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Pedepar:

1. Inceprauiiina po60Ta IPUCBIYE€HA KOMIIJIEKCHOMY aHaJli3y MeXaHi3MiB, 4epe3 sIKi CTpec eHJ0IIa3MaTUYHOTO
perukymoma (EP) BisimBae Ha PyHKIiOHAZIBHUI CTaH O-KJITHH MiJMITYHKOBOI 371031 [IPU €KCIIEPUMEHTATILHOMY
LIyKpoBOMY Aiabeti 1-ro tumy (LI1). OcHOBHA yBara 3ocepei’keHa Ha B3a€MO3B' 513Ky MK TOPYIIEHHSIMU TOMEOCTa3y
EP, okcnpaTUBHO-HITPaTUBHUM CTPECOM, MiTOXOHAPiabHOK NUCHYHKILEIO Ta eNireHeTUYHMMU 3MiHaMU, SIKi
pPa3oM (pOPMYIOTb MATOr€HETUYHUN JIAHLIIOT, 10 MPU3BOAUTL A0 Aerpajalil iHCyliHOIPOAYKYIOUMX KIiTHH. PoboTa
CIIPSIMOBAaHA Ha BUSIBJIEHHS! KJIIOYOBUX 6i0OMOJIEKYJISIPHMX MApKEPiB i IPOMO3KLLil0 HOBUX T€PAN€BTUYHUX CTPATETI,
Opi€HTOBAHMX Ha NPUYMHU 3aXBOPIOBAHHS, a HE JIMIIE Ha IOTO CUMIITOMATUKY. BasKJIMBUM acrieKToM pPO6GOTH CTajIo
IocIigKeHHs B3aeMogii ctpecy EP 3 OKCMaTUBHMMU Ta HITPAaTUBHMMU NpoLecamiu. linepriikeMis cipuynHse
Ha/JIMIIKOBUI CUHTE3 akTUBHUX (popMm Okcureny (AOO) ta okcuay azoTy, 0 IPU3BOAUTH 10 MACOBOTO OKMCHEHHS

