O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0826U000209
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peectpauii: 03-02-2026

Craryc: Haka3 npo Bugady gumnioma

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Kyapus IBaH BosionuMupoBuy

2. Ivan Kudryl

KBasmigikamis:

InenTudikarop ORCID ID: 0009-0007-1108-5707
Bupg, pucepranii: nokrop dinocodii
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIndp HayKOBOi CHIELiaIbHOCTI: 222

Ha3zBa HayKoBOi creniajJibHOCTI: Menuuuna
T'asy3p / rasysi 3HaHB. 0XOpOHA 3710POB's
OcBiTHBO-HayKOBa IIporpama 3i cneniajbHOCTi: Mexununa
Jara 3axHcCTy: 12-02-2026

CrneniaJbHICTh 3a OCBITOIO: JlikyBasibHa CripaBa

Micue po6oTH 34,00yBayva: [lepkaBHe HEKOMEpLiiiHe MinnpuemcTso "JIbBiBCHKUIA HALIOHAIBHU MELMYHUIA

yHiBepcuteT iMeHi JJanuia 'anunbpkoro”

Kopg 3a €IPIIOY: 02010793

Micue3Haxoa KeHHS: By [lekapchka, JIbBiB, 79010, Ykpaina
dopma ByacHOCTI: Jlepxasna

Cdepa yIIpaBJ'IiHHﬂ: MiHicTepcTBO OXOPOHU 30POB 'Sl YKpaiHu

InenTudikarop ROR:



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
Iudp cnenianizoBaHOi BYEHOI pagH (pa30Boi CIeNiaJai30BaHOi BY€HOI pagH): PhD 11598

IloBHe HaiMeHYBaHHSI IOPHUAHUYHOI OCOOH: [lepkaBHE HEKOMEPLiiHE TiANpUeMCTBO "JIbBIBCHKUIA

HalliOHAJILHUI MEIUYHUI YHiBepcuTeT iMeHi JJanuina anmunbpkoro”
Kopg 3a €IPIIOY: 02010793

Micue3Haxoa KeHHS: By [lekapchka, JIbBiB, 79010, Ykpaina
dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBJIiHHﬂ: MiHicTepcTBO OXOPOHM 300POB 'Sl YKpaiHu

InenTudikarop ROR:

IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliMeHYBaHHSI IOPUAHUYHOI OCOOH: [lepkaBHe HEKOMEPIiiiHE TiaNpuemMcTBo "JIbBiBCHKUIA
HalliOHAJIBHMY MEIUYHUN yHiBepcuTeT iMeHi JJanusna 'anmnpkoro”

Kopg 3a €IPIIOY: 02010793

Micuesnaxo,ereHHﬂ: ByJI. [lekapchka, JIbBiB, 79010, YKpaina

dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBriHHS: MiHicTepPCTBO OXOPOHH 3/10POB's YKpaiHu

InmenTudikarop ROR:

V. BimomocTi npo gucepraniio
MoBga guceprTaiiii: Vkpaincoka
Koau TemaTHYHHUX PYOPHK: 76.29.37, 76.29.56

Tema guceprauii:
1. ITaToreneTn4Ha, AialHOCTUYHA Ta IPOTHOCTHUYHA POJib PAKTOPIB POCTY B PO3BUTKY Ta [IPOrpeCyBaHH

nposnidepaTyuBHOI AiabeTUYHOI peTuHOMNAaTil

2. Pathogenetic, diagnostic and prognostic role of growth factors in the development and progression of
proliferative diabetic retinopathy

Pedepar:

1. AktyanbHicTe Temu. [luceprallis IpUCBSY€HA BUPIIIEHHIO aKTyaJIbHOIO 3aBJlaHHs Cy4acHoi odpTaabMoIorii —
BM3HAUEHHIO MEXaHi3MiB IIporpecyBaHHs giabeTnyHoi petuHonatii (IP) Ha nizcTaBi BUBUEHHS BMICTY y
BHYTPILTHbOOYHI pPifjyHi i KPOBIi MalieHTiB 3 IykKpoBuM Aiadbetom (LI1) 2 Tuny daxkropiB pocTy (TpaHCPOPMYIOUOTO
daxropa pocty-o - TGF-nol i ¢paxropa pocty criony4yHoi TkaHuHY — CTGF) Ta nonimopdismy rs1800470 rena TGFB1 i
OOI'PYHTYBaHHSI METOZ0JIOTI] IiarHOCTUKM i3 3aCTOCYBaHHSIM LIUX 6iomapkepiB. 11]] € cepiio3HOI0 MeAMKO-
conjianbHO0 TpobemMoro. HekomneHncosanuii 1] npussoauts 1o P, 10 CyIpoBOIKYe 3aXBOPIOBAHHS y 26-35%
xBopux. [laTorenes JIP BKtouae MiKpOCYIOMHHE YpaKeHHSI CiTKiBKU Ta AUCPYHKLi HelipoHiB. Okpim VEGF,
BRXJIMBUMH YYaCHUKaMU ratoreHesy BusHaioTecs TGF-ol (iinjaTop ¢ibposHoBackysspHoi npoaidepauii) Ta CTGF



