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B JaHHON cTaTbe HAa OCHOBAHWW NUTEPATYPHbIX [JaHHbIX NPOAHANU3MPOBaHA KI04YeBas POSib NPOBOCMANUTESNbHBIX U NPOTUBOBOCNANMUTESNbHBIX LIUTOKUHOB
B Pa3BMTMM UMMYHHOrO OTBETa NPV MHEBMOHUW, BbI3BaHHOW Klebsiella pneumoniae. OnucaHbl CUrHanbHble NyTW, MHAYLMPYIOLLME NPOAYKLMIO NHTepdepoHOB

I'v Il Tuna, yyacTeytowwme B anumuHaunn Klebsiella pneumoniae.
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In this paper, based on literature data, analyzed key role of proinflammatory and anti-inflammatory cytokines in the development of an immune response
in pneumonia caused by Klebsiella pneumoniae. Signaling pathways that induce the production of interferons type | and I, participating in the elimination

of Klebsiella pneumoniae, are described.
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Po3BuTtok iMyHHOI BianoBigi npu nHeBMOHIT, BUKnukaHiv Klebsiella pneumoniae. YactuHa 2
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VY [aniit cTaTTi Ha NigcTaBi NiTepaTypHMX AaHNX NPOaHaNi30BaHO KNO4OBY POfb NPO3ananbHIUX i NPOTM3ananbHUX LMTOKIHIB Y PO3BUTKY iMYHHOI BiANOBIAi Npu
NHEBMOHIT, BUKNNKaHii Klebsiella pneumonia. OnucaHo CUrHaNbHI LWASXK, WO IHAYKYIOTb NPOAYKLIt0 iHTepdepoHis | Ta Il Tuny, ski 6epyTb y4acTb B eniMiHauii

Klebsiella pneumoniae.

KntoyoBi cnoBa: nHeBmoHis, Klebsiella pneumoniae, unTokinw, iHTepceponn | Ta Il Tuny.

Ponv yumoxumnoe 6 meuenuu nHeeMOHUU,
evizeannoul Klebsiella pneumoniae.

B pasBuTuUM BOCHATUTENBHOTO OTBETA IIPHU
nHeBMOHMY, BbisBaHHOU Klebsiella pneumoniae,
KJTFOUEBYIO POJIb UTPAIOT TIPO- W TPOTUBOBOCIIATIH-
teapuble 1uTokuHel GM-CSF, IL-1B, IL-36,
IL-6, IL-10, IL-12, TL-17, IL-22, IL-23, TNF-q,
unrepdeponst | n Il tuma, xemoxunsl [72], pu-
YeM CHEKTP IIMUTOKUHOBOIW MPOJYKIIMU B HEKOTO-
poii cTemeHu 3aBUCUT OT MPUYUHHO-3HAYNMOTO
mrramma Oakrepwii [27,71,79].

Bakrepun Klebsiella pneumoniae yepes TLR4
BBI3BIBAIOT TIPO/YKIINIO AJIbBEOJIIPHBIMU SITUTEH-
anpubiMu KiIeTkamu (alveolar epithelial cells —
AEC) daxropa pocta GM-CSE koTopblii akTHBH-
pyeT ambBeoJigpHble anuTenuanbapie u CD103"
neHapuTHBIE KieTkn [85]. Mnummarms darommrosa
aJThbBEOJISIPHBIMU MakpodaraMu MPUBOJUT K TIPO-
YK MHOTOYMCJIEHHBIX ITTPOBOCIAIUTETHHBIX
mutokunoB TNF-o, IL-6, IL-12 u XxeMOKHHOB
(IL-8/CXCLS, CXCL1, CXCL-10, CXCL9, CCL3,
CCL4 u CCL2). ITpopyKiust IUTOKWHOB 1 XEMOKH-
HOB TIPUBOJIUT K PEKPYTUPOBAHUIO KJIETOK Pa3JIiy-
HBIX JIEHKOIUTAPHBIX CYOIOIYJISINI, YYaCTBYIO-
IUX B PA3BUTUN BOCTTAJTUTEIHHON peakimu [58].

Kononuecmumynupyrowuii paxmop GM-CSF

[panynonutapubiii 1 MakpogarajbHbIl KOJIO-
HuectTuMyaupyiomuii  gakrop (granulocyte and
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macrophage  colony-stimulating factor
GM-CSF) yuacTtByeT B aKTHUBAIlUU IIPOIECCOB
nposmdeparuu, auhhepeHITnPOBKA MOHOIIUTOB,
TPaHyJIOIUTOB, MAaKPO(hATOB U ICHIPUTHBIX KJIETOK,
AHTUMUKPOOHON 3armuTe Jerkux. KojoHuecTu-
mysmpytoiuii pakrop GM-CSF nponynupytor
pasmuHble KIeTk (Makpodaru, sHI0TenaIbHbIe
kietku, hbubpodiactel, T-, B-k1eTKN), HO OCHOB-
HBIM ero poayieHToM asisgiorest AEC [76].
Kosonnecrumymupyomuit pakrop GM-CSF
peanmsyeT cBoe JielicTBre uepes perienitop CSF-2R,
KOTOPBIIT COCTOUT U3 IBYX CYObeANHUIL: Crienndu-
4eCKON JINTaH[-CBSA3BIBAOINEN CyObeNHUIIDE
(CSF-2R0) u cyObeHUIbI 001Ieil TPAHC/LYKITUN
curnana (CSF-2RB). CsassiBanue GM-CSF
¢ CSF-2R BbI3pIBaeT CTUMYJIAINMIO HECKOJbKUX
BHYTPUKJIETOYHBIX CUTHAJBHBIX TyTeH, B TOM
yucse JAK2/STATS5, MAPK u PI3K [97].
Kosonuecrumymupytomuit  pakrop GM-CSF
CTUMYJIUPYET MPOJaudeparuio U BbI3bIBAET aKTH-
BaIMI0 MaKpo(daros, MOHOIIUTOB, HEUTPODUIOB,
NEHAPUTHBIX KJETOK, 303uHobumos [37], ycu-
JINBAET MPOLYKITIIO TTPOBOCTIATTUTETHbHBIX TN TOKH -
HOB, aKTUBHOCTbH ITPE3EHTAINN aHTUTeHa U (aro-
IINTO3a, CIOCOOCTBYET XEMOTAKCUCY JIEHKOIIUTOB
n anresun [7,81]. Cormacuo panabiM Louis R.
Standiford [85], cHukeHue ypOBHS NPOLYKIUU
GM-CSF y wmpbimeit ¢ nedekToM perenTopos
TLR4 (TLR4™) Bo Bpems kiebcuessie3HON
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WH(PEKIINU CONPOBOJKIAETCS aKTUBAIMEel Kacra-
3b1-3 B AEC 1 ymeHbIlieHreM mpoJIoJiKUTETbHOCTH
WX BbKUBAHUs, YTO TPUBOAUT K HAPYIIEHUIO aKTH-
Balliy aJIbBEOJIIPHBIX MaKpO(haroB U MO/IaBJIEHHUIO
IIUTOMTPOTEKITNH AJTBBEOJITIPHOTO ITUTEITHS.

IIpoBocnanuTebHbIE IUTOKUHBI

IL-1B

Bos06y:xienue o6pa3-pacio3HaoNMX PErernTo-
poB PAMP Klebsiella pneumoniae, a Takxe Biusi-
nue TNF-o, I[FN-o, IFN-B ubnaynupyioT npoayk-
nuio wHTepJelknHoB cemelictBa 1. Ponp IL-1
B UMMYHHOM OTBETE MMOATBEPIKIAETCS TEM, UTO €TO
IIepBOHAYATbHOE CTPOEHME COXPAHWJIOCh B Teye-
HUE 9BOJTIONNY, HAYMHAS OT TPUMUTUBHBIX MUKPO-
OpPraHu3MoB. DOJBIIMHCTBO INpejicTaBUTeNeH
cemeiictBa IL-1 akcmpeccupyercss B HEaKTUBHOM
dbopme 1 KyMyaupyeTcs: B IUTOTIA3MATHIECKOM
MIPOCTPAHCTBE TPOAYIUpYyomiell KiaeTkn. VHTep-
neiikunbl 1, 18 u 33 npuobperator Ouojoruye-
CKYI0O aKTUBHOCTH IOCJIE IIPOTEO0JIN3a, OCYIIECT-
BJIsieMoro Kactnasoii-1 [1]. Hanpumep, npoaykius
IL-1B accommupoBana ¢ (YHKIIMOHUPOBAHUEM
NLRC4-undrammacomsr [12,13] m NLRP3/ASC-
3aBUCHUMBIMU PEAKITUSIMU, BELYIIUMA K PA3BUTHIO
nuponTosa. O6pasosanrie NLRC4-undaammaco-
MBIl MMeeT BakHeiilee 3Hauyenue st Klebsiella
pneumoniae-uHAYIIMPOBAHHOU TMPOAYKIIMK TIPO-
BOCHANUTENbHBIX IUTOKMHOB: 1L-6, IL-18,
IL-17A, TNF-o; #efiTpopuIbHBIX XeMOaTTpaK-
TAHTOB: KEPAaTUHOIMTCUHTE3NPYEMOTO XeMOKWHA
(keratinocyte cell derived chemokines
KC/CXCL1), makpodarasbHOro BOCHIAINUTENBHO-
ro nporenHa-2 (macrophage inflammatory pro-
tein-2 — MIP-2/CXCL2) u LPS-ungynuposan-
upix CXC xemoxuuoB (lipopolysaccharide-indu-
ced CXC chemokines — LIX) B TkaHU JIerkoro.
YeranosiieHo, 4To 9 (PEKTUBHOCTh OaKTepHaib-
HOTO KJIMPEHCa MPU KJieOCHesie3HOi ITHEBMOHUN
3aBUCUT OT aKTUBHOCTH MHpaammacom [11,41].

