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Pedepar:

1. Incepralist pUCBIYEHA BUBYEHHIO MOJIEKYJIIPHUX MEXaHIi3MiB Jii ByryeljeBUX HAHOYACTUHOK, TAKUX K OKCHUJ
rpadeny (GrO) Ta onHOCTiHHI Byryenesi HaHOTPYOkU (SWCNTS), Ha eKCIpecilo reHiB BaXJIMBUX TPAHCKPUINLIIAHUX
Ta perynaTopHux ¢axkTopis i MikpoPHK y HopmanbHUX acTpouuTax jJoaunu jiHii NHA /TS, a Takoxx y KiiThUHax
riio6aactomu JiiHii US7MG nJ1 BUSICHEHHS! YyTJIMBOCTI HOPMAJIbHUX i yXJIMHHUX KJIITUH [0 [ii XX HAHOYaCTUHOK
i 3'1cyBaHHS 3HaY€HHS CTPECY €HAO0IIa3MaTUIHOro petukynayma (EP) y MonekynspHUX MeXaHi3max ix mii. MeToio
po60TH 6YJI0 LOCIIANTY BIUIUB MAJIMX JJO3 HAHOYACTUHOK OKCUJy TpadeHy Ta ByIJIeLleBUX HAHOTPYOOK Ha
€KCIIPECilo reHiB, 110 KOAYIOTh BaXJIMBI TPaHCKPUILiKHI (paKTOpH Ta iHIIi PeryaaTOpHi NpoTeiHy, gKi oB's13aHi 3
npouecamu nposigepatiii, crpecom EP i KaHIIeporeHe30M, SIK y HOpMaJIbHUX aCTPOLMTaX JIoAuHM JiHii NHA /TS,
TaK i y kiiTuHax raiobiactomu US7TMG, a TakoxX Ha ekcrpeciio MikpoPHK. [I711 BUKOHaHHS IUCEPTaLiitHOi po6oTu

OyJiv 3aisiHi HOBITHI 6i0XiMiuHI Ta MOJIEKyISIPHO-6i0JIOTiYHI METON: BUPOLLyBaHHS KJIiTUH, oTpuMaHHs PHK,



BM3HA4eHHS creKTpiB norauHaHHsg PHK Ha cnekrpodorometpi, cuHTes KJHK 3 BUKOpUCTaHHSM 3BOPOTHOI
TPaHCKPUITAa3U, MEeTOIH KisbKicHOI [1JIP y peanpHOMYy 4aci, 3B0poTHOI TpaHckpuniii MikpoPHK, anani3
amIipikaTiB eseKTpoPope3oM y arapo3HOMY reii, MeToY 6i0iHPOPMATUKHU i CTaTUCTUKU OTPUMAHUX PE3YJIbTATIB.
Brniepiie 6ys10 moKa3aHo, 10 Aist LUX BYIJIEL€BUX HAHOYACTHMHOK Ha €KCIIPECilo Pi3HUX IeHiB 1epeBaXXHO
ornocepenKoByeThes cTpecoM EP, ockinbky 3a yMOB nipuraiveHHs ERNI, ros10BHOro CUrHajIbHOTO LISAXY LIbOTO
ctpecy, edexT sik HaHouyacTUHOK GrO, Tak i SWCNTS, icToTHO 3MeHIyBaBcsl. [IpakTHiHe 3HaUeHHsI OTPUMaHUX
HaMU pe3yJbTaTiB BU3HAYAETHCS TUM, 1O KJIITHHY I1i0671aCTOMU MEHII YYTJIMBI [0 BIJIMBY HAHOYaCTUHOK GrO Ta
SWCNT nopisusiHO 3 NHA /TS, 110 OL[iHIOBaZI0CS 33 PiIBHEM €KCIIPECii FeHiB KJIII0YOBUX TPAHCKPUNLINHUX i
perynsitopHux ¢akropis. OTprMaHi pe3yabTaTy IPOAEMOHCTPYBAJIM BarOMy PoJib €H3UMaTH4YHOi akTuBHOCTI ERN1
y KOHTPOJIi eKcIIpecii cTpec-3anexxHux TpaHckpunuiinux gaxkropis (DDIT3, ATF3, ATF4, E2F1 Ta TP53), Tak i
BAXKJIMBUX PETysSTOpHUX dakTopiB Ta eH3umis (DNAJB9, HBEGF, TOB1, EDEM1, DDX58, PAHA2, TFPI2 i IDH2).
OTXKe, Ui pe3yJIbTaTV BKa3ylOTh Ha BAarOMICTh BUSICHEHHS MOJIEKYJIIPHAX MEXaHi3MiB [ii HAHOYaCTMHOK OKCULY
rpadeHy i ByrieneBux HAHOTPYOOK IIPY OLiHLi 6iosIoriyHOi 6€3neKy ix 3acToCcyBaHHS 1J1s Pi3HUX el y 6ioJiorii Ta
MEeJMIIVHI, OCKiJIbKM 32 [ii IK HAHOYACTUHOK OKCUJly rpapeHy, TaK i OHOCTIHHUX BYIJIELIEBUX HAHOTPYOOK iCTOTHO
MIOPYUIYETHCS €KCIIPECisl T€HIB BAKIMBUX, KOHTPOJIIOIYUX META001i3M TPAHCKPUILIIMHUAX Ta PEryISTOPHUX
daxTOopiB MIIXOM 3MiH Yy QYHKI[IOHYBaHHI reHOMY oIlocepeKoBaHo yepe3 cTpec EP. InenTudikosani 3minu B
excrpecii 4k MPHK, Tak i MikpoPHK, MOXyTb Bifi3epKaaoBaTy MOKJINBI MEXaHI3MU PO3BUTKY Pi3HUX
[IaTOJIOTIYHMX CTaHIB Ha MOJIEKYJISIPHOMY PiBHI Ta MOXKYTb BUKOPUCTOBYBATUCS 1711 BU3HAYEHHS TOKCUYHOI Aii

