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B cmamue na ocnosanuu iumepamypHolx UCMOUHUKO8 NPOOEMOHCMPUPOBANA POJIb KAEMOUHBIX PEAKYULL 6 PA3CUMUU UMMYHIHO020
omeema npu nHeeMonuu, 6vizsannou Pseudomonas aeruginosa. Onucamvl Mexamusmvl peKpymuposanus U axmueauuu
NPOBOCNANUMETDHBIX UMMYHOUUNOS, NPOULCCHL AKMEPUATLHOZ0 KULLUNZA, KOMOPbLe 00ecneuusaiom 3 gexmusnvii canozenes
CUNEZHOTNOT UNDEKUUU U NPEIOMEPALYAIOM HOPMUPOBAHUE XPOHUUECKOZ0 BOCRALUMENHHOZ0 NPOUECC.

Kntoueeswvie cosa: ninesmonus, Pseudomonas aeruginosa, 6axmepuanvnoiil KULLUHZ, UMMYHOUUNMDL.

Posp KkjIeTOYHBIX peaKIuii MpU NMHEBMOHHH,
BbI3BaHHOU pseudomonas aeruginosa

YeroBeyeckue anuTenaIbHbIe KJIECTKA PECIu-
paTOpPHOTO TPaKTa M aJbBEOJISIPHbIE MaKpodaru
ocJIe B3aMMOJEHCTBUS UX 00pa3-paciio3HAIOINX
perenitopoB ¢ PAMP  Pseudomonas aeruginosa
CEKPETUPYIOT P MUTOKNHOB 1 XeMOKWHOB, B TOM
yncyie [L-6, CXCL8 (IL-8) u GM-CSEF, kotopsie
MIPUBJIEKAIOT B OYar BOCHAJIEHUS JIETKUX U /WJIH
AKTUBUPYIOT HECKOJIBKO THUIIOB ITPOBOCIIAJIUTEb-
HBIX KJeTOoK: Makpodaros, Heiirpocdunon, NKT-
KJIETOK, JIEHAPUTHBIX KJIETOK, T-KJIeTOK, obecrie-
yrBaloONMX 3(hHEKTUBHBIN OakTepuanbHBIN K-
perc. OHaKko ype3aMepHas MPOLYKIIHS MTPOBOCIIA-
JINTEJTbHBIX IIMTOKUHOB JMUTETNOIUTAMU MOXKET
MPUBECTH K TIOBPEXKIEHWIO JIETOYHOW TKaHU
PEKPYTUPOBAHHBIMU UMMYHoIuTamu [47,70].
B cBoio ouepenp, bakrepun Pseudomonas aerugi-
nosa, ncroyib3yst mpoaykTel ExoS, ExoT u ExoU
T3SS, MHAYIMPYIOT TATOTEH-aCCOUUPOBAHHBIN
arornTo3 MakpodaroB, HeUTPOGUIOB U ITMUTEH-
AJbHBIX KJIETOK, TOAJEPKUBas OaKTepUaTIbHYIO
KoJioHu3anmio [85].

Maxpogaeu u anveeonsaptvie maxpoazu

Cpeny moTy Iy JIETOYHOUN TKaHW pasJyinda-
I0T PEe3UZICHTHBbIE aAJbBEOJIIPHbIE MaKpodaru
1 PEKPYTHPOBaHHbBIE B JIETOYHYIO TKaHb Makpoda-
I'l, KOTOPbIE€ CYNIECTBEHHO OTJIUYAIOTCS 110 MOP-
dbodyHKIIMOHAIBHBIM TIpU3HaKaM. PekpyTupo-
BaHHbIe Makpodarn y4acTBYIOT B HECKOJIbKUX
npoieccax, MOAYJUPYIOMHUX BOCHAJTUTETbHBIHN
OTBeT: MHAYKIUK auddepeHmanun Makpoharon
B IIpoBOCTIA/IUTEIbHbIE Mi- I TPOTUBOBOCTIAJTH-
TesibHble M2-KJ1eTKH, BO30Yy KaeHnn adepormro-
3a (daromurosa amONTOTUYECKUX  KJIETOK)
U CEeKperun IMMTOKUHOB | 6,82].
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PesunenTtHbie anbpBeossspable Makpodaru mpo-
UCXOSAT OT 9PUTPOMUETONTHBIX MTPENEeCTBEHHN-
KOB, KOTOpBIe B TeueHW AuddepeHnpyoTcs
B HMOPHOHAJIbHBIE MOHOITUTHI, & 3aTEM B JIETOYHON
TaKHU — B aJIbBEOJISIPHBbIE Makpodaru B TepBble
TPU JHS MOCJe poxaeHust pebenka. Maryparus
5MOPUOHAIBHBIX MOHOIUTOB B aJIbBEOJISIPHbBIE
Makpodaru TpoucXoanT B MPUCYTCTBUHN KOJOHU-
eCTUMYJUPYIONIETO TPaHYJIOIUTAPHO-MOHOIIN-
tapHoro (akropa (granulocyte-monocyte colony
stimulating factor — GM-CSF) [38]. B Tkanu 3110-
POBOTO JIETKOTO OJIMH AJTbBEOJISIPHBIN Makpodar
MPUXOUTCS HA KayK/ble TPH ajibBeoJbl [56].

[Toce wHIYKIIMM TATOTE€H-ACCONUMPOBAHHDI-
Mu MoJiekysipabiMu niatrtrepaamu (PAMP) Pseu-
domonas aeruginosa sMATETNANbHBIE KIETKH MPO-
nytupytoT dakrop pocta GM-CSE, crumymmpyio-
nmii augdepeHnupoBKy Makpodaros B IIPOBO-
cnamuTebuble Mi-KJIeTKH, KOTOPBIE UTPAIOT KJTIO-
YeBYyIO POJib B TIporiecce (paroruTo3a maToTeHHbIX
GakTepuil U WHAYKIIUU CIEU(UIECKOTO UMMYH-
HOTO OTBETA, a TaKKe B PEKPYTUPOBAHUM U AKTH-
BaIlUU IPYTUX TPOBOCHATUTENbHBIX UMMYHOIIH-
ToB [39,69].

Bos6y:xnenne PAMP Pseudomonas aeruginosa
TLR ambBeossspHBIX MakpodaroB TMTPUBOIUAT
K CEKPEeINU UMU TTPOBOCTATTUTETHHBIX IUTOKITHOB
(TNF-0, IL-6) 1 HEKOTOPHIX XEMOKMHOB, B YaCT-
HOCTH MakKpodaraJabHOTO TPOBOCIATIUTEIHHOTO
nporenna 1o (CCL3/MIP-1a), axtuBHO
pexpyTupyioniero Heirtpoduist [78,84]. Mndex-
IIMOHHBINA TIPOIlecc, BbI3BaHHBIN Pseudomonas
aeruginosa, y HOKayTHBIX Mblmeii Mcpl™”
COTIPOBOJK/IAETCS HApYyIIeHNeM OaKTepPHUaTbHOTO
KJIMPEHCa, yCUJIeHueM TIu0en KJIeTOK JIETKUX
U 3HAYUTEJbHBIM JIECTPYKTHUBHBIM IOPAKEHUEM
gerouynoit Tkauu [7]. IlorenmumanpHas poJb
Makpodaros B obecrieuernn kauperca Pseudomo-
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nas aeruginosa Takyke MOITBEP/KIAETCS TaHHBIMU
vcc/eloBaHUs HOKAYTHBIX Mbimieit Mmp287°,
y KOTOPBIX HabJogaeTcst AedUIUT MeTaIonpo
TenHa3bl BMUJIU3UHA. Y HOKAYTHBIX MBIIIEi
Mmp28~/-nabmonaercs Gosee ObICTPOE PEKPYTHU-
poBaHUe MakKpo(haroB B JIETOUYHYIO TKaHb, 4eM
y MbIIIel UKOTo Thna [34].

DaronuTos M MOCJAEAYIOMMWH aloNnTo3 aJib-
BEOJISIPHBIX Makpodaros, IOrIOTUBIINX Oak-
TepuasbHble MH(EKTHI, UTPAaeT BaXHYIO POJib B
GaKTepraIbHOM KJIMPEHCE BO BPEMs MTHEBMOHUH,
MHAyIMpoBanHoil Pseudomonas aeruginosa [42].