OpmHako cytiecTBYIOT ¥ MH(pIaMMacoMo-He3a-
BHUCHUMbBIE TTyTH aKTUBAIUu 1pohopM WHTepJIel-
knHoB cemeiictBa 1. Ilokasano, 4To B aKTUBAIINN
JTAHHBIX ITMTOKUHOB MOTYT MPUHUMATh ydyacTue
TaKue BHYTPUKJIETOUHBIE TIPOTEa3bl, KAK 1poTeasa 3,
cepwHOBas IpoTeasa, aJjacra3a, kartencun G.
Uckmouennem gsisiores [L-1o (IL-1F1), mose-
KyJia KOTOPOTO PACIHIEIIAETCS] MCKII0YUTETHbHO
kasbranHom, 1 [L-33 (IL-1F11), koTopsrii pacrien-
Jigercst kacrazoi-1 u kaspranHom [88].

OcnoBubiM uctounnkom I1L-1B npu Bocnase-
HUU JIETKUX SIBJISIOTCS PE3UIEHTHBIE aJIbBEOJISIP-
upie Makpodaru [10]. UccaenoBanue pomm 1L-1
B Tporecce KieOcuesie3noilt nHpEeKInu moKas3a-
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JIO, 9TO y MBbIIIEld ¢ HOKayTHbIM TeHoM [L-1 u
TUKUX MBIIIEH YPOBEHb JIETATHbHOCTU TIPHU TTHE-
BMOHUHU COTIOCTaBUM. Y MbIIIEH 0Oenux rpyri
OTMEYaJINCh aHaJOTMYHble I[POBOCHATIUTEIbHBIE
TUCTONATOJOTUYECKNE U3MEHEHUST TKaHU JIETKOTO.
Tem He MeHee, Ha paHHel cTaUN THQMEKITMOHHOTO
mpoiecca y HOKayTHBIX Mbimeir [[-1° B Tkanu
MOPasKEHHOTO JIETKOTO HabJrioaeTcst 60Jiee BbICO-
kast konnenTpanust TNF-o. 1o Bceit BeposiTHOCTH,
akTuBHasl npoaykuusga TNF-o y HOkayTHBIX
Mmbliieit [I-1" sBagercs cieicTBUEM KOMIIEHCA-
TopHol peakiuu Ha Aedurut [L-1 B ouare mo-
pPakeHUsT JIETKUX, CIOCOOCTBYIOIIEH 3alure
TKaHu Jierkoro ot Klebsiella pneumoniae [91].

Wnrepaeitkun  1L-1f B3aumomeiicTByeT ¢
pertenitopoMm [L-1R1, akcripeccupyembiM passimy-
HbIMU Tunamu kaetok. Ozpnako aeiictBue IL-1J3
HeUTpaanu3yercsi pernenTOPHBIM aHTarOHUCTOM
IL-1Ra, cBsaspiBanue xkotoporo ¢ IL-1R1 npowuc-
XOMUT 0e3 aKTUBAI[MM BHYTPHUKJIETOYHBIX ITyTEH,
acconuMupoBaHHBIX ¢ penentopom IL-1R1.
JlokanbHbiil G6amanc mexay 1L-1 u IL-1Ra ompe-
nenser ypoBenb aktuBaiuu IL-1R1 [4]. Oxnako
JlaHHble, XapakTepuayionme posab [L-1R1
B JIOKaJbHBIX ¥ CHUCTEMHBIX TIpolleccax OGakre-
pUaIbHBIX UH(DEKIINH, OCTAIOTCS KpaliHe IIPOTUBO-
peunBbiMu. Tak, B OTCyTCTBHE aHTHOAKTEPHAIIb-
HON Tepanuy vacTuyHas OJOKaga PEIernTopoB
IL-1R1 crmoco6GCTBYET MOBBINIEHUIO BBIKUBAEMO-
CTU HOBOPOXK/IEHHBIX KPBIC, MHGUITMPOBAHHBIX
Klebsiella pneumoniae, B To BpeMst Kak TOTaJIbHast
6JI0Ka/la JTaHHBIX PEIENTOPOB COMPOBOKIAETCS
BBICOKMM ypoBHeM JetaibHocTH [59]. Olivier
Huet w coasr. [43] ycranoBwiau in 0ivo,
gyT0 apdekt I1L-1B 3aBUCUT OT aKTUBHOCTH aHTH-
OKCHUJIAaHTHOW cucTeMbl. B 4acTHOCTH, aBTOPbI
TTPOJIEMOHCTPUPOBAJIA, YTO y MBIIIENH ¢ HOKAyT-
HBIM TE€HOM TJIyTaTHOHTIepOKcuIa3bl 1 mpu 3a-
paskeHuu JeranbHoil 10301 Klebsiella pneumoniae
HabJsoaeTcst  6ojiee BBIPAKEHHAST WHIYKITHS
NOD-pertenitopoB u 6oJiee BBICOKasi CIIOCOOHOCTD
K BBUDKMBAHWIO, YeM Yy MBIIIeH AUKOTO THIIA.
3amuTHbIN 29h(EeKT Y TaHHBIX HOKAYTHBIX MBITTIEi
OBLIT TIOJTHOCTBIO TIO/IABJIEH BBEJEHUEM aHTAarOHM-
cra IL-1B. Kpome Toro, in vitro 6710 ycTaHOBJIE-
HO, YTO y MBIIIIei, JINIIIEHHBIX TJIyTaTUOHIIEPOKCH-
a3l 1, MOBBINIIEHNWE KOHIEHTPAIMU Kacia3bi-1
u IL-1P koppenupyer ¢ yBemueHneM KOHIIEHTPa-
MU TIePEeKNCH BOAOPOZa B WHQMUITMPOBAHHBIX
Makpodarax.

IL-36

Cyb6cemeiicto  IL-36  uHTEpIIEiKMHOBOIO
cemeiictBa 1 cocTout u3 Tpex npezcrasuteseit: 1L-
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360, IL-36B u IL-36Y, KoTOpbIE HKCIIPECCUPYIOTCS
KepaTUHOIMTAMHU, OPOHXUAIbHBIMU AIUTETUATb-
HBIMM KJI€TKaMH, MOHOIUTaMM,/Makpodaramu,
a takske YOT-kimerkamu u Heitponamu. [{uTokuHbI
cybcemeiictBa IL-36 peanusyior cBoe jaelicTBre
yepes penenitop 1L-36R (IL-1Rrp2), ncrnonbays
B kauectBe KopenenTopa [L-1RAcP. Penenrop-
ubelid antaronnct 1L.-36Ra cBaspiBaercs ¢ IL-36R,
uHrnOupyst pexpyruposanuie IL-1RAcP u, kax
ciaencreue, (opmupoBaHue (GyHKIIMOHATBHOTO
curHasbHOTO Komtiekca [10,82]. Mosekyopr
npodopm 1uTokuHoB [L-36 mug  poctumke-
HUST TIOJTHOM OMOaKTHUBHOCTH, KOTOPast IPUMEPHO
B 1000-10000 pas BeIIIe, yeM y Tpodopmbl, Tpe-
6yercst, kak u y npocdopm IL-1B, TL-18, TL-33,
oruierienusi N-TepMUHAJIbHOTO peruoHa o
HACTOSIIETO0 BpeMEH! HeyCTaHOBJIEHHBIMU MTPOTe-
azamu [34,100].

[Muroxkunbr 1L-360, 1L-36B u IL-36y Hero-
CPEICTBEHHO CIIOCOOCTBYIOT aKTUBAIMU (HaKTOPOB
tpanckpunimu NF-kB, MAPK, JNK u ERK1/2,
yTo TpUBOAUT K mpoaykimun [L-8 IL-6, 11-12
u IL-23 [10]. Ycranosseno, yto nnduimpoBanue
nerkux Klebsiella pneumoniae comnpoBoKmaercst
ycunenuem npoaykiuu [L-36y [50]. B cBoto
ouepenb, 1L-36y, aktuBupysi NF-xB u MAPK,
CIIOCOOCTBYET TPOAYKITMH HEUTPODUIBHBIX XEMO-
kuHoB (IL-8, CXCL3) u CCL20 — xemokwHa
Th17-knerox [6,29,68].

IL-6

[Tneitorponneiii utokun 1L-6 urpaet kitoue-
BYIO POJIb B 3all[UTE OPraHU3Ma OT IaTOTeHOB, OKa3bl-
Basg MOIIHOE TTPOBOCTIAJINTENbHOE JieiicTBre [49,66].
Opnnaxo BiumsiHre [1L-6 Ha TeyeHne GaKTepUaIbHBIX
UHMEKIMI He PEACTaBIISIETCST OIHO3HAYHBIM COOBI-
THeM. YuuTbiBag, 4To 1L-6 gBigercsa omHuUM U3
OCHOBHBIX TIMTOKWHOB, YCUJIUBAONMX Auddepen-
1poBKy Thi7-KJI€TOK, HEKOHTPOJIMPYEMOE YBENH-
genre npoaykinun IL-6 MoxeT crocobCTBOBATH
Pa3BUTHUIO ECTPYKTUBHBIX WM XPOHUYECKUX
BOCIAJIUTEIbHBIX 3200 eBaHMil YeoBeka [45,106].

