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PO3POBKA KOMBIHOBAHOI JU®TEPINMHOI
BAKIIMHU HA OCHOBI JJU®TEPIMHOI'O
AHATOKCHHY 3 AI'FTOBAHTOM MIKPOBHOT'O
MOXO/KEHHSI Y CBITI CYYACHHUX
CTPATEI'TIA KOHCTPYIOBAHHSI
MPOPLIAKTUYHUX ITPETAPATIB

€auceena L.B., baouu €.M., ’Knamaposa JL.A.,
Binozepcekuii B.1., Konnak C.A.

Y «IMI HAMH»

Po3po0Oka BakIMH sIK CTpaTeris, sKa 3axHIilae He
TITBKH BAaKIIMHOBAHHX OCi0, ayle MOXe OMOCepeIKOBAaHO
3aXMIIATH  HABKOJHIIHE  CIIBTOBAPHUCTBO  depe3
(opMyBaHHS KOJIEKTUBHOTO IMYHITETY TPOTH PIi3HHX
3aXBOPIOBaHb, 30KpeMa AudTepii, mpaBIsd, MOIIOMIENITY,
KOpY, TMapoTUTy, KpPacHyXH, TemaTuTy B Ta MeHiHriTy,
3MEHIIMIA CMepTHICTh Ha 97-99% [3]. OnmHak HaBiTh 3a
JIOTIOMOT'0I0 JICKUTPKOX YCHIITHUX KaMIIaHid BaKIWHAIIT
iHQeKUiiHI ~ 3aXBOPIOBAHHS  3AJIUINAIOTECS  APYTOl0
NPOBIJHOIO NPHYMHOIO CMEPTI B  YChOMY  CBITI,
HETIPOTIOPIIIHO BpaKal4M MiTeH BIKOM J0 5 POKIB Ta
JroJiei 3 HU3bKUM piBHeM noxony [4]. Hacnpasni m'saTe 3
MEepIINX JECATH MPOBIJHUX NMPUYMH CMEPTi B KpaiHax 3
HU3BKAM pIBHEM JOXOAY CHOPUYHMHEHI IHQEKIiiHIMA
areHTaMH: Hampukian, mmHeBMoHiero, BIJI / CHIZ,
Jiapeero, MasIpiero Ta TyOepKylTb030M. Xoda ICIKAM 3
ux 30yIHUKIB 3apa3 HE BHCTAda€ BaKIMHH, HEOOXiTHOI
Uit 0opoTeOM 3 XBOpoOamu, 3a orminkamu, 20 % mux

BUIIAIKIB € HACITIIKOM 3aXBOPIOBaHb, 10
MOMEPE/PKAIOTECS  BaKIMWHOKW, [0  CBIMYUTH  MPO
HEOOXIIHICTh 3HAYHOIO BJOCKOHAJEHHS TEXHOJOTII

OJIepKaHHS BAaKIMH Ta X 3acTocyBaHHs [4—6].

Hapi>kHuM KaMeHeM KOHCTPYIOBaHHs 0araTbox
Ccy4acHMX 3aco0iB cneuudiuHoi iMyHONpPO]IIaKTUKH
CTaJl0O BYCHHS PO BPODKCHUH IMYHITET SK PYIIHHAN
MEXaHi3M IMyHHOTO 3aXHCTy MAaKpOOpPIraHi3My, BHTOKH
SKOTO JIeXaThb Yy BYCHHI BHIATHOTO MikpoOioiora,
IIUTOJIOTa, eMOpioJora, imyHosora, ¢izionora i maToiora 3
HayKOBUM iM'siM cBitoBoro piBHA I. I. MeunmukoBa mpo
(darormro3, sAke  OyJ0  OLIHEHO  MPHCBOEHHSM
HobGeneBcwkoi npemii y ranysi ¢isiosorii Ta MequIUHA 32
1908 pik. Munyno maibke 140 pokiB 3 yacy BiJKpUTTS
OTO (YHIAMEHTAILHOTO SIBUINA. Y TOW 4Yac SK iHIII
JOCTITHUKH CIIOCTEPiraid TMOTJIMHAHHS YYy>KOPiTHUX
YaCTHHOK KIIITHHAMH MIPOCTHX 1 CKJIaJHUX OpraHi3MiB, BiH
3p03yMiB  3HAa4CHHS IOTO sBUIIA y  BIAMOBiII
MaKpOOpraHi3My Ha TPaBMH Ta iH(EKILii Ta CTBOPUB MillHY
OCHOBY JIJISl pPO3yMiHHSI 3allaJICHHs Ta TOMEOCTa3y TKAaHWH.
Ha Tenepimniii yac BgockoHaaeHi iHCTpyMEHTH KIIITHHHOT
Ta MOJICKYJISIpHOT OioJorii /Uit BHUBUYEHHS (aromurosy i
foro posi y (i3ioNoriyHMX Ta MATOJOTIYHUX MpOLEcax
JIO3BOJIMIIM Habarato riuoIie Ii3HATHCSA MPO MeXaHI3MHU
KIITHHHOTO 3aXHCTy OpraHi3My, BHU3HAYUTH (PYHKIIIO
penenTopiB KJIITHH IMyHHOI CHCTEMH y BPODKEHOMY i
HaOyToMy imyHiTerTi [1].

BaxumBuM  eneMeHTOM  iHimiamii BpOIKEHHUX
IMYHHHX PEaKIliii, TAKHX SK 3alajeHHs, € PO3Mi3HaBaHHI
MIKpOOHMX 30YyAHHUKIB uepe3 THUIIOBI MOJIEKYJSpHI
CTPYKTYpH, TOB's3ani 3  matoreHamu (PAMP),
OIIOCEPEIKOBAHE PELENTOpaMH pO3Ii3HaBaHHS 00pas3iB
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(PRR), KomoBaHWMH  3apOJKOBUMH  JIHISIMH  Ta
eKCIPEeCOBaHUMH  KIITHHAMH  BPO/KCHOI  IMyHHOI
CHCTEeMH, TakuMh sk geHaputHi  wiituaun  (DC),
Makpodaru, MOHOUIWTH, HEHTPO(ITH Ta eMiTeTIONUTH.
[icnsa posmiznaBanHs PAMP, PRR iHinitoroTs mporpamy
CUTHAJTI3aIlii, IepIry JiHI0 3aXUCHAUX PeakIliii rocrmonaps,
HEOOXIiTHy JUTsl 3HULICHHS 1HQEKIIHHIX areHTiB.

