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Pedepar:

1. lnceprauist NpUCBA4Y€HA AOCIIIPKEHHIO POJIi CTPECY €HIOIIA3MaTUYHOTO PETUKYJIyMa B PETyJILil eKcrpecii
reHiB, 110 KOJYIOTh KJIIOYOBi TpaHCKpUMLiiHi pakTopu poauHu Homeobox. O6’eKTOM HOCIIiIKeHHS 6y1u
MOJIEKYJISIPHI MeXaHi3MU peryJaLii ekcrpecii reHiB TpaHCKpUNLiNHUX (PakTOpiB pogrHu Homeobox Ta geskux
MikpoPHK 3a ymoB npurnivyenns IRE1, 0CHOBHOTO CUTHaJILHOTO IIPOTEIHY CTPECY €HI0INIa3MaTUYHOIO PETUKYIIYMa,
a TaKOX rinokcii, gediuuty rayraminy i riaoko3u. MeTor po6oTtu 6yJ10 LOCiIKeHHs BIUIMBY Tinokcii Ta nedinuty
rJIyTaMiHy i [VII0KO3U Ha €KCIIPECilo IeHiB TPaHCKPUMLINHUX PakTopiB poauHu Homeobox y kiiTuHax riiobiactoMu

U87MG B 3a1€XHOCTI Bifi pyHKLiOHAMbHOI akTMBHOCTI IREL Y X07i BUKOHaHHS pO60TH OyJ1M BUKOPUCTAHI TaKi



