
JTHK BHYTpHU KJIETKU MJIEKOMUTAMOIINX BbI3bIBAET OBICTPYIO
AKTUBAIIMIO BPOKIEHHON MMMYHHOW CHCTEMBI M HPUBOIHT
K IPOAYKIMH NHTeP(HEPOHOB, IPOBOCTIATNTEIbHBIX ITUTOKH-
HOB 1 XeMOKUHOB [39]. [lo HeaBHEr0 BpeMeHU eJUHCTBEH-
HBIM M3BECTHBIM CEHCOPOM BHESIZIEPHO PACITOJIOMKEHHBIX
mosiekysn JIHK ssasics TLR9. OxHako 6bLTO yCTaHOBJIEHO,
YTO OTBETHAS IIPOAYKIIHS HHTep(hEPOHA Ha BHYTPUKJIETOUHOE
seenenne JIHK crumyanupyercst B TLR- u Myd88-nedurmt-
HBIX KJIETKAX, YTO TIO3BOJIMJIO CHeJaTh IPEATONIOKeHe
0 CYIEeCTBOBAHMUN CIeMUMUIECKUX ITMTOIIA3MATIHYECKUX
petienitopoB, pacrioznaonmx JHK [70].

Tpymnma nuronsaamatuyeckux cencopos JJHK nipencranie-
na: /IHK-3aBucumbim aktuBatopom IFN perysstopubix ak-
topos (DNA dependent activator of IFN regulatory factors —
DAI), ATHK-3aBucumoit PHK-nosmmepasoit [11 (PHKIT I1T),
IFN-y-unayubesnsabim pakropom 16 (IFN gamma inducible
factor 16 — IF116), DExD/H-60kc xenukasoii 41 (DExD/
H-box helicase 41 — DDX41), MRE11 (meiotic recombina-
tion 11 homologue A), IHK-tnporennkunasoii (DNA protein
kinase — DNA-PK) u nukianueckoii IM®-AMD-cunTasoii
(cyclic GMP-AMP synthase — c-GAS), a takxke AIM2.

JUTEPATYPA

BompmuncrBo [IHK-cencopos crumynupyior IRF3/7-3aBu-
cumyio ipoaykiuio IFN I tuma yepes agantepryto MosieKyTy
STING (stimulator of interferon genes) [39].

OcHoBubIM  uHaykTOpoM mnpoaykiun IFN I rtwumna
[P ITHEBMOKOKKOBOH MH(MEKINN ABJISACTCS IIUTOIIA3MATH-
yecku pacnonoxennas JJHK Gaxrepuii Streptococcus pneu-
moniae. WnaxtuBanus [JHK mnarorena nHuBenupyer
IFN-B-mposyiupyioryio akTHBHOCTh KJIETOK MAKPOOPTAHU3-
Mma. IIpu mHeBMOKOKKOBO# wmH(ekimu PLY, o6pasoBbiBas
MOPBI B KJIETOYHONH MeMOpaHe, CrocoGCTBYET MPOHUKHOBE-
uuto [ITHK Streptococcus pneumoniae B nutoniasmy KJIeTOK.
Ycranosiieno, uto yposenb npoaykuuu IFN I Tuma nuesmo-
KOKK-UH(UIMPOBAHHBIX KJIETOK 3aBUCUT M OT AKTUBHOCTH
norstonennst bakrepuit. [nTorrasMaTnyecKy pacoroKeHHast
IIHK Streptococcus pneumoniae pacnosuaercst JIHK-cenco-
POM, KOTOpbIii, BO30YysKIasi BHYTPUKJIETOUHbIE CUTHAJIBHBIE
mytu, uaaynupyet npoaykmuio [FN I tuna. Unentuduka-
s npuoputetHsix /IHK-cencopos, pacnosnaommx JHK
Streptococcus pneumoniae, He NOJIY4YHJA OKOHYATETBHOTO
3aBepurennd [66,80]. Oxnum u3 ycranosnennbsix HK-1Hes-
MOKOKK-YYBCTBUTEJIbHBIX CEHCOPOB 3MUTEJINAIbHBIX KIETOK
CMBUCTON 0GOJOUKY PECHUPATOPHOTO TPAKTA SIBJSAETCS
JIHK-3aBucumsrii aktusatop IFN peryiastopHbix (hakTopoB
DAI. Dane Parker u coasr. [48] npogeMOHCTPUPOBAIH, YTO
MpU THEBMOKOKKOBOI nH@eknnyn uuaykinus cuareda [FN 1
THIA B DITUTENHOIUTAX PECITUPATOPHOTO TPAKTa 0OYCIOBIIE-
Ha Bo30y:kaeHueM BHyTpukieTouroro DAI /STING /TBK1
/IRF3 curnanpHoro kackaza.
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Po3BuUTOK iIMYHHOT BiaNOBiAi NPy NHEBMOKOKOBI NHEBMOHIT. YacTuHa 1