LleHTpasibHy ponb y iHINIIOBaHHI IMYyHHHUX
peakuiii 3 uncna PRR Bimirpatots tak 3Bani Toll-moxioui
peuentopu (TLR), ski po3mi3HAIOTh NIMPOKHU CIIEKTP
PAMP. TLR e tpancmemOpanHuMu Oinkamu tumy [ i
MICTATh €KTOJOMEH, /10 CKIIaJly SIKOTO BXOJASTH HOBTOPHU
JeWINHY, KOTPi OMOCEPEIKOBYIOTh po3mizHaBaHHsI PAMP,
TpaHCMeMOpaHHOiI 00NacTi Ta JOMEHIB LUTO30JIEHOTO
Toll-IL-1 pemerrropa  (TIR), ski aKTHBYIOTH CTHAHI
CUTHAJbHI IUIIXH. BOHM eKCIpecyroThCsl B OCHOBHOMY
a00 Ha KIITHHHIH TOBEPXHI AHTHICH-NIPE3CHTYIOUNX
kiiTiH, Takux gk DC, makpodaru ta B-xmituan (TLR1,
TLR2, TLR4, TLR5, TLR6) Ta po3mi3HalOTh KOMIIOHEHTH
MIKpOOHHX MeMOpaH, abo TOB's13aH1 3
BHYTPIIIHBOKITITUHHUMH  Bedukyidamu (TLR3, TLR7,
TLR8, TLR9, TLR13) Ta po3mi3HalOTh HyKJIETHOBI
KUCJIOTH, SIKi BUBLIBHSIOTHCSI ITICIIS IOTJIMHAHHS BipYCIiB Ta
IHIIUX maToreHiB abo iHgikoBanmx wmituH [3]. TLRI11,
pomma TLRS5, excnpecoBaHuii Ha KIITHHHIA MOBEPXH,
eKCTIPDECY€eThCS.  TAaKOXK Yy  BHYTPIMIHBOKJIITHHHHX
Bigminenaax [4]. Koxen TLR Bussise okpemi PAMP,
BipycHi, OakTepianbHi, MikoOakTepianbHi, TPHOKOBI Ta
mapasutapHi. Jlo HHX BIZHOCATBCS  JIIOTPOTEIAM,
posmisnasani TLR1, TLR2 ta TLR6, neonanitorosi PHK,
posmizHaBani TLR3, minmomnosicaxapua, posmi3HaBaHUN
TLR4, ¢umaremnin (BiamoBiguo, TLRS), ogHOMaHIFOTOBI
PHK (TLR7 i TLR8) ta JAHK (TLR9) [5]. Ilicns
posmizHaBaHHs BianoBigHux PAMP, TLR HnaOupatotsb
crenudiyauii HaOlp aganTepHUX MOJIEKYJ, SIKI MICTATh
momeH TIR, Taki sk MyD88 ta TRIF, i iHinitoroTh momii
CHamHOi CHTHANI3aIlii, M0 NPHU3BOAATH IO CEKpemil
3amanbHUX OUTOKiHIB, iHTeppeporny (IFN) tumy I,
XeMOKIHIB Ta aHTUMIKpoOHHX mentuxiB [6]. Lli peakmii
BHUKITUKAIOTh ~ PEKPYTHHT  HEHUTpO(iNiB, aKTHBaIiO
MakpodariB Ta iHIYKILiO reHiB, crumynboBanux IFN, mio
NPU3BOJMTH JO TPSIMOTO 3HMIIEHHS MaToreHiB. binmbie
toro, akrtuBamis TLR-curaamizamii mnpU3BOIUTH [0
nospiBansst DC, siki BiHoBiial0Th 32 MOO1TI3aNi0 Apyrol
JiHI{ 3aXHCTy rocmojaps, aJanTUBHOTO iMyHiTeTy [2].
Oxpemi TLR excrpecyroTbcs pi3HAMH CyOIOMYJISIisIMU
DC [2].

Ha renepimmniii wac, kpim TLR, 3Haiineno inmi
PRR, ski Takox 6epyTh y4acTb y posmizHaBaHHi PAMP i
KOHTPOJII BPOJDKEHOTO iMyHITeTy. Jl0 HHX BiTHOCSATBCS
MemOpaHHO ToOB's3aHi peuentopu jektuny C (CLR),
LUTO30JIbHI OLIKM, Taki $K HYKJIEOTHA-3B'S3yIOUHiA
oniromepusauiiinuii tomed — NOD-moni6Hi peuentopu
(NLR) i RIG-I-moni6Hni penentopu (RLR), AIM-2 noznibHi
pemenTopH, a TaKOX CIMEHCTBO (epMeHTiB, sKi
(YHKIOIOHYIOTP  AK  BHYTPIIIHBOKIITHHHI  JaTYUKH
HYKJICTHOBHX KHCIIOT, BKmoyaroun Oinku OAS Ta cGAS
[6,7,8,9,10, 11].

CLR € BenmuMkolw HaJpOJUHOI MEMOpaHHUX
OiKiB, 110 MICTITh OJMH a00 KiJIbKa JOMEHIB, MOAIOHMX
no snexktuHy tuny C, siKi 3HAYHOIO MIpOI0 BHKIIHMKAIOTh
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3amalibHI Peakilii MUISIXOM pO3Mi3HaBaHHS T'PUOKOBUX Ta
OaxrepiampaIX PAMP.

RLR, no ckmany skux Bxonsats RIG-I, MDAS ta LGP2, €
PHK-renmika3zamu, ski posmizHarote Buau PHK, mo
BUBUIBHAIOTHECS B HUTOIUIA3MY B PI3HHX THIAX KIITHH i
KOOPAWHYIOTh AHTHBIPYCHI IpOTpamMH 3a JOTIOMOTOIO
innyknii IFN tuny 1. Cim's NLR Hamiuye nonan 20 ujeHis.
NLR excrpecytoTbcs BHY TPIIIHBOKIIITHHHO 1 pearyoTh Ha
pisni PAMP, Bukiikaroun 3ananbHi peakuii. Kineka NLR,
taki sk NALP1 (NLRP1) i NALP3 (NLRP3), yrBoprorots
3ananenHs pazom 3 ASC i Caspase-1 i onocepeKoByOTh
00poOky mpo-IL-1B  mna  nmospiBamms IL-1B s
puBinbHeHHA. DAI ta IF116 € nuTo305HUMH JATYNKAMA
dsDNA-kaumiaara Ta iHayKyoTh BupoGienns IFN tumy
I, Tomi sx AIM2 posmizaae dsDNA Ta iHAyKy€e CeKperito
IL-1B [12, 13].

