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Pedepar:

1. Inceprauiiina po60Ta NpUCBSIYE€HA KOMIJIEKCHOMY aHaJli3y MeXaHi3MiB, Yepe3 sIKi CTpeC €HJ0IMIa3MaTUYHOTO
petukymoma (EP) BrinuBae Ha QyHKIiOHAIBHUI CTaH O-KJIITUH MiJIITYHKOBOI 3271031 IIPU €KCIIEPUMEHTAJIbHOMY
LlyKpoBOMY Aiabeti 1-ro tumy (LI1). OcHOBHa yBara 3ocepe/iKeHa Ha B3a€MO3B' 513Ky MK IOPYIIEHHSIMU TOMEOCTa3y
EP, okcHIaTUBHO-HITPATUBHUM CTPECOM, MiTOXOHAPiabHOIO AUCHYHKILEIO Ta eMlireHeTHYHUMY 3MiHaMHU, SIKi
pasom POpMyIOTh [TaTOreHeTUYHUH JIAHLIIOT, 110 PU3BOAUTD A0 Aerpanalii iHCcyliHOIPOLyKyoUnX KIiTuH. PoboTa
CIIPSIMOBaHA Ha BUSBJIEHHS KJIIOYOBUX 610MOJIEKYJISIPHUX MapKepiB i IPOINO3ULil0 HOBUX T€PaNeBTUYHUX CTpaTeTil,

OpiGHTOBaHI/IX Ha IIpUYMNHU 3aXBOPIOBAHHS, 4 HE JINIIE HA Moro CUMIITOMATUKY. BakysimuBMM acriekKToM pO6OTI/I CTaJjio



