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Jucepraliisi mpuUCBIYE€HAa BUBYEHHIO MEXaHI3MIB pPerysdilii eKcrhpecii TeHiB
CHUHTE3Yy CEpUHY, AKHUI BIIrpa€e BXXJIUBY POJIb Yy POCTI PI3HUX 3JOSAKICHUX MyXJIHUH, Y
TOMY YMCII 1 IJ1100J1aCTOM, OCKUIBKU 3aJiSHMM y 0araThboX MeTaOOJIYHUX ITUKIIAX.
I'omoBHa yBara Oyisa 30cepei’KeHa Ha 3°sICyBaHHI pOJIi CTPECy €HAOIIa3MaTUYHOTO
pPETUKYJIyMa Ta TIMOKCIl y PeryJisiii eKCrpecii TeHIB CUHTE3Yy CEpUHY, OCKLIIBKH caMe
Il YMHHUKA € BAKIUBUMH JUJISI TMYXJIUHHOTO pocTy. [ns 1mporo Oynau mpoBeleHi
€KCIIEPUMEHTH 13 BUKOPUCTAHHAM F€HETUYHO MOJU(PIKOBAHUX KIITHH I1100JaCTOMU
muii U87MG, mo wmamu mnpurHiueHy eHsuMmatuuHy akTtuBHICTH ERNI1/IRE]
(endoplasmic reticulum to nucleus signaling 1/inositol-requiring enzyme 1),
OCHOBHOTO  CEHCOPHO-CHTHAJIBHOTO  TPOTEIHY CTpecy  eHIOIIa3MaTUYHOTO
PETUKYIIYMA, 1 3HIDKEHY MpoiepaTuBHY aKTUBHICTH. Bys10 TakoXk AOCIIHKEHO BIUIUB
rinokKcii Ta AepiuuTy TIyTamMiHy 1 TIIOKO3M Ha €KCIIPECII0 I'€HIB CUHTE3Y CEpUHY Y
KJIITUHAX TT100JaCTOMHM y 3aJI€KHOCTI Bl (DYHKI[IOHAJIBHOI AKTUBHOCTI CUTHAJIBHOTO
nporeiny ERNI.

AKTyaJIbHICTh I11€] TEMHU TMOB'SI3aHa 3 THUM, IO OHKOJOTIYHI 3aXBOPIOBaHHS
MIOCIIAl0Th IPYTe MICIIE Y CBIT1 32 pIBHEM CMEPTHOCTI 1 IX KUIBKICTh MOCTIMHO 3pOCTaE
IIPY BIIYYTHIN HEAOCTATHOCTI €(peKTUBHOTO X JIKyBaHHA. [ J1100651acTOMU € HAWOLTBII
3JTOSIKICHUMH 1 JJOCHTH MOIMTUPESHUMH TTEPBUHHUMH MyXJIMHAMH TOJIOBHOTO MO3KY, SIKi
HAJITO TSDKKO MIAMAOTHCS JIKYBAHHIO Ta XapaKTEPHU3YIOTHCS KOPOTKOK TPUBAICTIO
KUTTS MaIlieHTiB. | came ToMy, IHTEHCUBHUM MOIIYK IPUHIIMIIOBO HOBUX MiAXOIB J10
BUSICHEHHSI MOJIEKYJIIPHMX OCHOB IAaTOTEHE3y TJI100JAaCTOM, SIK 1 1HIIMX 3JIOSIKICHUX
MyXJIUH, € BAXJIMBUM 1 HEOOXITHAM JIJIs1 TOKPAIICHHS ICHYIOUHMX Ta CTBOPEHHS HOBUX

NEPCHEKTUBHUX CTpATerid MPOTUITYXJIMHHOI Teparnii.



HaazBruyaitHo BakauBUMHU (DakTOpaMu 1HTEHCHUBHOTO POCTY 3JIO0SKICHHX
MYXJIMH € CTPEC EH0MIa3MaTUYHOTO PETUKYITyMa 1 TIOKCIs, K1 epenporpaMoOBYIOTh
FeHOM MYXJMHHUX KIITHH JJis TOCUJICHOTO 3a0e3MeUeHHs] MyXJWH MOXUBHUMHU
pEUYOBHMHAMU IIIJIIXOM aKTUBAIlli aHT10T€HE3y, PO3BUTKY PE3UCTEHTHOCTI MyXJIMHHUX
KJIITUH J0 PI3HUX TOKCUYHUX PEUOBUH, Y TOMY YHUCII 1 10 €PEKTIB TIOKCii. Y 3B’ 53Ky
3 UM, JIeTalbHE BUBYCHHS PETYSTOPHUX MEXaHI3MiB, IO JIEXKaTh B OCHOBI ITMX
MpoLeciB, Oyae CIpHUITH OUTBII TTUOOKOMY PO3YMIHHIO MOJEKYJISIPHMX MEXaHI13MIB
POCTY 3JI0SIKICHUX ITyXJIMH Ta MOIIYKY IPUHITUIIOBO HOBUX I1X0/11B 00POTHOM 3 HUMH.