IHTakTHI MiKpoOHI 30YIHHUKH 3a3BHYAil MiCTATH
Oarato PAMP, siki aktuBytots uncinenHi PRR. Kpim Toro,
pizai PRR moxyTh po3nizHaBati onuH i Toit ke PAMP.
Omxe, TLR croinbHo 3 iHmumu PRR opranizoByroTh sk
naroreH-crieliuivHi, Tak i KITHHHI crienuivyHi IMyHHI
BIAMOBIII MakpooOpraHiamy i 60poTbOH 3 iH(pEeKIisIMY.
BcranoBieHHs e(peKTUBHUX IMYHHHX peakuiit
BU3HAYAETHCS TEPEXPECHUM cCrinKyBaHHAM Mix TLR Tta
inmumu PRR [2].

BpomkeHuil KOHTpOJIb aJanTUBHOTO IMYHITETY
3apa3 € yCTaJeHOr mapaaurmoro. DizionmoridHa poib
pizaux PRR y 30H1yBanHI MiKpOOIB Ta iHIYKIIii aHTHTCH-
cnenniTHIX ATaNITUBHUX IMyHHUX BiIIIOBiIEH
MPOJIOBXKYE JIOCHI/PKYBATHCS, aJie 3arajioM HasiBHI JIOKa3u
OJTHO3HAYHO MIATBEP/KYIOTh JyMKy TpO Te, IO
30HAyBaHH, onocepenkoBane PRR, Mo0Oinizye ananTuBHi
iMyHHI  peakmii: koHkpetHo, PRR  Bu3HawawoTh
MOXOJ/KEHHsSI aHTHIeHIB, PO3MI3HAHUX peLeNTOopaMHu,
eKCIpecoBaHMMH Ha T-KiIiTHHAX 1 B-KIiTHHAX, a Takox
BU3HAYAIOTH THIT iHPEKIIi1, 3 IKOI0 CTHKAETHCS OpraHi3M, i
HAaBYAIOTH TimMdoruTH IHAyKyBaTu BIIITOBITHUNA
e(eKTOpHHH Ki1ac iIMyHHOI BifmoBixi [14].

Cy4acHOIO TIJIKOIO y BaKIHMHOJOTII € HOBa
napagiurma KOHCTPYIOBaHHS MTPOQITaKTHYHUX TpernapaTiB
IIMPOKOTO CHEKTPY Aii, 0 6a3yroThcs HAa TPEHOBAHOMY
imynireri (TIbV). MueTbes npo BakuuHHi npenapaty, mo
IHIYKYIOTh HaBYaHHS a00 TPEHYBaHHS BPOJDKEHHX
IMYHHHUX KIJITHH, CYTh SIKOTO IIOJISITa€ Yy iX TPUBAIMX
MeTa0OIYHUX 1 eMIreHeTHYHUX 3MiHaxX, SKi MPU3BOAATH
JIO TIJICWJICHOI KIIITHHHOI peakmii Ha APYTuid aHTUT€HHUI
CTHUMYJ THUM caMHM a0o0 HEMNOB'S3aHUM CrenU(iYHIM
MiKpoOHMM  mojpasHukoM [15, 16]. Bonum He
nependavyaloTh MOCTIHHUX T'€HETHMYHUX 3MiH, TaKuX SK
MyTaIii Ta peKOMOIHaIlisA, SKi MAIOTh BaXXIMBE 3HAYCHHS
JuIsl ajantuBHOro iMyHitery [17]. OCKUIBKM TpeHOBaHHMH
IMyHITET, K TpaBWIO, 3aIyCKalOTh  PEUENTOpH
posmizHaBanHs 06pasiB (PRR) imynnux kiitus, TIbV Mae
(hopmyBatucs came 3 MIKpOOHHX CTPYKTYp, IO MICTATh
BignmosigHi PRR-miranam, Tak 3BaHi ImaToreH-acoriiioBaHi
MoJeKyJsipHi martepau (PAMP).

Ha BigMiHy Big 3BUYaWHHUX BakIMH, SKi
COpsSAMOBaHI Ha OTPUMAaHHA JIMIIE  CIEHU(ITHUX
BIJIOBiZIE Ha aHTWreHu, MOB's3aHi 3 BakiuHO0, TlbV
CIpsIMOBaHI Ha CTUMYJIIOBAaHHS OUIBII BEJIMKOTO KoJsa
peakuiii. lllupokwuii 3axuct Moxe OyTH TOCATHYTO LIISIXOM
OiABUIICHHS — Hecrenudiunol  edekropHOi  peakmii
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BPOKEHUX IMyHHHX KITITHH (HampuKITaI,
MOHOIINTIB/Makpo(arip) Ha IMAaTOTEHH Ta BHKOPHCTAHHS
crany axtmBanii DC mma mocmmenHs apanramii T-
KIITHHHOI BIiATOBiAI sIK Ha coenn¢ivyHi, Tak 1 Ha
Hecriopinueni (moGiuni) anturenn. s smarmicts TIbV
CHPUSATH PpeakIlisiM, IO NEPEeBHINYIOTh iX HOMiHANbHI
AQHTUTCHH, MOXXE OyTH OCOOJMBO KOPHCHOIO, KOJIU
3BMYaiiHI ~ BakUWMHM  HEJOCTymHi abo  Komu y
CIPUUHSATIMBUX JIIOAEH BHMHUKAIOTh Oararopa3oBi KO-
iHpekuii Ta/abo moBTOproBaHi iH(ekuii. OCKUTbKU
obpanuii HaOip PRR-niraniiB Mae BaXJivBe 3HaYCHHS HE
TUIBKU JJIs1 CTUMYJIIOBAHHSI TPEHOBAHOTO IMYHITETY, aie i
Uil GOpMyBaHHS aJaNTHBHOTO IMYHITETY, TOYHICTBH
KOHCTpyKIii TIbV Mae mokparmmTycs Ha OCHOBI 3HaHb TIPO
¢byHKIiOHATBHI 3B'13kM MiK pizanmu PRR [15].
Konuennis TIbV, sk cBimuaTe duciaeHHi naHi
JiTepaTypu, 3HAXOIMTHCS Ha erami (OpPMyBaHHS, aie

HU3Ka Cy4acHUX IpOTHiH(GEKII HHIX BaKIIWH,
IMYHOCTUMYJIATOPIB 1 HAaBITh BaKIMHHUX aI'FOBAHTIB BKe
MOXKE po3rismgaThcs 3 mosumid  kateropii  TIbV.