IoCIigKeHHs B3aeMoZii ctpecy EP 3 OKCMIaTUBHMMMU Ta HITPAaTUBHMMU NpoLecamu. linepriikeMis cipuynHse
HAJJIMIIKOBUI CUHTe3 akTUBHUX popm Okcureny (APO) Ta okcuy a3oTy, 10 IPU3BOIUTH 10 MAaCOBOTO OKUCHEHHS
J1iniziB i 6isKiB, a TAKOX J0 [MX60KOro MOPYIIEHHS! aHTUOKCUIAHTHOTO 3aXUCTY. Y TKAHWHAX IiJIITYHKOBOI 3271031
mypiB i3 11]11 3adpikcoBaHO pi3Ke 3HMKEHHSI aKTUBHOCTI KaTaas|, CyepOKCUAAUCMYTa3U Ta IIIyTaTiOHPeAyKTa3yu —
(epMeHTiB, sIKi HEUTPai3yl0Th BilbHI pajguKaiu. [lapanenbHO BigMiu€HO 3pOCTaHHS PiBHS IPOLYKTIB
nepoKcUpHoro okucHenHs Jinizis (TBK-no3utusHi pedyoBunu) Ha 113% Ta HITPOTUPO3MH-MOANDIKOBaHUX 6iJIKiB Ha
129%, mo BKasye Ha CUCTEMHMI OKCUAATUBHUI CTpPeC. AKTUBHICTb iHAyLu6eabHoi NO-cuHTasu (iNOS) Ta
KOHILIEHTPALlis HiTPaTiB/HITPUTIB TAKOX 3HAYHO 3POCIIH, MifTBEPIPKYIOUM AucbanaHc y cucremi L-aprinin /NO Ta
dbopmyBaHHS HiTpaTuBHOrO cTpecy. OCO6IUBY yBary IpuBepHyB 610K RAP1, sskuii 1pu riI10KO30TOKCUIHOCTI
TPaHCJIOLIOETHCA 3 S pa 40 UATOILUIA3MU, aKTUBYIOYM 3ananbHuil misx NF-oB. Lie mpouec, onocepeKoBaHUN
dochopumosanHsaM AKT, MoxKe CIIpUsITA PO3BUTKY aIllONTO3y Ta XPOHIYHOTO 3alajIeHHs, IOCUJIIOI0YY [1aTOJIOTiuHi
3MiHM B O-KJIiTMHaX. He3Baskaioum Ha BifcyTHiCTh arperauii RAP1, #ioro dyHKIioHaIBbHI 3MiHM Yepe3 B3aeMOJ o 3
CHUTHAJILHUMU KaCKaJlaMU 3QJIMIIAI0THCS IEPCIIEKTUBHUM HANIPSMKOM JJ151 TOAAJBIINX NOCHiIKeHb. Kio40oBy posb
y NOPYILEHH] cekpelii iHCy iny Bimirpany 3MiHM B KOHTaKTHUX 30Hax Mix EP i miroxonzapigsmu (MAMs). EnekTpoHHa
MIKPOCKOIIisl BUSIBUJIA 3BY;KEHHSA LUX CTPYKTYP 3 11-34 HM 110 8-17 HM, 1110 CyIIPOBOIKYBAJIOCA MaliHHAM
KoHLeHTpauii ioHiB Ca?ny 2,2-2,7 pasu. JediunT Kajbliiio NOPYIINB MeXaHi3MU €K30L[UTO3Y iHCYJIIHBMICHUX
BE3MKYJI, [IOTipIIMBIIY METab0iYHMI BiNOBIAb KJIITHH Ha I7I0K03Y. Lli naHi nigkpeciiooTh BaXXINBICTb KaJlbLi€BO]
curHasisauii aj1s1 GyHKIiOHYBaHHS O-KJIITHH Ta ii 3B'130K i3 cTrpecom EP. Briepine B koHTeKkcTi L[]1 6ys10 BOCHIIKEHO
ernireHeTH4Hi 3MiHM, 30KpeMa 3pOCTaHHA PiBHS MeTtunTpancdepazn DNMT2 Ha 40%. Lleit pepMeHT KOHTPOIIIOE
crabinpHicTh TpaHcnopTHOi PHK, i floro HapMipHa akTUBHICTb MOXKE [IOPYIIYBaTU TPAHCJIALIO OiJIKiB,
nornub6sowuu crpec EP yepes gucbananc romeocrtasy. [TopiBHSI/IBHUY aHaNi3 Mogesiell in vitro Ta in vivo BUSIBUB
cyTTeBi BinmiHHOCTI. Hanpukiag, y kiituHax o-TC-6 rimoko30ToKCHMYHICTb akTuByBasa UPR yepes PERK ta IRE1D, Toxi
K y IIypiB i3 miabeTom Taki MmexaHizamu Oysu npurHideHi. [IpoTe B 060X BUIafgKax CIIOCTepiraaocs MifBUILIeHHS
GRP78 Ta RAP1, mo nigKpecsoe IXHIO PoJIb SK YHIBEPCaJIbHUX MapKepPiB cTpecy. Pe3ysnbTaTty JOCiIKEHHS BKa3ylOTh
Ha HEOOXigHICTb iHTErpoBaHoro niaxony no jyikysanHs 1111, akuit 61 omHo4acHO Koperysas UPR, 3HMKyBaB
OKCHJIaTMBHE HaBaHTAKEHHSI, BiTHOBJIIOBAB MiTOXOHAPiaibHy (PYHKLiIO Ta CTabii3yBaB KalbLieBUI TOMEOCTA3.
[TepcneKTUBHUMU HalpsiMaMu € po3poOKa Iperaparis, 110 MOAYJI00Th akTuBHICTE GRP78, iHrioyioTh NO-cuHTasy
abo BnmBaroTh Ha RAP1-3anesxHi muisixuy. Taki Teparii Moy 6 He JMile YIOBiIIBHUTY Jlerpajallilo 0-KJIiTUH, a 1

CIIpUMSATH iX pereHepalii, o BiAKpUBa€e HOBI MOXJIMBOCTI 1J11 60POTbOY 3 IPUYMHAMMU [1iabeTy.

