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binoyc B.JI. MonexkynsipHi MeXaHI3MH PO3BUTKY IAaTOJIOTIYHUX CTaHIB
POTIBKH Ta po3po0Ka MiaXoiB 10 iX Kopekirii. — KBamidikariilina HaykoBa mpars
Ha MpaBax pyKOIHCY.

Jucepraliiss Ha 3700yTTS HAyKOBOT'O CTYIIEHsS JoKTopa (imocodii 3a
cnemianpHicTIO 091 «bionoristy. — [actutyT 61oximii im. O. B. [Tanmnagina HAH
VYkpainu, Kuis, 2024.

Hucepraiiisi nOpuUCBSYEHA JIOCHIDKEHHIO MOJEKYISPHUX MEXaHI3MiB
PO3BUTKY MATOJOTIYHUX CTaHIB POTIBKH, 1HIYKOBAHMX PI3HMMHM YHWHHHUKAMH,
BIUIMB SIKMX aCOLIOBAaHMN 3 TINOKCI€I0, 3allajeHHsIM Ta HEOBACKYJISPU3ALIELO.
Baxxn1Boro yMOBOIO Il HOPMaJbHOIO CBITJIONPONYCKaHHS Ta 3a0e3leueHHs
BHUCOKOI SIKOCTI 30py € aBacKyJSPHICTb POTIBKM, SIKa Y 3J0pOBOMY Ol
HNIATPUMYETBCS 332 PaxyHOK OajaHCy MIX TMpo- Ta aHTUAHTIOTCeHHUMHU
perynaropamMu. OCKITBKM HEOBACKYJSPHU3AIlisl € 3arpo3JIMBUM CTaHOM, IIIO
CIPHUYMHSAE TMOTIPIIEHHS 30py a00 WOro MOBHY BTpaTy, Ha ChOTOJHAIIHINA JI€Hb
MOIIYK HOBUX €(QEKTHBHUX 1 OE3MEYHUX MOMIYJISTOPIB CYAUHOYTBOPEHHS €
aKTyaJIbHOIO MPOOJIEeMOI0 CydacHOi O10xiMmii, OlOMEIUIMHMU Ta KJIIHIYHOI
odraaeMosorii. 3a nanumu BceecBiTHROT opraHizatiii oxoponu 310poB’ s (BOO3)
y BCbOMY CBITI KUIBKICTh MAIlIEHTIB 3 OYHUMU XBOPOOaMH, TOB’S3aHUMHU 3
PO3BUTKOM HEOBACKYJISIpU3allli pOTIBKH, IOPIYHO 310JblIyeThes HA 1,4 MIH. 3
TEHJIEHITI€I0 110 3pocTaHHs. Jlo ¢akTopiB, 10 BUKIUKAIOTH HEOBACKYJISPHI
3aXBOPIOBAHHS POTIBKH, BIAHOCATHCS (DI3UYHI TpaBMH, MUJI Ta 1HII aOpa3uBHI
Marepianu, XiMi4HI Ta TEpPMIYHI OIIKH, CHUHIPOM CYXOro OKa, XIpypridHi
BTPY4YaHHS, HEKOHTPOJIbOBAHE HOCIHHS KOHTAKTHHX JIIH3, IHGEKIIITHUN KepaTuT,
yabTpadioIeTOBE CBITIO TOLIO. XPOHIYHE 3alajieHHs] Ta HEOBACKYJISIpU3allisl €
dakTopamu, SKi MOXYTh CIIPOBOKYBATH BIJITOPTHEHHS TPAHCIIAHTAHTY MICIIS
MIPOBEICHHS KepaToIulacThku. Yepe3 akTUBHUY nepedir 60MoBUX i B YKpaiHi
0COOJIMBO TOCTPO CTOITh IMpoOjeMa JKyBaHHS IIOpPaHEHb OKa Ta iXHIX
YCKJaJHEHb, OCKIJIbKM 3HAYHMNA TPOIEHT BiJ YCiX BHUIIB OOMOBHUX TpaBM

CKJIaJal0Th IMOIMKOIXCHHA OYHOI'O $I6JIYK8, Ta HpOHI/IKHi IMOpaHCHHA pOI‘iBKI/I.



dapmakoTepariis HEOBACKYJISIPHUX 3aXBOPIOBAHb POTIBKH 3a JOMOMOTOIO
ICHYIOUMX 3ac001B, 30KpeMa, KOPTUKOCTEPOiIiB, Ma€ 0OMEeXeHY e(PEKTUBHICTS 1
acoIliioBaHa 3 MPOSBOM IIJIOI HU3KHU TMOOIYHUX €(QeKTiB, IO CIIOHYKa€E 0
pPO3pOOKM HOBUX TEpaneBTUYHHUX MIIXOIB Ta JiKapchkux 3aco0iB. Cepen
(b1310J10T1YHUX 1HTIOITOPIB HEOBACKYJISApH3allli 0COOJIMBY yBary MpPUBEPTAIOThH
MPOJIYKTH OOMEXKEHOro MPOTeoNi3y Ia3MiHoreHy — anriocratuau (AS). Lli
kpunri-pmicHi momnentuan (K1-3, K1-4, K1-4,85, K1-5, K5) 3 pizHOM0O
¢()EeKTUBHICTIO TIPUTHIYYIOTH aHTIOreHe3 uepe3 creuudiuyHe 1HT1I0yBaHHS
IPOAHTIOTE€HHOTO CUTHAJIIHTY B EHAOTENIMHUX KIITHHAX Ta BOJOIIIOTH
MpOTU3ANATBHUMHU BJIACTUBOCTSAMHU. Y BiIAUIN Ximii Ta Oioximii (epMeHTiB
[HcTuTyTy G10XiMil iM. O. B. Ilannagina HAH Ykpainu panimie O0yio po3po0ieHo
Ta YCIIIIHO peayii3oBaHO TexHoiorio orpuManHs AS K1-3 ta K5, epextu sixkux
BUBYAJIM y TIPEJICTABIICHIN ucepTalliiiHiii poOoTi. JlJis BUKOHAHHS IMOCTaBICHUX
y aucepTaiitHii poOoTi 3aBJaHb OyJI0 BAKOPUCTAHO Cy4yacH1 010X1MI4Hi, (pi3UKO-
XIMIYHI Ta IMyHOXIMI4H1 METOIH (reb-eJIeKTpOo(dOope3 MPOTEIHIB, IMyHOOJIOTHHT,
IMYHOSH3UMHHUM aHajis, adinHa xpomatorpadis, eH3UM-(hope3,
CHEeKTpOo(POTOMETpUYUHI METOJHM), METOJAW IMyHI3allli TBapuH Ta OTPUMAHHS
MOJIIKJIOHATIBHUX aHTUTI, METOAW KYJIbTUBYBAHHS €BKApIOTUYHUX KIIITHH,
TiCTOJIOTIYHI METOaH, TecT EdpoHa (BU3HAYEHHS CTYNEHS HEOBACKYJISpU3allii
POTIBKH), METOJIU CTATUCTUYHOTO aHaJI13Yy.