OnHako, COrJacHO [MaHHBIM WCCAETOBAHUSI
Dorothy O. Y. Cheung u coasr. [18], axbBeossip-
Hble MaKpodaru He UrpaioT KPUTUIECKOH POJIH B
rnmaToreHe3e CUHETHOWHOW WHQEKINU, TaK Kak
ucTOlleHne uxX mnomyssanuu Ha 88% He Biuser
Ha BBIKHUBAEMOCTb WH(MUIIMPOBAHHBIX MBITIEH,
kiupenc Pseudomonas aeruginosa w3 TkaHeit opra-
HU3Ma (JIETKUX, CeJIe3€HKH, TeYeHH ) U PEKPYTUHT
HEUTPODUIIOB.

Heiumpodgunwt

Heittpodnisl 01HO3HAYHO UTPAIOT IEHTPATTh-
HYIO POJIb B CaHOTeHe3€e CUHETHOWHOW MH(EKINn
pecniuparopHoro tpakrta. Vndeknus, Boi3BanHas
Pseudomonas aeruginosa, y HeATPONEHUYECKUX
9KCIIEPUMEHTAJIbHBIX KUBOTHBIX XapaKTepu3yerT-
¢ KpaillHe HHM3KMM yPOBHEM OaKTepHaJbHOTO
KJaupeHca. B 9acTHOCTH TPOIeMOHCTPUPOBAHO,
YTO UCTOIIEHNE HEUTPODUILHOUN MOMYISAIUN TIPU
MIOMOIIY HazHayeHusd 1ukaodocdamuga nim Bee-
nenns antu-Ly6 (Grl) MOHOKJIOHAJBbHBIX aHTHU-
tes mbimam junun C57BL/6 compoBoxpaercst
MOBBITIIEHNEM BOCTIPUMMYUBOCTU K OU€Hb HU3KUM
no3am (10—-100 KOE/mpImih) pa3iamaHbIX ITaM-
MOB Pseudomonas aeruginosa ¢ TOCTeLYIONIM
pasBUTHEM TsKeJOH MHMEKIUN U BBICOKUM
PHUCKOM JieTaJIbHOTO ncxo/ia. B To ske BpeMs BBejie-
HUE PEKOMOMHAHTHOTO MBIIIUHOTO TPAHYJIO-
IUTAPHOTO KOJOHUECTUMYJUPYIOiero dakropa
CIIOCOOCTBOBAJIO MOBBINIEHUIO YPOBHS BBIKI-
BaeMOCTH WH(MUIIMPOBAHHBIX MbIIIEH € HEUTPO-
nenueil. HokayTHbie Mbiiun Myd88”", y KOTOpBIX
OTCYTCTBYeT PEeKpPYTHUHI HeHTpodusoB B oyar
HopakeHusI peCIMpPaToOpHOro TPaTa, XapaKTepusy-
IOTCS BBICOKON BOCIIPUMMYUBOCTBIO K (haTaqbHO
MpOTeKAIoNell CMHETHOWHOW WHMEKINN JIeTKUX.
AxtuBariusg MyD88-He3aBUCUMOTO TyTH PEKpPY-
TUPOBAaHUS HENUTPODUIOB B pPecHUPaTOPHBII
TPaKT Yy JIaHHBIX MbIIEl NPUBOJUJIA K IOBBIIIIE-
HUTO YPOBHS 3aIIUTHI OT CHHETHONHON WH(MEKITNN
[44]. Takxe y Jofeil ¢ HelTponeHueir, o6yco-
BJICHHON XUMHOTEpaIuei, HabIo1aeTcsl BhICOKast
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JacTOTa BCTPEYAEMOCTH CUHETHOWHOW MHQEKINN
[50]. Cunrartot, uto hakTOpamMHu, OIPeeISTIONITMM
MCXO/] THEBMOHWH, BbI3BaHHOU Pseudomonas aeru-
ginosa, SIBJIFIOTCST YPOBEHb aKTUBHOCTU PEKPYTH-
pPOBaHMS HEUTPOMUIOB B OUar MOPAsKEHUS JIETKUX
U CTelNeHb MACCUBHOCTHM KHWJIJIMHTA OGaKTepwii
PEKPYTUPOBAHHBIMU HelTpoduiamu [47].

OCHOBHBIMU W3 MHOTUX HeUTpodui-pe-
KPyTUPYIOHIUX (PAKTOPOB, CEKPeTUPYEeMbIX II11-
TeJUOIUTaMU  BO  BpeMs  CUHETHOWHOM
nadexnnu, sagiorcs: [L-1B, CXCL8 (IL-8)
STUTENNOINTOB CJAUZUCTON 00OJOUKY pecrupa-
TOPHOTO TPaKTa; a aJTbBEOJIIPHBIX MaKpodaros —
CCL3/MIP-1a. HeiiTpoduas, B OCHOBHOM,
pexpytupyiorcss CXC XxeMOKMHAMU, KOTOpbIe
B3aMMOJIENCTBYIOT C HEUTPO(DUIBHBIMU PETIETTO-
pamu CXCR1 n/umm CXCR2. Pententop CXCR2
OTIOCpeyeT MUTPAINio HEeUTpPo(UIOB K ouary
Bocniasienusi [60,74]. Poap penenropa CXCR1
OCTaeTcsl HeSICHOM, BCJIE/ICTBUE OTCYTCTBUS CIie-
1uIecKuX HHrHOUTOPOB Y HOKAYTHBIX MBITIIEN
Cxcr1” [62]. Cormacuo gannbim M. Carevic
u coasT. [24], y HokayTHbIX Mbimiei Cxcrl”
BO BpeMsS CHUHETHOWHOW WHQEKIUU pecrnu-
paTOPHOrO TpakTa HAOGIOIAETCS HapyIleHue
HeUTpouabHON WHPUABTPAIIMU  JIETOYHOU
TKaHU, ONOCPEJOBAHHON J/leiiCTBUEM aKTHUBHBIX
KucjopojgocogepsKamux Merabonutos (AKM)
u Bo30yxaernem TLRS.

[IpenBapurenbHOe, TPOBeNEHHOE 10 WH(UIU-
poBanusi Pseudomonas aeruginosa, WHTpaTpaxe-
aJibHOEe BBEJIEHUWE MbIIIaM MOHOKJIOHAJTbHBIX
antuten K perentopy CXCR2, koTOpbIil CBA3bI-
Baercsa ¢ CXCLS (IL-8), mpuBoauT K yMmeHblile-
HUIO BBIKMBAEMOCTH WH(MUIMPOBAHHBIX 0COOEi
U yBeJWYeHWIO OaKTepUaJbHOW  HArpy3KH
BO BpeMs 9KCTIEPUMEHTAJbHON OCTPON CUHETHO-
HOU TTHeBMOHMY [23].

Axtusanus perentopoB TLR (TLR2, TLR4
u TLR5) comnpoBokaaeTcss MHTErPUH-3aBUCUMON
anresueii  Helitpodunos [75]. IlpuBneuyenue
HEUTPO(hUIOB B PECTTUPATOPHBIN TPAKT ITPU CUHET-
HOWHOI MH(MEKITNN 3aBUCHUT OT aKTUBHOCTHU TTPEZICTA-
Birennst B2-unrerputos (CD11b, CD18, CD3) [51].

KioueBbIMU MeXaHU3MaMU JIeHiCTBUSL HEUTPO-
(busos, npenonpeesAONIMMI CaHOTeHe3 CUHer-
HOWHOI ITHEBMOHMU, SBJISIIOTCS: BO-IIEPBbIX, BHY-
TPU- U BHEKJIETOYHbII OaKTePUATbHBIN KUJIJIHT,
BO-BTOPBIX, TIPeNOTBpalieHne BO3HUKHOBEHUS
MATOJIOTHYECKON OMOTIJIEHKH, JIeXKalieil B OCHOBE
(opmMupoBaHUs XPOHUYECKOTO MH(MEKIHOHHOTO
mpoliecca.