PerynroBaHHsS TPEHOBAaHOrO IMYHITETY mepemdadae HoOro
innyknito sk PAMP, Ttak i DAMP, wmonekynsipHuX
(hparMeHTiB, acoliHOBAHUX 3 YIIKOIKCHHIMH, 3MaTHUMU
iHiIifoBaTH HeiH(EeKUiiHy 3amanbHy BiANOBiOb, a HOro
MIPUTHIYEHHS — MOJICKYJIIPHAMH 1HT10iTOpaMH YHCICHHUX
mporeciB. [HAyKmiss Moxke OyTH HOCATHYTa pi3HUMH
OUITXaMH, [0 CIPHSIOTH MiJBHIICHHIO IMYHITETY, SKi
MOXYTb OyTH 3aiIydeHi 6akTepisMu, rpuOKkaMu (B-TIroKaH)
ab0 MeTaboNYHIMH «TPCHEpPaMU», a TAKOX [ESIKUMHU
uutokinamu [18].

TLR-niranam, taki sik MoHodochopmmrinmia A
(TLR4-niranm), CpG-JJHK (TLR9-nirann) Ta
iminazoxinoninu (irann TLR7) Bike BUKOPHCTOBYIOTBCS
y SIKOCTI aJ'OBAaHTIB Yy BakKLUUHaX INPOTH iHGEKIIHHNX
3axBOpIOBaHb, aneprii ta myxuauH [2]. [ns cTBOpeHHs
TIbV MOXyTh BHKOPHUCTOBYBATHCS TaKOX MiKpOOHI
JraHAW, KOTPI BUKIMKAIN HECHCUHDIYHUNA IMyHHHHA
3aXUCT TPOTH PsAy iH(EKIid B eKCIIePUMEHTi, TaKi 5K
KOMITOHEHT MENTHIOTIIIKaHY MypaMUTIINenTH I,
¢maremmin, ingykoBanuit DC IL-18, sxuii, y cBofO Uepry,
OpU3BOANTH 10 BupoOienHs [L-22 enitemianbHUMU
KIITHHAMH, TPOAYKT JIMiTHOTO OOMiHY, OKHCICHUI
JUMONPOTEiZ, HU3BKOI  IIIJIBHOCTI (oxLDL), sxwuii
BimHOCSTH 10 DAMP [17].

Cepen MexaHi3MiB, IO PETyJIIOIOTH TPEHOBAHUHN
IMyHITET, OJHUM 3 HAWOUTBII BAXKJIMBUX IMPOIECIB €
MeTaboiliyHa TnepeOy/10Ba BPOPKEHHUX IMYHHHX KIITHH.
KnrouoBoro wactuHOM 1i€i mepeOynoOBH € Tepexin Bix
okncHOTO (ocopuoBaHHS 10 aepoOHOTO TIIKOIMI3Y,
SKMH TPU3BOJUTH 1O AaKTHBalil BpPODKEHHX IMYyHHHX
KIITHH 1 BHJUICHHIO TMPO3alalbHUX IUTOKIHIB [18].
Hanpuknan, in’exuist oxHiel n1o3u pekomOinantHoro 1L-1
3a TpH AHi nepen indikyBaHHSIM KyIsTyporo Pseudomonas
aeruginosa 3axwuiiajia MUIIEH IPOTH cMepTHOCTI [17].

Cepen  HOBHX  IPHWHIUIIB  PO3IMi3HABAaHHI
BPO/DKEHOI IMYHHOI CHCTEeMH Ta KOHTPONIO 32
aJanTamiiHUM IMYHITETOM 3'SBHIMCA YyTJINBI IIISXH
IMYHHO{ CHCTeMH, SKi BUSBJISIOTH CIEIU(idHI Xap4oBi Ta
MIiKpoOHI MeTaboJiTH, BKIIOYAIOYN KOPOTKOJIAHIIOTOBI
XKHMpHI KHCJIOTH Ta Bitaminu [20-22]. Kpim Toro, Oyino
BCTaHOBJICHO, 1[0 BUSBJICHHS OaKTepiaJIbHUX IITMEHTIB
apWIBHUM  BYIJICBOJHEBUM  PELENTOPOM  PETYJIIOE
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anTubOakTepianpHy BiAgmoBims [23]. Bymo BusBieHO, 110
YyTIABICTh KCEHOOIOTHYHMX PEYOBHH 32 JOIOMOTOIO
IIFOTO PEIENTopa BiAirpae poip y MigBUIICHHI Oap'epHOTO
IMyHITETY 3a paxyHOK BHpoOHmITBa IL-22 Ta iHmWNX
MexaHi3MiB [24]. Bymo 3HaiizeHo, mo iHmMH TaTIuK
KceHOOloTHUHUX pedoBrH, PXR, KOHTpoIoe 3amaieHHs
KUIICYHNKA 32 JOIOMOIOI0 30HAYBaHHS OaKTepiallbHUX
metaboniTiB [25]. Hackinbku BCi Li MIISXH BIIUCYIOTHCS B
Cy4yacHI Mojeni IMyHHOTO pO3Ii3HAaBaHHS — IOKaXyTh
MaiOyTHI JOCIIKEHHS.

