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Beryn

oll-tioni6ui penenropu (TLRs) — 11e cimeiicTBo Tpac-

MeMOpaHHUX PelenTOPHUX OLIKIB, 3MaTHUX PO3ITi3HA-
BaTU Ta pearyBaTH Ha IATOT€H-acOIiOBaHI MOJIEKYJISIPHI
komriuiekcu (PAMPSs) Ta yuikoskeHHsI-acoltiifoBani MOJeKy-
smspai koMiieken (DAMPs). PAMPs € kommnonenTamu K-
TUHHOI CTIHKM MiKpOOPTaHi3MiB (HANPUKJIAJ JiNoMIoJicaxa-
puzu, nporeorsikaru ). DAMPs, abo Tak 3BaHi «ajapMinu», —
1le eH/IOTeHHI MOJIEKYJIAPHI KOMIIEKCH, 110 YTBOPIOIOTHCS
[IPY HEANONTUYHOMY YIIKOJKEHHI TKaHuH (TIpU 3arajeHHi,
TpaBMi, Hekpo3i). TLRs MatoTs mpoBigHe 3HaYeHHS ¥ BPOKe-
HOMY Ta QJallTUBHOMY IMYHITEeTi, a JIOCJI/KeHHsI OCTaHHIX
POKIB JIOBOJATH iX IMATOTEHETHMYHY POJb y MexaHizmax
PO3BUTKY aCElTUYHOrO 3allaJieHHs Ta BEJIUKOI KiJIbKOCTI
HeiH(peKIIHHUX 3aXBOPIOBaHb, He IOB'S3aHUX 3 MIKPOOHOIO
inBasiero [1,2,36,41].

Mema: o3naiiomnenns yutaya 3 Toll-noxibrumu perenro-
paMu, Cy9acHUMH TIOTJISIZIAMI Ha MeXaHi3MU iX (yHKITIOHYBaH-
Hst Ta Gi0JIONTYHNM 3HAYEHHSIM TIPU TIePEYaCHOMY HAPOIZKEHHI,

Icmopisa idkpumms

Buepmie 6isku Toll, sik KOMIIOHEHTH BPOIZKEHOTO IMyHiTe-
Ty, 6y BusBIeHi y Drosophila melanogaster nocmignukom
Hashimoto Ta kosieramu y 1988 porti. {ocaian Ha gposodinax
nokaszaiau posb Toll y cucremi BpomkeHoro imymiTery,
OCKIJIbKM TTPOBIi/IHI CUTHAJIbHI CUCTEMU aKTUBAIlil BPOJJKEHO-
ro imyHirery s36eperyiuch BIIPOAOBHK €BOJIOLII Bifl Takux
BB, SIK Ip030(isH, a O1IKN 3 MHOKIHHUMI JICHIITH-TTOBTO-
pamu, sSKi 3HalijieH] y 1o3akTuHHIN yacTuHi perentopis Toll
i € mocepeHUKAMU iX B3AEMOJIil 3 JiiraHJAaMU-aroOHiCTaMU,
MIMPOKO 3yCTpivaroThest Takok iy pocaun [13]. Nusslein—
Volhard 6yJio Busisieno, mo myrarii Toll y aposodinu onoce-
PE/IKOBYIOTH JIOP30-BEHTPAJIbHY TOJSPHICTh BIIPOIOBK
embpionanbHoro eraiy Qopmysanus oci Tima. Kpim Toro,
komaxu 3 myTaitismu B Toll MaloTh 3HMKEHY CTIHKICTD TPOTH
rpubkoBux indexuii [13,29]. ¥V 1997 poui Gysno nokasaHo,
IO IIi PereNnToOpHu y CCaBIiB MAOTh MOTEHINiaJ aKTHBYBaTH
CUTHAJIbHI IIJISIXU QJIallTUBHOTO iMyHiTeTy. leHeTnuHuit ana-
JIi3 Ha MUIIaX MOKa3as, 110 Ti TBAPUHM, SKi cJ1abKO BiAOBi1a-
JIV Ha BBeJleHHST eHAoTOKCHHY, Masin myTaiii B TLRs [29,41].
1i nocmimpkenns susHaunman TLR curHasbHuM GiIKOM I
Jrinormnosicaxapuis (KJI0YOBUX KOMIIOHEHTIB KJITUHHOI CTiH-
KM TpaMHETaTWBHUX OakTepiii) i momicTuin 1e ciMeiicTBO
PELENTOPIB y HEHTP CUCTEMHU BPO/KEHOTO IMYHITETY.

[Tizninie GyJo goBeeHo, M0 (HYHKIIOHATbHE 3HAYEHHS
Toll-moibHKUX perenTopiB 3HAYHO MUPIIE i He 0OMEKYETHCA
e QYHKIAMU BpojzKeHoro imyHiTery. Ilicis Bimkputts
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€HJIOTEHHUX aroHicTiB 0yJI0 oka3aHo poub TLRs y mpoiecax
KICTKOBOTO MeTaboJli3My, HeliporeHesy, IMyXJUHHOTO POCTY
Torro [32, 36].