B ocymiectBiennn G6akTepraiIbHOTO KUJIJIMHTA
HEUTPOUIBI UCTOJAB3YIOT (haronTo3, HEUTPO-
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MIMMYHOAOTI'

OCHOBHBbIE NMPOTEeuHbl rpaHys HeiTpodunoe [22]
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¢dbusbhbie BHeksmeTouHble JoBymiKu (Neutrophil
Extracellular Traps — NET/HBJI), aktuHbie
KHCJIOPO/I- W a30Tcoep:Kaiiime MeTabOHTHI,
AHTUMUKPOOHBIE TIENTUIBI U APYTUe GaKTePUIIH/I-
HbIE CPE/ICTBA.

Dazoyumos

B aronurose BHEKJIETOUHO PACHONOKEHHBIX
GakTepuil y4acTBYIOT Makpodaru, HeHTpOdUIILI,
JIEH/IPUTHBIE KJIETKH, HO OCHOBHOH BKJIaJ B OGakTe-
puasbHbI KupeHe Pseudomonas aeruginosa npus-
HOCUT (DYHKITMOHUPOBaHKe HelTpoduios [9,53,54].

B npormecce daromnurosa 6akTepuil BbIIEASIOT
HECKOJTbKO 3TanoB: 1) cBgA3bIBaHMe OMCOHU3UPO-
BAHHBIX YACTHUI] TPU PEKOTHUIINN CTIETN(PUIeCcKn-

54

MU pellenTopamu; 2) akTuBaius MeMOpaHbl (haro-
1uTa; 3) HHTEepHAIU3AISA OAKTEPUN 1 3UTITIEPUHT
MeMOpa#bl (haroruTa; 4) obpasoBanue harocoMbr;
5) dopmupoBanue ¢Garoan3ocombl; 6) KHUIIUHT
naToreHa; 7) aJMMIHAIINAS TTPOJYKTOB PacIierie-
Hud [37,66].

[IpencraBisier untepec TOT (akT, 4TO TPHU
unBasun u daromnurose Pseudomonas aeruginosa
WCTIOJIB3YETCST BHYTPUKIETOUHBIN (hochomHo3nT-
un-3-kwHasubiii (phosphoinositide 3-kinase —
PI3K) curnambublii myTh. Bo Bpemst nnBazum 6ak-
tepun  Pseudomonas aeruginosa aKTUBUPYIOT
PI3K, a Bo Bpems (haronntosa mponucxopuT 1moja-
BieHue akTuBHocTu PI3K-curmampuoro myTn.
Kunasa PI3K npeo6Gpasyer memOpanmbiii hocda-
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MMMYHOAOTI'A

AHTMNOpPTEP

2CI-

okcupaseii
komnnekc (Rac)
e

HAO®H?

HAQ®™ + H* MPOTOHHBIM
MekcozomoHocochaTHbIN p?ca?-{an
WYHT

Puc. 1. Yqactve HAL®OH okcuaasbl B perynaumy pH v KOHUEHTpaumyn MoHOB B dparocome [25]

Ipumevanue: CIC — Cl~ /H*

tuauanHo3uTosr O6ucdocdar (bisphosphate —
PIP2) B docharupnnunosuron tpudochar
(triphosphate — PIP3), koTopbiii mpeacTaBisieT
coboii simranz st kuHasel Akt. Yeusnenue aktus-
Hoctu PI3K /Akt-curaaibHOrO 1IyTH 3a CUeT Jelie-
1M TeHa peryasaTopHoit dhocdaraser Pren (romo-
sor ¢ocdarassl 1 TensuHa — phosphatase and
tensin homolog), koropasi npeobpasyer PIP3
obpatho B PIP2, y MbliiIeii COIPOBOKIAETCS TOBbI-
meHueM ypoBHst (harorurosa bakrepuii Pseudomo-
nas aeruginosa B peciipaTopHOM TpakTe [72].

Buympuxnemounwviti kuniumez

Daronuros Heiitpodunramu Gakrepuii Pseudo-
monas aeruginosa COTpPOBOKIAETCS BBICBOOOIK 1€~
HUEeM B (harosim30CcoMy SH3MMOB, aHTHOAKTEPUAITb-
HBIX TTPOIYKTOB, XPAaHATIIUXCS B BUIE TPAHYJI, Mac-
CUBHOM TeHepalneil ak TMBHBIX KUCJIOPO/ICOIepsKa-
MuX MeTaboJUTOB MEMOPAHHO-ACCOIIMUPOBAHHOM
HA/I®-okcumaasoii, KoTopbie 00yCIaBINBAIOT
ru6esb MaToreHoB.

Heiitpoduisl comep:kaT HECKOIBKO TOATUIIOB
TpaHyJ, KOTOpble TOAPA3/ENdI0TCS Ha: TepBUY-
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antunoprep; MPO — Mmuenonepoxcuasa.

Hble, WJaN a3ypoduibHbIE IIEPOKCUIAZ0II0II0-
JKUTEJIbHBIE, COJIepsKalllie MUEJONePOKCU/IA3y
(myeloperoxidase — MPO), u cueruduyeckue,
W BTOPUYHBIE, TEPOKCUIA300TPUIIATETbHbIE
rpaHyJiel [22].

Heittpoduisl comepkaT HECKOTBKO TTOATUTIOB
TpaHyJ, KOTOpBIE [OJPA3/AESIOTCS Ha: Iep-
BUYHBIE, WM a3ypodubHble TEPOKCUIA30110JI0-
JKUTEJIbHBIE, COJIePIKalie MUEJONePOKCUIA3Y
(myeloperoxidase — MPO), u cueruduueckue,
W BTOPUYHBIE, TEPOKCUIA300TPUIIATETHHbIE
rpaHyJiel [22].

OcHOBHOI KWJLTMHT GaKTepuil B (harocome ocy-
niecTBisiercd 3a cueT dyHkimonupoBanuga MPO
u, B Kakoi-to cremnenu, HAJID-okcupassl.
®epment MPO gBisiercst ogHuM U3 HanboJiee
pacrpocTpaHeHHBIX TPOTEMHOB B HEUTPOPUIBHBIX
a3ypoUIbHBIX TPaHyJiaX, OH KaTaJIU3UPYeT OKU-
cJIeHUe TaJON/I0B B TIPUCYTCTBUH HMEPEKUCH BOJIO-
pona ¢ 06pa3oBaHMEM XJIOPHOBATHCTOM KHUCJIOTHI,
KOTOpast 00/1a/1aeT BHIPAKEHHBIM OaKTEPUIHTHBIM
neficTBUEM, B TOM 4YHCJE OKa3biBasg BJUSIHUE
u Ha manouku Pseudomonas aeruginosa [59,67,77].
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Heiitpodpuabnas HAJ[D-okcugasa mnpexacra-
BJISIET COOOI MHOTOKOMIIOHEHTHBII (hepMEHTHBII
KOMILJIEKC, KOTOPBIN TMEePEHOCUT IJTEKTPOHBI C
HAJI®H na MoJeKyJIApHBIH KHUCJIOPOJI, TeM
CaMBbIM TEHEpUpysl CYNePOKCHUI-aHUOH, KOTOPBIN
nopoxgaer AKM, obiagaionie GakTepUIInIHbIM
netictBueM. Noemi Cifani u coasr. [73] moctoBep-
HO Tokaszanu, 4yto reHepanuss AKM crocoberByer
rubeii BHYTPUKJIETOYHBIX Oaktepuii Pseudomo-
nas aeruginosa.

lenepupyembie NOX2 AKM, nuamensis BHyTpu-
darocomampubIll ypoBeHb pH, KoHIIEHTparuio
MOHOB BOJIOPOJIa M KaJIust, 00yCIaBJINBAIOT THOETH
MaTOTEHHBIX MWKPOOPTAHU3MOB. AKTUBAIUSA
NOX2 npuBOAUT K yBEJWYEHWIO KOHIIEHTPAIUU
O?* B (darocomax M, Kak CJ€ACTBHE, K IOBBI-
meHuto yposHsi pH. YcraHoBieHo, 4TO 1OBbIIIIe-
Hue Konienrtpaiun O?° B (darognsocome compo-
BOXK/IaeTCSI yBeTUYEHWEM KaK KOHIEHTpaIuu
nonoB K7, tak u yposusa pH. Axrusanus NOX2
acCOIMUPOBAHA C KOMITEHCATOPHBIM YCHUJIEHUEM
nputoka B arocomy nonoB H™ u K', uro nsme-
HSIeT OCMOJIIPHOCTH CpeIbl U yBEJMYNBAET
ahOUHHOCTD KATHOHHBIX TPOTEas, CIOCOOCTBYS
MOBBINIEHNI0 aKTUBHOCTH OaKTEPUATBHOTO KHUJI-
suara. [1lesounble ycaoBug W BbICOKUI YPOBEHb
KoHIleHTpanuu K ycuinuBaioT mpoteosutuye-
CKYIO JZIesITeJIbHOCTD 3JlacTa3bl U KarencuHa G —
MOIIHBIX 2((PEKTOPOB mpoiiecca HaKTepUaTbHOTO
kuammHTa (puc. 1) [14].