0.€. Abarypos, A.0. Hikynina, J1J1. [leTpenko

03 «dHinponeTpoBcbka MeanyHa akagemis MO3 YkpaiHu», M. JHinpo, YkpaiHa

VY cTaTTi nokasaHa pofib NHEBMOKOKOBOI iHCDEKLii y CTPYKTYpPi rocTpux 6akTepianbHO-acoLiioBaHX 3aXBOPIOBAaHb PECMiPATOPHOr0 TPAKTY Y AiTeil Ta MexaHis-
MU (DOPMYBaHHS iMYHHOI BiZNOBIZI, CNPAMOBAHI HA epajuKaLlilo No3aKNITMHHOrO 30yAHMKA. Ha nifcTasi aHanidy nitepatypHuX MKepen nokasaHo cy4acHe
YABNEHHSA NP0 (DYHKLiOHYBAHHSA MOJSIEKYNIAPHNX MEeXaHi3MiB PEKOTHiLlii THEBMOKOKOBMX MATOreH-acouiii0BaHNX MONEKYNAPHUX CTPYKTYP Ta iHAYKLii BHYTPILL-
HbOKNITUHHIX CUTHANBHUX LUNAXIB 36YIKEHHS eqEKTOPHINX KNITUH PECMipaTopHOro TpakTy. [poeMOHCTPOBAHO, LU0 ANd iHiLjaLii 3ananbHoro npoLecy npu
MHEBMOKOKOBIl iHheKLii He0OXiAHO, AK MiHIMyM, BA CUTHANK, OAWH 3 KX aKTUBYE 00pa3-po3ni3Hatoyi peLenTopu, a Apyruit 06yMmoBnoe )OpMyBaHHS Ta
aKTuBaLlilo iHdnamacomu.

Knrovosi cnosa: nHesmoHis, Streptococcus pneumoniae, Aitu, imyHHa Bifnosiab, PRR, iHdnamacomu.

Development of the immune response in pneumococcal pneumonia. Part 1

A.E. Abaturov, AA. Nikulina, L.L. Petrenko

Sl «<Dnepropetrovsk Medical Academy, Ministry of Health of Ukraine», Dnepr, Ukraine

The article presents the role of pneumococcal disease in the structure of acute bacterial-associated diseases of the respiratory tract in children and mecha-
nisms of the immune response aimed at the eradication of the extracellular pathogen. Based on the analysis of the literature given the current understanding
of the molecular mechanisms of functioning recognition pneumococcal pathogen-associated molecular structures and induction of intracellular signaling
pathways driving the effector cells of the respiratory tract. It has been demonstrated that the initiation of inflammation in pneumococcal disease requires at
least two signals, one of which activates the pattern-recognition receptors, and causes the formation of the second and inflammasome activation.

Key words: pneumonia, Streptococcus pneumoniae, children, immune response, PRR, inflammasome.
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