Otxe, Oyma cdopMynboBaHa MeTa POOOTHU: 3’SICYBATH MOJICKYJISPHI
MEXaHI13MH PO3BUTKY MMATOJIOTTYHUX CTAaHIB POTIBKH Ta PO3POOUTH MIAXOAM JI0 iX
KOPEKIIii.

OpHuM 13 3aBAaHb MPEACTABICHOI AUCEPTAIiiHOT poOOTH OYyJIO OIIHUTH
010JI0T1YHY aKTHUBHICTb Ta 010CYMICHICTh AS B €KCIIEpUMEHTAX in Vivo Ta in Vitro.
AnTunanriorenny aktuBHicThb AS Kl1-3 BuByanmu Ha Mojeni JIy)KHOTO OIKY
pPOTIBKM KpOJiB. Y TBAapUH EKCINEPUMEHTANIbHOI TPYNH OIIK BUKIMKAIU
arutikauiero 1 N pozunny NaOH Ha noBepxHio oka. YacThHa TBapUH 3 OMIKOBOIO
TpaBMOIO poriBku oTpumyBaia AS K1-3 micueBo y BUIIISIAI OYHUX Kpameib

I0ICHHO TIpoTsroM 14 muiB micas omiky y 1031 0,75 Mkr (1,0 MkM po3uun). 3a
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nornoMoror mopdosorignoro Tecty Edpona 6yno BctaHoBiIeHO, 10 AS cripusB
ICTOTHOMY perpecy HOBOYTBOPEHHUX CYAHMH Yy POTIBII 3a Jy>KHOTO OIIKY.
Pesynbratt  MOpPQOJOTIUHOTO  JOCHIKEHHS  y3TOJDKYIOTBCA 3 JTaHUMHU
TICTOJIOTIYHOTO aHami3y, Kl CBI4aTh, [0 3aCTOCYBaHHA AS 3MEHIIMIIO CTYIiHb
JereHepaTUBHUX 3MiH, 1HGUIbTpaIlli JEHKOIUTIB Ta HAJAMIPHOTO IPOPOCTAHHSI
CYJIMH B YIIKO/KEHIN POTIBIN ¥ CIPHUSIIO pereHepairii enitenito. BecrepH-0710T
aHali3 Ji3aTiB TKAHWHM POTIBKMA TMOKa3aB, IIO OMIK MPHU3BIB 0 ICTOTHOTO
3pocTaHHs piBHS npoaHrioreHHoro nuutokiny VEGF B ymikomkeHid TkanuHi (y
3,3 pa3u y nopiBHsHHI 3 KoHTposiem, P<0,01), Toxi sik K1-3 cipusB Hopmanizanii
roro BMicty. KpiMm Toro, npamaTuyHe 30UIbIICHHS Y MOIIKOJKEHINA POTiBIIi
pIBHIB IIpo-Kacma3u-3 ta 0exiiH-1 (BiamoBinHo y 15,6 Ta 31 pa3u mopiBHSHO 3
koHTposieM, P<0,001) cBiIYMTh NpPO AaKTUBALIK MNPO-aNONTOTUYHUX HUISXIB
3arubeni KITHH Ta PO3BUTOK aBrodarii. 3actocyBanHs Kl1-3 crpusiio
3MEHILEHHIO PIBHS MapKepiB arono3y Ta aBTogarii B POTiBII MICIsA OIMIKY
BiAMOBIAHO ¥ 4,5 Ta 12,9 pa3iB y nopiBHsAHHI 3 KoHTposieM (P<0,05). Ockinbku
panime OyJo TMOKa3aHO, IO HaJaKTHBAIllE MakpoQariB pOTriBKM TKAHUHHUM
nebpicoM Moke OyTHM OAHIED 3 TMPUYMH PO3BUTKY 1 MIATPUMAaHHS
HEoBacKyJsipu3ailii, B podoti 0yno nociimkeno BiuB AS K1-3 (10-200 €M) Ha
METa0OJIIYHy AaKTUBHICTh (aroluuMTapHUX KIITHH Yy TeCTi 3 HITPOCHUHIM
terpazonieM (HCT-tect). byno Bcranosneno, mo K1-3 y konnentpauii > 50 HM
1HT1I0y€ AaKTUBHICTh KIITHHHUX JeriporeHad wmakpodariB miHii J744.2 y
cepenuboMy Ha 30% y mopiBHSHHI 3 iHTakKTHUMHU KiituHamu (P<0,05). Otxe,
OJIHAM 3 MEXaH13MIB aHTUAHTIOTE€HHOT Ta IUTOMPOTEKTOPHOI 11i AS y poriBii 3a
YMOB JIY’KHOTO OIIKY MO€ peaiizyBaTuCs 4epe3 MOMIpHUN CyNPECOPHHI BILUIUB
Ha aKTUBHICTh PE3UJEHTHUX MakpodariB. Byio BCTaHOBIIEHO, 10 TMOKa3aHi
ebektrn AS KI1-3 BusiBuimcCsS OUIBII BHPaXEHWMU y TOPIBHSIHHI 3 BiIOMHM
IPOTEKTOPHUM TNpoTeiHoM Jaktodepunom (Lf), skuii OyB BUKOpUCTaHUI B
€KBIMOJIAPHINA KOHLIEHTpAIli K MpenapaT NOPIBHSHHS.