Opnaxo, corimacHo mauabiM David P. Speert
u coanT. [45], aktuBHocth HAJlD-okcumasnol,
reHepanys CynepoKcu-aHMuoOHa 1 IePeKncH BOJIO-
po/ila He OKa3bIBAIOT KPUTHMYECKOTO BJIMSHUS Ha
ruGesib BHYTPUKJIETOUHO PACIIONOKEHHBIX GaKTe-
puii Pseudomonas aeruginosa.

Buexnemounvuii kunnume

Oxnum u3 BakHeHux (HakTopoB, obecredn-
BAIONNX KWJITMHT OaKTEPUi, SIBISIIOTCS aKTHB-
Hble aszorcojepskaiiue Merabosuter (AAM) [2].
Monoxcun azora (NO), reHepupyeMbIit UHIYIN-
6enbHOI WM MakpodaraabHONU HUTPOOKCH]I-
cuntazoii (iNOS, mNOS, NOS:), ob6mazaer
3HAYUTEIBHBIM OAKTEPHUIIMIHBIM [TOTEHIHAIOM,
HaIpaBJieHHbIM IPOTUB Pseudomonas aeruginosa.
Nunynubenprass Hutpookcuacunraza (iNOS,
NOS2) skcrnpeccupyercst He TOJbKO HEUTpodH-
JlaM|, HO 1 MakpodaraMu, I TETNOTUTAMH PeC-
UPATOPHOTO TPAKTa, KapAMOMHOIUTAMHU, TJIU-
AJbHBIMM KJIETKAMU, MUOIIUTAMK COCY/I0B, 9H/I0-
tTesuonuTaMu M Heiiponamu [15]. Mexanusm
GaxTepuiuanoro aeiicreuss NO* ocraercss Hepo-
ctaTouyHo wusydeHHbIM. I[lokazano, uto NO-,
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MPSIMO BCTyTas B PEAKIUIO C JKeJie30- ¥ THOJICO-
JepKalMMU PErMOHaMM MoJIeKyJl (hepMEeHTOB,
KOTOpble YYacCTBYIOT B MHUTOXOH/PUATbHOM
noixanuu, permmkanun JHK wndexknmonnsix
ATeHTOB, MPOSIBJISIET MPsSIMOe OAKTEPUIIHIHOE
neiictBue [55]. Biusnue AKM na wndeknon-
HbIe areHThl TaKKe CBSI3aHO CO CKOPOCTBIO WX
B3aumojelictBusg ¢ AAM, KoTopoe TIPUBOAUT K
obpasoBanuio nepokcuaurpura ONOO™ [35]. B
HACTOsIIlee BPeMs TIPE/ICTaBIEHO HOBOE TIOHUMA-
HUe CMHEPTU3Ma JeHCTBUSA aKTUBHBIX PAJNKATIOB
KUCJIOPO/Ia W a30Ta B HecnelupuiecKoi 3anmTe
opranusma [36]. Teneparus NO* u O?* npoucx-
OJIUT TIPAKTUYECKH B IKBUMOJIIPHOM KOJIMYe-
ctBe. bamanc B ypoBHe u temnax rerepaiuu NO*
u O?° 1pu pa3BUTUU OKUCHUIATUBHOTO B3PbIBA
nMeeT pemiaioiiee 3HaueHne B (HOPMUPOBAHUM
AJIUTUBHOTO Pe3yJbTaTa UX COBMECTHOTO BJIHUS-
Hug. OIHOBpeMeHHas MPOAYKITNS MakpodaraMu
U STUTEJINONUTAMU MTPAKTHYECKN B 9KBUMOJISP-
HOM COOTHOIIEHWU CYIIEPOKCHIHOTO aHUOHA
pagukasa u NO® npuBoauT K 06pasoBaHUIO
nepokcunurpura ONOO', 6Gojiee TOKCHYHOIO,
gem NO°, 111 60JIbIIMHCTBA OaKTEPUATBHBIX, a
TaKKe BUPYCHBIX areHTOB.

YeranosisieHo, urto uarn6ouposanue iNOS npu
MOMOIIN  S-MeTUJI-U30TUOMOYEBUHBI Y MBbIIIIei
C CUHETHOWHOW wWH@EKIMel pecrnupaTtopHOTO
TpaKTa CHUIKAET YPOBEHb BBIKMBAEMOCTU U TPU-
BOJUT K YBEJMUYEHUIO OaKTepUalbHON HarpysKu
B JierouyHOl TKaHu [29]. B To ke BpeMsi BibIXaHue
sk30reHHOr0o NO MPUBOIUT K CHUKEHHIO OaKTe-
pUAJbHON HArPy3KW Y KPBIC C TTHEBMOHWUEH,
BbI3BaHHO# Pseudomonas aeruginosa [32,46].
Monokcug asora o0JagaeT MOIHOW aKTHBHO-
CTBIO, TIPENATCTBYIONIEH (POPMUPOBAHUIO TTATOJIO-
IrMYecKoil OMoIIeHKN OakTepusimu Pseudomonas
aeruginosa [ 76].

I'panysibl HEHTPODOUIOB comEpKAT JOCTATOUHO
HMIUPOKUH CHEKTP MeCTPYKTUBHO JEHCTBYIOIINX
(dbepMeHTOB 1 OGaKTEPUIIUIHBIX BEHIECTB, YacTb
KOTOPBIX CEKPETHPYeTCs BO BHEKJIETOYHOE TIPO-
cTpaHcTBO (Tabur.).

Tax, azypoduibHbie TpaHyJbl HEUTPODUIOB
cofiep:KaT MpeICTaBUTENIei ceMeliCTBa CEPUHOBBIX
nporeas: HeHTpoduabHyIo asacrasdy, karencun G
U MpoTenHasy 3, KOTOPble CIIOCOOHBI HAPYIIAThH
I[EJIOCTHOCTDh cTeHOK Oakrepuii [49]. OcHOBHOI
BKJIAJl B TIPOIECC BHEKJIETOYHOTO KUJIJIMHTA
Pseudomonas aeruginosa BHOCUT HEHTPODUIbHAS
asactasa [52]. Tim O. Hirche u coasr. [61] ycra-
HOBWJIM, YTO TapreTHbIM CyOCTpaToM HEHTpo-
bubHOI B1acTa3bl ABJSETCA IIaBHBIN TpoTenH F
HapyKHOH MeMOpaHbl (major outer membrane
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Pseudomonas aeruginosa
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protein F OprF) Pseudomonas aeruginosa.
ABTOpBI TIPOJIEMOHCTPUPOBAJIHA, YTO HOKAYTHbBIE
MBI Ne /-, JIUIIEHHbIE 3J1acTa3bl HEUTPODUIOB,
OTJINYAIOTCSI OT MBIIIEH JUKOTO THIIA HOBBIIIEH-
HOIl BOCHIPUUMYHMBOCTBIO K Pseudomonas aerugi-
n0sa N BBICOKUM PHUCKOM Pa3BUTHUSA OCTPOI IHe-
BMonun. OmHako HeUTpoduUIbHBIE CEepUHOBbLIE
MpoTeasbl TPW CUHETHOWHON WHGEKINN TakKe
MOTYT CIIOCOOCTBOBATH PAa3BUTHIO BOCIAJIEHWSI,
MOBpesKIast TKaH! coOCTBeHHOTO opranuama [80].