(Bignosizae 3a aHrio-(i6posHe nepeMuKkaHHs). JociigkeHHs Iux (GaKTopiB J03BOJINUIIO OOIPDYHTYBAaTHU HOBUMI
HaIlpSIMOK JiarHOCTUKY Ta MPOTHO3y nporpecyBaHHs JJP. MeTa noCi)KeHHs — NiIBUIIATY PiBEHb NiaTHOCTUKU Ta
IIPOTHO3YBaHHSI AiabeTUYHOI peTUHOIATIi IpU LIyKPOBOMY IiabeTi 2 TuIly Ha nifcTasi BUsHaueHHs BMicTy TGF-ol i
CTGF rta nonimopdizmy rs1800470 rena TGFBI. 3aBnaHHs BocCaimpKeHHs: 1. BU3HAUUTH BMICT Y KPOBi Ta
BHYTpiIHbOOYHIM piguHi TGF-01 y nanientis 3 [IP i L] 2 Tuny B 3ase>xHOCTI Bif crafii IP. 2. BusHayuTu BMICT y
BHYTPiHbOOYHI pinuHi CTGF y nauienTis 3 [P i I1]] 2 Tuny B 3anexxHocrti Bif cragii IP. 3. Jocniguty 3Ha4YeHHS
175 nporpecysanss IIP 3mid BMicTy TGF-ol i CTGF Ta ix 38’130K 3 KJIiHIYHUMH [TOKa3HUKaMU. 4. JloCcaiguT BIJIUB
nosimopdizmy rs1800470 rena TGFBI Ha ki1iHiKO-0(TanbMOJIOriYHI TOKA3HUKK y nauieHTis 3 IP i I1]] 2 tumny B
3asiexxHocTi Bing crazii IP. 5. JocniguTty 3anexHicts BMicTy TGF-o1 i CTGF Big nonimopdizmy rs1800470 rena TGFBL.
6. BuzHauuTy He3anexHi GpakTopy, IOB’s13aHi 3 nporpecyBaHHIM JIP Ta 1o6ynyBaTu MOJi€Jb IIPOrHO3Y cTafiil IP.
O6’ext pocnimpkeHHs: fiabetnyHa petuHonatis (MKX10: H36.0). [IpegmeT BOCIiIKEHHS: CTaH 30POBUX (DYHKILH,
3MiHM 04HOTO 1Ha, gaHi OKT, BMiCT y KpOBi Ta BHYTPilIHbOOYHIN piguHi TGF-0l, BMICT y BHYTPITHbOOYHI PifyHi
CTGF, nonimop@ism rs1800470 rena TGFBI, miarHocTuka Ta nporHosyBanHs JIP. MeTony LoCaiIyKeHHS:
odTanbMOsOTiuHi (Bi3oMeTpis, peppakTOMETPisl, TOHOMETPisl, 6iomikpocKkomisi, 0hTaIbMOCKOis], ONITUYHA
KorepeHTHa Tomorpadist, pororpadyBaHHs OYHOTO JHA); AHAINITUYHI (IJIIOKO300KCUIA3HNI METO], PilHHA
ioHoOOMiHHA xpomartorpadis, iMyHopepMeHTHUH aHali3, MOJIEKYJIIPHO-TEHEeTUYHUM METO[1); CTaTUCTUYHI
(mapameTpuuHi Ta HeapaMeTpUyuHi MeToau, Kputepiit Kruskal-Wallis, kopensuiiinuii ananis CripmeHa, nooymosa
HelpoMepex Ta MojieJiel JliHiliHoI perpecii GLM). HaykoBa HOBM3Ha OTPMMAHUX Pe3yJbTaTiB. YTOYHEHO HAyKOBi
IaHi MO0 3B'513Ky NOCTYNoBoro 36inbmeHHs BMicTy TGF-ol1 i CTGF 3 nporpecyBannsam JIP 3a ctagisiMu.