WMunyxropamu npopykimn 11L-6 ssistrores 11-1,
TNF-o, uarepdeponsl, TLR-accommmupoBannoe Bo3-
oyxaerre MyD88-3aBrcimoro kackaza. [Tpu 6akre-
puasibtoil unBasun Klebsiella pneumoniae nonosnu-
TeJIBHBIM aKTUBATOPOM CHHTE3a ITPOBOCIATTUTETHHOTO
IL-6 ststercst HIF-1o (hypoxia inducible factor-1a,
uHIyTmOebHBIN (hakTop Trmokcnu-1or) [40].

IL-6 unaynupyeT BO3HUKHOBEHUE JINXOPAJKU
U aKTHBUPYET CUHTE3 OCTPO(ha3oBbIX OEIKOB
B nieueHu: (pubpUHOTreHa, O 1 -aHTUXMMOTPUTICHHA,
C-peakTuBHOrO Oe€JiKa, rarnToraoOuHa, ChIBOPO-
ToYHOTO amuyona o [69,77,93].
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IIpenmomaratot, uto IL-6 ciocobcTBYeT caHoTeHe-
3y 1pH KJIeOCHEeTIE3HON TTHEBMOHIH 32 CUET YBEJH-
YeHUsT HeWTPO(UIIBHOTO KWJUIMHTA GakTepuii [42].

Rachel E. Sutherland u coasr. [89] mokaszaJm,
YTO OCHOBHBIMU TpoaylieHTamu [L-6 sBisiorcs
Ty4YHBIE KJIETKU. B COCTOSHUY TOKOST TYIHbBIE KITET-
KM KOHCTUTYTUBHO TIPOAYIIUPYIOT HU3KKE YPOBHU
IL-6, HO mocJTe BO3GYIKAEHMS PE3KO YBETMUMBAIOT
aKTUBHOCTb €Tr0 MPOAYKIMU. B yacTHOCTH, BO3-
oyxaenre TLR2, TLR4 Ty4HbIX KJIETOK, a TakKKe
Bmustaue Ha aux [L-1, SCE, PGE2, IgE, conpoBosk-
naetcs yeuaeruem npoaykimn 11L-6 [83,92].

Uccrenyst  xiebCcHesie3HYI0  MTHEBMOHUIO
y mbitreit, Victoria I. Holden u coasr. [40] mpoze-
MoHCTpUpoBaiu, uto cugepodops Klebsiella
pneumoniae vHAyIUPyIoT cekpenuio 1L-6, xemo-
kunoB CXCL1 u CXCL2. Takxke cuntes 1L-6
unaynupyercs saunonporengamu YfgL BamB
HapyskHO# MemOpansr Klebsiella pneumoniae
(B-barrel outer membrane proteins — BamB).
[MoatBepsxknennem IL-6-wHmaymupytomnero Bius-
HUs cuaepodOpoB ABIeTcs: TOT (akT, uto yfgL”
wrammbl Klebsiella pneumoniae npakruyecku He
UHAYTUPYIOT cuHTe3 1L-6 11 BBICOKO YyBCTBUTETh-
HBI K HeTpoduapHOMY (haronutosy [42].

BuyTpuBeHHOE MM MHTpaHa3aJIbHOE BBeEJE-
Hue 6axrepuii Klebsiella pneumoniae HokayTHBIM
mpimaM IlI6° upuoautr k Oosiee ObICTPOMY
PasBUTHIO IHEBMOHUU ¢ OoJiee BBICOKON GakTe-
pUaJbHON HATrPy3KOUW JIETOUHOW TKAaHW W Hapy-
IeHNeM PeKPYTUPOBAHUS TPAHYJIOIUTOB B O4Yar
MOpakeHWs JIeTKUX, YeM Y JIUKOTO IITaMMa
mobimeit (116" ) [89,96].

CewmeiictBo IL-12

CemeiictBo IL-12 cocrout m3 1L-12, 1L-23,
[L-27 u IL-35, npuHUMAIONNX aKTUBHOE ydacTue
B nH(MeKImnoHHOM Tipoitecce. OCHOBHBIMU TIPO.LY-
mentamu 1L-12, 11-23 n IL-27 gaBagiorcsa akTuB-
Hble aHTUTEHIIPe3eHTUpyIonue Kietku, a [L-35 —
aKTUBHBIE U TOKOSIIMECS PperysisitopHeie Treg-
knetku [30,98]. [IpencraBurenu cemetictBa [1.-12
y4acTBYIOT B TuTonu(GdepeHnnpoBKe HAUBHBIX
CD4'T-k1eToK, KOTOPbIE B 3aBUCUMOCTH OT I[UTO-
KMHOBOTO MUKPOOKpPY:KeHus A depeHmpyoT-
cst B Th-rmerku, npoxynupytorue IFN-y; B Tho-
kierku, npoayrupyiomme [L-4, IL-5 u IL-13;
B Thi7-xnerku, npoayupytome [L-17A, 1L-17F,
IL-21, 1L-22, 1L.-26, u Treg-kyieTku, IpoAyUPYIO-
mue TGF-B, IL-10 u IL-35. Iutokunsr 11L-12
u IL-23 saBustiorcss HeoOXOAUMBIMU (DaKTOpaMHu,
HAIPaBJAOMUMEI [IUTO I GEPEHITUPOBKY HAaWB-
Hbix CD4 ' T-kierok no mytu hopmupoBatust Thi-
u Thi7-cybniomyssiumii, coorBeTcTBeHHO. TaksKe
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IL-12 u IL-23 aBasitoTcs OCHOBHBIMU TPUTTEPAMU
nposmdeparun T-kieTok namsatu [8].

IL-12

Huroxun [L-12 (pakxTop cospeBanms IMUTOTOKCH-
yeckux mmoruto, CLMF; daxrop, crumyspyio-
it Hatypasbable Kusutepsl, NKSF) mpoxymmpyert-
Csl CTUMYJIMPOBAHHBIMU JICHIPUTHBIMI KJIETKAMU,
MakpodaramMu, MOHOIMTAMHU M HeUTpoduIamMu,
BBICTYTIAeT MOIIHBIM UHAYKTOPOM cuHTe3a IFN-y n
BBI3bIBAET MMMYHHBII OTBeT 10 Thi-THIy, B TOM
qricIe U pu KirebcnesniesHoi nugexmnmu [32].

Mounekyna IL-12p70 npexacrasiasger co6oit
reTepoINMEp, COCTOSIIIUN U3 JABYX CyObEIMHUIL:
o (IL-12p35 — 35 x/la) u B (IL-12p40 — 40 x/1a),
IPUYEM CTPYKTYpa O-CYODBEeMHUIBI HATOMIHAET
moJiekysny IL-6, a P-cyObenuHuipl mogobHa
pertenitopy IL-6. ¥Yporens npoaykium 11L-12p40
IpeBbIIIaeT ypoBeHb cuHTeda 1L-12p35, B cBs3u
C 4YeM BHYTPH KJIETKH BCET/Ia IPUCYTCTBYET OOJIh-
o€ KOJIMYECTBO HECBSI3aHHBIX U CBOOOIHBIX
mostexyst 11L.-12p40. lurokun 11-12p70 peasmsyer
cBOe JIelicTBUE depe3 BO30OYKIEHUE PEIEeNnTopa
IL-12R, cocrogdmniero w3 IMTOKUH-CBSI3BIBAIO-
meit (IL-12RB1) wm curnammsupyiomieii 1ernei
(IL-12Rp2). Perenrropuas cyobepnmmma IL-12RB2
IPeCTaBIIsIeT COO0N CUTHATM3UPYIONUIT KOMITO-
HeHT perientopa. [[UToKuH-cBsA3bIBaIONIAsT CyObe-
JVHUIIA ~ KOHCTUTYTUBHO  9KCIPECCUPOBAHA
na CD4 -, CD8'-T-mumdonnrax, NK-kaeTkax.
Bos6y:xnenue 1L-12R npuBoanuT K aHTUTEH-He3a-
Bucumomy STAT4-acconnmupoBaHHOMY CHUHTE3Y
IFN-y. IFN-y-unpynupytoiee BaussHue [1.-12
orpeiesisieTcss aKTUBHOCTBIO IPOIECCHHTA IIpe-
kypcopa IL-18 [1,39].

Nunyxmms cuntesa [L-12 npu nabeKImoHHBIX
3abosieBaHusIX cBsi3aHa ¢ aktuBareil TLR Taku-
mMu PAMP mnaTtoreHHBIX MUKPOOPTAHU3MOB, KakK
JHK, LPS, nmentumorankad M JUIIOTEXOeBasI
kucyaora [31]. IL-12 wHaynupyeTr MPOAYKIIHUIO
IFN-y Thi- u NK-kj1eTkaMu U IUTOTOKCUYHOCTD
nmauHbIxX KiaeTok [30]. [Ipexcrasisier naTEpEc, 4TO
B oTBeT Ha uHbuimposauue Klebsiella pneumoniae
nan Ha geiictsue LPS Klebsiella pneumoniae anb-
BeoJISIpHbIe Makpodarn MpakTUYecKu He TIPO.y-
upyitoT [L-12p70 winu mpogaynupyior ero B Kpaii-
He HeOoIbInX KomdecTBax [17,46].