Heiitpopuabusie  o-gedensunnt  (HNP)
AKTUBHO y4aCTBYIOT B aHTHOAKTEPUATIbHON 3all[H-
Te. B azypodunpusix rpanysax HeHTpoduios
yesoBeka mnpeobsagaer conepskanne HNP-1,
HNP-2 naj xonmmuecTBOM APYrux oO.-fe)eH3nHO-
BbIX IenTuaoB. [ledeH3nHbl MPOSABIAIOT BbIpa-
JKEHHYTI0 OaKTEPUITUIHYIO aKTUBHOCTD 110 OTHOIIIE-
HUIO KaK K TPAaMOTPHUIIATEbHBIM, TaK U IPaMIIOJIO-
JKUTENbHBIM OakTepusiM. Dakrtepunuanoe eii-
cTBUe JlebeH3UHOB TIPOSBIISeTCs Yepe3 3—4 daca
OT MOMeHTa WH(UIMPOBAHUS U PeATU3YeTCs
B BU/Ie MHOTOCTYIIEHYATOIO IIpoliecca, KOTOPBIi
BKJIIOYAET B ceOsl HETOCPEACTBEHHOE B3anMOJIEli-
ctBUe Jle)eH3UHOB ¢ WHQEKIMOHHBIM areHTOM,
nopooOpasoBaHue B KJIETOYHOI MeMOpaHe GakTe-
puii, WHTEePHATU3ANNI0 MOJIEKYJ medeH3nHa
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C MOCJAEYIOIUM aHTuMeTaboandeckuM addek-
Tom. [lepBuunoe B3ammoseiicTBre maeheH3MHOB C
MHGEKIIMOHHBIMU areHTaMu 00YCJIOBJIEHO dJIeK-
TPOCTATUIECKUMU CUIaMU (TTETITU/IBI HECYT TOJIO-
JKUTEJIBHBII, a MOBEPXHOCTh OaKTEPUAIBHON MEM-
OpaHbl — OTPHIIATEJIbHBINA 3apsi) U crenudurye-
CKUM B3amMo/ieiicTBueM eheH3MHOBBIX TeNTH-
TIOB C OTIPEICIEHHBIMU MOJIEKYJISIPHBIMU JIeTep-
MUHAHTaMU OaKTepuajbHOI MeMmOpanbl. bBakre-
PUIUIHOCTD TPAKTUYECKH BceX e(eH3UHOB,
uckmouass HBD-3, 3aBucut or KoHIEHTpamuu
NaCl. TIpu koumenrtpaimuu NaCl  Borme
150 MKMOJTb/JT IPOUCXOIUT TOCTOBEPHOE CHIKE-
Hue aktuBHOCTH AedensuHoB [3]. Y GonbHBIX
C CUHETHOWHOW wWHdeKIMell pecnupaTopHOTO
TpaKTa HaOJI0aeTCsl 3HAYNTENbHOE TTOBBIIIEHUE
cozep:kaHusl HeUTPOGUIbHBIX Je(EeH3MHOB JaKe
B OPOHX0ATbBEOJISIPHOI JKugKOCTH [33].
JlaktoepprH, Kak KOMITOHEHT TIEPBON JIMHUN
MPOTUBOMH(BEKITMOHHOM 3AIUTBI, TIPOSIBJISAET OaK-
TEPUOCTATUYECKOE U OAKTEPUIMIHOE JEHCTBIE.
bakrepuocraruueckoe nelicTBue JakToheppuHa
00yCJIOBJIEHO BBICOKUM a(UHUTETOM €ro MoJie-
KyJbl K noHam Fe’'. CexkBectparius skesesa mpuBo-
JUT K CHY)KEHWIO KOHIIeHTpaluu noHos Fe”, uro
oOyciaBiuBaeT MHrUOMPOBaHKME pocTa OaKTe-
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pUaNbHBIX KOJIOHWI. DBaktepuinpHoe melicTBHE
JakTodeppruHa CBS3aHO C HEMOCPEJACTBEHHBIM
B3aMMO/IENICTBUEM TIOJIOKUTEIHHO 3aPSZKEHHOTO
N-TepMUHAJIBHOTO JIOMEHA €ro  MOJIEKYJIbI
C OTPUTIATETHHO 3aPSKEHHBIMU JIUTIMIAMHU MEM-
OpaHbl GaKTepwii, YTO MPUBOIAMUT K JETOJSIPH3a-
1 MeMOpaHbl W BBIXOAY U3 OGaKTepuaJbHOI
kaetkn nonoB K. Jlns makTodepprHa xapakrep-
HAa YyHUKaJIbHAs AHTUIJIEHOYHAsT aKTHUBHOCTD.
BakrepuanbHas OMOIIEHKaA HPEACTABISeT coOOI
KOJIOHUY TIPUKPETJICHHBIX K TOBEPXHOCTH KJIETOK
MaKpoopranmsMa OakTepuii, KOTOpbie, Kak B (QyT-
JIIp, 3aKJII0YeHbl B THAPATUPOBAHHYIO TIOJH-
MepHylo Matpuity. VI3BeCTHO, 4TO CUTHAJIOM JIJIst
dbopmupoBanus  OGakTepUATbHOI  OUOILIEHKN
SIBJISIETCSI OTIpejiesieHHasi KOHIEHTPAIUsl MOHU3U-
poBanHOrO Xejesza. CHUKeHME KOHIIEHTpAIUN
MOHOB JKeJie3a 3a CYeT CeKBeCTPUPYIONell aKTHB-
HOCTH JIaKTO(epprHa 00yCIaBINBAET M3MEHEHUE
TUIA JABWKeHUs] (GUMOPHIT TPaMOTPHIIATEIbHBIX
6akrepuii. [TokazaHo, YTO JaHHBIN THIT ABVKEHIS
dbumMOpuii, B yactHoctu y Pseudomonas aeruginosa,
HE M03BOJIsIeT OAKTEPUHN TIPUKPEIUTHCS K TIOBEPX-
HOCTH KJIETOK XO35TMHA W HayaTh (popMupoBaHUe
MUKPOKOJIOHUT, 32 CYET YeTO MOABISETCS Pa3Bu-
THe OaKTepuaIbHOI OMOIIEHKH. AHTUILIEHOYHAST
AKTUBHOCTH JlakTOepprHa HabJ0faeTcs aaxke
Npu  OYeHb HHU3KOW €ro  KOHIEHTPaIUuH
(0,02 mr/mun). IIpsamoe noxasieHue pocra OakTe-
puii hUKCUpyeTcs TPy 3HAYUTENBHO OoJiee BBICO-
KX KOHIIEHTpalugaX JakTodeppura (BbIIIE
B 11s1Th 1 Goutee pa3) [1,8,10,11].

Bo Bpemst mHdeKIMOHHOTO Tpoliecca B yCJio-
BUSIX, TIPM KOTOPBIX HEUTPOMUIIBI HE TOCTUTAIOT
a3 peKTUBHOTO KUJITUHTA TTPU TTIOMOTITN KJIaccuye-
CKMX MeXaHU3MOB (arorurTo3a WM eTpaHyJisd-
uu, nox BiausgHneM AKM, KOMILIEKCOB aHTUTeH-
AHTUTEJO, OHM <«BBIOPACHIBAIOT» CETEBH/IHBIE
obpasosanust, HBJI [63]. Takske HBJI o6pasyior-
cs TIPpU aKTHBALUU HEUTPOhUIoB HopOOIMUpPH-
crararieratoM, CXCLS/IL-8 u HekoTtopbiMu
PAMP, B yactnoctu LPS. Boiopoc HBJI compo-
BOoKIaeTcs rubenbio HelTpodunos — HBJIozom
U BBICBOOOKIEHUEM OOJIBIIIOrO KOJUYECTBA Pas-
JINYHBIX OMOJIOTUYECKN aKTUBHBIX BEIIECTB, B TOM
grcjie 00JafalonuX aHTHOAKTEPUAIbHON, aHTH-
rpUGKOBOIT U TIPOTHBOBUPYCHOI aKTUBHOCTBIO [31].
HBJI nipecrasisiior coboit cetn 3 TIaIKIX BOJIO-
KOH ¢ jauameTpoM 15—17 HM, KOTOpBIE COCTOSIT
U3 JIEKOH/ICHCUPOBAHHOTO XPOMATHUHA U CO/EpIKaT
PpasHOOOPasHbIE MENTH/IbI 1 AHTUMUKPOOHBIE (haKTO-
pet (BPI, L37, agpenomenynimuH, a3yporujan,
ructoust H1, H2A, H2B, H3 H4, xenartunasy,
KaJIMPOTEKTHH, KaTayiasy, Katericui G, Jjakrodep-
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puH, smzonuM, MPO, Mrosun-9, HeiiTpohuibHy0
anacrazy). JIHK aBiisieTcst OCHOBHBIM CTPYKTYPHBIM
komronerntom HBJI. O6beMHast ceteBasi CTpyKTypa
HBJI obecrieunBaer (puKcaiuio maToreHos, a BbICO-
Kast JIOKaJbHash KOHIIEHTPAIUs aHTUMHKPOOHBIX
Bemniects — rudesb Mukpoopranusmos. HBJI-acco-
[IMAPOBAHHBIN OAKTEPUATBHDIN KUJUIHHT SIBJISIETCST
BBICOKO()(EKTUBHBIM MEXaHU3MOM YHUYTOKEHUS
TPAMIIOJIO;KUTETBHBIX M TPAMOTPHIATETbHBIX OAKTe-
pHii, B TOM 4YHCJIe U TAKUX PECITMPATOPHOTPOITHBIX
UH(MEKIMOHHBIX areHToB, Kak Pseudomonas aerugi-
nosa [31,71].

