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Pedepar:

1. luceprauisa nprucsga4eHa JOCiIKEHHIO POJli CTPECY €HIOINIa3MaTUYHOTIO PETUKYJIyMa B PETYJIALil eKCIpecii
reHiB, 10 KOAYIOTh KJII0OYOBi TpaHCcKpunuiiHi paktopu poauau Homeobox. O6’eKToM oCTiKeHHs 6yau
MOJIEKYJISIPHI MexaHi3Mu peryssuii ekcrnpecii reHiB TpaHckpuniiniHux ¢paxkropis poguHu Homeobox Ta feskux
MikpoPHK 3a ymoB nipurnidyenss IRE1, 0OCHOBHOTO CUTHaJILHOTO NIPOTEIHY CTPECY €HIOINIa3MaTUYHOTIO PETUKYJIYMa,
a TaKOX TiNoKcii, AediunTy riyTaMiny i r1oKo3u. MeTow po6otu 6yJ10 HOCiIP)KeHHS BIUIMBY TiNOKCii Ta nedinuty
rJIyTaMiHy i IJIIOKO3U Ha eKCIIPECilo IeHiB TPAaHCKPUMLINHUX PakTopiB poguHu Homeobox y kiiTnHax riiobiactomu
U87MG B 3anexxHoOCTi Bifi pyHKLioHanbHOI akTMBHOCTI IREL. Y X07i BUKOHaHHS po60TH 6yJ11 BUKOPUCTaHI TaKi
MeToaM 6i0XiMii Ta MOJIEKYJISIPHOI 6i0JIOTiI SIK KyJIbTUBYBaHHS CTabijIbHO TPAHCQHIKOBAHMX KJIITUH IJ1i06J1aCTOMU 3
IIPUTHIYEHOIO JIMIIE €HI0PUOOHYKIea3HOo10 akTuBHICTIO ERN1 Ta KiliTH 6€3 060X €H3UMAaTUYHUX aKTUBHOCTEN

LIbOTO CUTHAJILHOTO NpOTeiny, BuninenHs PHK, BU3HaYeHHS KOHLIEHTpaLlil Ta CIIEKTPAJIbHUX XapaKTEPUCTHUK



oTpumaHux npenapartis PHK 3a 1onomorowo HaHO-CIEKTPOPOTOMETPA, CUHTe3 KoMIIeMeHTapHux JHK msxom
3BOPOTHOI TPAHCKPHUIILLii, 8 TAKO>K METOJIU KiJIbKICHOI OJIiIMEPa3HO] JIAHIIIOTOBOI peaklii y peaJlbHOMY 4aci s
BU3HauyeHHs piBHA ekcripecii MPHK nocrmimkeHux TpaHckpuniiiiHux ¢akropis i MikpoPHK, caitneHciHr

MPHK, enexTpodopeTMyHMI aHai3 HyKJIEIHOBUX KMCJIOT, METOAU 6i0iH(POPMATUKM Ta CTATUCTUYHOI 06pOOKU
pe3ysbTaTib. [IpoBeeHuMN JOCTiIKEeHHSIMU OYJIM BUASIBJIEHI BUPQKEHi 3MiHU PiBHS eKcrpecii reHiB
TPaHCKpUMLIiHUX ¢pakTopiB poauHu Homeobox y KysnbTypi kiniTuH riaio6sactromu jiHii US7MG 3a yM0B
npurHiyeHHs IRE1/ERN]I, i mokasaHo, 1110 3MiHU B €KCIIPECii TOCAiIKeHUX reHiB € reHO-CrielupiyHMU i 3ay1eXKaTh
Big Tuny HokpayHy ERN1. Bysio mpogeMOHCTpOBaHO, 10 NPUrHiYeHHS! €HA0PHUOOHYKIea3Hoi Ta POTeiHKiHAa3HOI
aKTUBHOCTeH curHasibHoro rnpoteiny ERN1 3MiHIOe 4yT/uBiCTb 6isbIIOCTi reHiB poauHy Homeobox 1o rinokcii, a e
CBimuuTb IO 3as1e>XHUM Bif, ERN1 KOHTpOJIb IiOKCUYHOI peryssiLii piBHS eKcIpecii 6i/1bIoCTi LOCiI)KeHUX HaMu
reHiB IMX TPAaHCKPUMNUINHUX PakTopiB. [IokasaHo, 10 eKcrpecis 6iybIOCTi JOCIiIKeHUX reHiB poguHyu Homeobox
€ YYTJIMBOIO [0 NedilnTy SIK IIyTaMiHy, TakK i I7II0KO3H, i 1[0 MPUTHIYE€HHS CUTHAJIBHOTO IIJISIXY CTPECy
eHponaaszMaruyHoro petukyinyma ERN1 nepeBaskHo monudikye ixHi edpexru. Lli pesynbraTy BKasyoTh Ha ERN1-
3aJIEKHUI XapaKTep YyTJIMBOCTI KJIITUH I71i061aCTOMM JI0 3a6€3M1eYeHHs iX IJII0K03010 Ta I1yTaMiHoM. HaykoBa
HOBHU3HA POOOTH MOJIAATa€ B TOMY, 11O BIIEpIIE [TOKa3aHo, 0 eKCIIPecis JOCIiIKyBaHUX reHiB poguHu Homeobox
3a71e>xuTh Bif rpoteiny IRE1/ERN1 - 0CHOBHOrO CUTHAJIBHOTO LIJIIXY CTPECY €HIOIIa3MaTUYHOTO PETUKYIIYMY.
PesynbTaTy IpOoAEMOHCTPYBAJIM BaXJINBY pojb eHpoprubonykieasu ERN1 B perysnduii ekcripecii renis ZEB2 i TGIFI,
a TaKOXX BaKJIMBY poJib IpoTeinKiHazyu ERNI1 4K Kio4oBoro perynsaropa ekcrpecii redis PBX3, PRRX1, PAX6 i PBXIPL.
[IpyHLMTIOBO HOBI PE3yJIbTaTA OTPMMAHO IPYU BUBYEHHI MIIOKCUYHOI PETYIALii IPOOHKOreHHOro reHa SPAG4 B
KJIITUHAX IJ1i061aCTOMM, 110 IPOJEeMOHCTPYBAJIO Pi3Ke 3HIDKEHHS 1Oro Yy TJIMBOCTI [0 TiMoKcii 3a yMOB
npurdidveHHs ERN1i cBifuuTh Npo MOXKJIMBY y4acTb TpaHCKpuUMuUiHoro ¢paxkropa SPAG4 y 3HMXeHHi iIHTEHCUBHOCTI
npodtidpepanii Hux KIiTMH 32 yMOB HOKAayHy ERNI. [IpakTryHe 3Ha4Y€HHS] OTPMMAHUX PE3YJIbTaTiB MOJISTaEe y
BUSBJIEHHI poJi nmpoTeinkiHazHoi akTuBHOCTI ERN1 y perysnsuii ekcripecii rexis, npurHiyeHHs sikoi Mmoxe OyTU
IIPAYETHUM [0 [TIOCUJIEHOI IHBa3MBHOCTI KJIITMH ITIiIOMU LJISIXOM iHAyKUii ekcripecii reHiB PBX3, PRRX1, PAX6 i
PBXIP1, a Takox B inenTudikauii mikpoPHK, siki konTposooTs ekcrpecito MPHK ZEB2 i PAX6 Ha nocT-
TPAHCJISLIMHOMY PiBHi i MOXYTb OyTH MOTEHLIHUMU Mill€eHSIMU 1J1s1 IPUTHIYE€HHS npoJtidepalii KiaiTnH
r71i06J1aCTOMU.