Hedpummr 1L-12 u IL-12R compoBoxnaercs
BBICOKOH BEPOSTHOCTHIO PA3BUTHUA XPOHUUECKUX
NHGEKNWH, BBI3BAHHBIX MHUKOOAKTEPUSIMU W
casbMoHesiaMu [55,75]. Bolio npoaemMoncTpu-
pOBaHO, 4TO Kiebcuesiesnast HHGEKIUs y maiu-
eHTOB ¢ BpoxaeHHbIM feduriutom [L-12R npu-
HUMaeT CcenTuyeckoe TedyeHue, 4TO, TO BCeH
BEPOSTHOCTHU, ToJaYepKuBaeT 3Havenue [L-12
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B mpoiliecce 3amuthl opranuama ot Klebsiella
pneumoniae [73].

Kyle I. Happel u coasr. [38] mokasamu, 4to
BbIKMBAEMOCTb MBIIIEl ¢ HOKAyTOM TEHOB Kak
o-, Tak u B-cyobemunuiet [L-12 (p35°, p40"),
mpu KeOCHeJIe3HON MHEBMOHUHU JOCTOBEPHO
HIKE, YeM y AUKKUX Mbiireil. Heo6xoaumo oTme-
TUTh, YTO y MbIIeil p40" kiebcuesie3Hast MHEB-
monusi B 100% ciydyaeB 3akaHYMBAETCS PAHHUM
JIETAJIbHBIM UCXO/IOM.

[TaccuBHASt UMMYHU3AIS JKUBOTHBIX AaHTUTEJIA-
mu ipotuB 1L-12 Bo Bpemst KiieOCHesIE3HON TTHE-
BMOHMM uYepe3 48 4acoB MpUBOAUT K 12-KpatHOMY
yBesmuennio unciaa KOE Klebsiella pneumoniae
B TOMOTeHATaX TKAaHW JIETKUX U 3HAYNTEJbHOMY
VXYUIEHUIO KaK KPATKOCPOYHOI, TaK M JI0JITOCPOY-
HOI 11epcrieKTUBbI BbIKMBaHUS. B TO jke BpeMs, rutie-
pakcmpeccust 11-12 3a cueT BBe/ieHns a7ieHOBUPYCHO-
O BEKTOPA, COZIEPIKAIIETO IIPOMOTOP YeJIOBEYECKOTO
nutomerasiopupyca u ydactkn JIHK, koxupytomme
p35 u p40 cy6bpemunnibl 1L-12, ciocoberByer 45%
JIOJITOCPOYHOMY BBIKUBAHUIO MBITIIEl ¢ THEBMOHUEH,
Boi3BanHoil Klebsiella pneumoniae [32].

Taxxe wnapymenue [L-12-accorumpoBaHHbIX
BHYTPHUKJIETOYHBIX TyTei MPUBOANT K HEOIArOmpH-
STHOMY TEYEeHUIO KJIeOCHEesIe3HON ITHEBMOHUMU.
Wurparpaxeanbioe wuHbunuposanue Klebsiella
preumoniae MbIIIIeli ¢ HOKayTOM reHa (haKTopa TpaHc-
kpuriiu STAT4 (Stat4” ) conpoBoKIaETCS T0CTO-
BepHO 0oJiee BHICOKUMU YPOBHSIME OaKTepUAIbHOI
Harpy3Ku TKaHU JIeTKoro. Y Mbiiieit Statd” xnebeu-
eJIJIe3Hast TTHEBMOHUST COTTPOBOSKIAETCST IEPUTTITOM
npoaykimu [FN-y u gpyrux mpoBOCamTebHbIX
IIUTOKUHOB, B TOM uuciye xemoxknunop CXCL9
n CXCL10, 1 BeIcOKMM ypoBHeM JeTasibHocTH [17].

Takum obOpasom, IL-12 gaBigercs ogHUM U3
KJTFOU€BBIX IITTOKUHOB, OMTPE/IEISIONTNX CAHOTeHEe3
pu KJIeOCHeNIe3HOM THEBMOHMW.

IL-23

Monekyna 11L-23, kak u [L-12, npexcraBiasger
co0oii rerepoauMep, CoCTOsIIIMIT 13 00meit ¢ 1L-12
cyObeauuniibl p40 U OpUrMHAIBHON CyObeuHI-
el [L-23p19. s cybbenuaubr 11L-23p19 we
XapakTepHa CaMOCTOsSITe/bHass OuoJoThdYecKast
akTUBHOCTB. [L-23-mipoyriupyommumn KjieTkaMu
SABJIAIOTCS Makpodaru, MOHOIIUTHI, J€H/IPUTHbBIE
KJIeTKH, B-KyreTky 1 aH10Te Mo ThI [26].

Bosoysxkaenne TLR2, TLR3, TLR4 u TLRS
nMmyHo1nToB PAMP BbI3bIBaeT OTHOBpEMEHHYIO
cexkpenuio [L-23p40 u I1L-23p19. AxtuBanus
TLR2 nentuporinkaHaMu TPaMIIOTIOKUTETbHBIX
GakTepuii OKasbiBaeT 6oJiee BhIPasKEHHOE BIMSHIIE
Ha akcrpeccuio 1L-23p19 u cekperuio 11L.-23, yem
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Bo30yskaenne TLR4 LPS rpamorpuiiareabHbIX
Gakrepuii. YcraHoBJeHO, 4To cekperus 11.-23
MakpodaramMu, MOHOIMTAMU U JIEHIPUTHBIMU
KJIeTKAaMW HAuMHAETCS 4Yepe3 HEeCKOJIbKO YacoB
nocsie Bozzeiicteust PAMP natorenos. aaykTO-
pamu cunTesa IL-23 takske cunrarorest IL-1, TGF-f,
IL-23, IL-6 [39].

Dusnosornyeckoe neiicteue 1L-23 peanmmsyer
yepe3 [L-23R u STAT3-accomuupoBanubie CUT-
HasbHble TyTH. OCHOBHBIMU  (DYHKIUSAMUI
[L-23 asnsiores naaykius cunreda 11L-17, 11L-22
TNF-o  Thiz-xnerkamu, auddepeHInpoBKa
T-knerox namsaru [26].

Kyle 1. Happel u coasr. [38] ycranoBuim, 4To
IL-23 nHeobxomaum st peaymsanuu [L-17A- u
[L-17F-orBeTa Ha uH(UIIMPOBAHUE JETOYHON
tkanu Klebsiella pneumoniae, u nponyxius 11L.-23
MaHU(peCTUPyeT 3HAYNTENHHO panbiie, yem [L-12.
Tak, npoaykumsa IL-23 orTmevaercs 4yepes
2—4 vaca, a IL-12 — TosibKO uepes cyTku u OoJiee
nociae WHGUIUPOBAHUSA. Y HOKAYTHBIX MBbIIIEi
1123 p19" cmepTHOCTD P KJIEOCUEITIE3HON THEB-
monuu jpocturaet 60%. B To xe Bpemsi BBeneHue
JQHHBIM MBbIIIIAM 9K30T€HHOTO PEKOMOMHAHTHOTO
IL-17 B Teyenue nepBbix 12 yacoB MH(PEKIMOHHO-
TO Ipoliecca IPUBOJAUT K BOCCTAHOBJIEHUIO YPOBHSI
G-CSF u npeynpesk/ieHuio JIeTAIbHOTO UCXO/IA.

Takum 06pa3om, nHTEpJIeKIHOBBIE ocu 1L-12-
IFN-y u IL-23-1L-17 asusiorcs HanboJee addex-
TUBHBIMU PETYJISATOPAMU 3ANIUTHBIX MEXaHU3MOB

(puc.), HampaBJEeHHBIX MPOTUB BHEKJETOYHBIX
MMaTOTeHHbIX MUKpoopranusmoB — I[L-23-1L-17
B HavasbHOM Tiepuoje, a I1L-12-IFN-y — B GoJiee
MO3/HUE CPOKU WMHMEKIIMOHHOTO Ipoliecca.
Beposarno, IL-23, IL-17 »sBoJsorimoHnpoBain
B KauecTBe KOMIIOHEHTOB PETYJIAIINN MEXaHU3MOB
3JTMMUHAIINYA BHEKJIETOUHBIX MaTtoreHoB, a 1L-12,
IFN-y — kak peryJisaTopbl 2JUMUHAIIMN BHYTPU-
KJIETOYHBIX MUKPOOPTaHI3MOB.

IL-17

[urokun [L-17 saBisercs BakHBIM (HaKTOPOM
caHoTeHe3a KreOcueie3Hoit mHeBMOHNH. CeMeiicTBO
IL-17 macunteBaer 7 nurokunos (IL-17A, 1L-17B,
IL-17C, IL-17D, IL-17E /1L-25, IL-17F) [16,107].

[TpoBocrammrenbhbiii [L-17 A poytmpyercs mipe-
umMytectBeHHO aktuBrpoBanubivu CD45RO'CD4
T-nmumdporuramu  (Thi7-kreTkamu), HO TaKKe
MoxeT akcrpeccupoBatbest CD8T- u Y0 T-kerka-
MW, IEHIPUTHBIMK KJIETKaMU, 903UHO(MUIaAMHU, Heli-
tpodunamu, Makpodaramu, MOHOIIUTAMU, HATY-
pasibHBIMU KuJIlepaMi. Ha MpoTssKeHrnr MHOTHX
JIeT CYUTAJIOCh, YTO MHAyKius cekperun [L-17A
B orBeT Ha mHbuimposanue Klebsiella pneumonia
Tpebyer TpurrepHoro BoazeiicTBust 1L-23 wim
IL-1B, KoTOpBIE MPOAYIMPYIOTCS ATbBEOJISIPHBIMU
MakpodaraMu M JEHAPUTHBIMU  KJIETKAMU
[38,67,90]. Omrako Tesshin Murakami u coasr. [65]
B 2016 romy TpeACTaBUIN OKA3aTEIbCTBA, YTO BO
BpeMsi KJIeOchesiesHol WHMEKINN HWHIYKIUS

Th,-Ki1eTKa
IL-12Rp;

IL-23
p40

l RO

H Thy-keTKa

{ IL-23R .