Bumun TLRs Ta iX ekcmpecisa y TKaHHHAaX OpraHiaMy
JIIOJITHU

Ha manmit moment imentudikoBano 11 BumiB TLRs
y onuHn Ta 13 — y Mumeil. Y moacskomy opradismi TLRs
LIUPOKO TIPE/ICTABJICH] K HA IMYHOACOIIHOBAaHUX KJITHHAX,
BKJoUaoun B-mimdoruTi, MacTonuTy, HATypaibHi Kijepwu,
peryasaropHi T-mimdommnTu, mMakpodaru, MOHOIUTH, JI€H-
JPUTHI KJITHHY, HelTpodinu, 6azodinu, Tak i Ha HeIMyHHUX
KJITUHAX, TAaKUX SK eIiTeJiajbHi, eHJ0TesiaabHi, HEPBOBI.
TLR2 ta TLR4 HagBHi B MO3KOBiil TKaHWMHi, 0COOJUBO
y MIKPOTJIii, aCTPOIIUTaX Ta OJITOAEHAPOINTAX, a TAKOXK HA
HelipoHax Ta ix kiiTuHax-monepexHnkax. Excmpecia TLR1,
TLR5, TLR6 Bu3HauaeThcss Ha MeMOpaHaX KJITHH TOHKOTO
KHUIIEeYHNKa, OKa, Jieredb, a TLRS, TLR9, TLR11 — Ha xiaitu-
Hax CTaTeBUX IMIJIAXiB, CyANH, mKipn [29,36].

TLR-penenuisa ta nepejaya CUrHaxy

Toll-mogibHmii perenTop CKAALAETHCA 3 MO3aKIITHHHOTO
JIOMEHY, [I0 MICTHTh HU3KY OUIKIB 3 MHOKHHHUME JIeii-
IIHIIOBTOPAMH, SIKi O€PYTh YUacTh ¥ PO3Ii3HABAHHI JIiraH/IiB-
ArOHICTIB, 1 UTOILIA3MATUYHOL YACTUHU, 1[0 MiCTUTL OJIU3b-
ko 200 amiHOKUCJIOT. 3aJeKHO BiJl CTBOPIOBAHUX JaHUMU
penienitopamMu romMo- Ta rerepoauMepis, TLRs HabyBaioTh
3maTHOCTI 70 posnidHaBanHsad PAMPs pizHomaHiTHUX
MiKpoOpraHiamiB, BkiUauu Oakrepii, Bipycu, rpubu Ta
naitnpocrimi [1,2,41]. Kosxkern TLR okpemo un B KoMGiHaii
3 immumM posmiznae PAMPs, mo maoTe npupomy Jimiis,
JHTIOTIPOTEIHIB, HYKIETHOBUX KUCJAOT unt GinkiB. Tak, Hampu-
kaan, TLR2, yrsoprotoun rerepoaumep 3 TLR1 Ta TLR6, pos-
Mi3HAE JIMiU, JITOMeNTUAN Ta JIoNoicaxapu/iu rpaMHera-
TUBHUX Ta TpaMmo3uTuBHUX Gakrepiit, TLR4 imentudikye
BUKJIIOYHO JIITOTOTiCAXapUIN TPAMHETaTUBHUX MiKpOOiB,
TLR3, TLR5, TLR9 — HyKJI€IHOBI KHNCJIOTH Ta MEeNTUAOIJIIKA-
HuU GakTepiaJbHUX Ta BipycHUX areHTis [13,32].

Bynyun mpencraBienuMu K Ha iMyHHUX, Tak i Ha He-
IMYHHUX KJTITHHAX, i PEIeNTOPH 3/[aTHI MUTTEBO pearyBaTu
Ha TATOTeHU, CTPeCOBi (HDAKTOPU HABKOJMIITHBOTO CEPEOBH-
12 Yu EHJIOTeHHI aJapMiHM, 3alyCKaloud, TAaKUM YUHOM,
Kackaay 3amagbHux peakiiii. /Jlosesneno, mo TLRs omocepes-
KOBYIOTb CBOIO JIif0 IBOMA TILJISIXaMU: 32 PaXyHOK HEraitHOToO
3allyCKy IPOJYKII IUTOKIHIB Ta XEMOKIHIB Ta 3a paXyHOK
aKTHUBAIlll AHTUTEHIIPE3EHTYIOUNX KJITUH, TAKUX SIK MaKpo-
(aru Ta genapuTHi KyiTHHK [4,5,36].
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Oyukiist nepenadi TLR-curHamy € CKIaHUM MPOIECOM
Ta 3aJI€KUTH BiJl IMMEpHU3allil PEIenTopa, a TAKOK HasSBHOCTI
JIOIATKOBUX OLJIKIB i KO-PEIenTopiB, IKi PEryJIoTh CUTHATb-
Hi NIAXY, iHimioBaHi KoxkHUM okpemuM TLR. [{utoriazma-
truHa obsactp perentopa TLR xonraktye 3 Toll /IL-1 penen-
topauM (TIR) momenoMm, sxmit BuUCTymae ImocepemHUKOM
roMo- i retepodinbanx B3aemomaiil Mizxk TLR i TIR-BmicHmMmu
Ginkamu-aganrepamu [3—5,13,32]. Ilicas posnisHaBaHHs
PAMPs, TLRs akTuBYIOTh CUTHAJIbHI KOMIIOHEHTH, 1O TIPU3-
BOJMTH JI0 BIAIOBIAHOI IMYHHOI BiAIIOBiZi, HEOOXiAHOI AJis
3axucTty rocrozaps. CHUTHAIbHI MIIAXM, MO aKTHBYIOTHCS
TLR, B niiztomy MoxkHa KiaacudikyBaTn Ha 3aeKHi Biji (hakTo-
pa miesnoignoi nudepentiatiii 88 (MyDss) i MyDss-nesanesx-
i. Ieit hakTop € yHiBepcaTbHIM 6ITKOM-aIalTepOM, TTOTPio-
HuM 171 dyskiionysanns ycix TLRs, okpim TLR3 [32,36].