J1iniziB i 6isKiB, a TAKOX J0 [MIXO6OKOrO MOPYIIEHHS aHTUOKCUIAHTHOTO 3aXUCTY. Y TKAHWHAX IiJIITYHKOBOI 3271031



mypiB i3 11]11 3adpikcoBaHO pi3Ke 3HMKEHHSI aKTUBHOCTI KaTanasu, CyepOKCUAAUCMYTa3U Ta IIyTaTiOHPEeAyKTa3yu —
dhepMeHTiIB, SKi HeUTpasi3yloTb BinbHi pagukanu. [lapanesabHo BigMiueHO 3pOCTaHHS PiBHS ITPOLYKTIB
IepoKCcUHOro okucHenHs Jjinizis (TBK-no3utusHi pedyoBunu) Ha 113% Ta HITPOTUPO3MH-MOAN(IKOBaHUX OiJIKiB Ha
129%, mo BKasye Ha CUCTEMHUI OKCUAATUBHUI CTPeC. AKTUBHICTb iHAyLu6eabHoi NO-cuHTasu (iNOS) Ta
KOHILEHTPALlisl HITPaTiB/HITPUTIB TaKOXX 3HAYHO 3POCJIY, MiATBEPIPKYI0YM AucbdanaHc y cucremi L-aprinin /NO Ta
dopmyBaHHS HiTpaTuBHOrO cTpecy. OCo6IUBY yBary NpuBepHyB 610K RAP1, sikuii pu rir0K030TOKCUYHOCTI
TPaHCJIOLIOETLCA 3 S pa 40 UATOIUIA3MU, aKTUBYIOYM 3ananbHuil misx NF-oB. Lie npouec, onocepesKoBaHUN
dpochopumosanHsaM AKT, MoKe CIIpUSTA PO3BUTKY aIllONTO3y Ta XPOHIYHOTO 3alayIeHHS, IOCUJIIOI0YY N1aTOJIOTIYHi
3MiHM B O-KJIiTMHaX. He3Baskaiouw Ha BifcyTHIiCTh arperauii RAP1, #ioro dyHKIioHaIbHI 3MiHM Yepe3 B3aeMOJI0 3
CHUTHAJILHUMU KaCKaJlaMU 3QJIMIIAI0TLCS NIEPCIIEKTUBHUAM HAIIPSMKOM [J151 ITOAAJBIINX NOCHiIKEHb. Ki0o40BYy pojib
y NOPYILEHH] ceKpeLji iHCy iy Bifirpany 3MiHM B KOHTaKTHUX 30Hax Mix EP i miroxonzapiamu (MAMs). EnekTpoHHa
MIKPOCKOIIisl BUSIBUJIA 3BY>KEHHS LIUX CTPYKTYP 3 11-34 HM 110 8-17 HM, 1110 CyIIPOBOIKYBAIOCA MaJiHHAM
KoHLeHTpauii ioHiB Ca?0y 2,2-2,7 pasu. Jediunt Kajbliiio NOPYIINB MeXaHi3MU €K30LUTO3Y iHCYJIiHBMICHUX
BE€3UKYJI, [IOTipIIMBIIY METab0iYHMI BiANOBIAb KJIITHMH Ha IJI0K03Y. Lli naHi nigkpeciiooTh BaXINBICTb KaJIbLi€BO]
curHasisauii a1 QyHKIiOHYBaHHS O-KJITUH Ta ii 3B'430K i3 cTpecom EP. Biepuie B koHTekcTi LI/I1 6ys10 mocuiaxkeHo
erireHeTUYHi 3MiHM, 30KpeMa 3pOCTaHHs PiBHS MetunTpaHcdepazu DNMT2 Ha 40%. Lleit pepMeHT KOHTPOJIOE
cTabinpHicTh TpaHcnopTHoi PHK, i floro HagMipHa aKTUBHICTbh MOXKE IIOPYIIYBAaTU TPAHCJIALIO OiJIKiB,
nornub6soyu crpec EP yepes gucbananc romeoctasy. [1opiBHSAIBHUN aHaNi3 Mogesiell in vitro Ta in vivo BUSIBUB
cyTTeBi BinmiHHOCTI. Hanpukiag, y kinituHax o-TC-6 rimoko30ToKCMYHICTb akTuByBasa UPR yepes PERK ta IRElD, Toxi
K y IIypiB i3 #iabeToMm Taki MexaHi3amu Oysiu npurHideHi. [IpoTe B 060X BUIagKax CIOCTepiraaocs MifiBUILIeHHS
GRP78 Ta RAP1, mo nigKpecioe IXHIO POJIb 4K YHIBEPCAJIbHUX MapKePiB cTpecy. Pe3ynbTaTty JOCiIKEHHS BKa3ylOTh
Ha HeOoOXigHICTb iHTerpoBaHoro niaxoxny o jyikyBaHHs LIJ11, sskuit 61 ogHOYacHO Koperysas UPR, 3HMKyBaB
OKCHJIaTMBHE HaBaHTAKEHHSI, BiTHOBJIIOBAB MiTOXOHPiaibHYy (PYHKLiIO Ta CTabiizyBaB KajbllieBUI TOMEOCTA3.
[lepcneKTUBHUMU HanpsiMaMu € po3poOKa Ipernaparis, 110 MOAYJI00Th akTuBHiCTE GRP78, iHrioyioTh NO-cuHTasy
ab6o BnmBaroTh Ha RAP1-3anesxHi misixu. Taki Teparii Moryiy 6 He JMile YIOBiIIBHUTY Jerpajallilo O-KJIiTHH, a i

CIPUATHU iX pereHepatiii, o BiKpUBae HOBi MOXKJIMBOCTI /111 60POTbOM 3 IPUYMHAMU TiabeTy.

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?n 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 IRE1n in 0-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 TIDM, 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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