Yeranosaeno, uro Escherichia coli, Klebsiella
pneumonia u Candida albicans BbICOKOYYBCTBU-
tebabl kK HBJI-omocpenoBaHHOMY KHJIJIMHTY,
a Streptococcus pneumoniae, Haemophilus influen-
zae, Streptococcus pyogenes, Neisseria meningitides,
Mycobacterium  tuberculosis,  Staphylococcus
aureus, Staphylococcus epidermidis n Yersinia pestis
IPOSIBJIIOT K €r0 JeCTBUIO JOCTAaTOUHYIO Pe3u-
cTeHTHOCTh [21]. B TO ke BpeMms 4yBCTBUTENb-
HocTh Pseudomonas aeruginosa xk HBJI-onocpeo-
BaHHOMY KWJIIMHTY 3aBUCHUT OT ITaMMa Oakre-
puii. Tak, wnBasuBHbe MWTaMMbl Pseudomonas
aeruginosa xopoino 3axsartbiBatorcsi  HBJI,
HO pesucteHTHb K HBJI-onocpenrosannomy kus-
JIHTY, & IIUTOTOKCUYECKUE MITaMMbl Pseudomonas
aeruginosa yckosib3aior ot 3axsata HBJI [30].

Hamypanvnwvie kunnepol

Shahrzad Lighvani u coasr. [81] nokazasu, uto
CUHETHOIHAs WHMEKIUS COMPOBOK/IAETCS aKTH-
BaIrell HaTypaJbHbIX Kujiepos (natural killer —
NK). NK-kjeTkn npeacTaBisior coboii IUTOTO-
Kerueckre JuM@oniHble UMMYHOIIUTBI, 9KCIIpec-
cupyitomue somesonepmun (Eomes) u daxrop
tparckpuniuu T-6okc (T-bet) u mpomyiupyio-
e IMUTOKWHBI, TPEUMYIIEeCTBEHHO TTPOBOCTIATH-
tesabable TNF u IFN-y, HO MoryT ipo/iy1riupoBaTh
1 TIPOTUBOBOCHIAJINTENBHBIN MHTepaelikun [1.-10.
OcnoBubiM MapkepoMm NK-kietok gBisiercs
CD11b [73]. ¥V denoBeka KJIETKH ¢ (PEHOTUIIOM
Lin-CD34+CD38+CD123-
CD45RA+CD7+CD10+CD127- nuddepeniiu-
pYIOTCS UCKJIIOYUTENbHO B IIuToTOKCHYeckue NK-
knetkn [40]. Hutorokcmueckne NK-kiaeTkun
BBITIOJIHSIOT BAKHYIO POJIb B ITpollecce caHoreHe3a
CUHETHONHOM MH(MEKITNN — OHM 3a CYET CeKPeInn
IIUTOKIMHOB PETYJAUPYIOT aKTUBHOCTH MMMYHOITH -
TOB W TPOAYIHUPYIOT OGaKTEPUIUAHBIE CYOCTaH-
. Scott C. Wesselkamper u coast. [64] ycrano-
BUIM, 4yTo NK-KJIeTKU BJSIOTCS MOIyJsaIuei
JUM@OIMTOB, KOTOPAs IPU aKTUBAIH pelenTopa
NKG2D mupoayiupyer ocuoBHOii 06beM IFN-y
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B OTBET HA CHHETHOWMHY0 NH(EKITUIO peciiupaTop-
Horo TpakTa. TLR-3aBucnmas sxcrpeccus jerod-
HBIMM 3IUTEJNAIBHBIMU KJIETKAMU U aJbBeOJIsSIP-
HbIMU Makpodaramu Juraiga (retinoic acid early
transcript 1, alpha) x pemnenropy NKG2D
NK-k7eTok BO BpeMsi CUHETHOWHOW WHGDEKITNN
MHAYIHUPYeT GaKTepuabHbBII KJIUPEHC, (aroim-
TO3 TATOTE€HOB, a TaK/Ke CHOCOOCTBYET BBIKMBA-
eMocTH 0ocobeit, nHGUIMpoBaHHbIX Pseudomonas
aeruginosa, a 6iaokaga NKG2D unrubupyer aiu-
MuHaiuio Pseudomonas aeruginosa m3 Je€rodHOI
TKaHu. Y wMbimeit, jaunmeHHabslx NK-KIeTok,
CUHETHOIHAsA WH(EKINS PecnmpaToOPHOTO TPAKTa
COIIPOBOXKAETCS  YBEJUYEHUEM aKTUBHOCTH
PEKPYTUPOBAHUA HEUTPODUIOB B JIETOUHYIO
TKaHb, aCCOIMMPOBAHHOW C BBICOKUM YPOBHEM
aetambHOCTH [28]. NK-KyI€TKM HE TOJIBKO MHIY-
MUPYIOT MaTypaIuio U aKTUBAIMIO JEHPUTHBIX
KJIeTOK, MakpodaroB u T-KJIeTok, HO U OCyIIecT-
BJIAIOT KUJIJIMHT HE3PEJIbIX JEHIPUTHBIX KJIETOK,
aktuBrpoBaHHbIX CD4+T-KjIeTOK U TUIepaKTHUB-
HBIX Makpodaros, ciep:kiuBas aKTUBHOCTb BOCIIa-
JuTesabHOTO Tpotiecca [48,68].

Jin Woong Chung u coasrt. [19] npoaemoHcTpu-
poBanu, 4to Pseudomonas aeruginosa MoxeT
nHTepHAIN3UpoBaThest B NK-KireTku u mHUTIMATH-
31poBaTh (haronuTO3-UHAYIIUPOBAHHYIO THOETH
kiaetkn. BzaumopeiicrBue Pseudomonas aeruginosa
¢ NK-kjeTkamu npuBOAUT K aKTUBAIIMU KUHA3bI
PI3K, uto 0o6yc/iaBiauBaeT pa3suTie Kacia3o-9-3a-
BUCHMOTO aIrtoTTO3a KIETKH.

NK-keTku mpogynupyoT TpaHyJIu3uH, KOTO-
pbiii  o6saziaeT OAKTEPUIIUAHON AKTUBHOCTHIO
1 CIIOCOOHOCTBIO MHTUOMPOBaTh 06pasoBaHue O1O-
wieHku Oakrepusimu Pseudomonas aeruginosa [12].