OO60B’s3K0BOI0 YMOBOIO IIPU TECTYBaHHI HOBHX MpENapaTiB-aHr10CTaTUKIB

€ nepeBipKa IXHIX MOKJIMBUX OUTOTOKCUYHHUX BJIACTHBOCTEH Ha KIIITUHU OYHOT'O



JTHa, 30KpeMa, CITKIBKU. Y mpejcTaBieHid poooTi BuBuanu edextu AS K1-3 ta
K5 Ha XHATT€3MaTHICTh KJIITUH IMITMEHTHOTO emitenito ciTkiBku (miHis RPE-1
hTERT) 3a nomomororo MTT-tecty. Byno mokaszaHo, mo oOujBa BapiaHTH
aHT10CTaTHHIB Yy Jiama30Hi JOCHIKYBaHUX KoHLeHTpamii 2-100 HM He YyuHSATH
IIUTOTOKCUYHMX €(EeKTiB Ha KJIITHHU MITMEHTHOTO EMITEII0 CITKIBKHM 32 YMOB in
vitro. 111 7aHi cTaHOBIATH 3HAUHUM IPAKTUYHUI IHTEPEC 3 OTJISAY Ha MOXKITUBICTD
0€3MeYHOro 3acTOCyBaHHS JIOCIHIIKYBAHUX 1HTIOITOPIB aHTIOr€HE3Y 3 METOI0
TApreTHOTO 1 CHenU(pIYHOTO MPUTHIYEHHS aKTUBHOCTI CHAOTENIMHUX KIITHH
CYJIMH 3a Tepallii pi3HUX XBOPOO 0Ka, acOlIMOBaHUX 3 HEOBACKYJISIPU3ALIIEIO.

[Tonpu 3HauHUM Mporpec y 3’ sCyBaHHI MEXaH13MiB 010JI0T1YHOT AKTUBHOCTI
dbparMeHTiB MI1a3MiHOTEHY, 1HII eeKTH AS y poriBlii 32 ii YIIKOJKEHHS, OKpPIM
1HrIOyBaHHS ~ MPOAHTION€HHOTO  CHUTHAIIOBAHHS,  3aJIMIIAIOTBCS  Hapasi
HeBUBUCHUMH. HacTynHuM 3aBAaHHAM qucepTauiiiHoi poOoTH OyJio IOCHIIUTH
BMB ABox mnominentuAiB AS (K1-3 1 K5) Ha piBeHb npoTeiHIB-MapKepiB
KIIFOUOBUX NATO(PI310J0TIYHUX MATEPHIB Yy MOJEII JY>KHOTO OIMIKY PpPOTIBKH
urypiB. [lignocninni TBapunn otpumyBainu AS K1-3 miciieBo y BUTIISIII OYHUX
kpanenb y 1031 0,075 a6o 0,75 mkr (y Burasmi 0,1 abo 1,0 MkM po3uuHiB
BiznoBinHO) abo 0,3 mxr AS K5 (1,0 MmxkM) moaenHo npotsiroMm 14 nHIB micss
TpaBMU. 3a JomnoMoror BecTepH-O710T anamizy Ji3aTiB TKaHUHU POTIBKH
MOKa3aHo, IO 3aCTOCYBaHHA AS CHpHUSJIO 3MEHIICHHIO PIBHIB MPOTEiHIB-
MapkepiB, acoriiioBanux 3 rinokciero (HIF-1a), anriorenesom (VEGF),
peMopentoBaHHsM 1 ¢i10po3oM TkanuH (MMP-9), aBrodariero (beclin-1), a Takox
CTpecoM eHjaoIIa3MaTuyHoro petukynaymy (GRP-78), sik OCHOBHMX JIaHOK
natosioriunoro mporecy. Kpim toro, AS KI-3 copusiB 3pocTaHHIO pPiBHS
NPOTEIHY MIIIBHUX KOHTAKTIB ZO-1, 10 CBIAYUTH MPO IHILIAIII0 pEreHepaTUBHUX
IPOLECIB Ta peeHiTeNi3allil0 POriBKU MICIs TY>KHOTO OMIKY.

Bigomo, mo emiTeniiiHi KJIITUHM MOBEPXHI OKa € MIMICHHIO ISl HU3KU
BIpYCIB, Kl BUKOPUCTOBYIOTh €KCIIOHOBaH1 HA HUX PEIENTOPH JJIsl MPOHUKHEHHSI
70 opraisMmy. Y nucepTariiiHiii poOOTi MOCHiKyBadu BIUIUB AS Ha piBEHb