BcraHoBsneHo, mo BMicT y Kposi TGF-n01 6yB 36isbi1eHUM y ITOPiBHSIHHI 3 KOHTpoJieM Yy 1,4-1,55 pasa (p<0,001). BmicT y
BOP TGF-nl y nopiBHsIHHI 3 KOHTpoJsieM 0yB Oinbmnm nipy HITJIP y 1,2 pasa, npu TP -y 2,2 paza ta npu I[11IP -y
5,0 pasiB. Bmict y BOP CTGF 6yB 6inbmum npu HITIP y 1,6 pasa, npu [I11IP -y 2,2 pa3a ta npu I[1[IP -y 3,2 pasa.
Briepiie noBeneHo 3HaYeHHs 115 mporpecysaHHs IP komneHcanii L] 2 Tumy Ta 36isbIeHHs BMICTY y KpoBi i BOP
TGF-ol. MeToOM HEMPOMEPEKEBOI'O MOJEJIIOBAHHS CTBOPEHO MOJIEID, KA 3 TOYHICTIO 100% nporHosysana [1]1P.
Brniepiie BcranossieHo, mo noniMopdizm rs1800470 rena TGFB1 o6ymositosas ripmuii nepe6ir IP: Hocii
MYTaHTHOTO T€HOTUITY A /A Masy HUK4y TOCTPOTY 30py Ta Oijiblli LIEHTPabHY TOBIMHY i 06’eM CITKiBKU Yy
NOpiBHSIHHI 3 HOcisiMu reHoTuny G/G. JloBenieHo, 1o y HociiB reHotunis G/A i A/A Bmict y BOP TGF-n1i CTGF 6yB
BUIIVM. Briepiie BU3HaueHi IporHocTyyHi pakropu nporpecysaHHs [IP (komneHcauis giabery, Bmict HbAlc i TGF-ol
y Kposi, BMicT TGF-nl y BOP, nonimopdizm rs1800470). Haiibinblue 3Ha4€HHS MaIy: KOMIIEHCALlid IiabeTy, TeHOTHUII
rs1800470 Tta Bmict TGF-ol. [IpakTi4Ha 3Ha4yLIiCTh OTPUMAHUX pe3ybTariB. CHopMysIbOBaHO peKOMeHAALi 3
BHUKOPHUCTaHHs 6ioMapKepiB 17151 AiarHOCTUKY Ta [IporHo3y nporpecii IP. [Ipy BU3HayeHHi rpyn pUsUKy HEOOXigHO
BpPaxoBYBaTU HOCIICTBO nojimopdizmy rs1800470 rena TGFBI, mo nop’a3aHe 3 6inbmnm BMicToM TGF-ol i CTGF ta
ripimymMu KiaiHiYHUMM OKa3HUKamu. CTBOpeHo MatemaTnydHi mogedi: 1. [Iporpamuanii kanbkyssatop (Excel) Ha
OCHOBI KomMneHcallii fiabety ta Bmicty TGF-nl1 — nporuosye I1JIP 3 TounicTio 100%. 2. BaraTodakTopHa JiHiliHa
Mogessb (5 ¢pakTopiB) — mporuoasye cragiio [P i3 TounicTio 100%. 3. [IporpaMHuii KaJbKyJIITOP Ha OCHOBI
KoMIleHcalji fiabety, Bmicty y BOP TGF-nl i renotuny rs1800470 — nporunoasye [IP 3 TouHicTio 97%. Kito4oBi coBa:
IiabeTryHa PeTHHOIATISI, HyKPOBUH AiabeT 2 TuIly, AiarHOCTUKa, TporHoctudHa mogens, TGF-ol, CTGF,
nonimopdizm rs1800470 rena TGFBI.