2. The dissertation is devoted to the study of the role of endoplasmic reticulum stress in regulating the expression
of genes encoding key transcription factors of the Homeobox family. The object of the study was the molecular
mechanisms of regulation of gene expression of Homeobox transcription factors and some microRNAs under
conditions of inhibition of IRE1, the main endoplasmic reticulum stress signaling protein, as well as hypoxia,
glutamine and glucose deficiency. The aim of the study was to investigate the effect of hypoxia and glutamine and
glucose deficiency on the expression of Homeobox transcription factors in U87MG glioblastoma cells depending
on the functional activity of IREL In the course of the work, such methods of biochemistry and molecular biology
were used in the cultivation of stably transfected glioblastoma cells with suppressed endoribonuclease activity of
ERNT1 and cells without both enzymatic activities of this signaling protein, RNA isolation, determination of the
concentration and spectral characteristics of the obtained drugs RNA using a nano-spectrophotometer, synthesis
of complementary DNA by reverse transcription, as well as real-time quantitative polymerase chain reaction
methods for determining the level of mRNA expression of the studied transcription factors and microRNAs, mRNA
silencing, electrophoretic analysis of nucleic acids, methods of bioinformatics and statistical processing of results.
Our studies revealed marked changes in the expression level of Homeobox transcription factors in U87MG
glioblastoma cell culture under conditions of IRE1/ERN1 inhibition and showed that changes in the expression of
the studied genes are gene-specific and dependent on the type of ERN1 knockdown. It has been demonstrated that
inhibition of endoribonuclease and protein kinase activities of the ERN1 signaling protein changes the sensitivity of
most Homeobox genes to hypoxia, which indicates that ERN1 is involved in the control of hypoxic regulation of the
expression level of most of the genes of these transcription factors studied. It was shown that the expression of
most of the studied Homeobox genes is sensitive to both glutamine and glucose deficiency, and that inhibition of
the endoplasmic reticulum stress signaling pathway by ERN1 mainly modifies their effects. These results indicate



the ERN1-dependent nature of the sensitivity of glioblastoma cells to glucose and glutamine supply. The scientific
novelty of this work is that, for the first time it was shown that the expression of studied Homeobox genes is
dependent on IRE1/ERNI1 protein, the main signaling pathway of endoplasmic reticulum stress. The results
demonstrated an important role of the ERN1 endoribonuclease in the regulation of ZEB2 and TGIF1 gene
expression, and an important role of ERN1 protein kinase as a key regulator of PBX3, PRRX1, PAX6, and PBXIP1 gene
expression. Fundamentally new results were obtained when studying the hypoxic regulation of the pro-oncogenic
homeobox gene SPAG4 in glioblastoma cells, which demonstrated a sharp decrease in its sensitivity to hypoxia
under conditions of ERN1 suppression and which indicates the possible participation of the SPAG4 transcription
factor in reducing the intensity of proliferation of these cells under conditions of ERN1 knockdown. The practical
significance of the obtained results lies in revealing the role of protein kinase ERN1 in the regulation of gene
expression, the suppression of which may be involved in increased invasiveness of glioma cells by inducing the
expression of PBX3, PRRX1, PAX6 and PBXIP1 genes, as well as in the identification of microRNAs that control the
expression of ZEB2 and PAX6 mRNA at the post-translational level and may be potential targets for inhibition of
glioblastoma cell proliferation.
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