peuentopa SARS-CoV-2 anrioTeH3uHKOHBEpTYBaibHOTO npoTeiny-2 (ACE2) y
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TKaHUHI POTIBKU B €KCIIEPUMEHTAJIbHIN MOJEN1 Jy>KHOTO omiKy. [lomkomkeHHs
MOBEPXHI OKa, BUKJIMKAHE JIyToM, cipuduHmio 30ubmeHHs piBHs ACE2 y 7,7
paziB nopiBHAHO 3 KoHTpojieM (P<0,001), mo Bka3zye Ha OUIBIIY Bpa3IuBICTh
MOTIIKOKEHOTO OKa 110 iHdikyBanHs. 3actocyBaHHsS AS K5 a6o K1-3 (1,0 MxM)
3HIKYBallo piBeHb ekcnpecii ACE2 B ymkomxeHidt poriui Basiui (P<0,05
nopiBHSAHO 3 rpynoto Omik), Toai sk K1-3 y menmnit konnentparii (0,1 MkM)
samkyBaB BMicT ACE2 y 3,4 pasu (P <0,05). Otpumani pe3ynbTaTé CBiI4aTh
npo Te, o AS MOXYTh 3MEHIIIYBAaTH MOTEHIIMHUNA pU3UK NMPOHUKHEHHS SARS-
CoV-2 4yepe3 MOBEPXHIO OKa HUIAXOM 3HMXKEHHS €KCIpecii WOro peuenrtopa.
Takox O0yno gocmimkeHo BB AS K1-3 1 K5 Ha piBeHb Mapkepa akTUBOBaHOL
caremitHoi i GFAP (rmianehHuit  QiOpunsipHuil  KUCIMHA TNPOTEIH) Y
MOIIKO/KEH1M poriBii mypiB. Cri 3ayBakKUTH, IO B 3JI0POBIM POTIBII LieH
OpOTEIH CHHTE3Y€ThCS B  CHAOBUX  KUIBKOCTSX, ULI0 CBIAYUTH PO
(yHKILIOHYBaHHSA ITIAIBHUX KJIITUH Y CTaH1 (1310J0T1YHOTO CIOKOK0. BTiM, Oyio
NoKa3zaHo ApaMatuyHe 3poctaHHs BMicTy GFAP y TkaHuH1 pOTiBKH 3a OIMIKOBOL
TpaBMu (y 62 pasu nopiBHsHO 3 KoHTposieMm, P<0,001). Cnix 3a3nauutu, mo K5
BUSIBUBCS BIIBIUM edekTuBHIMM 3a K1-3 3a 31aTHICTIO 1HT10YBaTH peaKTUBAIIIIO
caTeNiTHOI Tuii, mpo mo cBiquuTh 3MeHmieHHs piBHA GFAP y 10,9 pazis
nopiBHsiHO 3 Tpynow Omik (P<0,01). bumema edexktuBHicTs K5 Moxe OyTu
OB’ SI3aHOI0 3 MEHIIIMMHU po3MipamHu ioro Moneky (14 k/la) y mopiBusansi 3 K1-
3 (35 x/la), mo Bu3Hauae OuIbITy OiogoctymnHicTh K5. OTpumani pesynbratu
CBIIYaTh HA KOPUCTh peaii3alii aHriocTaTUHAMU HEUPONPOTEKTOPHUX
BJIACTUBOCTEH 4Yepe3 MPUTHIYEHHS HaJAMIPHOI aKTUBAIlli caTeliTHOI TJii B
MOIIIKOJIPKEH1H POTIBIIi. 3arajioM, AaHi, OTpUMaHl1 Ha eKCTIEPUMEHTAIIbHIN MO
JY)KHOTO OITIKY POTiBKHM, BKa3ylOTh Ha MEPCHEKTHUBU 3aCTOCYBaHHA AS mms
po3po0KKM ePEeKTUBHMX Ta Oe3MeyHuX O(TATbMOJIOTIYHUX TMpernapaTiB 3
KOMIUIEKCHUM MEXaH13MOM 3aXHMCHOI dii.

Bigomo, 1o pi3Hi po3naau mMeTabodi3My, K 4aCTO CYNPOBOIKYIOTHCS
(dbopMyBaHHSM Tino- ab0 aBITaMiHO3HUX CTaHIB, MPU3BOIATH 10 MOPYIICHHS

GyHIIIOHYBaHHS POTIBKH. 30KpeMa, XpOHIYHE 3JI0BXKUBAHHS aJIKOTOJIIO € YaCTOIO



IPUYUHOIO MATOJIOTIYHUX 3MIH OKa, TAKUX SIK KaTapakTa, CHHIPOM CYXOro OKa,
CHUHJIPOM YE€pBOHOTO OKa, HEeWpoJereHeparlisi, ski MpU3BOJATH 10 MOTIPIICHHS
30py Ta chinoTu. IIporte Hapasi mMano BIiAOMO MPO MOJEKYJISPHI MEXaHI3MH
BIUTMBY XPOHIYHOTO CIOKMBAHHS aJIKOTOJIO HA POriBKy. TpuBana iHTOKCHKAITIS
€TWJIOBUM CIHUPTOM, KPIM BIUIMBY Ha OpraH 30py BJIACHO €TAaHOJIy Ta TOKCUYHUX
MPOAYKTIB MOro Meradodi3My, € BKpail HEOE3NEUHOI Yepe3 3HUKEHHS PIBHS
BiTamiHIB Tpynu B, ocobmmBo B (Tiaminy). OTxe, HACTymHE 3aBIaHHS POOOTH
MOJISITAJIO 'y TEpeBipIll TIMNOTe3W, IO BBEACHHSA BiTaMiHy B; Mo)XXe YHHHUTH
IPOTEKTOPHY 10 y POTIBII 3a YMOB TPUBAJIOrO CIOKMBAHHS €TaHOJY. 3 LI€I0
MeTO10 0yJ10 chOPMOBAHO EKCIIEPUMEHTAIBHY MO/JIENIb XPOHIYHOI aJIKOToi3allii,
B K1 1rypu oTpumyBanu 15% posuun eranony (EtOH) mpotsarom 9 micsiis. 3a
TUXACHb JI0 3aKIHYEHHS €KCIIEPUMEHTY YacTHHA IypiB OTPUMYyBasa TIaMIH per
0os y n000BiiM 1031 25 MI/Kr macu Tijga. byjgo BCTaHOBIIEHO, IO TpHBAJe
CTIOKUBAHHS €THJIOBOTO CIHUPTY MPHU3BOAUTH JO ICTOTHOTO 3POCTaHHS BMICTY
HIF-1a y porisui (y 3,24 pa3u nopiBHsHO 3 KoHTpoJeM, P<0,05), mo cBiguTh npo
PO3BUTOK TIMMOKCUYHOTO CTaHy B TKAHWHI TBAPUH 3 1HTOKCUKAIIIE€IO. 3pOCTaHHS
pPIBHA 1HIIUX PEryJSITOPHUX MPOTEIHIB — MapKepiB MATOJIOTIYHUX CTaHIB,
acomiioanux 3 rinokciero (VEGF, MMP-2 1 -9), cBiguuTh mpo akTHUBAIliIO
[IUIX1B MPOAHTIOT€HHOTO CUTHAJIOBAHHS Ta PEMOJICIIOBAHHS TKAaHUHHU POT1BKH
SK KOMIIEHCATOPHOTO MEXaHi3My 3a YMOB BIUIMBY TOKCHKaHTa. JleCTpyKTHBHI
3MiHH, IHAYKOBaH1 €TaHOJIOM Yy POTiBIll, CyIPOBOKYBAIMCS 3MEHIIICHHSIM PiBHS
NPOTEiHy HIUIbHUX KOHTakTiB ZO-1 y 2,8 pa3u y NOpIBHSHHI 3 KOHTPOJIEM
(P<0,05), mo € o3Hakor0 pyilHYBaHHS LIUTICHOCTI €MITEIAHOIO MIapy POTiBKH.
O3HaveHi 3MiHU BIIOYBaJNUCS Ha TJ1 PO3BUTKY MPOANONTOTUYHOIO CTaHY B
pOTiBIIl, HA 10 BKa3y€ ICTOTHE 3MEHIIEHHS BEJMYMHM CHiBBiAHOIIEHHS Bcl-
xL/Bax y mypiB 3a TpuBajoro BIUIMBY erTaHoiy (y 20 pa3iB MOpIBHSIHO 3
koHTpoJieM, P<0,01). BBenenHns Tiaminy nrypam, 1o 3a3Hajid XpOHIYHOTO BIIUBY
€THJIOBOTO CIIUPTY, B 2,6 pa3u 3meHImwio piseHb HIF-1a y poriBii y nopiBHsIHHI
3 rpynoto EtOH (P<0,05), a Takox crpusiyio CTaAaTUCTUYHO JOCTOBIPHUM 3MiHAM