ITicyist akTuBarii peuernropis i B3aemozuii 3 MyD8s oxun abo
kinbka TIR-BMmicHuX 6inkiB-aganTepis 3B's3yiotbes 3 1L-1R-
acorifiopaanmvu kinazamu (IRAK). Ilicaa dochopumosanns
IRAK Bin'emnyernses Bim MyDss i B3aemozie 3 TNF-perenitop-
acomiitoaauM akropom 6 (TRAF6). TRAF6 yTBOpIoe xom-
mrexc 3 mosiybiksiTiHamMu Ubc13 i Uevia, 10 cHpusie CUHTE3Y
Ji3uH-63-110/1yGIKBITHH-TIOB SI3aHIX JIAHITIOTIB, SIKi, B CBOIO
4epry, akTUBYIOTh (haKTOP-POCTy-TpaHchopMytody-B-KiHasy 1
(TAK1) ta wmitoren-aktuBoBany upoteinkinazy (MAPK).
TAK1 y noennanni 3 cybopunnisaymu TAB1, TAB2 abo TAB3
akTuBy€E Ba HU3XigHi nuraxu, Brmodaioun [KK-xommrekce
ta MAPK-cimeiicrBo. IKK-koMmImIeke, 1o cKIaaeTbes 3 KaTa-
sitnarnx cyboaunuis IKKoe i IKKS i peryssitoproi cyboauHmti
IKKyxkaramizye dochopumosanis 6ikis. Lle hocopumonan-
HsI TPU3BOJINTB JI0 iX IETPAMIAILil i TIO/IATBIIIO] SI/IEPHOI TPAHCIIO-
KaIlii TpaHCKPUMINITHOTO HyKJeapHOro ¢akTopa Kamma-B
(NFkB). Moseky.u civeiictBa MAPK cocdopusioors i akTu-
BYIOTb TpaHckpuriiiitauii hakrop nporeiny 1 (AP-1). AkTuBa-
mist akropiB NFkB i AP-1 nmpusBoauth 10 excripecii mpo3a-
MaJbHUX IUTOKIHIB, Taknx gk iHTepaeikiam (IL-1, IL-6)
i rymop-Hekportrunuii pakrop (TNF-a) [13,32,36]. Peamizartis
dynxiiit 6inpmocti TLRs 6e3mocepennbo 3aJekKuTh Bij
ekcrpecii MyDss. Boxnowgac TLR3 i TLR4 3paTHi 3aiiicHioBatn
niepesiady curHaIy yepe3 MyDgss-HesaneskHni X, aKTUBYIO-
yu inTepdepon-perysaropuuii dakrop 3 (IRF3), mo Bezne no
cunresy intepdepony I tuny (IF1) [3-5,13,32,36,41].

Enporenna TLR-akTuBanis

Tak camo, 4K i iHbeKITIITHI YMHHANKY, CTePIJIbHE YITKO/KEeH-
HA TKaHUH BUKJIMKA€E BUPa3Hy BiANOBiAb iMyHHoI cuctemu. Lleit
napazokc 6ys Brepiie onucanuii y 1994 poui Buennm Matzin-
ger, IKUI BUCYHYB TillOTe3Yy, 110 iIMyHHa CHCTeMa JIOANHY CIIPS-
MOBaHa, Iepe/1yciM Ha 60poTh0y 3 HeGE3MEKOI0, a He Ha PO3IIi3-
HaBaHHA «CBili-ayskuii» [17]. PAMPs ta DAMPs curnamisyioTs
1po iH(MEKIIo Y1 ypayKeHHsT He3aJIeKHO BiJl iX TOXOKEHH:I.
Cepezl KITITUHHUX PEIENTOPIB, SAKi CIPUHMAIOTH I[i CUTHAIII
HeGesneku, TLRS ABs110Th 00010 KIIFOUOBI MOJIEKYJISIPHI 3B's13-
KU MK TKAHUHHUM TOIIKO/KEHHIM, 1H(EKITEo Ta 3amaieH-
HsIM. 3POCTAE KiIbKicTh JI0Ka3iB, 1110 PAMPs Ta DAMPs maiotsb
pisHi Mexamismn aktuBaiii iMynHoi cucremu. VIMoBipHo, 1ie
0B 'I3aHO 3 HeoOXiHICTIO JrdepeHItiallil naToreH-iHAYKOBaHOI
TLR-akruBaiii, 1110 BUMara€ 3ajydeHHs iMyHHOI CUCTEMH Ta
TkaHuHonoumKo/Kytouoi TLR-akTuBaiiii, ska crpsiMoBaHa Ha
permapaiiiio Ta peretepartiio [4,29].

Ennorenna TLR-akTuBaris € Haitbigbin neperneKTHBHOIO
cheporo nociimkenb Toll-mopiGHUX pelenTopis Ha CyyacHO-
My eTalli, OCKiJIbKU JIOBOJAUTH (Di3iosoriyHy Ta 1matosiorivyty
POJIb IMYHHOI BiJIIOBIi/li y TTaTOTEHe31 BEIMKOI KiJTbKOCTI HeiH-
dexmiitHNX 3aXBOPIOBaHb.