NKT-xnemxu

Cy6mnonyssiniust CD1d-pecTpukTrpoBaHHBIX
ofT-krerok mpemcrasisier cob6oit NKT (natural
killer T) ksieTku, urpaoriye BakHYIO POJIb B IIPO-
1ecce PasBUTHS MHOTHX OaKTepUATbHBIX MH(EK-
muii. NKT-kaetku MoryT ObITh aKTHBHPOBAHBI
HETMOCPEICTBEHHO Yepe3 PEKOTHUTIIIO 9K30TEHHBIX
U SHOTEHHBIX JIMITUIAHBIX AHTUTEHOB, Ipe/CTa-
BiaeHHbix CD1d riaBHOrO KoMILIEKca TMCTOCOB-
MectuMocTHu | Kyacca, nm KocBeHHo, yepes [1.-12
u IL-18. Ilocne anturennoit axrtuBaiuu NKT-
KJIETKH CEKPETUPYIOT OOIBINOE KOJIMIECTBO IIUTO-
kuHoB (IFN-vy, 1L-4, IL-10, IL-13, TL-17, 1L-22,
TNF-0, GM-CSF), «koTopbie MOIYJUPYIOT
WMMYHHBIN OTBET, uHAYIUpyembIil T- 1 B-kierka-
mu [57]. B Hacrosiiiee BpeMst pe3yJibraThl pabor,
MOCBSAIEHHBbIX nccaenoBanuio posau NKT-kimerok
MpU CUHETHOWHOW WH(MEKINHU, HOCAT TTPOTUBOPE-
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auBbIil xapaktep [4,17,20,65]. Tlo muenuio Patrick
Benoit u coasr. [83], mpuunHa OTJINYHBIX APYT OT
JIpyra pe3yJbTaToB 9KCIIEPUMEHTOB JIEKUT B OCO-
OGEHHOCTSIX MBIIMIMHBIX JIMHUH, UCTOIb30BAHHBIX
Ipy TPOBEJEHUM PA3JIUYHBIX HCCIe0BAHUI.
Astoper nokazanu, uto NKT-xgetku BHOCAT
3HAUUTETbHBI BKJAA B YPOBEHb KJIUPEHCA
Pseudomonas aeruginosa y wmbinieii BALB/Cj,
HO COBEPINEHHO He BJUSIOT Ha CKOPOCTH OaKTe-
puasbHOro KJmpeHca y mbimeir C57BL/6]. Mexa-
HI3M, TIocpecTBoM Kotoporo NKT-kierku criocob-
CTBYIOT KJpeHcy Pseudomonas aeruginosa u3 nerod-
Hoit Tkanu Mbiielt BALB/Cj, octaercs He SCHBIM.

lenopummnoie knemxu

JleHapuTHBIE KJIETKW SBJSIOTCS MPOdeccro-
HaJIbHBIMU aHTUTEH-TIPE3eHTUPYIONUMU KJIeTKa-
MU, KOTOpbI€ IIPOIECCUPYIOT OaKTepuaibHbIie
AQHTUTEHBI W TIPe3eHTYIOT T-KiaeTkam. JKcrepu-
MEHTAJIBHBIN MePUIAT JeHAPUTHBIX KIETOK TTPHU
CUHETHOWHON WH(MEKITUN PEeCITUPAaTOPHOTO TPaK-
Ta compoBoskaaercss Bbicokoi (80%) cmepTHO-
CTbI0 MH(MUIIMPOBAHHBIX KUBOTHBIX. [[UTOKMHO-
BbIii oTBeT Ha uHUIMpoBanue Pseudomonas
aeruginosa B ycJoBUgX neduinTa JAEHAPUTHBIX
KJIeTOK XapaKTepu3yeTcs HU3KOHU MPOAYKIIHei
IL-12 B coyeTaHWm € OTHOCHUTEIHHO BBICOKUM
ypOBHEM oOTBeTa MexaHu3zMoB cunTe3a [L-10.
WNuTpaTpaxeasbHas aoTanus JAeHAPUTHBIX KJle-
TOK, HE M3MEeHsIsI YPOBEHDb OAKTEPUATBHOTO KJIH-
peHca, CrocoOCTBYeT BBIKUBAHUIO WH(MUIIPO-
BaHHBIX MbITIel [26].

T-aumpouumut

Nudunmposanue mbitneii Pseudomonas aerugi-
nosa VHAYIUPYET aKTUBHOCTD PA3JIMYHbIX KOMIIO-
HEHTOB 3alllUTHBIX UMMYHHbBIX MEXaHU3MOB, B TOM
qucyae T-mmmdorutoB. CoriacHo CEKTPY MPOJLY-
IUPYEMbIX IUTOKUHOB, OCTpasi CUHETHOWHas
UH(OEKINS  COMPOBOKIAETCS  BO30YKIEHUEM,
B 0cHOBHOM, Thi- 1 Th17-KeTok, a XpoHudeckass —
The- u Thir-xnerox [5,13,43,58,86]. Murepaeiikun
17, nponytupyemsbiii Thiz-kmeTkamu, mo3BOJISTET
OBICTPO PEKPYTHPOBATH HENTPOMUIIBI B OUar 1mopa-
JKEHUS JIETKUX /711 9((PEKTUBHOTO YHUUTOKEHUS
Gakrepuii Pseudomonas aeruginosa [16,41]. Cuner-
HOWIHAsE WHQEKIUS PeclupaToOpHOro TpakTa y
MBITIIEH COTPOBOKIAETCS YBEJIMUEHUEM IpescTa-
BUTEJIBCTBA  €CTECTBEHHBIX  PETYJSITOPHBIX
CD4+CD25+Treg-KJeTOK B cesie3eHke. JKCIepu-
mentaibHoe ucromenne CD4+CD25+Treg-kie-
TOK He BJIMSIET Ha aKTUBHOCTH OaKTePUAIbHOTO
KJIMpeHca, CTereHb NHGUIBTPAIINHT JIETOYHONM TKAHK
HelTpoduIaMu, ypoBeHb MPOAYKIINN ITUTOKUHOB 1
BBLKMBAHME ;KWBOTHBIX [27].
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OcobeHHoCTH KIETOYHON PeaKini UMMYHHON
CHCTEMBI B JIETOYHOI TKaHM BO BPeMsl CUHETHOi-
HOU MHMEKINY TIpe/ICTaBIeHbl HAa PUC. 2.

3akjo4yeHue

HosokoMmuanbHble GaKTepuaibHble THEBMO-
HUW, aCCOTTMUPOBAHHBIE C TPAMOTPUIIATETbHBIMHI
Bo3b6yautensimu rpynisl ESKAPE (Enterococcus
Jfaecium, Staphylococcus aureus, Klebsiella pneu-
moniae, Acinetobacter baumanii, Pseudomonas
aeruginosa u Enterobacter species), xapakrepusy-
I0TCST TSDKEJTBIM TeYeHWeM, BBICOKUM PHUCKOM
pPa3BUTUS OCJOKHEHUN W JIeTAJIHHOTO HMCXOJA.
AnanranoHHble MEXaHU3MBI TTajiouek Pseudomo-
nas aeruginosa obecnednBaOT OaKTEepPUAIbHYTO
PE3UCTEHTHOCTh K BHENTHUM (haKTOpaM, KOTOpas
00yCJIaBJINBAET €€ BBIKUBAEMOCTh B PECITMPATOP-
HOM TpakTe 4YejioBeka [28] u 3HAYMTENHHOCTH
JIOJIA B 3TUOJIOTUYECKON CTPYKTYPE HO30KOMUAIb-
HBIX THeBMOHMIT (21-39,7%).