pieass VEGF, MMP ta ZO-1 y 0ix Hopmamizamii. 3pOoCTaHHS BEIUYUHU



crniBBigHomeHHs Bel-xL/Bax y 6,5 pasiB 3a BBeJieHHS BiTaMiHy B; y mopiBHsSHHI
3 rpymnoto EtOH (P<0,05) Moke mosicHIOBaTUCS CIIPUSTIUBOIO JII€I0 BiTaMiHy B
Ha aepoOHUN MeTaboJi3M, KOPUTYBaHHSAM MITOXOHAPINMHOT aucyHKIIIT,
aHTHOKCHUJAHTHIN Ta MpoTU3anaibHI aKTUBHOCTI TiaMiHy B KJIITHHAX POTiBKH 32
YMOB XPOHIYHOT IHTOKCHUKAIIIi €TaHOJIOM.

PoriBka € HaWOIIBII IMIUIBHO 1HEPBOBAHOI CTPYKTYPOK OpraHizmy
(noBxkuHa HepBiB > 20 MM/MM? 260 27 THC. penenTopis/mMm?, mo y 300-600 pasis
OinbIIe, HIXK y MKipi). HelipoHu ouyHOTO po3rainyKeHHs TPIHdacToro HEpBYy, IO
1HEPBYIOTh POTIBKY, Y KOMIUIEKCI 3 KJIITUHAMU CATENITHOI TJIii BIAMOBIJAIOTH 32
Tpoiky Ta BWXKMBAHHS EMITENAHUX KIITHH, (QYHKIIIOHYBaHHS CII3HHMX 3aJI03,
KJINalnbHUA peduiekc, pernapaTuBHI mnpoiuecu Tomo. HacTynmHuMm 3aBaaHHSIM
poOOoTH OYJI0 JOCTIAUTH BILIUB BiTaMiHy B Ha BMICT MapKepiB HelpoaereHeparii
Ta CTaHy INAJIbHUX KJIITUH Y POTiBII IIypiB, IO 3a3HABAJIX MPOJOHTOBAHOT /il
eTaHoIy. byso rmoka3aHo, 110 €TUI0BUM CIUPT SIK pEYOBUHA 3 HEUPOTOKCUYHUMU
BJIACTUBOCTSIMU BHKJIMKA€ HEHPOJEreHepaTuBHI 3MIHM B POTIBI, MpPO IO
CBITYUTH CTATUCTUYHO JIOCTOBIPHE 3HWKEHHS PIBHS SIEPHOTO MapKepy HEUPOHIB
NeuN Ta BTpata Baxkoi cyOomunuli HepodinamentiB NF-H nHa T
HAKOMWYEHHSI TinepPpocPopuaboBaHOTO MPOTEiHYy Tay (O3HAKM JereHeparrii
aKCOHIB y CEHCOPHMX HEpBaX pOTIBKM Ta PO3BUTKY  Tayomarii).
HeliponerenepatuBHi 3MiHHM, 1HAYKOBaHI XPOHIYHHMM CIOKMBAHHSIM €TaHOIY,
CYNPOBO/KYBAJIUCS TMIABUIICHHSIM PEAKTHUBHOCTI caTeNITHOI TJii (3pOCTaHHS
piBag GFAP y 4,2 pa3u y nopiBHsiHHI 3 KoHTposiem, P<0,01). BBenenns tiaminy
TBApMHAM 3 XPOHIYHOIO AJIKOTOJBHOIO IHTOKCHKAIIEI CHPHUSIIO HOpMasizaiii
eKcrpecii HeMpOHAIBHUX Ta TIaJbHUX MapKepiB Y TKAaHUHI POTIBKH, IO BKA3y€
Ha 3MEHILIEHHS CTyINEHs HeWpojereHeparlii, crabumzamii LIUTOCKEIeTa
HEHPOHATBHUX KIITUH 1 MoayJmsiii yHkiii catemitHoi rii. OTxe, oTpuMaHi
JIaH1 IOBOJSITH, 110 3aCTOCYBaHHS TiaMiHy MOK€ OyTH HayKOBO OOTPYHTOBaHUM
MIIXOJAOM JUISl  KOPEKIIi HEeWPOTOKCUKOJOTIYHOTO €(EKTIB XPOHIYHOTO