BakiyHu 3MIHIOIOTH aJaNTHBHY IIOITYJISLIEO
IMYHHHX KJIITHH Ta TeTepoJIOriyHi IMYyHHI BiJIIOBII.
Hecneungiuni edpexTrn Bigpi3HAIOTECA MDK PI3HUMH
BaKIMHAMHM, a iX BIUIMB Ha TI'eTEPOJIOTIYHY aJalTHBHY
IMyHHY BIiJIOBiJb MOXE TaKOXX BKIIOYAaTH AaKTHUBAIIIO
cnocTepirada, To0TO akTHBalit0 T-KITHH, CTICUPITHNX
Ui aHTHreHy X T 9ac IMyHHOI BIiANOBiAiI TPOTH
aHTHTeHy Y, TEepexpecHi peakiii Ta iHII, MTOKW IIe He
BU3HAYCHI MexaHi3mMu. lle Mae Bemuki HACHIIKU i
Maii0yTHROT PO3POOKH BAaKIIMH Ta IUIAHYBAHHS BaKI[MHAIIT
[26].

HoBoro mapazurmoro /1jist KOHCTPYIOBaHHS JIIKiB 1
TeparneBTHYHHX BTpYy4YaHb, CIPSIMOBaHUX Ha
MOTIepeKEHHS Ta JIIKyBaHHS iH()EKIiHHIX 3aXBOPIOBAHB
€ TPWTHIYyBaHHS IaTOTEHE3y 1 HOro HAacHiAKiB depes

HAIUTIOBaHHA Ha TeBHI  (akTtopu  OakrepiaibHOI
BipYJICHTHOCTI [27-29].  Opmmiero 3  0Garatbox
AHTHBIPYJICHTHUX MilIeHeH € anresis. SIkmo MoxHa
MPUTHIYYBAaTH  aAresilo, BiJIIOBIIHO, MOYKHA i
NPUTHIYYBaTH BiaNoBiaHy iHdekuito. Llei miaxin popmye
OCHOBY aHTH-aJIF€3MBHUX  CTparerid, korpi OyJo
BUHAWHAEGHO Ui MONEPEe/KeHHs  PI3HOMaHITHHX
OakrepianpHux iHpekuii [30].

CneuianizoBani PAMP  mikpoopraHizmis,

pO3TaloBaHi Ha HOBEPXHI MIKPOOHUX KIIITHH, TaKi SK MiJi
a60 (iMOpii, MIOTEIX0€BI KUCIOTH, TOIIO, OEPYTh y4acTh
y mporeci aare3ii Ta KOJOHI3amii 30yTHHKOM BXiTHUX
BOpiT iH(pekmii. TakuM YHMHOM, PO3pOOKa BaKIUH, SKi
MEPEIIKOKAIOTh PO3BUTKY IMOYATKOBOI cTamii iHDeKii,
3HaXOJUTBCS Y PyCli  aHTH-aAre3uWBHOI  cTpaTeril
KOHCTPYIOBaHHS BaKIIMHHUX mpenapatis [31, 32].

YV OV «IMI HAMH» Ha etami IOKTIHIYHHUX
BUIPOOYyBaHb 3HAXOJUThCS KOMOiHOBaHa audTepiiiHa
BaKI[MHA HA OCHOBI HATUBHOI'O OYHIIEHOTO AUPTEPIHHOTO
aHarokcuay (HOZIA) 3 an'roBaHTOM  MiKpOOHOTO
noxomkeHHs [33, 34]. UYomy came npu HaIBHOCTI
MIMPOKOT0 BUOOPY BAaKIMH Pi3HUX BHPOOHUKIB, SIKI BKE

JTAaBHO 3aCTOCOBYIOTBCS JUTSt MacoBoi
BaKIMHOIIPO]IIAKTUKI mudrepii 3Hago0mIoCs
3BEpPTATUCS 10 YAOCKOHAJEHHS CaMe I[hOro mpenapary?
Binnosings 00yMOBJFOETBHCS TphOMa OCHOBHUMH

nprarHamMu. [lo-miepiie, e HEMOXKJIMBICTh BIUTUBATH Ha
piBeHb OaKTEepIOHOCIMCTBA 1 MUPKYJIAILiIO 30y IHUKA CEPE
HACEeJICHHS 3a JJOITOMOT OO0 (P TEepiifHOTO aHATOKCHHY TIPU
TOMY, IIO B CBiTi 30€piraloTeCsi €HAEMIUHI PEerioHu 3
BHCOKHM pPiBHEM 3aXBOprOBaHOCTI Ha nudrepito [35]. Tlo-
JIpyre, 1ie 3aXBOPIOBAHICTh 1 HAaBiTh JIETANBHICTH BiJ
nudTepii cepen memIeHux Bif miei indexii oci6 [36-43].
ITo-Tpere, 1e BHCOKAa pEAKTOTCHHICTb AUPTEPIHHUX
BaKIMH, PHU3UK SKOI 3pOCTAaE 3 KOXXHOIO HACTYITHOIO
in’ekniero [44-51]. 30UTbIIy€eTHCS KUTBKICTh IMyOmiKamin
npo BigmaneHi MmoOiyHi eeKTH XIMIYHUX aJ FOBAaHTIB
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COJIel allfOMiHII0, $Ki OOYMOBIIOIOTH HEWPOTOKCHUYHI
YCKJIAAHEHHS Ta HAaBITh € TPUTEpOM ayTOIMyHHHX
mporieciB B opraHisMi [52, 53, 54, 55].

B sxocti am'toBaHTy B KOMOiHOBaHIN
IuQTepiiHid  KaHIWAAT-BaKIMHI  BUKOPHUCTOBYETHCS
npemnapar HAaTHBHUX MMOBEPXHEBUX AHTUTEHIB
C.diphtheriae, var.gravis, tox+, ski He 3a3HAIN
Monudikamii abo HaBITh JAEHATypalii XIMIYHUMH

PEUOBHHAMHU 1 TOMY MICTSITh MOJICKYJISAPHI CTPYKTYpH
MaKCHMaJIbHO 1MONiOHI 1o npupoauux PAMP 30ynnuka i
3a0e3neuyroTh CIPSIMOBAaHUI aHTUTCHHUH CTUMYJI KJIITHH
BPO/DKEHOI ~ CHUCTEMHM  IMyHITeTy, OTpHUMaHMd  3a
JoroMororo (ismyHEX 3aco0iB Ae3iHTerpamii MiKpoOHHX
KITHH (YIBTPa3BYK Ta €JICKTPOMATHITHE BHUIIPOMIHCHHS
HaJ3BHYATHO BUCOKOI 4acToTHn) [56, 57].