IL-17A
IFN-y
e . /\ ° 8 a0
[ - ! h LA MOHOLHTBI, SHI0TETHOL)
S y - )
) <. 1y » $ubpobaacTer
C: . / ) o3
| S g 4 G-CSF, TNF-a, TNF-a, IL-6, IL-8,
IL-1p, IL-4,IL-5,  G-CSF, GM-CSF, TNF-a, CXCR4, VEGF,
Maxkpodar Tpanyiomnt IL-6, IL-13, IL-1p, IL-6, IL-8, IL-11, HIF-1
XeMOKHHBI IL-18, nedensnnsi,
penapauMs cIH3IHCTOH

Puc. Lntokunosble nytu IL-12-1FN-y n IL-23-IL-17 npu kne6crenne3Hon NHEBMOHNM
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cekpern [L-17A obycioBieHa (HyHKIIMOHIPOBA-
HueMm kak 11-23-3aBucumbimu, Tak 1 11.-23-He3aBu-
cumbiMu  Mexanuzmamu. Cekpermio  [L-17A
[L-23-3aBucumbiM 1 [L-23-He3aBUCUMBIM CIIOCO-
GOM BBITIOJHSIOT [[Ba pasdHbIX THIa [L-17 A-1ipo-
ayrmpyiomux YO T-kaeTok. B momoxkuTenbHoil pery-
st ipoaykimu 1L-17A B opranusme vesioBeka
taxoke yyactBytor TGF-P u IL-6, B otputiatesbaoii —
IL-4 n IL-13 [22,70].

Peammzanus npeficrust 1L-17 omocpenyetcs
MpeICTAaBUTENISIMA ceMelicTBa perientopoB [L-17:
IL-17RA, IL-17RB, IL-17RC, IL-17RD wu
IL-17RE [28]. Penentop IL-17RA sgaBaserca
OOIIMM [IJIsT MHOTHX TPEICTaBUTENEH ceMelicTBa
IL-17, B to Bpems kak IL-17RC mpexacraBiager
co6oii exmHCcTBeHHBIN perenrtop aast 1L-17A u
IL-17F. /lannbie riutoxkunsl — [L-17A n IL-17F —
MIPEICTABIISIIOT COO0I KPUTHYECKUE ITUTOKUHOBBIE
(haKTOPbI UMMYHHOMN 3aIIUTBI CJIM3UCTHIX 000JI0-
YeK TP PA3BUTUH BOCIATUTETbHBIX 3200 1€ BaH it
[52]. TlonstpusoBanHble AMUTENNATBHBIE KIETKH
NbIXaTeJbHBIX TyTell OoTBeyaloT Ha JelcTBUE
IL-17A mpexcraBiaenreM Ha OasosaTepaibHON
MOBEPXHOCTU IUTOIJIA3MATUYECKON MeMOPaHbI
pertenitopoB IL-17RA u IL-17RC [15,84,103].
Y HokayTHbIX Mbiieid [l117ra” wnn 1l17rc”
HaOJTI0/IaeTCsl HApYIIEHe PEKPYTUPOBAHUS HETi-
TPOUIOB B OYar MopakeHus JeTKuX u JedexTsl
GakrepuanbHoro kiupetca Klebsiella pneumoniae.
Takske nHransnoHHoe BBenenne Klebsiella pneu-
moniae TAaHHBIM HOKAyYTHBIM MBITIAM COIPOBOXK-
JlaeTcst O4eHb HU3KUM YPOBHEM 9KCIIPECCUU XeMO-
kuHa Cxcl5, a nHTpaHaszaIbHOE BBEIEHNE PEKOM-
6unanTHoro Cxcl5 croco6eTBOBAIO BOCCTaHOBIIE-
HUIO YPOBHS TIPUBJIEYEHUST HEUTPOPUIOB
U aKTUBHOCTH OaKTepuajbHOTO Kiaupenca [17].
ABTOpBI cumTaior, 4To cekperoriobuH Scgblal-
AKCIIPECCUPYIONINE AMUTETUONUTBI CIU3UCTOM
060JIOYKH PECTTUPATOPHOTO TPAKTA TIO/] BIUSHUEM
Klebsiella pneumonia-unnynunbebHONR MPOAYK-
muu IL-17A cekperupyior CXCLS5, xoTOpbIii
PEKPYTUPYET HEUTPODUIIBI.

Bosoyxnenune perentopa IL-17RA gepes
JAC/TRAF6/IKK curHasbHBIN TyTh TPUBOJUAT
K akTuBanuu ¢akropa TpaHckpumimn NF-kB
ANUTENNATBHBIX U 3JHIOTEJHATbHBIX KJETOK,
$hubpo61acTOB, MOHOIMTOB PECIIMPATOPHOIO
TpPaKTa, KOTOPBI 00yCJAaBIAUBAET WHYKIIHIO
9KCIIPECCUN AaHTUMUKPOOHBIX MENTHIOB U TIPO-
teunoB (HBD-2 u S100A9, S100A7, S100A8),
G-CSF, TNF-o0, wuntepaeiikuno (IL-1B, TL-4,
IL-5, IL-6, IL-13), mousekyan aaresun (ICAM-1),
xemokntnoB (CXCL1, CXCL2, CXCL5, CXCLS,
CXCLS, CCL11, CCL2), npocraraanauna E2
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(PGE 2) [9]. Onnako ocHOBHOUW GdyHKIIMEH
IL-17A Bo Bpems kieOcHee3HOW WH(MEKIUN
ABJISIETCS PEKPYTUPOBAaHME MOHOIMTOB W He¥-
tpodumnos. IL-17A, moBbimas ypoBeHb TIPO-
nykuun xemoknHoB CCL2 u CCL7, yBennunBaeT
peKpyTUpOBaHe MaKpo(haroB B oUyar mopakeHus
gerkux [34]. Ucmonb3yss HOKaAyTHBIX MBITIEH
IlI17ra" , Peng Ye u coast. [108] ycranoBum,
yro IL-17A wmmeer pemaroliee 3HaUeHUE s
naayknuun G-CSF, kak kmodeBoro peryssgropa
rPaHyJIONo033a B OTBET Ha MHMEKIIMOHHOE Mopa-
JKeHUe JIETKUX.

OrcyrerBue 1L-17A, Kak 1MUTOKWHA, KOTOPBIHI
COJIENICTBYET PEKPYTUPOBAHUIO MOHOIIMTOB, MaK-
podaroB u HEUTPOGUIOB, JOCTOBEPHO YXYAIIAET
TeyeHue Kiaebcuesestoii nugexiun [5].

Takum o6Gpasom, IL-17A wurpaer pemiamolryio
posib B 00ecrieYeHNr BBIKUBAHUS TIPU ITHEBMO-
uun, naaynupoBaunoit Klebsiella pneumoniae.

IL-22

WUntepneiikun 1L-22 aBisercs mpencraBuTe-
aem cemeiicta IL-10, KoTopoe cocTouT U3 cob-
creeHno IL-10, cy6cemeiictBa 11-20 (IL-19,
IL-20, IL-22, IL-24, IL-26) u cyb6cemeiicTBa
IFN-y (IL-28ca, IL-28c, IL-29). IL-22
HanboJiee U3YUYEHHBIH TIPEJICTAaBUTEND CybceMeii-
ctBa 1L-20 [23,102]. Yenoseueckuii [L.-22 axtu-
BUPYET POJICTBEHHBIN €My PElenTop, HaXO/IsCh B
MOHOMEPHOI (hOpMe, UTO SIBJSETCS HEOOBIYHBIM
(bemomenom nana mpeacraBuTesieil ceMelicTBa
IL-10, kak mpaBWJIO, aKTUBHBIX TOJHKO B BUJE
mumepoB. 1L-22 crmocober 06pa3oBbIBATH TOMO-
KOMILJIEKCHI HGOJiee BBICOKOTO TIOPSIIKA — TeTpa-
Mepsbl, mnipenacra penentop [L-22 — [L-22R —
SIBJISIETCST T€TEPOAUMEPOM, COCTOSIINM U3 CyObe-
nuauil [L-22R1 u IL-10R2. ITutokun 1L-22 nep-
BOHAYaJbHO CBSI3BIBAETCS C CyObeamHuIei
[L-22R1, yTo mpuBOAUT K €€ KOHMDOPMAITUOHHBIM
nsaMmenenusaM, 1os3ossgsa [L-22R1 cBasbiBaTbes
c IL-10R2. Bzaumopetictue [L-22R1 ¢ TL-10R2
uHUIUpyeT Bo30yxkaeHne kunasol JAK1, TYK2,
aKTUBUPYS (akToOp TPAHCAYKIUMU CUTHAJTA
u aktuBaropa Tpanckpumiuu 1 (signal transdu-
cer and activator of transcription 3 — STAT3),
u, Bo3MoxxkHo, STAT1, STAT5, a takke KUHA3bI
p38, ERK, JNK [47]. B peryagnuu B3aumoeii-
creug 1L-22 u IL-22R npunumaer yuacrtue
IL-22-cBassiBatomuii 6enok (IL-22BP), koto-
pBIii ipeicTaBisieT cOOOM COMOTAOHBII PEIEenTOP
IL-22 w xapakTepu3yeTcs BbICOKOW TOMOJOTHEHR
¢ nocaenoBatenbHOocThiO ¢ [L-22R1. Ilporenn
IL-22BP BszaumopeiictByer ¢ 1L-22, Giokupyst
aktuBarnuio perentopa [2,20]. CaMbIM aKTUBHBIM
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nuaykropom mpoaykuuu IL-22BP asagerca
petnHoeBas kucyora [60].