CTHOYKUBAHHS €THJIOBOTO CIIUPTY B POTIBII.
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CnizHa piguHa 3abe3nedye MOBHOLIHHE (YHKIIOHYBAaHHS pOTIBKH,
30KpeMa, 3aB/ISIK1 HasIBHOCTI B Hill OUTbII HiXk 3 THC. pi3HUX poTeiHiB. HaiOinbm
MacoOBHM TIPOTEiHOM Ciibo3u € Lf — MyabTU(]YHKIIIOHATBHUN TPOTETH, SKUI
BOJIOJIIE AHTUMIKPOOHOIO Ta IMYHOMOJYJSTOPHOIO AaKTHBHICTIO Ta BIiJIrpae
NPOBIIHY pOJib B pPenapaTUBHUX MpOIEcax, a HOoro piBeHb MOXE BapilloBaTH y
3aJIEKHOCT1 BIJl CTYNEHs MOIIKO/KeHHS oka. OTKe, HACTYNHUM 3aBJIaHHAM
pobGoTu Oyio onepKaTH MOJIKIOHAIBHI aHTUTLIA a0 Lf moguHu miis iXHBOTO
MOJANBIIIOT0 BUKOPHUCTAHHS y BU3HAYEHHI I[LOTO MPOTEIHY B CII3HIN piJIUHI
MaII€HTIB 3 HEMPOHUKHOIO TpaBMOIO poriBku. [lomiknoHanbHi anTuTina 10 Lf
OyJl0 130JIbOBAaHO 13 CHPOBATKU KpPOBI IMYHI30BaHMX KpOIIB (THTP aHTHUTLI
BIJINOBIJIaB po3BeAeHHI0 cupoBatku 1:15000). Otpumani BucokoadiHHI aHTUTILIA
y BECTEpH OJIOT aHadi31 PO3MI3HABAJIMA BIJMOBIIHUI aHTUTEH SIK MOJINENTUIHY
30Hy 75 k/la, sika BIMOBIAE 32 MOJICKYJISIPHOIO MACOIO IHTAKTHOMY TOJIIIETITHTY
Lf moaunu. Byno BcTtaHoBiEHO, 1m0 piBeHb L B cibo31, 310paHoi B Malli€HTIB 3
HEITPOHUKHUMU TPaBMaMU POTiBKH OyB y 3,2 pa3u HMKYHUM 3a LIE MOKA3HUK Y
Hopmi (P<0,05). 3minu BmicTy Lf 00epHEHO KOpPETIOIOTH 3 MMiJIBUIICHHSIM PiBHS
HIF-la, MMP-9 Ta AS y cmi3Hid piauHi TalI€HTIB, MO J0AATKOBO
MIATBEPKYIOTh PO3BUTOK 3alajbHUX MPOIECIB, aCOIIHOBAHUX 3 TIMOKCIEIO B
YIIKO/KEH1M TkanuHi. Kpim Toro, cii3Ha pijinHa MaIi€HTIB 3 MONIKOKEHHIMU
POTiBKM y 3HAaYHUX KUIBKOCTSAX MICTWJIA IMYHOPEAKTUBHI MPOILYKTH
posmieruieHHs Lf, a TakoX BUCOKOMOJICKYJSPHI TOJIMENTUIA, SKI MOXYTh
BiIMOBIAaTH KoMIuiekcaM Lf 3 iHmmMu npoteiHaMu, 110 HaJACKCIPECYIOThCS 3a
3amajbHUX TPOIECiB, 30KpeMa, LEepyJIomIa3MiHOM. TakuM YHWHOM, 3HIKEHHS
BMicTy Lf MOXe cimyryBatv mpOTHOCTUYHUM OlOMapKepoM mepebiry paHoBOTO
IpOIIECy B OIIi, 30KpeMa, 3a HEMPOHUKHUX TPaBM POTIBKH, IO € 3PYYHHM JJIs
BH3HAYCHHS B IIPOCTHM Ta HEIHBA31MHMIA CI1OCi0. 3TigHO 3 HAaBEJICHUMH JTaHUMH,
oTpuMaHi aHTuTina 10 Lf MOXyTh OyTH BUKOPHUCTaHI K KOPUCHUN THCTPYMEHT
JIJIs CTBOPEHHSI HOBITHIX TECTIB JJISI IIarHOCTUKW OYHUX XBOPOO, MOB’SI3aHUX 3

YIIKO/PKEHHSIM POTiBKH.
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SUMMARY

Bilous V. L. Molecular mechanisms of corneal pathologies and
development of approaches for their correction.

Thesis for a doctor of philosophy (Ph.D.) scientific degree in specialty 091
“Biology” — Palladin Institute of Biochemistry of the National Academy of
Sciences of Ukraine, Kyiv, 2024.

The dissertation is devoted to the study of molecular mechanisms of the
development of corneal pathologies induced by various factors associated with
hypoxia, inflammation, and neovascularization. Avascularity of the cornea is
thought to be an important condition for normal light transmission and ensuring
high quality of vision, which is maintained by the balance between pro- and anti-
angiogenic regulators in a healthy eye. Since neovascularization is a threatening
condition that causes vision impairment or its complete loss, today the search for
new effective and safe modulators of angiogenesis is an urgent problem of current
biochemistry, biomedicine, and clinical ophthalmology. According to the World
Health Organization (WHO) data, globally, the number of patients with eye
diseases associated with the development of corneal neovascularization increases
annually by 1.4 million with a growing trend. Factors that may cause neovascular
diseases of the cornea include physical trauma, dust and other abrasive materials,
chemical and thermal burns, dry eye syndrome, surgical interventions,
uncontrolled wearing of contact lenses, infectious keratitis, ultraviolet light, etc.
Chronic inflammation and neovascularization are factors that can trigger graft
rejection after keratoplasty. Due to a full-scale russian invasion of the territory of
Ukraine and active military phase of war, the problem of eye treatment and
diagnostic interventions is particularly acute, since a significant percentage of all
types of combat ocular traumas are various corneal injuries.

Pharmacotherapy of corneal neovascular diseases with the use of existing
medications, in particular, corticosteroids, has limited effectiveness and is
associated with the manifestation of a number of side effects, which prompts the

development of new therapeutic approaches and drug discovery. Among
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physiological inhibitors of neovascularization, the products of limited proteolysis
of plasminogen, known as angiostatins (AS), attract a special attention. These
kringle-containing polypeptides (K1-3, K1-4, K1-4,85, K1-5, K5) inhibit
angiogenesis with varying effectiveness through specific inhibition of
proangiogenic signaling in endothelial cells and have anti-inflammatory
properties. In the Department of Enzyme Chemistry and Biochemistry of Palladin
Institute of Biochemistry of the National Academy of Sciences of Ukraine,
technology protocols for producing AS KI1-3 and K5 have been previously
developed and successfully implemented, allowing to obtain AS for investigation
in the present study. Modern biochemical, physicochemical, and
immunochemical methods (gel electrophoresis of proteins, immunoblotting,
immunoenzyme analysis, affinity chromatography, enzyme phoresis,
spectrophotometric methods), methods of animal immunization and production
of polyclonal antibodies, cultivation of eukaryotic cells, histological methods,
Efron's test (evaluation of the degree of corneal neovascularization), methods of
statistical analysis were used to fulfill the tasks of the dissertation.

Therefore, the aim of the thesis was formulated as follows: to investigate
the molecular mechanisms of the development of pathological conditions in the
cornea and to develop approaches for their correction. To achieve the set goal, it
was necessary to perform the following tasks.