ITpoBeneni  AOCHi/KEHHS  TIOKa3alH, IO
HaTHUBHICTh aHTWTGHHHWX IIpeHapaTiB-KaHJWIATiB Y
a1’ T0BaHTH € KJIIOYOBOIO JAHKOIO iX e(eKTHBHOCTI. Tak,
EKCIIEPUMEHTH I0 BU3HAYCHHIO BIUIMBY JOCIHIIKYBaHHX
eKCIIEPUMEHTAIbHUX ~ 3pa3KiB  DI3HUX  aHTHI'CHHHX
npenapaTiB Ha aKTUBHICTh (aronurTo3y Ta ixX aj IOBaHTHY
IO I[I00 HATHBHOTO OYHUIIEHOrO Au(TEpiiHOrO
anatokcuny (HOJIA), mnokazamu, 10 3acTOCYBaHHs
npenaparis  moBepxHeBux anturenis  C.diphtheriae,
ancopOOBaHOMX Y Tedi TIOPOKCHIY AaTIOMIiHIIO, Ji3aTy
nporomtactie  C.diphtheriae abo wHaBiTh mnpenapaty
KIITHHHUX CTiHOK 30yImHMKa HE Halo MO3UTHBHUX
pe3ynbTaTiB: TUTPH AHTUTII B MIAJOCTITHUX TBapUH
3aJMIIANNCS HYJIbOBHMH, IIOKa3HUKH (HaronuTo3y He
BiIpi3HsUTHCS Bix KOHTpoabHOTO piBHA [58, 59]. eit myn
€KCIIEPUMEHTIB 3 HEraTHMBHUM pE3yJIbTATOM BUSIBHUBCS B
UIOMY Jy’K€ MMO3UTHBHUM IIOJO IiATBEPIKEHHS POJIi
caMe T[OBEPXHEBUX AHTUTCHHHMX CTPYKTYp  ILIOJO
cTuMyJlii  HecnenugiyHoi, a Hamam # crerudivyHoi
npotuaudTepiiHol  IMYHHOI  BIINOBiAI,  OCKUIbKH
eKCIICPUMCEHTANBHI 3pa3ku TUPTEpiHUX OakTepialbHIX
TIOBEPXHEBUX AHTUTEHIB MPOSBHIN cebe 1 K aj I0BaHTH
o0 TUQTEepifHOTO aHATOKCHHY, 34aTHI 3aMiHUTH
HEHPOTOKCUYHUHA  TIAPOKCHI  ANFOMiHIO, TaK i
IMYHOMOAYJIATOPH, SKi  MiABHIIYIOTH  (paromurapHy
AKTMBHICTh TIPH NEPUIOMY Ta IOBTOPHHX aHTUT€HHHX
CTUMYJIaX, a TaKOX CIPUSIOTh 3BUILHEHHIO CIM30BHX
HOCOTJIOTKH KpOJIiB, BaKIIMHOBAaHUX
€KCIIEPUMEHTAIIbHUMU 3pa3KaMu KOMOiHOBaHO{
mudrepiitHOl BakIMHH Ta  iH(IKOBAaHHX KyJIbTYpOIO
C.diphtheriae Big maroreny [60, 61].

binporicTs iHpeKIiHHIX 3aXBOPIOBaHb
TPAIUISIETBCS  TICJST TEPEeTHHY 30yIHUKOM OJHOTO 3
3aXMCHHMX CIM30BHX Oap'epiB opranismy. Came TOMY
(opMyBaHHS IMYHOJIOTIYHO CHJIBHOTO Oap'epy cim30BO1
O0OOJIOHKM  BB@XAEThCSI ~ €(EKTHBHOIO  CTPATETIEr0
3ano0iraHHsl 3apaKeHHI0 B MICIi KOHTakTy MiX
MikpoOamu Ta xasdiHoM. OpHaK, Cy4acHi CTaHZApPTH
TEXHOJIOTI] OJepKaHHA BaKIWHU 3a3BHYall CTOCYIOTHCS
JIMINE TATOTEHIB, SIKi BXKE MEPETHUHYJIM CIU30BHMA Oap'ep.
BinbricTs MieH30BaHUX BaKIMH BBOJATH IMiIIIKIPHO a00
BHYTpilIHBOM 5130B0. OTprMaHa iMyHHa BiIIOBiIb, 5K
MPaBUJIo, OOMEXKY€ETbCS  CHCTEMHHUM  T'yMOpPaIbHHM
iMyHITETOM (HampuKJax, BUPOOJIEHHSM AHTUTLI HPOTH
30yaHnka abo TOKCHMHY) 3 OOMEXEHHM KIITHHHHUM
iMyHITETOM (Hanpuxian, T-onocepeaxoBaHUM
KJIITHHAMU) Ta JIUIIE CJIAOKUM 3aXHUCTOM, 110 YTBOPIOETHCS
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Ha TIOBEPXHsIX CiIHM30BOi [62, 63]. Ha npoTuBary mpoMy
BaKIMHAIIS HA MOBEPXHSAX CIM30BOI OOOJOHKH, B TOMY
YHCII TepOpaNbHHI NUIAX BBEACHHS BAKLIMHU JIO3BOJISIE
YCIHIITHO CTUMYJIIOBATH TYMOPANBHY Ta KIITHHHY iIMyHHY
BIJAIIOBIb SIK HA CUCTEMHHMX, TaK 1 Ha CIM30BUX HIITHKAX
BXITHUX BOpIT iHGEKIil I BCTAHOBICHHS OLIBII
IIMPOKOTO 1 TPUBAJIOTO 3aXHCTY [64].