Enporenni girangu TLRs

YIIPomoBIK OCTAHHBOTO AecATupivus Oyo ixenTudikosa-
HO 3HAYHY KUJIBKICTb €HJOT€HHUX MOJIEKYJ YHIKOJKEHHS,
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3natHux aktuByBaTH TLRs. Jleski 3 HUX € BHYTPIIIHbOKJI-
TUHHUME MOJIEKYJIAMH, sIKi 32 HOPMaJIbHUX OOCTABHH HE PO3-
Mi3HAIOTHCS IMYHHOIO CUCTEMOIO, aJle TIOTPAIISIOTD Y TTO3aKJIi-
TUHHUHN TIPOCTIP y pe3yJIbTaTi HeKpo3y KIITUHU Y1 aKTHUBaIlii
MiCJIs YIIKO/PKEHHsI. [HII € KOMIIOHeHTaMM eKCTPallesIIoJIsIPHO-
IO MATPHUKCY, 10 BUALISIOTHCS aG0 aKTHBYIOTHCS Y Bi/IIIOBi/Ib HA
MOIIKO/KEHHS TKaHWH. EHZOreHHi Jirangn BKIIOYAIOTDH
GIJIKY 1 TIETITH/IH, TT0JIiCAXapU/IK Ta IIPOTEOTIIKAHU, HYKJIETHO-
Bi kucsiotu Ta docdouinian. Hailbinpi BUBYEHUMU 3 HUX
€ HU3bKOMOJIEKYJISIDHA TialypOHOBa KUCJIOTa, (hiGpUHOTreEH,
(dibponekTHH, GeTa-aedeHCHH, rellapuH-Cyabhar-npoTeori-
Kas Tomo [17,29,32].

ITix yac TpaBMU TKaHKH 200 IPOTEOII3Y KOMIIOHEHTH T103a-
KJIITUHHOTO MATPHKCY Ii/UIAI0THCS PO3IIEIIEHHIO, OTPUMaB-
1T MOXKJINBICTh BUCTyHatu B gKocTi jiraais TLRs, tum
camuM zatoun mouatok TLR-curnamizamii. Hampukiaz, Buco-
KOMOJIEKYJISIPHA TiaJlypoOHOBA KHUCJIOTA PO3MIEIUIIOETHCS 10
HU3bKOMOJIEKYJISIPHOL, sIKa 3rogoM 3B's3yerbes 3 TLR2 abo
TLR4 Ta akTuBY€E CUTHAMBHI Kackau. Bisku TenmoBoro moxky,
10 BUBLIBHSIOTBCS 31 «CTPECOBUX» KJITHH, MOXKYTb TaKOXK
aktuByBatu TLR4. Ilogpasnennsi TLRs inimiioe akTtuBariio
BHYTPIITHBOKJIITUHHUX CUTHAJIBHUX HIJISAXIB, 10 TPU3BOJIUTD
70 CHHTE3y 1 CeKpellii YNCIeHHNX IMTOKIHIB Ta XEeMOKIHiB.
Takum uynHOM, BpO/UKEHI IMyHHI 3allajbHi peaxiii MOXKYTb
6yTH aKTHBOBaHI 3a BiZICYTHOCTI BTOPrHEHH: maTorexis [4,17].

Axrtusanig TLRs Bizgirpae kmo4oBy poib y matorenesi
GaraTboX 3alajJbHUX Ta AyTOIMYHHUX 3aXBOPIOBaHb, Y TOMY
YHUCJI CENCUCY, PEBMATOITHOTO apTPUTY, CUCTEMHOTO 4epBO-
HOTO BOBYAKY, IHCYJIIHO3JIEKHOTO AiabeTy, MHOXHHHOTO
ckyepody, onkomnarosiorii [29,32]. Kpim Toro, BuB4aeThes ix
poJib y TIpoliecax perapaiiii ta pereHepaitii. Po3pobasiioTbest
Ta TPOXOMAATHh KJIHIUHI BUIIPOOYBAHHSI Psijl MpelapariB —
iHriGiTOpiB eHporenHux amapMinis Ta TLRs.

TLRSs Ta nepeayacHi nojoru

3/10poBa BATITHICTb € Pe3yJIBTaTOM >KOPCTKOI PeTyJIsIii
CHCTEeMU TIepexpecHUX B3aEMOJIIH MiXK CTPYKTypaMy MaTepi Ta
mwioxy. IMrianraiiig i mosoru XapakTepusyloTbCd CTAHOM
iziosoriunoro 3ananenns [10]. Ha Binminy Bix nepiomxy Barit-
HOCTI, 110 BUMAara€ BUPOOHUIITBA BUCOKWX PiBHIB TPOreCTEPOHY
Ta MPOTU3AlAIbHUX [IUTOKIHIB 3 GOKY Martepi i 10y, n1po3a-
MaJbHi IUTOKIHU, TPAHCKPUIIIIHI (haKTOpH, MBU/KI TOPMO-
HAJIbHI 3MIHM Ta aKTUBHICTb IMYHHHMX KJIITHH MAIOTb T1€PIIO-
psijiHe 3HAYEHHS y MpoIlecax aKTWBaIll MAaTKU Ta TOYaTKy
moJstoroBoi mistrbrocti [10,15]. KonmenTparist 3amanbHux
[UTOKIHIB Ta XeMOKiHiB, Takux sik TNF-o, IL-1B, IL-8, pisko
3pOCTa€ y IJIAIleHTaPHOMY MiKpOCepeoBHIIli, aMHIOTHYHIN
pinuHi i IWI0A0BUX 000JOHKAX, L0 CIIOHYKAE BPOKEH] IMyHHI
KJITTHHU akTuByBaTHcs. Haciiakom 3amycky kxackamy mposa-
MAJIBHUX PEAKIIiil CTAa€ aKTUBALliS PEIENTOPIB OKCUTOIIUHY, 1110
BeJle /10 aKTUBHOTO CKOPOYCHHS MATKW i, OTXKe, /10 THIYKILI
10JIOTIB. 3BaXKal04M HAa HETalHICTh IOYaTKY T10JIOTIB Ta, K Ha-
CJTIJTOK, PI3KWII TIepexijt Bi/l IPOTH- /10 TTPO3aIa/lbHIX CUTHAJIBHIX
KACKa/IiB, He BUKJIMKAE TIOUBY TOU (haKT, 10 «He 3arlJIaHOBaHi
OpraHizMOM» TMepedacHi MoJIOTH € CTAaHOM HaiOiIbIT BUCOKO-
TO PU3HMKY 111010 PO3BUTKY HECHPUSATINBUAX HACITIKIB, K Y
JKIHKH, Tak i y HOBOHapojKkeHoro [17].