MeToaU 6ioxiMii Ta MOJIEKYJISIPHOI 6i0JIOTil SIK KyJIbTUBYBaHHS CTabiIbHO TPAaHCQPIKOBAHUX KIIITUH IJ1i06J1aCTOMU 3
IIPUTHIYEHOIO JIUIIE eHI0PUOOHYKIea3HO0 akTUBHICTIO ERN1 Ta KIiTMH 6€3 060X €H3MMAaTUYHUX aKTUBHOCTEN
LIbOTO CUTHAJILHOTO NpoTeiny, BuninenHsa PHK, BU3Ha4yeHHS KOHLIEHTpaLlii Ta CIIEKTPAIbHUX XapPaKTEPUCTUK
oTpumanux npenapartis PHK 3a 1onomorow HaHO-CIEKTPOPOTOMETPA, CUHTe3 KoMIieMeHTapHux JHK msixom
3BOPOTHOI TPAHCKPMUIILLi, 8 TAKOK METOM KiJILKICHOI I0JIiMepa3Hoi JIAHLIFOTOBOI peaxliii y peaJbHOMY 4aci 1
BU3Ha4YeHHs piBHA ekcripecii MPHK nocrimkeHux TpaHCcKpuniinHux ¢aktopis i MikpoPHK, caitneHcinr
MPHK,enexTpodopeTyHMii aHai3 HyKJI€IHOBUX KMCJIOT, METOAU 6i0iH()OPMATUKU Ta CTATUCTUYHOI 06pO6OKU
pesysbTaTis. [IpoBefeHMMU NOCiIKEeHHSIMN OyJIv BUSIBJIEH] BUPAXEHi 3MiHU PiBHS €KCIIpeCii reHiB
TPaHCKPpUILIiHUX ¢akTopiB poauHu Homeobox y KysbTypi kiniTuH riaio6sactomu jiHii US7MG 3a yMOB
npurHiueHHs IRE1/ERNTI, i mokasaHo, 1110 3MiHU B €KCIIPEeCii TOCIiIKeHUX TeHiB € reHO-CrielupiyHuMU i 3ay1eXKaTh
Big Tny HokgayHy ERN1 Bysio IpoieMOHCTPOBAHO, 0 IPUTHIiY€HHSI €HIOPUOOHYKII€a3HOI Ta IPOTeiHKiHA3HO]
aKTUBHOCTEN curHasibHoro nporeiny ERN1 3MiHIO€e 94yTauBiCTb 6isbIoCTi reHiB poguHyu Homeobox 1o rinokcii, a e
CBimuUTb IIPO 3asie>XHUM Bif, ERN1 KOHTpOJIb IiOKCUYHOI peryssiLii piBHs eKcIpecii 6i/1b10CTi LOoCiIKeHnX HaMu
TeHiB IMX TPAaHCKPUMNUiNHUX PakTopiB. [TokasaHo, 110 eKcIpecis 6isbIIOCTi JOCiIKeHnxX reHiB poguHyu Homeobox
€ YyTJIMBOIO J10 Ae(ilUTY SIK [JIyTaMiHy, TaK i IJII0KO3H, i IO IPUTHIiY€HHS] CUTHAJIBHOTO LJISIXY CTPECY
eHpiona3MaTuyHoro petukyiayma ERN1 nepeBaskHo mopudikye ixHi edpexru. Lli pesynbraTy BKasyioTh Ha ERN1-
3aJIEXKHUM XapaKkTep YyTJAMBOCTI KJIiTHH I1i061aCTOMU [0 3a6e3IeyeHHs iX TII0K03010 Ta IyyTamiHoM. Haykosa
HOBHM3HA pOOOTH NOJIAATa€e B TOMY, 110 BIIEpIIe [TOKa3aHo, 10 eKCIIPecis JOCIiIKyBaHUX reHiB poguHu Homeobox
3asiexxuTs Bifg mpoteiny IRE1/ERNI1 - 0CHOBHOTO CMTHAJIbHOTO LUISIXY CTPECY €HIOIIa3MAaTUYHOTO PETUKYJIYMY.
PesynbTaTu IpoEMOHCTPYBAJIM BaXJINBY pojb eHpoprubonykieasu ERN1 B perysnsuii ekcripecii renis ZEB2 i TGIFI,
a TaKOXX BaXKJIMBY poJib IpoTeinkiHazyu ERN1 gk Kio4oBoro perysstopa exkcrpecii redis PBX3, PRRX1, PAX6 i PBXIPL.
[IpuHUMTIOBO HOBI PE3yJIbTaTA OTPMMAHO IIPYU BUBYEHHI MIIOKCUYHOI pETy ALl IpOOHKOreHHOro reHa SPAG4 B
KJIITUHAX IJ1i061aCTOMH, 110 IIPOJEeMOHCTPYBAJIO Pi3Ke 3HIDKEHHS IOro YyTIMBOCTI [0 TiMoKcii 3a yMOB
npurdidveHHs ERN1i cBiguuTh Npo MOXJIMBY y4acTb TpaHCKpunuiiHoro ¢paxkropa SPAG4 y 3HMKeHHI iIHTEHCUBHOCTI
npoJtipepanii Hux KIiTMH 32 yMOB HOKAayHy ERN1. [IpakTryHe 3HauY€HHS] OTPUMAHUX Pe3YJIbTaTiB [OJISrae y
BUSIBJIEHHI poJli IpoTeinkiHasHoi akTuBHOCTI ERN1y peryssuii ekcnpecii reHis, npuraidveHHs siKoi Moxe 6yTu
MIPUYETHUM [0 [TIOCUJIEHOI IHBa3MBHOCTI KJIITMH [TIiIOMU HJISIXOM iHAyKUii excripecii reHiB PBX3, PRRX1, PAX6 i
PBXIP1, a Takox B inenTudikauii mikpoPHK, siki konTposoioTs excrpecito MPHK ZEB2 i PAX6 Ha nocT-
TPaAHCJISALIMHOMY PiBHi i MOXYTbh OyTH NOTEHUITHMMU MillleHSIMU [1J1s [IPUTHIYEHHs Nposidepauii KIiThH
r71i0671aCTOMU.

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 US7MG
glioblastoma cell culture under conditions of IRE1/ERNT1 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/ERN1 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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