ExcniepumenTainbHi 3pa3Ku KOMOIHOBaHOT
nudrepiitHol BaKIIMHY 3 OaKTepiaIbHUM a1'l0BaHTOM OYJI0
BUIPOOOBYBAHO 3 BUKOPUCTAHHSM HEPOPATBHOTO IIIAXY
BBE/ICHHS BaKI[MHU Y KOMOIHOBaHHMX CXeMax ILeIyIeHHs, 1,
SK TIOKa3aJIn pe3yJIbTaTh eKCIIepUMEHTIB, ajJ I0OBaHTHA Ta
(harormTo3 CTUMYINIO0YA il NOCTIHKYBAaHUX KaHIMIAT-
BakIuH 30epiramacs. OnepxaHi JaHi MPOAEMOHCTPYBAIN
NEePCHEeKTHBY IIMPOKOT0 3aCTOCYBaHHS IEpOpanbHOI
iMyHi3amii SK HaHOUTPII TpUpoOAHOTO, (I3UIHO |
TICUXOJIOTIYHO 6e300micHOro crnocoO0y BBEICHHS BAaKIIMH
K 32 eKCTPEHUMH MOKa3aHHAMH y BOTHUIII qudTepii, Tak
1 U1l MiATPUMYBaHHSI KOJIEKTHBHOTO MPOTUAN(PTEPIHHOTO
iMyHITEeTY nUIIXOM OycTep-iMmyHizarii [65, 66].

OnmHak TmepopaibHa JOCTaBKa € CKJIQJHUM
3aBJaHH]IM, SIKE BHUMAarae CIHeHialbHOTO CKJIany Juis
MOJI0JIAaHHS CYBOPHX LITYHKOBO-KHIIKOBUX CEPEJOBUII Ta
YHUKHCHHS 1HOYKLii TOJEpaHTHOCTI M IOCSTHEHHS
epextrBHOrO  3axucty. Tyr MH  TOpKaeMocs
OOIPYHTYBaHHS IEPOPAIBHUX BaKUWH, BKIIOYAIOYH
KITFOYOBi 010JIOTi9HI Ta Pi3UKO-XIMIUHI acIIeKTH po3poOKH
OpasIbHUX BaKIMH HOBOTO MOKOJIiHHS [64].

[Ile ogHIM HAIIPSIMKOM TIiIBUIIEHHS O€3MEYHOCTI
JudTepiiHUX BaKUMH TPH MOBTOPHHUX IICTUICHHSX, SKE
BIZIKpUBAE MEPCIIEKTUBH CIIELM(DIYHOTO IMyHHOTO 3aXHUCTY
0ci0 3 ajiepriyHUMH PEAKIiIMHU, CTAJI0 EKCIICPUMEHTAIbHE
3aCTOCYBaHHSI NPUHIMUMIB crienn(iuHoi iMyHOTeparii mpu
HICIUICHHAX MiANO0CHiAHUX TBapuH. OepkaHi pe3ysbTaTiu
CBilYaTh, IO TMONEpPEJHE IepopalibHEe  BBEICHHS
anrurennux mnpemnaparis C.diphtheriae nomnepemkysaio
PO3BHUTOK IIKIpPHOi alepridyHOi peakmii B MiJTOCIiTHUX

KPOJIB TpH MOJANBIOIOMY TIiIIIKIPHOMY BBEICHHI
nudrepiitnux BakiuH [66, 67].

[Iposeneni OCHIIDKEHHS 3 po3poOKku
KOMOiHOBaHOT IUGTEPIHHOI BakIMHK 3 aJ'IOBAHTOM

0akTepiaIbHOrO IOXOKEHHSI TEPEeKOHJIMBO TOKa3aJln
IMYHOTE€HHICTh OTPUMaHHX EKCIIEPUMEHTAJIbHUX 3pa3KiB

KaHAMJAT-BaKMHU  Ta MOJKJIUBICTh MO€THAHHS
eheKTHBHOCTI Ta  0Oe3meyHoCTi  mpemapary  MpH
BU3HAYEHOMY JIO3YBaHHI Ta CTYNEHI  OYHIICHHS
QHTUIEHHOro  mpemapaTty. Ane Ui NOAAIbIINX

JIOCJIIJPKEHb CYTTEBO BaXKJIMBUM OyJie pO3IIMPEHHS 3HaHb
Npo YyTJIMBI HUISIXM BPOKEHOI IMYHHOI CHCTEMH Ta
BU3HAYCHHS TPaBUJI B3a€MOIi, 110 BU3HAYAIOTh (YHKIIT
[IUX OUISXIB Y KOHTEKCTI qudTepiitHoi iHekii.
IMyHOTCHHICTh, BJACTUBICTH, TOB'A3aHa 31
3MaTHICTIO BHKJIMKaTH IMYHHY BiANOBiAb, 9acTo
BUKOPHCTOBYETBCS SIK Cyporar JJisi 3aXHCHOI'O IMyHITETY
npu  po3poOri Ta BUIPOOYBaHHAX BakiuH. Tomy
CHemiaJbHOI yBaru 3aciyTOBY€ BUBUEHHS IPOTEKTHUBHOI
nii mpemapary. Yu Oyne qaHa iMyHHA BiATIOBiAb 3aXHCHOIO
abo He Oynae, BH3HAYAETHCS PAAOM MNPHIMH: i
crenudivHicTIO, KJIAaCOM edexropy, Micuem
pO3TalIyBaHHs, BEJIMYMHOIO Y TpuBalicTI0. OKpeMuM
HaNpsMKOM JIOCHI/DKEHb 3aIllpOIIOHOBaHOI KOMOIHOBaHOT
KaH/U/1aT-BaKL[MTHU MOXe CTaTH BUBYCHHS
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3aKOHOMIpHOCTEH  (QopMyBaHHA  aHTHOAKTEPiaILHOTO
MPOTUIUPTEPIHHOTO IMyHITETY  Ta BH3HAYCHHS
onTtuManbHUX criBBinHOMEeHs HOJIA Ta GakTepialbHOTO
AHTUTEHY Y CKJIaJ(i BaKI[UHU.

Development of a combined diphtheria vaccine based
on diphtheria anatoxin with microbial adjuvant in the
light of modern strategies of vaccines development
Yelyseyeva L.V., Babich Ye.M., Zhdamarova L.A.,
Bilozersky V.1., Kolpak S.A.