[lepemauacHi moJsior MOXKYTb BUHUKHYTU B Pe3yJIbTaTi
HU3KHU [IPUYNH, TAKKUX SK BIUINB €KOJIOTTYHUX TPUTEPiB, MaTe-
PUHCBKUI cTpec, reHeTHYHI aHOMaJIil 110y M BaritHoI abo
ropMoHasibHuil aucOanmanc. OpHaK 3 HAKOLIBII YacTO MO-
BiIOMJIIOBAHUX TPUYWH I€PeYaCHUX MOJIOTIB € iH(eKIisd,
y 3B'SI3KY 3i 3MATHICTIO iH(EKIINHNX areHTiB MPOBOKYBaTU
3amajabHy BifOBiIb. IcHy€e 3HauHa 0Ka30Ba 6a3a, Mo MOHA
90% 1epeuacHuX TMOJIOTIB, sKi BiAOyBalOThCs 10 28 THKHIB
BariTHOCTI, KOPEJIOIOTh 3 HASIBHICTIO iH(EKIINHUX areHTiB
i Bupasnoro sananenus [15,33]. Kpim Toro, nepeBaskHa 6iJib-
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HICTD TUIAIEHT, OTPUMAHUX TiCJIS [Iepel4aCHUX T0JI0TiB, Mae
TATOJIOTIYHI O3HAKU XOPiOAMHIOHITY, SIKUH € pPe3yJbTaToM
BILUTMBY DSy AUdepeHIiagbHuX MaTOTeHHUX areHTiB [15].
TakuM 4MHOM, HOIIPH JIOCTATHIO KiJIbKICTh I0Ka3iB iH(eKITiii-
HOTO TeHe3y IlepedacHUX II0JIOTiB, OCHOBHI MeXaHi3MH, SKi
BUKJIMKAIOTh PAHHE HAPOJPKEHHS Y BiJITIOBi/Ib HA TIPUCYTHICTD
MATOTEHIB, 3aJUIIAIOTHCS HE 3'ICOBAHUMU.

BiporigHuM TOSICHEHHSIM iHIliOBaHHS POOOTH Pi3HUX
iMyHHUX TUISXiB € aktuBaiisa Toll-momibuux pernentopis.
BaxmmBo BigsmauntH, mo icHye BupasHa ekcrpecig TLRs
(TLR2-4, TLR7-9) nHa kaituHax tpodobisacta i MaTkoBUX
iMyHHUX KaiTrHax. Ligkom iMoBipHO, 110 andepeniiiini MaT-
KOBi iIMYHHI peakilii BiOyBaiOTbCs Yepe3 pO3MaiTTs maTore-
HiB, TI[0 3yMOBJIIOE akTHUBAaIIi0 6ymab-skoro 3 TLRs i 3pemnrroo
MIPU3BO/IUTH JI0 3allajieHHs], Tlepe/luacHUX TI0JIOTiB Ta HaBiTh
BHYTPIHBOYTPOOHOT 3arubedi moza [10,17].

3a manuMmu Jitepatypu, 6akrepiasbHa iHBa3isg Ma€ Oijib-
ITAH BIUINB HA BUHUKHEHHS Tlepe[9acHUX TIO0JIOTiB, HiX Bipyc-
Ha [33]. Ile moxke GyTu MOB'SI3aHO 3 PI3HOIO JIOKAI3AIIEO
iHdeKIiiiHX BorHUI, 3a3Buyail GakTepii 3HaXOAATHCS B CIIU-
30BUX 000JIOHKAX, SIKi OTOUYIOTh AMHIOTHYHY [TOPOKHUHY 200
BUCTUJIAIOTH TI0JIOTOBMI KaHasl. 3 iHIIOro GOKY, BIpycH, SIKUM
HeoOXifHa KJIITMHA-TOCTIONAp I PeIuliKalii, K HpaBuJIo,
3apakaloTh KIiTHHU Tpodobracta i mianenT, OCKiIbKN BOHN
Hagizeni crnenu@iyHUMU perenTopaMu, 1o HoTpioHI A1
BTOpraenns Bipycuux yactuok [10]. BaximBo 3asnaumnTi,
1o GaxTepii Jerko KyJILTHBYBATH 3 aMHIOTHYHOI PifiHI 260
Ma3KiB, B3THX 3 JIJISTHOK MAaTKM BariTHOI JKiHKH, a yepe3 mpu-
POy BipyCiB, I1i IaTOreHu OLJIbII CKJIAAHO ifeHTIdIKyBaTH.