2. This dissertation is dedicated to a comprehensive analysis of the mechanisms by which endoplasmic reticulum
(ER) stress affects the functional state of pancreatic o-cells in experimental type 1 diabetes mellitus (T1DM). The
study focuses on the interplay between ER homeostasis disruption, oxidative-nitrosative stress, mitochondrial
dysfunction, and epigenetic changes, which collectively form a pathogenic cascade leading to the degradation of
insulin-producing cells. The work aims to identify key biomolecular markers and propose novel therapeutic
strategies targeting the root causes of the disease rather than merely alleviating symptoms. TIDM develops due to
autoimmune destruction of o-cells, resulting in the loss of insulin synthesis. A central component of this process is
ER dysfunction caused by the accumulation of misfolded proteins. In response to such stress, cells activate the
unfolded protein response (UPR), a protective mechanism that initially stabilizes the intracellular environment but
loses efficacy under prolonged hyperglycemia, eventually triggering apoptosis. In vitro studies on the mouse o-cell
line o-TC-6 demonstrated that high glucose concentrations activate UPR via PERK and IRE1n proteins, accompanied
by a significant increase in the chaperone GRP78—a key indicator of ER stress. However, in vivo experiments in
streptozotocin-induced diabetic rats revealed suppressed UPR, suggesting tissue-specific adaptive mechanisms or
critical depletion of cellular resources during chronic stress. The protein RAP1 garnered particular attention.
Under glucotoxic conditions, RAP1 translocates from the nucleus to the cytoplasm, activating the NF-oB
inflammatory pathway. This process, mediated by AKT phosphorylation, may promote apoptosis and chronic
inflammation, exacerbating pathological changes in o-cells. Despite the absence of RAP1 aggregation, its functional
alterations through signaling interactions remain a promising area for further research. Disrupted communication
between ER and mitochondria via mitochondria-associated membranes (MAMs) played a critical role in impaired



insulin secretion. Electron microscopy showed narrowing of MAMs from 11-34 nm to 8-17 nm, accompanied by a
2.2-2.7-fold decrease in cytosolic Ca?o levels. Calcium deficiency impaired the exocytosis of insulin-containing
vesicles, worsening the metabolic response to glucose. These findings underscore the importance of calcium
signaling in o-cell functionality and its link to ER stress. For the first time in the context of TIDM, epigenetic
changes were explored, notably a 40% increase in DNMT2 methyltransferase. This enzyme regulates transfer RNA
stability, and its overexpression may disrupt protein translation, exacerbating ER stress through homeostatic
imbalance. Comparative analysis of in vitro and in vivo models revealed significant differences. For instance,
glucotoxicity activated UPR via PERK and IREln in o-TC-6 cells, whereas diabetic rats exhibited suppressed UPR
pathways. However, both models showed elevated GRP78 and RAP1 levels, highlighting their roles as universal
stress markers. The study underscores the need for an integrated therapeutic approach to T1IDM, simultaneously
modulating UPR, reducing oxidative burden, restoring mitochondrial function, and stabilizing calcium
homeostasis. Promising strategies include developing drugs targeting GRP78 activity, inhibiting NO synthase, or
influencing RAP1-dependent pathways. Such therapies could not only slow o-cell degradation but also promote
regeneration, opening new avenues for addressing the underlying causes of diabetes.
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VIII. 3aKkJII04Hi BiZoOMOCTi
Biacue Ipizsume Im'st [To-6aTbKOBI Babebkuit Arzipift Mupociaosu

TOJIOBH pajgu

Bsacue IlpisBume Im'st [To-6aThKOBI Babebkuit Anpipift Mupocnasosu

TOJIOBYIOYOrO Ha 3acCiiaHHi

BiamoBigaibHHUH 32 MiZTOTOBKY ’Kak Onera BonopimupisHa

00JIiKOBUX JOKYMEHTIB

PeecTparop VkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZAIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

IisiIbHOCTI