[Mponynentamu 11L-22 asagiorca CD4™T-mam-
dorursr (Thi-, Thi7- u Thoz-kaerkn), NK-,
NKT-kaerku (natural killer T cell), Bpoxaetubie
sumdongnbie kiaerku (ILC) u, BO3MOXKHO,
CD8'T-mumponurer. Y wbimeii  Thiz-kmerkn
MPEICTABIISIIOT COOOI OCHOBHOI mpoytieHT 11.-22.
OO6umMy  YepTamMy  KJIETOK, TIPOLYIHPYIONIIX
IL-22, cunrator akcnpeccuio RORyt, namuuune
pertenitopa AHR wu uyBctBuTensnocts k IL-23,
KOTOPBINT aKTUBUPYET ITU KJIETKU. AKTUBAIINS
TLR naHHbBIX KJIETOK BbI3bIBAET MPOAYKITHIO [1.-22
[102]. Takske u HekoTopbie uTokuHbl (1L-1f3, TL-
6, IL-23, TGF-B u TNF-0.) BbI3bIBAIOT IPOAYKIIHIO
IL-22 [101].

Bos6y:xaeHue perentopa MOXKET TPOBECTH
K TPOAYKIINU TMPOBOCTATUTEIbHBIX ITUTOKUHOB
G-CSFE, GM-CSF, IL-1B, IL-6, IL-8, IL-11, IL-18,
LPS-cBsasbiBalomero mnporenHa, aedeH3UHOB,
JIUTIOKATIMHA-2 ¥ CIIOCOOCTBOBATH PereHepaIuu
tkanu [20,35,56].

IdbdexTnBHBINN  caHoreHe3  THEBMOHWH,
BoisBanHoil Klebsiella pneumoniae, tpebyer 06s-
3atesibHOro yuyacrusa IL-22. Mccnenys canoreru-
yeckyto posib 1L-22, Xin Xu wu coast. [104]
OOHAPY’KWJIM, YTO y HOKAYTHBIX Mbimieit /22"
KsieOcueie3Hast THEBMOHUSI TTPOTEKAET € BBICO-
KOI1 BEPOSATHOCTBIO JIETATTBHOTO UCXO/IA, B OTJINYNE
OT MbIel aukoro Tuma. Bsemenue anTtu-1L-22
aHTUTeJ MbiiaM, wHbuimposanusiM Klebsiella
pneumoniae, NPUBOAUT K JIETAJIBHOMY HCXOIY
B Teuenue 24 yacoB B 100% cayuaes [5]. [Ipuyem
ksebenesiesHas nHMEKIMs y MblIiei ¢ (hapMako-
Jiormdeckoit nnaktuBanuei 1L.-22 xapakrepusyet-
sl pasBUTHEM JIETATbHOTO UCX0/1a B GoJiee paHHIe
CPOKH 3a00JIeBaHUs, Y€M y HOKAyTHBIX MBIIIEN
I117" . B cBsisu ¢ atum Shean | Aujla u coasr. [5]
cuntatot, uto 1L-22 wurpaer Gojiee BasKHYIO POJib
B 3all[UTe CJMU3UCTHIX 000J0UEK MaKPOOPraHM3Ma
npu kirebcuesesHoll mHeBMonuu, yeM IL-17A.
Taxoke IL-22 ob6amaer 6oJiee BBICOKOW MOTEHITHEN
B aktuBanuu npoaykiuuu 1L-6 u CCL3 B serkux
Y MBITIIEN.

TNF-a

Ponb nposocnanuresnbHoro nuroknHa TNEF-o
B PpeakIugx MeXaHN3MOB HecHenuhuaecKoi
3alUTHl TIPU OAKTEPUATBHBIX TTHEBMOHUSX He-
O/IHO3HAYHA. YCTAHOBJIEHO, YTO ITHEBMOHUS,
BeizBarHast Klebsiella pneumoniae, conpoBosKiaeT-
cs npoaykuureil TNF-o MuesoniHbIMu KJIeTKaMu,
JIOKAIM30BAHHBIMK B OOJIACTH OYara TMOpasKeHst
[11]. BayTpubpiommaHoe BBeJeHNHE 9K30T€HHOTO
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comorabroro perterrropa TNF-o (sSTNFR) skcre-
PUMEHTAJIbHBIM KMBOTHBIM 3a J[Ba 4yaca JI0 MHTa-
asmonHoro unuimposanus Klebsiella pneumo-
nia TPUBOAUT K 3HAYUTETHHOMY YMEHBIIEHWIO
TIPe/ICTaBUTENbCTBA HEUTPODUIOB, HO HE MaKpo-
(aroB, B GPOHXOAIBBEOISIPHOM JiaBaske. Dapma-
koJsiornueckas nHaktuBanust TNF-o conpoBoskia-
ercst yBeanuenuemM KOE Klebsiella pneumonia
B 19 pa3 B romoreHarax JieroyHol Tkanu u B 13 pa3
B CBIBOPOTKE KPOBU 10 CPABHEHUIO C KOHTPOJIBHOM
rpynnoil XKuBoTHBIX. CHU)KeHUEe aKTUBHOCTH
TNF-o IpUBOAUT HE TOJIBKO K YBEJTUYEHHIO OaK-
TepUabHON HATPY3KW B JIETOYHOW TKaHU, HO W
K CHIDKEHHMIO BBIKMBAEMOCTH WH(MUIIMPOBAHHBIX
KuBoTHBIX [54]. Ilpomykimss TNF-o sBisercs
MyD88-3aBucumotii peakmueii. Uuadunmuposanue
6axrepusimu Klebsiella pneumonia anbBeoIsIpHBIX
Makpo(haros yesoBeKa, IpeaBapuTesbHo 00pabo-
tTaHHBIX ~ MyD88-00KkupyommmM  menTuaoM,
COMPOBO:KIaeTcst 6osiee HU3KUM YPOBHEM CHHTE32
TNF-o, IL-6 u IL-8 [11]. I HaobopoT — BBeaeHMe
ak30reHHoro TNF-0l IpUBOANT K yBEJIMYEHUIO KJIU-
penca Oaxrepuii Klebsiella pneumonia wn ypoBHs
BbIKUBAEMOCTU MH(PUITMPOBAHHBIX MbITIel [53].

Mpimu, saumennsie  perentopa TNFR1
(Thfr1"), orimyaroTcs 04eHb BHICOKOH JIeTabHO-
CTBIO TI0CJIE BHYTPUBEHHOTO BBe/leHUsT OaKTepuil
Klebsiella pneumonia. TIpencraBisier MHTEPEC TOT
dakt, uro y Mpimeid Thfr1’ B 1epBble TpU JHS
nocse unduuuposanust Klebsiella pneumonia 6ax-
TepuabHasl HAarpy3Ka B JIETOYHOW TKaHU He TIpe-
BBIIIIAET TAKOBYI0, HAOJIIOAEMYTO Y MBIIIEH TUKO-
ro tuna. OTINYUTENHHON 0COOEHHOCTHIO MbITITEN
Tnfr1" saBisiercst oBbINIeHHas TpoAyKims 11L-12,
TNF-o, IFN-y nu xemokunoB (CCL2, CCLS3,
CCL4) na npotstzkenun nepBbix 24 yacos u [IFN-y
Ha 3 cyrkm mocae wHbunuposauus Klebsiella
pneumonia [63].

HNurepdeponn

Passutue nuesmoHuu, BbizBaHHOil Klebsiella
pneumoniae, CONPOBOXKAAETCS BO30YKIACHUEM
TLR (TLR2, TLR4, TLR6, TLR9) n riurorniazma-
TUYECKUX 00pa3-pacro3HAONINX PEIENTOPOB:
NLR, /IHK-cercopoB, akTUBUPYIONTUX CUTHAJb-
Hble IIyTH, KOTOPble TPUBOJAAT K TPAHCKPUIIIAU
untepdeponoseix reHoB [97]. Murepdeponsr,
CUHTE3 KOTOPBIX SBJISIETCS XapaKTePHBIM IIPO-
SIBJIECHWEM THEBMOHWW, WTPAIOT CYIMIECTBEHHYIO
POJIb B peain3aini aHTUOAKTePUATbHON 3aINTHI,
PasBUTHUN a/IEKBATHOTO BOCIIAJIUTEJILHOTO ITPOIiec-
ca u umMmMmyHHoro oteta. IFN monynupyioT Tpan-
ckpunimio [FN-ctumymupyemsix renos (ISG),
KOTOPBIE OTIPe/IesITIOT YPOBEHb aKTUBHOCTU aHTH-
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GaxTepuabHOI 3auuThl o1 Klebsiella pneumoniae,
nuToToKCcuYeckoit axkTuBHOCTU NK-KI€TOK U
nurotokenueckux T-mumdoruros (CTL).