Jlyxe pinko 6esmocepeanbo BipycHi abo GakrepiaabHi
opraHizMu BUKJIUKAIOTh nepepvacHi nosoru. [IBuiie, npu-
YUHOK € IMyHHA BI/INOBi/b rocrojgapsi, BUKJIUKaHa 30y/HU-
KoM. BpaxoByoun, 1o 10JIOTH € 3alajJeHHs-0T0cepe/IKOBa-
HUM MPOIECOM, CTAE 3PO3YMIJINM, IO HATOr€HU MOXKYTb
BUKJIMKATH HE3aIJIAHOBAHY AaKTHBAIIO IMYHITETy MaTKM.
[lani mokasyiors, mo aktuBariss TLR-curnaspHux misxis
MPU3BOJIUTH 0 3AIyCKY HU3XIZIHOTO KACKa/ly BUBIIbHEHHS
Mpo3arnaJbHUX IUTOKIHIB, i, Hacammepe, 1o aktuaiii NF-kB
TpaHCKpuUILiiiHoro (akropa. Takum 4YuMHOM, BiaOyBacTbCs
TMOPYIIEHHSI TOPMOHAJIBHO-IIUTOKIHOBOI IPOTH3aNaabHOI
perysiiii y MaTepUHCHKO-TIIOZ0BOMY KOMILIEKCI, HeOOXiAHOT
TS YCIITHOTO ZIoHoIeHHs BaritHocTi [10,15,17,33].

TLRs i ymkomkenns ITHC y nepenyacHo Hapoa:KeHUX
airei

Xoua maTodiziosorTiss HEBUHOIIYBAaHHS BariTHOCTI Mae
GaraTohaKTOpHUI XapaKTep, 3anmajibHa BiIOBiIb MIalieHTap-
HOI TKAaHWHU Ha iH(EKII0 Tpa€ BUPIMaIbHy TPUTEPHY POJIb
y monazn 80% mepemyacHux mosoriB. Hemonoreni mitu, 1o
BMIKMBAIOTh, MOKYTb CTPaKJAATH HA MEPMaHEHTHY iHBaJIilI-
HICTh BHACJI/IOK TOIIKO/KEHHS TKaHUH Oe310CePENHbO
iHdekuieo abo 3anajJbHOI0 BIANOBIAIIO Ha OKCHIATHBHUIL
crpec [8,10].

HoBi nani 1eMOHCTPYIOTD, IO BPOJKEHI IMYHHI peakxiiii
€ HeJIOCKOHAJIMMHU Yy HOBOHAPO/UKEHUX JiTell, 0cobJUBO
Y HEZIOHOIIECHUX, 1 BiIirpaloTh PoJIb y TIPOIecax yIIKOKEeHHS
TKaHUH He TIJIbKU B HEOHATaJILHOMY Hepiofii, ajie i y paHHbO-
My antsaomy Biri [11,18,30,35]. ¥ mocaizax wa TBapuHax
[I0Ka3aHOo, 110 HOBOHAPO/)KEHI B OCHOBHOMY BHUKOPHUCTOBY-
10Th CHCTEMY BPOKEHOTO IMYHITETY /TSI 3aXHCTY Bil Oyib-si-
Koi 3arposu. Jlumie KijsibKa A0CTi/PKeHb TIPUCBSIYeHi XapaKTe-
pUCTHUIll IMYHHOI BiAINIOBi/Ii HAJA3BUYAWHO HEJIOHOIIEHUX
HOBOHAPO/KEHNX Ha iHdEeKIlio/3amasents i BOHU JIEMOH-
CTPYIOTD, IO I[UM [IiTSM BJIACTUBE 3HMKeHHs piBHA T-xesme-
piB, iHTEpEPOHIB, AHTUTEH-TTPE3EHTYIOYNX KJIITHH, HEJIOCKO-
Hasna yHKIisA HeitTpodisiB, KilbKicHA Ta sIKicHA He3PiTicTh
JNEHJPUTHUX KJITHH, 3HMKEHHS IJIa3MOBHUX KOHIIEHTpAIliii
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KOMITOHEHTiB KOMILJIEMEHTY, 3aTPUMKa 1 3MEeHIIeHHsT IIPO/IYK-
wii anTutinn B-mimdornuTamu, a TakoX yHIKaJIbHI IIMTOKIHOBI
peaxiiii. Kpim ToOrO, B peaysbraTi He/JopO3BUHEHOCTI apXiTeK-
TOHIKM CeJIe3iHKM, OOMEKEHUM € 3aXOIJICHHS aHTUTCHIB
yepes KpaiioBi 30HH, 10 3a3BUYail BiAOYBAETHCA Y AOPOCIUX.
Bisbiite Toro, rimboka HE3pLICTh MePeYacHO HAPOIIKEHUX
miteil 3yMoBJIo€ TIMOOKI Ae(eKT BPOIKEHOTo i HabyTOro
imynitery. MoHonuTi MaloTh aHoMaJlii y IpeseHTaltii anture-
HiB, a IEHAPUTHI KJITUHHY i IiMMOIIUTH CXUTHHI 10 HAJMipHO-
TO aIoIITO3Y, 110 IPOSBJSETHCS Y HE3IATHOCTI OUUCTUTH TIep-
BUHHI BOrHMIIA iH(eKLil, 36i1blneH i pusuKy cynepindekiii
I HECIIPOMOJKHOCTI CTBOPUTH a/aliTUBHY IMYHHY BIiAIIOBi/Ib
[22,24-25,31,39—-40]. OcTranuiMu poKamMu MiATBEPKYETHC,
110 aKTHBAIliA 3anajJeHHsI-acolliifoBanux OLIKIB Ta iX perern-
TOPHOTO arapary y HeJJOHOIIeHNX HOBOHAPO/IKEHNX € MapKe-
POM TIPOIECiB, sSKi BEAYTh /IO TIOMIKOJKEHHS B JIETEHSX,
TOJIOBHOMY MO3KY, KulleqHuky i citkisui [9,23,37]. Hespisui
TKaHUHH, SIKi 3a3HAI0TH HEKPO3Y, BUBLJIBHAIOTH BEJIMKY KiJlb-
KIiCTb MOJIEKYJ PO3IAAy — €HIOTEHHUX CUTHAIBHUX OLIKiB-
aJlapMiHiB, stki, Oyyun JiraHaamMu JJist crienuiyHuX KIiTHH-
Hux TLRs-perenTopis, akTHBYIOTh (DYHKIIIIO BPOJZKEHOTO Ta
JIalITUBHOTO IMYHITETY. Y BiJIIOBI/Ib HA CTUMYJISAIIIO Pi3KO
3pocTae BUPOOJEHHsT MeIiaTopiB 3amajieHHs — IIMTOKIHIB
(Tax 3BaHWH «IUTOKIHOBHI ITOPM» ), SIKi, B CBOIO UEPTY, TEX
YUHATH MOLTKO/PKYIOUNI BIUINB Ha TKaHuHu [11,21-26].