One of the tasks of the dissertation was to evaluate the biological activity
and biocompatibility of AS in in vivo and in vitro experiments. The antiangiogenic
activity of AS K1-3 was studied in the model of corneal alkaline burns in rabbits.
In animals of experimental group, a burn was caused by applying 1 N NaOH
solution to the surface of the eye. Part of the animals with corneal burn pathology
received AS K1-3 topically in the form of eye drops for 14 days after the burn at
a dose of 0.75 pg (1.0 uM solution) daily. Using Efron's morphological test, it
was established that AS-based treatment resulted in a significant regression of

newly formed vessels in the cornea after an alkaline burn.
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The results of the morphological observation are consistent with the data of
the histological analysis, which indicate that the use of AS reduced the degree of
degenerative changes, infiltration of leukocytes, and excessive proliferation of
vessels in the damaged cornea and promoted the regeneration of the epithelium.
Western blot analysis of corneal tissue lysates showed that the burn led to a
significant increase in the level of the proangiogenic cytokine VEGF in the
damaged tissue (by 3.3 times compared to the control, P<0.01), while K1-3
contributed to the normalization of its content. In addition, a dramatic increase in
the levels of pro-caspase-3 and beclin-1 in the damaged cornea (by 15.6 and 31
times, respectively, compared to the control, P<(0.001) indicates the activation of
pro-apoptotic pathways of cell death and the development of autophagy. The use
of K1-3 contributed to a decrease in the level of apoptosis and autophagy markers
in the burn-injured cornea by 4.5 and 12.9 times, respectively, compared to the
control (P<0.05). Since it was previously shown that the overactivation of corneal
macrophages by tissue debris can be one of the causes for the development and
maintenance of neovascularization, the effect of AS K1-3 (10-200 nM) on the
metabolic activity of phagocytic cells in the nitro blue tetrazolium test (HST test)
was investigated in this study. It was established that K1-3 at a concentration >
50 nM inhibits the activity of cellular dehydrogenases of J744.2 macrophages by
approximately by 30% compared to the intact cells (P<0.05). Therefore, one of
the mechanisms of antiangiogenic and cytoprotective action of AS in the cornea
under the conditions of an alkaline burn can be realized through a moderate
suppressive effect on the activity of resident macrophages. It was established that
the shown effects of AS K1-3 were more pronounced in comparison with the
known protector protein lactoferrin (Lf), which was used in an equimolar
concentration as a referent drug.

A mandatory condition when testing new angiostatic drugs is to check their
possible cytotoxic properties on the cells of the posterior segment of the eye, in
particular, the retina. In the present study, the effects of AS K1-3 and K5 on the
viability of cells of the retinal pigment epithelium (RPE-1 hTERT line) were
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assessed by MTT test. It was shown that both variants of angiostatins in the
studied concentration range of 2-100 nM do not have any cytotoxic effects on
cells of the retinal pigment epithelium under in vitro conditions. These data are of
significant practical interest in view of the possibility of safe use of the
investigated angiostatic polypeptides for the purpose of targeted and specific
suppression of the activity of vascular endothelial cells in the treatment of various
ocular pathologies associated with neovascularization.

Despite significant progress in elucidating the mechanisms of biological
activity of plasminogen fragments, different effects of AS in the damaged cornea,
apart from inhibition of proangiogenic signaling, remain unexplored. Thus, the
next task of the dissertation was to investigate the effect of two AS polypeptides
(K1-3 and K5) on the level of protein markers of key pathophysiological patterns
in the rat corneal alkaline burn model. Experimental animals received AS K1-3
topically in the form of eye drops at a dose of 0.075 or 0.75 pg (in the form of 0.1
or 1.0 uM solutions, respectively) or 0.3 ug AS K5 (1.0 uM) daily for 14 days
after the injury. Using Western blot analysis of corneal tissue lysates, it was shown
that the AS caused a decrease in the levels of protein markers associated with
hypoxia (HIF-1a), angiogenesis (VEGF), tissue remodeling and fibrosis (MMP-
9), autophagy (beclin-1), as well as endoplasmic reticulum stress (GRP-78), as
the main patterns of the pathological process. In addition, AS K1-3 contributed to
the increase of the tight junction protein ZO-1 level that indicates the initiation of
regenerative processes and re-epithelialization of the cornea after its alkaline
burn.

It is known that the epithelial cells of the ocular surface are a target for
various viruses that use the surface-exposed receptors to penetrate the body. The
thesis investigated the effect of AS on the corneal level of the SARS-CoV-2
receptor, angiotensin-converting protein-2 (ACE2), in an experimental model of
alkaline burn. Alkali-induced damage to the ocular surface caused a 7.7-fold
increase in ACE2 levels compared to control (P<0.001), indicating a greater

vulnerability of the injured eye to infection. The use of AS K5 or K1-3 (1.0 uM)
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reduced the expression level of ACE2 in the damaged cornea by half (P<0.05
compared to the Burn group), while K1-3 at a lower concentration (0.1 pM)
reduced the content of ACE2 by 3.4 times (P <0.05). The obtained results indicate
that AS can minimize the potential risk of SARS-CoV-2 penetration through the
ocular surface by reducing the expression of its receptor. The effect of AS K1-3
and K5 on the level of GFAP (glial fibrillary acidic protein), a marker of activated
satellite glia, in the damaged cornea of rats was also investigated. It should be
noted that in a healthy cornea, this protein is synthesized in trace amounts, which
indicates the functioning of glial cells in a physiologically resting state. However,
a dramatic increase in the GFAP content in corneal tissue with burn pathology
was shown (by 62 times compared to control, P<0.001). It should be noted that
K5 was twice as effective as K1-3 in its ability to inhibit the reactivation of
satellite glia, as evidenced by a 10.9-fold decrease in the level of GFAP compared
to the Burn group (P<0.01). The greater effectiveness of K5 may be related to the
smaller size of its molecules (14 kDa) compared to K1-3 (35 kDa), which
determines the greater bioavailability of KS5. The obtained results testify in favor
of the implementation of neuroprotective properties by angiostatins due to the
inhibition of excessive activation of satellite glia in the damaged cornea. In
general, the data obtained on the experimental model of alkaline corneal burn
indicate the prospects of AS application for the development of effective and safe
ophthalmic drugs with a complex mechanism of protective action.