Nurepdeponsi I Tuna

B orBer Ha uaaykmmio PAMP Klebsiella pneu-
moniae Bce s/iepHbIE, B TOM 4ncye U Majoaudde-
PEHIIMPOBAHHBIE, KJIETKN OPTaHU3Ma MPOAYIUPY-
foT IFN I tuna. OcuoBHbiM uctounukom [FN I
TUTA B TKAHU JIETKOTO SBJISIOTCS aJIbBEOJISIPHbIE
makpodaru [97].

Holger Hackstein u coast. [36] ycranoBum,
4TO pas3BuUTHE KJIeOCUENTe3HON MHEBMOHUU B
ocTpoii (haze 3abosieBaHUs COMPSIKEHO € YBEJINYE-
HUEM TIPe/ICTAaBUTEIbCTBA MJIa3MaIUTOU/THBIX JICH-
aputHbIx kieTok (plasmacytoid dendritic cell —
pDC), KoTopbie TPOAYLHUPYIOT GOJbIINE OOBEMBI
IFN-o. B ounineHHON KyJabType MyJbMOHAJIbHBIX
pDC, nonyuennnsix ot Klebsiella pneumoniae-wn-
UIMPOBAHHBIX MBIIIEH, OTMeYaeTcsl BBICOKAs
kouterTparugd MPHK IFN-o.

Opnnako canorenernueckasi posb IFN I tuma
npu KjaeOCHenIe3HO MHEBMOHUH JI0 HACTOSIIIETO
BpPEMEHU OCTAETCsI He BBISICHEHHOII.

HNurepdepon I1 Tuna

Pousb TFN-y ipr ocTpbix MH(EKINSX, BbI3BAH-
HBIX BHEKJIETOUHBIMU OAKTePUATbHBIMU MATOTeHA-
MU, JI0 HACTOSIIETO BPEMEHU OCTAETCS Heolpejie-
sieHHoi. Bouio nmokaszato, uro IFN-y cioco6eTByeTt
6aKTepUaTbHOMY KJIMPEHCY MPHU ITHEBMOHUSX,
BBI3BAaHHBIX Streptococcus pneumoniae [62] u Pseu-
domonas aeruginosa [105]. B To ke Bpemst mpoje-
MOHCTPHUPOBAHO, YTO BbIcOKasg mpoaykimg [FN-y
crocoOCTBYeT — HebGJIaronpusaTHOMY — T€YEHUIO
nHbeKINiA, BBI3BaHHBIX Staphylococcus aureus [80].

[Tpu xknebcuestesnoit maeBMonun [FN-y mipes-
craBiger coboil (hakTop, HEOOXOAUMBINA st
peanuzanun 3¢h(EKTUBHOTO TIpollecca BBI3Z0PO-
Biaenus. Tak, Thomas A. Moore u coast. [18]
MPOJIEMOHCTPUPOBAJIU, YTO WHTPATPAXeaTbHOE
BBenerue Oakrepuii  Klebsiella pneumoniae
MbIIIaM ¢ HoKayTom rexa [fng (Ifng" ) conpoBox-
JlaeTcsl 3HAYUTEJNBbHO 0O0Jiee BBICOKMM YPOBHEM
CMEPTHOCTH, Y€M Y MBIIIEi IMKOro TUTA. Y morns-
IUX OT KJIeOCUeJIe3HON MHEBMOHUU HOKAyTHBIX
KUBOTHBIX Habsomaercst 100-kpaTHOe yBesnye-
nue KOE Klebsiella pneumoniae B romoreHarax
JIETKUX B TeYeHWe BYX CYTOK TOcje WHOUIIPO-
BaHus. B 1O e Bpems y mbimeil I[fng” kiebeu-
eie3Hasd MHQEKNUs TPOTeKaeT € IO0CTOBEPHO
MeHee BbIPasKeHHBIM TIOpaskeHueM riedeHu. [urep-
npoaykiuss [FN-y npuBoauT K pasButuio Gakre-
puemun. Tetsushi Toyonaga u coast. [94] npenro-
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JIOKWIIN, 4TO uypeaMepHast npoaykiust [IFN-y ripu-
BOJINT K CHUKEHUIO PE3UCTEHTHOCTU OpPraHu3Ma
K GaKTepHaIbHBIM TATOTEHAM.

Bo Bpemsi kieGcuensie3HON THEBMOHUU
IFN-y, BeposiTHO, NPOAYIIUPYEMbI aKTHUBU-
poBanubivu Thi-umbornmramu, TuMGbOUTHBIMI
ki1eTkamu, B ToM uncie NK-kireTkamu, B3aumo-
nerictByd ¢ penentopom [FNGR1/2; koropsiit
AKCIIpeCCUPYETCs TenaTonuTaMu, 3JHIO0TeJNN-
AJbHBIMU KJIETKaMU, MaKpoharaJibHbIMU KJI€TKa-
mu  Bposuua—Kyndepa, cmnocobersyer doce-
dbopusmpoBannio (HakTOPOB TPAHCKPUIIIUA
STAT1 u STAT3, koTopbie B TOCJeAYIONEM
00pasyioT romMo- WM rerepopumMepsl. [lumepu-
3oBanHbie hopmbl STAT1 u STAT3 tpancnonu-
pyloTCcd B SAAPO KJIETKU U  MOJAYJUPYIOT
AKTUBHOCTH  3KCIPECCUU  MHOTOUYMCIEHHBIX
TEeHOB, YYAaCTBYIONINX B TIPOIlECCE BOCIAJEHMUS.
Tak, IFN-y uHIyMpyeT 3KCIPEeCCU0 HECKOJb-
kux xemokuuoB (CCL20, CXCL5, CXCL9,
CXCL10) wu wmousexyabr aareauun (ICAM-1
u VCAM-1). Klebsiella pneumoniae-accormupo-
BaHHAd WHAYKIUS MPUBOAUT K MOBBIIEHUTO
skcnpeccun CXCL10, ICAM-1 u VCAM-1
B 152, 18 m 25 pas, coorBercTBeHHO. Takike
IFN-y, unayrmpoBanubiii 6akrepusimu Klebsiella
pneumoniae, BBI3BIBAET AaIlONTO3 TeIaTOIN-
TOB [57].

IIporuBoBOCHaNMNTE IbHbIE IMTOKUHBI

CooTHoIIeHNe MeK Ty TTPOBOCTATTUTETHHBIMU 1
MPOTUBOBOCHATUTETHHBIMUA IIUTOKUHAMU — BaXK-
HBIM TIATOTeHETUIeCKU# (paKkTop, ONpenesionnii
pasBuTHe MHOEKIMOHHOTO TIporiecca. OT TaHHOTO
IIUTOKMHOBOTO GajlaHCa 3aBUCSIT TeYEHUE U UCXOJL
HeBMOHWH, BbidBanHoi Klebsiella pneumoniae .

IL-10

Nssectro, uto LPS martorennbix Gaxrepuii B
COCTOSTHUM WMHyIUpoBaTh mpojaykiuio [1L-10,
KOTOPBIN CIIOCOOCTBYET MOJABIEHUIO BOCIIAJIH-
TEJIbHON PeaKIni, MHTUHOUPYST TPOLYKIMIO TIPOBO-
CHAJIUTEIbHBIX ITMTOKUHOB, B 4acTHocTh IL-1J,
IL-6, TNF-a, IFN-y [21,25,44,64]. Taxxe u LPS
Gakrepuii Klebsiella pneumoniae naaynmpyer mpo-
nykimio 11L-10 [78]. Oxnako [L-10-accorumpoBasn-
HOE TT0/IaBJIeHIe BOCTAJIUTETBHO PEaKIny MPeTsiT-
CTBYET KJIMPEHCY WHBA3UBHBIX MUKPOOHBIX TIATOTE-
HOB, B ToM uuciae u Klebsiella pneumoniae [109].
WNurepaeiiknn-10 mpuHUMaeT yyacTrie B peTyJISIin
addeporToza — mporiecca MorIoIeHns Makpoda-
raMu anonToTuYecKknx Heintpodunos [3,48].

ITo muenuio Stephanie L. Poe u coasr. [74],
ms obecriedernst ahdEKTUBHOrO GaKTepuaIbHO-
ro kjaupeHca Heobxomumo orcyrcrBue IL-10 B
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oyare MOPaKeHUs B PaHHUN 1epnoi MHMEKITNOH-
HOTO TIPOIecca M ero 00s13aTesibHOe TIPUCYTCTBIE
B IIEPUOJI€ PEKOHBAJIECIICHITNH 3a00/I€BAHUSI.

YeranosieHo, uto unbuimposanue Klebsiella
pneumoniae COPOBOKIAETCS TTOBBITIEHUEM YPOB-
Ha Kouientparmu MPHK B Tkanm Jsilerkoro kxak
TTPOBOCIIAIUTETbHBIX ITUTOKWUHOB, TaK W TTPOTHUBO-
BocranurenbHoro 1L-10. Konmentpamms mPHK
nnrepJelikuaa 1L-10 pocturaer MakcHMaibHBIX
3HaueHuit yepes 48 yacos 1ocye NHOUIMPOBAHUS.
Brenenmne antu-IL-10-anturesr mpuBOAUT K yCu-
geanto npoayknuu TNF-o, CCL3, CXCL2
U TIOBBITIIEHUIO aKTUBHOCTHU OaKTEPUATBHOTO KJTH-
penca [33].