TLRs kJacMYHO BUBYAIOTHCS y 3B'SA3KY 3 IMYHITETOM,
MpoTe OCTaHHI MaHi TATBEP/KYIOTh iXHIO POJb Y SKOCTI
memiatopiB ITHC. ¥ Toit wac gx gocmimkerHs 3 maToreH-aco-
mirioBanumu jirangamu TLRs nmokasanu, njo TLR-akTuBarisa
Yy MO3KYy HeraTHBHO BILJIMBA€E HA Ii3HAHHS, OCTAHHI JIaHi CBi/l-
yaTh 1po Te, mo TLRs perymotors KorHiTHBHI yHKITH i 32
BificyTHOCTI TaToreH-acomifioBanux miranais [12,14,16].
[lesaxi TLRs matoTs BupasHy eKkcIipeciio y MO3KOBiH TKaHWHI
emb6piona. Tax, TLR3 i TLR8 6epyTh y4actb y Hefiporenesi
i pocTi akCOHIB y MO3KY, mo po3BuBaeTbes [20,28]. TLR3-
nedinut 36ibiye mpostidepaiito HePBOBUX KJITHH-TIONEPE/-
HUKIB, a ctumyJisiis TLRS rambmye 3poctanns akconis. TLR2
MPUTHIYYE TIporicdepartito HePOHHNX KJIITHH-TTOTIEPEIHUKIB
B eMOPIOHAIBHOMY TIE€PIiOjIi, I0T0 eKCIPECist € BiIHOCHO HU3b-
KOK0 JI0 HAPOIKEHHsI Ta 301JIbIIYETHCS MPOTSITOM MEPIIX
IBOX TWXHIB KuTTsA. OcHoBHuUMU Jjirangamu g TLRs
B ITHC € Ginku Temosoro moky (HSP), HusbkoMosekyisipHa
TiaypoHOBa KUCJI0Ta, HykJeiHoBI kucaotn (st TLR 3789)
i mepumii 60kc BUCOKOMOGLIbHOI rpynu Ouikis (HMGB1)
[17,33,35].

Mexanism#, 1110 IPU3BOJATD JI0 HOIMIKOJPKEHb TOJIOBHOTO
MO3KY y TIepefdacHO HapOKeHUX iTell, € CKIaJHUMU
Ta OCTATOYHO He BUBYEHI. BHyTpilHbOyTPOOHA iH(EKILis/3a-
MajJieHHd MOKe ICTOTHO BIJIMHYTH Ha PO3BUTOK MO3KY
y TepUHATAJbHOMY Tepiofli i TPU3BECTU M0 3HAYHUX 3MiH
y #oro cTpykrypi Ta dyukitisx. Lmiansai kaituau i Toll-mopi6-
Hi pPelenTopu € JKUTTEBO BaKJIMBUMU JIAHKAMH Y TIpOIecax
imynnoi Bignosini B [ITHC: nucperyssiis i€l Biamosimi Bimi-
rpa€ 3HauHy POJIb B YIITKO/PKEHHI TOJIOBHOTO MO3KY. BryTpir-
HBOMATKOBA iH(DEKIIis/3amaeHHsT Ma€ IMyHOMOIYJTIOI0UY Iif0
i BuK/inKae KoHkperHi 3Minu B TLRs-pereniiii y 6ararbox Tka-
uuHax. HetrogaBui 1ocstiizkeHHS TIOKa3aJId, 1110 BHY TPIillIHbO-
yTpobHa iHdexlis/3analeHns MoxKe MPOBOKYBaTH PO3BUTOK
3alaJIbHUX TIPOIECIB Y TOJOBHOMY MO3KY 1 IUHaJIbHUX KJIITH-
Hax 3a paXyHOK BUBIJIbHEHHS IMTOKIHIB 1 Me/iaToOpiB 3ama-
JIEHHS, @ TaKOX IIJIIXOM aKTUBAIlli CUTHAJIBHUX MHIJISAXIB Ta
TpaHCcKpuMIinHuX (axropis (smepHoro dakropa-kappa B),
SKi 3aJIiHI y Tporecax 3amaJbHOTO MONTKO/KEHHST TKAaHWH
[9,20,26,33]. TLRs, 30kpema TLR4, GepyTh yuacTb y CUTHAJI-
3alii 3amajeHHst Py BHYTPIIHBOYTPOOHIi iHdekmii. Takum
YUHOM, TTOTOYHI Pe3yJIbTaTh MOoKa3yioTh, o TLRs € xiiouo-
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BUMHU Me/[iaTopaMy IepeYacHnX IOIIKO/KEHb TOJOBHOTO
MO3KY, BUKJIMKaHUX BHYTPIIIHbOYTPOOHOIO iH(eKIieo,/3ama-
JIEHHSIM.