The review article is devoted to the consideration of
approaches to the practical implementation of the main
provisions of modern ideas about the role and
mechanisms of innate immunity for the development of
vaccines. Initiation of the body's immune defenses occurs
through the recognition of microbial pathogens using
typical molecular structures associated with pathogens
(PAMPs), mediated by image recognition receptors
(PRRs), which are expressed by cells of the innate
immune system. The so-called Toll-like receptors (TLR)
play a central role in initiating immune responses. Other
PRRs such as membrane-bound lectin C receptors (CLR),
cytosolic proteins such as the nucleotide-binding
oligomerization domain - NOD-like receptors (NLR) and
RIG-I-like are involved in the recognition of PAMP and
the control of innate immunity. receptors (RLR), AIM-2-
like receptors, and a family of enzymes that function as
intracellular nucleic acid sensors, including OAS and
CGAS proteins also involved in the recognition of PAMP
and control of innate immunity. Innate control of adaptive
immunity is now an established paradigm. PRR
determines the origin of antigens recognized by receptors
expressed on T cells and B cells, as well as determine the
type of infection with which collides with the body, and
teaches lymphocytes to induce an appropriate effector
class of the immune response. A modern branch of
vaccinology is a new paradigm for the development of
broad-spectrum prophylactic drugs based on trained
immunity (TIbV). These are vaccines that induce the
learning or training of innate immune cells, the essence of
which lies in their long-term metabolic and epigenetic
changes, which lead to an enhanced cellular response to
the second antigenic stimulus by the same or unrelated
specific microbial stimulus. Because trained immunity is
typically triggered by PRRs, T1bV must be formed from
microbial structures containing the appropriate PRR
ligands, namely, PAMPs. Unlike conventional vaccines,
which aim to obtain only specific responses to vaccine-
associated antigens, TIbV aims to stimulate a wider range
of reactions. Broad protection can be achieved by
enhancing the nonspecific effector response of innate
immune cells to pathogens and using the dendritic cells
activation state to enhance the adaptation of the T cell
response to both specific and unrelated antigens. The
concept of TIbV is in its infancy, but a number of modern
anti-infective vaccines, immunomodulators and vaccine
adjuvants can already be considered from the standpoint
of the TIbV category. Induction can be achieved in
various ways that enhance immunity, which can be
involved by bacteria, fungi (B-glucan) or metabolic
"trainers”, as well as some cytokines. A new paradigm for
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drug development and therapeutic interventions for the
prevention and treatment of infectious diseases is also the
defeat of bacterial virulence as an alternative to
antimicrobial therapy. One of the many antivirulence
targets is adhesion. If it is possible to suppress adhesion,
accordingly, it is possible to suppress the corresponding
infection. This approach forms the basis of anti-adhesive
strategies that have been invented to prevent various
bacterial infections. Thus, the development of vaccines
that prevent the initial stage of infection is in line with the
anti-adhesive strategy. A combined diphtheria vaccine
based on native purified diphtheria toxoid (NODA) with
an adjuvant of microbial origin is developed at the Sl
“IMI NAMN?” at the stage of preclinical trials. As an
adjuvant in the candidate vaccine, a preparation of
C.diphtheriae, var.gravis, tox + native surface antigens is
used, which have not undergone modification or even
denaturation with chemicals and therefore contain
molecular structures as similar as possible to natural
PAMPs and provide targeted antigen stimulation of cells
of the innate immune system, obtained by physical means
of disintegration of microbial cells (ultrasound or
electromagnetic radiation of extremely high frequency).
Studies have shown that the nativeness of antigenic
candidate drugs for adjuvants is a key element of their
effectiveness. Experimental samples of diphtheria
bacterial surface antigens have shown themselves as
adjuvant for diphtheria toxoid, capable of replacing
neurotoxic aluminum hydroxide, and immunomodulator,
which increase phagocytic activity in the first and
repeated antigenic stimuli, and also promote the release of
nasopharyngeal mucosa of rabbits vaccinated with
experimental samples of the combined diphtheria vaccine
and infected with a culture of C. diphtheriae. The
formation of an immunologically strong mucosal barrier
is considered to be an effective strategy to prevent
infection at the point of contact between microbes and the
host. However, modern standards of vaccine technology
usually apply only to pathogens that have already crossed
the mucosal barrier. In contrast to licensed vaccines,
vaccination on mucosal surfaces, including the oral route
of administration of the vaccine, can successfully
stimulate the humoral and cellular immune response in
both systemic and mucosal areas of the entrance gate of
infection to establish a broader and longer-lasting
protection. Experimental samples of the combined
diphtheria vaccine with bacterial adjuvant were tested
using the oral route of administration of the vaccine in
combined vaccination regimens, and, as the results of
experiments showed, the adjuvant and phagocytosis
stimulating effect of the studied candidate vaccines was
maintained. The obtained data demonstrated the prospect
of widespread use of oral immunization as the most
natural, physically and psychologically painless way to
administer vaccines both for emergencies in the
diphtheria outbreak and to maintain collective diphtheria
immunity by booster immunization. However, oral
delivery is a complex task that requires a special
composition to overcome harsh gastrointestinal
environments and avoid the induction of tolerance to
achieve effective protection, which requires detailed
justification of oral vaccines, including key biological and
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physicochemical aspects of next-generation oral vaccines.
Another way to increase the safety of diphtheria vaccines
during repeated vaccinations, which opens up prospects
for specific immune protection of persons with allergic
reactions, was the experimental application of the
principles of specific immunotherapy in vaccinations of
experimental animals. The obtained results indicate that
the previous oral administration of antigenic drugs C.
diphtheriae prevented the development of allergic skin
reactions in experimental rabbits with subsequent
subcutaneous administration of diphtheria vaccines.
Studies on the development of a combined diphtheria
vaccine with an adjuvant of bacterial origin convincingly
showed the immunogenicity of the obtained experimental
samples of the candidate vaccine and the possibility of
combining the efficacy and safety of the drug at a certain
dosage and degree of purification of antigenic drug. But
for further research, it will be essential to expand
knowledge about the sensitive pathways of the innate
immune system and to determine the rules of interaction
that determine the functions of these pathways in the
context of diphtheria infection. Special attention should
be paid to the study of the protective effect of the drug,
the study of patterns of formation of antibacterial
diphtheria immunity and the determination of optimal
ratios of NODA and bacterial antigen in the vaccine.
Key words: trained innate immunity, adaptive immunity,
development of vaccines, bacterial adjuvants,
C.diphtheriae, mucosal vaccines, specific immunotherapy.
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