Corusacto pannbiM uccaenoBanus Stephanie L.
Poe 1 coasr. [74], oqHuM U3 BasKHEUITUX MTPOJLY-
1entoB I1L-10 B Jierounoil Tkanu 1pu Kiebcuesie-
3HOW  WH(MEKIUM  ABASIOTCS  pe3UeHTHDBIE
CD11b*'Gr1™F4/80"-knetku. l3BecTHO, dYTO
remMornoaTryeckue ctBoJoBbie kKiaeTku (hematopo-
ietic stem and progenitor cells — HSPC) B akcrpa-
MeJIYJIISIPHBIX TKAHSX, BKJIIOYas JIETOUHYIO TKaHb,
B mpucytctBun LPS moryt inddepenmmposarbes
B CD11c¢'Grl -xaerkn [51,61]. [lannbie cympec-
COpHBIE KJIETKU MUEJOWIHOTO MPOUCXOKIAECHUS
(myeloid-derived suppressor cell — MDSC) Gr1™
kaeTkr poyupytoT 11L.-10 u yuactBytoT B adhde-
pOIIMTO3€e ANoONTOTUYECKUX HelTpoduioB. Mnre-
PECHO OTMETHUTH, 4TO 3(PDPEPOITUTO3, OCYIIECT-
Basgembii MDSC-nogobupiMu Gr1™ kierkamu,
nuayuupyerca IL-10 na craaum paspemrenus
BOCHAJIUTEJBHOTO IIpolecca. Y  HOKayTHBIX
MBIIIIeN ¢ gesereii reHa hakTopa TPAaHCKPUITIIUU
STAT1 (Stat1” ) BO Bpemst KIeOCHEITIE3HON TTHE-
BMOHUU HaOMIOAeTCsT yBEJUYEHHIE PEACTABY-
tesibetBa MDSC-10I06HBIX KJIETOK W YPOBHS
koHneHTpaiuu [L-10 B ouare nmopaskeHust Jerkux
B COYETaHWU CO CHM)KEHHeM yPOBHS MH(UIbTpa-
1un Heirpodumamu. OHaKo JaHHAS PECTPUKITUS
HeHTPOoUIBHOTO TPUTOKA B OYar BOCHAJIEHUS
JIETKUX HE COINPOBOK/AETCS YBEJIMYEHUEM BEPO-
ATHOCTHU JIeTAJIbHOTO Mcxoa 3abosieBaHust [74].
Stephanie L. Poe u coasr. [74] cauraior, 4T0 MHIH-
OGupoBaHKMe aKTUBHOCTH (hbaKTOpa TPAHCKPHIIIINN
STAT1 B coyeranuu ¢ aHTUOMOTHKOTEpaIUei
MOJKET CTaTh HOBOI TepaneBTUYeCKOU cTpaTerueit
JIeYeHMs] HEKOHTPOJUPYEMON Kjebcuesie3Hoii
MTHEBMOHUM.

[ToBpexknenune JIerOYHOW TKaHU TIPU  KJie-
Ocuesie3Hoit  TTHEBMOHWHM  COMPOBOKIAETCS
BBICBOOOKIeHeM amapMuHOB (damage-associated
molecular pattern — DAMP), B yacTHOCTH Kap/rio-
JIMTTIHA, KOTOPBIH WHTUOUPYET MPOAYKIIUIO TIPO-
tuoBocnajurenbioro I1L-10 CD11b'Ly6G™
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Ly6C"F4/80" kmerkamu. Kapauomunun uHIynm-
pyer cyMouJadgnMIo ((akTopa TPaHCKPUIIIUU
PPAR-y, uro o0yc/iaBjauBaeT peKpyTHpPOBaHUE
penpeccuBnoro NCOR/HDAC3 komiuiekca Ha
npomoTop TeHa IL-10, Ho He HAa MpoMoOTOp TeHa
TN, TeM cambIM ycUaMBasi BOCHATUTEIbHbBIN TTPO-
necc. VIHrmOnpoBaHre aKTHUBHOCTH THUCTOHOBOW
nearerusazbl HDAC3 conpoBoxmaeTcst ycuieHu-
eM IIpolecca aleTuanpoBanus ructona H3
B peruone mnpomotopa [L-10, uro npuBogut
K aKTUBHOCTU TPAaHCKpUIIu rena IL-70 v moBbI-
mernio KonienTparuu 1L-10 B Tkanm mopaskeH-
HOTO JieTKoro. B03MOXHO, TpuMeHeHme JeKap-
CTBEHHBIX CPE/ICTB, BJMAONMX Ha AaKTUBHOCTD
HDAC3, MmoskeT GbITh 11e1ec000pasHbIM IIPH Jiede-
HUK KJI1eOCHeIe3HON THEBMOHIHY, ITPOTEKaomenl
C HEKOHTPOJUPYEMBIM BOCHAJE€HUEM JIeTOUHON
TKanu [14].

3uauenue [L-10 B marorenese kiebcuesnie3HON
MHGEKIUNU TI0Ka3aHO Ha MBIIIUHON MOJIeNH,
JIMIIEHHOW MPOJYKINKU JAHHOTO WHTepJeiKuHa.
YcranoBeHO, YTO BBIKMBAEMOCTb TUKOTO THIIA
Mmbreir pu uHbuUImposannn 1030 100 KOE
Klebsiella pneumoniae cocrasisier 100%, tpu
uHbumpoBanun 6osee Boicokumu go3amu (1000
KOE) — oxono 50%. Mudunuposanue mp030i
meree 100 KOE Klebsiella pneumoniae asnsercs
HEIOCTATOYHBIM JIJ11 MHYKIIUN PAHHETO PeKpYyTH-
pOBaHUsT HEUTPOPUIOB, UTO CIIOCOOCTBYET Pa3BH-
THIO JIETAJTBHOTO WMCXO/a y HOKAYTHBIX MBIIIEH
10".y HOKAYTHBIX MBIIIIEH, TUITEHHBIX TPOYK-
wan 1L-10 (I[70"), ypoBeHb JIeTaqbHOCTH IIPU
Kiebcuesie3sHol  MHEeBMOHUU,  BBI3BAHHOMN
BBICOKUMU I03aMu Gakrepuii Klebsiella pneumoniae,
JOCTOBEPHO HUIKE, YeM Y MBIIIEH [UKOTO THIIA.
Nudunuposanune mnozoit 1000 KOE Klebsiella
pneumoniae CONPOBOKIAETCS paHHEH JeTalIbHO-
CTBIO MBITIIEN JAMKOTO TUTA U 1T03/1Hel (uepe3 144
yaca ¥ Io3se 1ocje nHQUIUpoBaHus) y HOKayT-
HBIX Mblineii 1[70" [74].

YyursiBass, uto runepakcnpeccus [L-10
y HemH(MUITMPOBAHHBIX MBITIEH TTPUBO/IUT K YBEJIH-
qeHunto mpoaykinun The-acconnnpoBaHHBIX HHTEP-
neiiknaoB — 1L-5 u IL-13 u xemokunoB CCL2 u
CCL-3 [86], a mposioHTUPOBAHHAS TUTIEPIKCIIPEC-
cus [L-10 yepes Bzaumoneiicteue CCL2 ¢ CCR2
WHIYIIUPYeT PeKpPyTUpOBaHUe, aKTUBAIO M2-
Mmakpodaros u passutue ¢pudbposa jgerkux [87,99],
u30bITouHast mpoaykiws 1L-10 Moxker M3MeHSTDH
XapakTep caHorenesa KjieOcuese3noi nHheKImn.
Vladislav A. Dolgachev u coasr. [19] npoxemon-
CTPUPOBAJIH, YTO U30bITOUHAs 9Kcnpeccus 1L-10 B
TKaAHW JIETKOTO WHAYIUPYET aJbTepHATUBHYIO
AKTUBAIMIO aJbBeoJIIpHBIX M2-mMakpodaros, uTo
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CHIJKAET aKTUBHOCTh BHYTPHUKJIETOYHOTO OaKTe-
PUATBHOTO KUJJIMHTA ¥ TPUBOAUT K GoJiee BbIpa-
JKEHHOI GaKTepreMUN ¥ TOBBIIEHHON JIeTaTbHO-
CTH TIPU KJI€OCHEIIIE3HOM TTHEBMOHU.

Taxum 06pa3om, usbbrrounas mpoaykiws 1L-10

B PaHHUI TEPHOJ BOCHATUTEIHHOTO IpoIecca
npuBoaANT K M2-caBury MmakpogarajbHOTO (heHo-
THIA U CHUJKAET BHYTPUKJIETOUHBIN KUJTUHT OaK-
tepuii Klebsiella pneumoniae, 4to criocob6cTByeT
Pa3BUTHIO GAKTEPUEMIH M TAHATOTEHE3a Y MBITIEH

JUTEPATYPA

npu Klebsiella pneumoniae-uHayupoBaHHOM
BOCITAJIEHUY JIETKKX. B 1mo3aHeM mepuoe Kiebeu-
eJiIe3HOi mHeBMoHUH TipoyKius 1L-10 obecrieun-
BaeT MPOTEKTUBHOE JIEHCTBUE, TTPEYIPEsK/IaIoNiee
opaskeHre JIeTOYHOM TKaHW, 32 CYeT WHAYKITUU
addepornTosa amoOTOTHYECKUX HEUTPOPUIIOB,
a gepunut IL-10 mpuBoUT K TPOJIOHTUPOBAHHOMY
1 Hea(hHeKTUBHOMY BOCTIAJIUTEbHOMY ITPOIIECCY.
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