It is known that various metabolic disorders, which are often accompanied
by the formation of hypo- or vitamin deficiency states, lead to corneal
dysfunction. In particular, chronic alcohol abuse is a frequent cause of
pathological changes in the eye, such as cataracts, dry eye syndrome, red eye
syndrome, neurodegeneration, which lead to impaired vision and blindness.
However, little is currently known about the molecular mechanisms of the effects
of chronic alcohol consumption on the cornea. Long-term intoxication with ethyl
alcohol, in addition to the effect of ethanol itself or toxic products of its

metabolism on the organ of vision, is extremely dangerous due to a decrease in
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the level of group B vitamins, especially B; (thiamine). Therefore, the next task
of the study was to test the hypothesis that the administration of vitamin B; can
have a protective effect in the cornea under the conditions of long-term ethanol
consumption. For this purpose, an experimental model of chronic alcoholism was
formed, in which rats received a 15% ethanol solution (EtOH) for 9 months. For
a week before the end of the experiment, part of the rats received thiamine per os
in a daily dose of 25 mg/kg of body weight. It was established that long-term
consumption of ethyl alcohol leads to a significant increase in the content of HIF-
la in the cornea (by 3.24 times compared to the control, P<0.05), which indicates
the development of hypoxia in the tissue of intoxicated animals. The increase in
the level of other regulatory proteins-markers of pathological conditions
associated with hypoxia (VEGF, MMP-2 and -9) indicates the activation of
proangiogenic signaling pathways and corneal tissue remodeling as a
compensatory mechanism under conditions of toxicant exposure. Destructive
changes induced by ethanol in the cornea were accompanied by a 2.8-fold
decrease in the level of the tight junction protein ZO-1 compared to the control
(P<0.05), which is a sign of integrity loss of the corneal epithelial layer. Observed
changes occurred in parallel with the development of a pro-apoptotic state in the
cornea, as indicated by significant decrease in the value of the Bcl-xL/Bax ratio
in rats with long-term exposure to ethanol (by 20 times compared to the control,
P<0.01). Administration of thiamine to rats chronically exposed to ethyl alcohol
reduced the level of HIF-1a in the cornea by 2.6-fold compared with the EtOH
group (P<0.05), and also promoted statistically significant changes in the level of
VEGF, MMPs, and ZO-1 toward the normalization. A 6.5-fold increase in the
ratio of Bcl-xL/Bax after administration of vitamin B, compared to the EtOH
group (P<0.05) can be explained by the beneficial effect of thiamine on aerobic
metabolism, alleviation of mitochondrial dysfunction, improving antioxidant and
anti-inflammatory activities corneal tissue under conditions of chronic ethanol

intoxication.
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The cornea is the most densely innervated structure of the body (length of
nerves > 20 mm/mm?, containing 27 thousand receptors/mm?, which is 300-600
times more than in the skin). Neurons of the ocular branch of the trigeminal nerve,
which innervate the cornea, in a complex with cells of satellite glia, are
responsible for the trophic and survival of epithelial cells, the functioning of the
lacrimal glands, the blink reflex, reparative processes, and others. Thus, the next
task of the study was to investigate the effect of vitamin B; on the content of
neurodegeneration markers and the state of glial cells in the cornea of rats exposed
to prolonged ethanol exposure. It was shown that ethyl alcohol as a substance with
neurotoxic properties causes neurodegenerative changes in the cornea, as
evidenced by a statistically significant decrease in the level of the nuclear marker
of neurons NeuN and the loss of the heavy subunit of neurofilaments NF-H
occurring in parallel with the accumulation of hyperphosphorylated tau protein
(signs of degeneration of axons in the sensory nerves of the cornea and the
development of tauopathy). Neurodegenerative changes induced by chronic
ethanol consumption were accompanied by increased reactivity of satellite glia
(by 4.2-fold increase in GFAP level compared to control, P<0.01). The
administration of thiamine to animals with chronic alcohol intoxication
contributed to the normalization of the expression of neuronal and glial markers
in the cornea tissue, which indicates a decrease in the degree of
neurodegeneration, stabilization of the cytoskeleton of neuronal cells and
modulation of the function of satellite glia. Therefore, based on the obtained data,
it can be assumed that the use of thiamine can represent a scientifically approved
approach for correcting the neurotoxicological effects of chronic consumption of
ethyl alcohol in the cornea.

Tear fluid maintains the proper functioning of the cornea, in particular,
thanks to the presence of more than 3 thousand different lacrimal proteins. The
most abundant tear protein is Lf, a multifunctional protein that exerts
antimicrobial and immunomodulatory activity and plays a pivotal role in

reparative processes, while its tear level can vary depending on the degree of



18

damage extent. Therefore, the next task of the study was to obtain polyclonal
antibodies to human Lf for their further use in the determination of this protein in
the tear fluid of patients with non-penetrating corneal injuries. Polyclonal
antibodies to Lf were isolated from the blood serum of immunized rabbits
(antibody titer corresponded to a serum dilution of about 1:15,000). The obtained
high-affinity antibodies recognized the relevant antigen as a polypeptide band of
75 kDa in the Western blot, which corresponds to the intact human Lf polypeptide
in terms of molecular weight. It was found that the level of Lf in tears collected
from patients with non-penetrating corneal injuries was 3.2 times lower than that
in normal subjects (P<0.05). Changes in the Lf levels appeared to be inversely
correlated with an increased levels of HIF-10, MMP-9, and AS in the tear fluid of
patients that further confirms the development of inflammatory processes
associated with hypoxia in the damaged tissue. In addition, the tear fluid of
patients with corneal damage contained significant quantities of immunoreactive
cleavage products of Lf, as well as high molecular weight polypeptides, which
may correspond to the complexes of Lf with other proteins, in particular,
ceruloplasmin, overexpressed during inflammatory processes. Thus, the
decreased Lf level can serve as a prognostic biomarker of the course of the
wounding process in the eye, in particular, for non-penetrating injuries of the
cornea, which is convenient for determination in a simple and non-invasive way.
According to the presented data, the obtained anti-Lf antibodies can be used as a
useful tool for the development of new tests for the diagnosis of eye diseases

associated with corneal damage.

Key words: angiostatins, cornea, burn injury, neovascularization, chronic
ethanol consumption, vitamin B; (thiamine), hypoxia, apoptosis, autophagy,

MMP, neurospecific proteins, tear fluid, lactoferrin, macrophages, antibodies.
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