2. Relevance of the topic. The dissertation addresses a relevant task in modern ophthalmology - determining the
mechanisms of diabetic retinopathy (DR) progression based on studying the content of growth factors
(Transforming Growth Factor-o - TGF-ol and Connective Tissue Growth Factor - CTGF) in the intraocular fluid and
blood of patients with Type 2 Diabetes Mellitus (T2DM), as well as the rs1800470 polymorphism of the TGFB1 gene,
and substantiating diagnostic methodology using these biomarkers. T2DM is a serious medico-social problem.
Uncompensated diabetes leads to DR, which accompanies the disease in 26-35% of patients. The pathogenesis of
DR includes microvascular retinal damage and neuronal dysfunction. In addition to VEGF, TGF-nl (initiator of
fibrovascular proliferation) and CTGF (responsible for the angio-fibrotic switch) are recognized as important
participants in pathogenesis. The study of these factors allowed substantiating a new direction for the diagnosis
and prognosis of DR progression. The aim of the study is to improve the level of diagnosis and prognosis of



diabetic retinopathy in Type 2 diabetes mellitus based on determining the content of TGF-ol and CTGF and the
rs1800470 polymorphism of the TGFB1 gene. Research objectives: 1. Determine the content of TGF-aol in blood and
intraocular fluid in patients with DR and T2DM depending on the DR stage. 2. Determine the content of CTGF in
intraocular fluid in patients with DR and T2DM depending on the DR stage. 3. Investigate the significance of
changes in TGF-nl and CTGF content for DR progression and their association with clinical indicators. 4. Investigate
the influence of the rs1800470 polymorphism of the TGFB1 gene on clinical-ophthalmological indicators in patients
with DR and T2DM depending on the DR stage. 5. Investigate the dependence of TGF-ol and CTGF content on the
rs1800470 polymorphism of the TGFB1 gene. 6. Determine independent factors associated with DR progression and
build a model for predicting DR stages. Object of research: diabetic retinopathy (ICD-10: H36.0). Subject of
research: state of visual functions, fundus changes, OCT data, TGF-ol content in blood and intraocular fluid, CTGF
content in intraocular fluid, rs1800470 polymorphism of the TGFB1 gene, diagnosis and forecasting of DR. Research
methods: ophthalmological (visometry, refractometry, tonometry, biomicroscopy, ophthalmoscopy, optical
coherence tomography, fundus photography); analytical (glucose oxidase method, liquid ion-exchange
chromatography, enzyme-linked immunosorbent assay (ELISA), molecular-genetic method); statistical (parametric
and non-parametric methods, Kruskal-Wallis test, Spearman correlation analysis, neural network construction,
and General Linear Models (GLM)). Scientific novelty of the obtained results. Scientific data regarding the link
between the gradual increase in TGF-ol and CTGF content and DR progression by stages have been clarified. It was
established that blood TGF-nl was increased 1.4-1.55 times compared to controls (p<0.001). Intraocular fluid (IOF)
TGF-nl compared to controls was 1.2 times higher in NPDR, 2.2 times higher in PPDR, and 5.0 times higher in PDR.
IOF CTGF was 1.6 times higher in NPDR, 2.2 times in PPDR, and 3.2 times in PDR. The significance of T2DM
compensation and increased TGF-nol content in blood and IOF for DR progression was proven for the first time. A
classification model was created using neural network modeling, which predicted PDR with 100% accuracy. It was
established for the first time that the rs1800470 polymorphism of the TGFB1 gene determined a worse course of
DR: carriers of the mutant A/A genotype had lower visual acuity and greater central retinal thickness and volume
compared to carriers of the G/G genotype. It was proven that carriers of G/A and A/A genotypes had higher
levels of TGF-ol and CTGF in IOF. Prognostic factors for DR progression were defined for the first time (diabetes
compensation, blood HbAlc and TGF-nl, IOF TGF-nl, rs1800470 polymorphism). The most significant were: diabetes
compensation, TGFBI gene rs1800470 genotype, and TGF-nl content. Practical significance of the obtained results.
Recommendations for using biomarkers for DR diagnosis and progression prognosis have been formulated. When
determining risk groups, it is necessary to consider the carriage of the rs1800470 polymorphism of the TGFBI gene,
which is associated with higher TGF-ol and CTGF content and worse clinical indicators. Mathematical models were
created: 1. Software calculator (Excel) based on diabetes compensation and TGF-ol content — predicts PDR with
100% accuracy. 2. Multifactorial linear model (5 factors) — predicts the DR stage with 100% accuracy. 3.Software
calculator based on diabetes compensation, IOF TGF-ol content, and rs1800470 genotype — predicts DR with 97%
accuracy.
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