HaHO4YaCTHUHOK.

2. The dissertation is devoted to the study of the molecular mechanisms of action of carbon nanoparticles, such as
graphene oxide (GrO) and single-walled carbon nanotubes (SWCNTSs), on the expression of genes of important
transcriptional and regulatory factors and microRNAs in normal human astrocytes of the NHA /TS line, as well as
in glioblastoma cells of the U87MG line to clarify the sensitivity of normal and tumor cells to the action of these
nanoparticles and to clarify the significance of endoplasmic reticulum (ER) stress in the molecular mechanisms of
their action. The aim of the work was to investigate the effect of low doses of graphene oxide nanoparticles and
carbon nanotubes on the expression of genes encoding important transcription factors and other regulatory
proteins that are associated with proliferation processes, ER stress and carcinogenesis, both in normal human
astrocytes of the NHA /TS line and in glioblastoma cells of the U87MG line, as well as on the expression of
microRNAs. To carry out the dissertation work, the latest biochemical and molecular biological methods were
used: cell cultivation, RNA extraction, determination of RNA absorption spectra on a spectrophotometer, cDNA
synthesis using reverse transcriptase, methods of quantitative real-time PCR, reverse transcription of miRNA,
analysis of amplificates by agarose gel electrophoresis, methods of bioinformatics and statistics of the obtained
results. It was shown for the first time that the effect of these carbon nanoparticles on the expression of various
genes is mainly mediated by ER stress, since under the conditions of inhibition of ERN1, the main signaling
pathway of this stress, the effect of both GrO nanoparticles and SWCNTSs was significantly reduced. The practical
significance of our results is determined by the fact that glioblastoma cells are less sensitive to the effects of GrO
and SWCNT nanoparticles compared to NHA /TS, which was assessed by the level of gene expression of key
transcriptional and regulatory factors. The obtained results demonstrated a significant role of ERN1 enzymatic
activity in controlling the expression of stress-dependent transcription factors (DDIT3, ATF3, ATF4, E2F1 and
TP53), as well as important regulatory factors and enzymes (DNAJB9, HBEGF, TOB1, EDEM1, DDX58, P4HA2, TFPI2
and IDH2). Therefore, these results indicate the importance of elucidating the molecular mechanisms of action of
graphene oxide nanoparticles and carbon nanotubes in assessing the biological safety of their use for various
purposes in biology and medicine, since the action of both graphene oxide nanoparticles and single-walled carbon
nanotubes significantly disrupts the expression of important genes controlling the metabolism of transcriptional
and regulatory factors through changes in genome functioning indirectly through ER stress. The identified
changes in the expression of both mRNA and miRNA may reflect possible mechanisms of development of various
pathological conditions at the molecular level and can be used to determine the toxic effects of nanoparticles.
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