Poub Toll-noni6Hux perentopis He 0OMeKY€EThCS iHDEK-
I[ITHO-3aMlaJbHOIO BIiAIMOBiAAI0. Tak, mesaKl ZOCIiKeHHS
MOKA3yIoTh IX CyTTEBE 3HAYEHHS B YIIKO/KEHHI MO3KY BHa-
caifiok imemii-perrepdysii. 3arubesb HEUPOHIB MicIs imemii-
periepdysii TOJIOBHOrO MO3KY aKTUBY€E BPOJKEHUI iMyHiTeT,
onocepeakosanuii Toll-oaiGHUMK penernrtopaMu, i BUKJINKAE
3amaibHy peakitiio. L[ BiAMOBIAL € HEOOXiAHOIO I BU/A-
JIEHHSI 3aJTUIIKIB HEKPOTU30BAHUX KJIITHH Ta MOYATKY MPOIe-
cy perenepartii [19,27-28,33]. IIpore 3amnanbHa peakitis, HaB-
Ak, MOKe [OCHUJIUTH IIOIIKO/KEHHS TOJIOBHOTO MO3KY i,
TAKUM YMHOM, 3aIlyCTUTH ITPOILECH BTOPUHHOTO YIITKO/PKEHHS.
MmoBipHo, TaknM unHOM (GOPMYETBCS MEPHBEHTPHKYIIPHA
nefikomansis (i, Ik Hacai 10K, epebpaabHuil mapastiy) mics
BHYTPIIIHBOIIJIYHOUYKOBUX KPOBOBMJIMBIB Y HEJOHOIIEHUX
HeMoBJAT [6,12].

Axtusaris TLR2 y HemoHomeHnx HOBOHAPOIKEHNUX
3MeHIye 00csr cipoi ta 610l peYOBUHU MO3KY 1 MO30YKOBO-
TO MOJIEKYJISIpHOTO 1apy, HaToMicTh TLR2-medinut npusso-
IIATh 10 CKOPOYEHHST 00CSTY TiMOKCHYHO-IMIEMIYHOTO ypa-
skeHHs [21,27]. Inmni gocmimpkeHHS 1eMOHCTPYTOTh, 0 TLR2
i TLR4 perysooTh HeliporeHe3 y MO3KY JOPOCTIHUX Ta HE BU-
SBJIAIOTH HEHPONPOTEKTUBHUX BJIACTUBOCTEH P IepUHa-
TaIbHOMY TiMOKCUYHO-imemMiunoMmy ypaxkenni. IlikaBo, mo
OCTaHHI KJIHIYHI IOCJIUKeHHS TOKa3aldu, IO eKCIpecis

JITEPATYPA

TLR2, TLR4, TLR7 i TLR8 y kposi Oysia nos'si3ana 3 Hec-
MPUATIUBUM PE3YJIBTATOM IICJIs IIeMIYHOTO YIIKOJKEHHS
Mo3Ky [19,33-34]. 1li pesysbraTéi IeMOHCTPYIOTH, IO Pi3Hi
TLRs maroTh KOHKPeTHI poJii B Ipoliecax YIIKO/KEeHHS y He-
3pizomy Tta chopmoBanoMy MO3Ky. OpraHizmy HeOOXiIHO
3a6e3neunTy TOYHUH GalaHe MK 3aMaJbHIM i TPOTU3ATIATb-
HUM KOMIIOHEHTaMH, H_[O6 YHUKHYTHU BTOPUHHUX YIIKO/JKEHD
KJITUH, Ha 1[0 i CKEPOBaHIi CydyacHi TeparneBTuYHi pPo3poOKU.

BucuoBku
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Ak cBiguarh mani cBiToBMX pocaikenb, Toll-momi6mi
perenTopu MOKYTh MaTH KJIIOYOBe 3HAUEHHS y Tatodisio-
JIOTi1 TepeiYacHUX IOJIOTIB Ta BEJIUKIH CYKYIHOCTI IATOJIO-
rivnux crauis, Bkiovatoun yikompkenss [LTHC, y negonore-
uux gireil. [lopsin 3 MM aHi CUTHAJIBHI PETENTOPH 37IaTHI
aKTUBYBATH 1 pemapaTuBHY (GYHKIIO, 30KpeMa 32 PaxXyHOK
JI03piBaHHs JEHIPUTHUX KJITUH Ta Makpodaris, 1o jaae
MOXKJIUBICTb IIOIIYKY HOBUX TepalleBTUYHUX CTpaTeriii Ta
00YMOBJTIOE BUCOKY aKTyaslbHICTh ocipkerb Toll-moxionmx
PeTenTopiB y Taxy3i IepuHaTOJIO T 1 TeiaTpii.
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Toll-nopoGHbIE peuenTopbl: POJib BPOXXAEHHOIO UMMYHUTETA B NaToreHese nNpexAaeBpeMeHHbIX POAOB
1 MexaHU3MaXx NOBPEeXAEHNS LLeHTPaJIbHOM HEPBHO CUCTEMbI Y HEALOHOLUEHHbIX AeTen
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Toll-like receptors: the role of innate immunity in the pathogenesis

of preterm birth and in mechanisms of central nervous system damage in preterm infants

0.S. Yablon, D.Y. Vlasenko

Vinnytsia national medical university named after M.l. Pyrohov, Ukraine

The article is devoted to the modern views of the structure, mechanisms of functioning and biological significance of Toll-like receptors. Especial attention is
paid to the role of the innate immune receptors in the pathophysiology of preterm birth and pathogenetic mechanisms of tissue damage of the central nerv-
ous system in preterm infants.
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