Hanuuue mHOrouymcieHHbIX (hakTOPOB BUPY-
JIEHTHOCTU CUHETHOWHOU TaJI0OuKU MpeIoTpeieisi-
eT TSUKEeCTh TedeHust 3abosieBanust. [lepBoHayab-
nast pekorautust PAMP Pseudomonas aeruginosa
AMUTENNOIUTAMIA PECTTUPATOPHOTO TPaKTa OCY-
niectBsiercd, npenmyniectBeHHo, TLR2, TLR4,
TLRS5, TLR9 u BHYTPUKJIETOUHBIMU CEHCOPAMH,
KOTOpPbIe MOTYT PearupoBaTh Ha (aroruTHpoBaH-
Hble GakTepuanbHbie MPOAYKThI, BKodas THK u
bparmenTsr Kietounoit crenku. TLR-acconmmpo-
BaHHbIE CUTHAJTbHbIE MEXaHU3MbI WHIYIUPYIOT
MPOAYKIINI0 XEMOKHWHOB M TPOBOCHAJIUTEIHHBIX
UHTEPJICHKIHOB, KOTOPbIe 00ECIIeYnBaIOT PEKPY-
TUHT MPOBOCTIAMTETBHBIX UMMYHOIIUTOB. B pas-
BUTUU BOCHAJIUTENBHOTO OTBETA MPU ITHEBMOHWH,
BbI3BaHHOU Pseudomonas aeruginosa, KIOYEBYIO

JIUTEPATYPA

posb urpaior mpo- (IL-1B, I1L-6, CXCL8 (IL-8),
IL-17, IL-33, TNF-o), mpoTuBoBOCHaINTEIbHBIE
(IL-10) nurokuusl 1 nHTEphepoHbl. [lUTOKMHB 1
XEMOKHHBI TIPUBJIEKAIOT B OYar BOCIIAJIEHUS JIET-
KUX W/MJIN aKTUBUPYIOT HECKOJIBKO TUTIOB TIPOBO-
CTAJINTEJBHBIX KJIETOK: Makpodaros, HeHTpodu-
JioB, NKT-KJIeTOK, IeHIPUTHBIX KJIETOK, T-KJIETOK,
yUYaCTBYIOIUX B OakTepuaabHOM Kiauperce. OpHa-
KO 4ype3MepHasd MPOJYKINS MPOBOCTATUTETbHBIX
IMMUTOKWHOB JMUTEJIUOIUTAMA MOXKET TPUBECTH K
MOBPEK/IEHUTO JIETOYHOW TKAaHU PEKPYTUPOBAHHbI-
MW UMMYHOITUTAMH.

Becowmpbrii BK1a B TPOBOCTIAIUTELHBIN OTBET
Ha OaKTepuaJbHYIO 3KCcHaHCcuio Pseudomonas
aeruginosa Baocut NLRC4-undaammacoma mMak-
podaros, B pesyJsibrare (yHKITMOHUPOBAHUS KOTO-
poil aKTUBHUPYIOTCS TPOMOPMbI MHTEPIEHKNHOB
(mpo-1L-1 u mpo-1L-18). Bosbysxnenne NLRC4-
nHpIaMMacOMbl B OTBeT Ha WHQMUIMPOBAHUE
Pseudomonas aeruginosa MOKeT PUBECTU K OCO-
6011 (hopme TrdEN aabBEOISIPHBIX MaKPO(daros u
HEUTPO(DUIOB — HHUPOINTO3Y € BHICBOOOKIECHUEM
GOJIBIIOTO  KOJIMYECTBA  IIPOBOCIIATIUTENbHBIX
1uToknHOB. DaKTOpPaMu, ONPEEIISIONUMEI UCXO]T
MTHEBMOHWH, BBI3BAHHOI Pseudomonas aeruginosa,
SBJITIOTCS YPOBEHDb aKTUBHOCTH PEKPYTUPOBAHUS
HEUTPO(UIOB B oUar MOpakKeHus JETKUX U CTe-
IIeHb MaCCUBHOCTY KUJUIMHTA OaKTEPHil PEKPYTH-
POBaHHBIMU HEUTpOhUIaMH.

YrpaBiieHue MOJIEKYJISPHBIME  COOBITHSAMU,
00€eCTIeYrBAONIMMY PEKPYTUPOBAHUE ITPOBOCIIA-
JINTEJIbHBIX IIUTOKUHOB, MOKET CTaTh HOBBIM CTPa-
TErUYEeCKUM HAIPaBJEHUEM JICUeHUSI CUHETHOM-
HOI TTHEBMOHUY, OCOOEHHO B CJIyYastX, HHLYIIUPO-
BaHHBIX AHTUOMOTUKO-PE3UCTEHTHBIMU IHITaMMa-
mu Pseudomonas aeruginosa.
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Po3BuTOK iIMYHHOT BigNOBiAi Npu NHEBMOHIT, BUKNUKaHOT pseudomonas aeruginosa (4actuHa 3)

0.€. A6arypos, A.0. Hikynina

I3 «[HinponeTpoBcbka MeanyHa akagemis MO3 Ykpainu», m. JHinpo, YkpaiHa

Y CTarTi, FPYHTYO4UCh HA [JaHuX fiTeparypu, NPOLEMOHCTPOBAHA POfb KMITUHHUX Peakuiil y PO3BUTKY iMYHHOI BIZMNOBIAi NpW MHEBMOHII, BUKNUKAHINA
Pseudomonas aeruginosa. OnucaHo MexaHiamMu pekpyTyBaHHs Ta akTUBaLlii Npo3ananbHuX iMyHOLMTIB, NpoLeck 6akTepianbHoOro KiniHry, siki 3a6esneyyTs
e(DEKTUBHUI CAHOreHe3 CUHbOTHINHOT iHGheKLii Ta 3ano6iraloTb (HOPMYBAHHIO XPOHIYHOMO 3anaibHOr0 NPOLECY.

Kntoyosi cnosa: nHeBMOHif, Pseudomonas aeruginosa, 6akTepianibHWiA KifliHr, iMyHOUUTY.

Development of the immune response pneumonia due to pseudomonas aeruginosa (part 3)

AE. Abaturov, AA. Nikulina

SE «Dnepropetrovsk Medical Academy, Ministry of Health of Ukraine», Dnepr, Ukraine

The article based on the literature demonstrated a role in the development of cellular immune reactions in response pneumonia caused by Pseudomonas
aeruginosa. The mechanisms described of recruitment and activation of pro-inflammatory immune cells, killing the bacterial processes that ensure effective
sanogenesis infection by Pseudomonas aeruginosa and prevent the formation of a chronic inflammatory process.

Key words: pneumonia, Pseudomonas aeruginosa, bacterial killing, immune cells
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HOBOCTH

HenpaBuibHblii paiiioH 1eBOYEK-NOPOCTKOB
YCHJIMBAeT PHCK paKa rpyau

Yrorpebiierre MoAPOCTKAMI TTPOAYKTOB, COCTABJISIIO-
IIUX OCHOBY <«BOCHAJIMTEIBHON JINETBI», YBEJUUNBAET BEPO-
ATHOCTH PaKa MOJIOYHOM KeJIe3bl, COOOIIIIIN CCIEN0BATEIN
IIkoubI 0b1IECTBEHHOTO 3paBooxpanenus (Jloc- Anmxernec,
Kamudbopnust).

Yuenble MPOAHATU3NPOBAINA PAIUOH JI€BOYEK-TIOPO-
CTKOB, U OKa3aJIOCh, YTO OIpe/IeJIeHHbIe MPOJYKTHI, MOTpe-
GJisieMble [IKOJIbHUKAMH, MOBBIIIAIN KOJMYECTBO 1 YaCTOTY
BOCIAJIUTEIHHBIX TIPOIECCOB B opranu3me. Bocnasurenbrast
JIE€Ta — 3TO PAIMOH, COAEPKAININN MAaKCUMAJIbHOE KOJIJe-
CTBO CJIQIKUX HAIMTKOB, MPOCTHIX YIJIEBOIOB, KPaCHOTO

Msica, paQUHUPOBAHHOTO caxapa W MaprapuHa B COUYeTaHWH
¢ MUHUMAJIbHBIM KOJITYECTBOM OBOIIEH U (DPYKTOB.

ABtop uccienoBanus Kapun Muxesbce 3asBuia, 4TO
NPUBBIYHBIN PAIOH COBPEMEHHbIX MOPOCTKOB CIIOCOOCTBY-
€T Pa3BUTHIO XPOHUYECKUX BOCIHAJIUTETHHBIX IPOIIECCOB,
a TaKyKe YBEJIMUMBACT PUCK PA3BUTHS PaKa MOJIOYHON JKeJte-
3bI y MOJIOJIBIX JKEHIIMH. Paree yyeHbIMu ObLIO YCTaHOBJIEHO,
YTO PHUCK Paka TPy YBETMYMBAETCS IPOHOPIMOHAIBHO
reHeTuueckuM u jemorpadpudeckuM (HakTOpoM, Terepb
JKe y4eHble YBEePEHbI — BOCITATIUTENbHAS JINeTa UTPAET Jlajie-
KO He TIOCJIEJTHIOI0 POJIb B CKJIOHHOCTH OPraHU3Ma K PaKy.
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