He w™eHm BaxiauBUM (AKTOPOM PpOCTY 3JIOSAKICHHUX MyXJIWH € TaKoX
aMIHOKHCIIOTa CEPUH, sIKa 3aJlIsTHA y PETYJIALlii YUCICHHUX METa0O0JIYHUX MPOIIECIB 5K
Yy HOPMAJIbHUX, TaK 1 MyXJIMHHUX KIITUHAX. buiblie TOro, AJigs iHTEHCUBHOTO POCTY
0araTeb0X 3JO0SKICHUX IyXJWH BaXKJIUBUM € TOCHJIEHHH CHHTE3 cepuHy. | Tomy
TI3HAHHS MOJICKYJIIPHUX MEXaH13MIB PEryJisliii CHHTE3Y CEpUHY 3a 37I0SIKICHOTO POCTY
CUTHaJbHUMH IUIXaMH CTPECy €HI0IUIa3MaTHYHOTO PETUKYITYMa, a TAKOXK 3a T1IMOKCIT
€ JIOCUTh BOXJIUBUM Y MOIITYKY MOJIEKYJISIPHUX MillIeHEH 111 O0pOTHOM 31 37T0SIKICHUM
poCTOM.

BaxxnuBUM 1 MPUHIMIOBO HOBUM MOMEHTOM Ii€i poOOTH Oyl0 BUSICHEHHS
npudetHocTi ERNI1/IRE1  curnampHOro mnuisixy CcTpecy eHIOIUIa3MaTHYHOTO
pPETUKYJIyMa JI0 PEryJIsLli eKCIpecii TeHiB, 0 KOHTPOJIIOITh CUHTE3 CEPUHY, Y TOMY
yucai 1 podl  eHAOPUOOHYKJICa3HOI Ta MPOTEIHKIHA3HOT aKTUBHOCTEM I[OTO
CUTHAJIBHOTO MPOTEIHY B peanizallii Moro BIUIMBY Ha eKcmpecito reHiB. OkpeMum
3aBIaHHSIM poOOTH OYyJIO TOCTIAUTH J110 TIMOKCIT Ta Ae(ILUTY IIyTaMiHy 1 IITIOKO3U Ha
PIBEHb €KCIIpecii TeHIB CHHTE3Yy CEpUHY Y KIIITHHAX T1100JaCTOMH B 3aJIEKHOCTI BiJ
npurHideHHs ERNI, ockinbku 116 TPUTHIYCHHS TPU3BOJMTH 10 3HIDKCHHS
nposidepaltii MyXJIMHHUX KJIITUH 1 Ma€ BUPAKEHUN aHTU-TTYXJIMHHUN ePeKT.

VY Xxoxai BUKOHAaHHA poOOTH OynM BUKOPUCTAHHI CydacHl MeToAau OloXimii Ta
MOJIeKYyJIsipHOT1 Oiojiorii. lle KynbTHUBYBaHHA TpbOX CTaOUIBHO TpaHC(hIKOBAHUX
cyOmiuiii: 1) TpancdikoBaHi TOPOKHIM BEKTOPOM KOHTPOJIBHI KIITHHH, 2) KIITUHU 3
MIPUTHIYCHOIO JIUIIE eHA0pruOoHyKiea3How akTuBHICTIO ERNI 1 3) knituau 6€3 000X
S€H3MMAaTUYHUX aKTHBHOCTEH IOTO CUTHAJILHOTO MPOTEiHy (€HIOpUOOHYKIIea3HOT Ta

MpoTeiHKiHA3HO1), a Takok wmeroaw BumuieHHs PHK 13 kmituH rmiobmacromu,



BU3HAUEHHS KOHIEHTpalii 1 CIEeKTpaldbHUX XapakrepucTuk mnpemnaparie PHK 3a
JIOTIOMOT'OI0 HaHO-crekTpodoTomeTpa. s BU3HAYEHHSI €KCIpecii TeHIB CIOYaTKy
npoBoauiIn cuHTe3 KoMmiuiemeHTapHux JIHK nuisixom 3BopoTHOi TpaHcKpumiii, a
MOTIM METOJIOM KUTBKICHOI TMOIMEpa3HOi JAHIIOTOBOI peakIlii y peaJlbHOMY dYaci
BU3Hauamu piBeHb ekcnpecii MPHK eH3umiB cuHTE3y cepuHy, a TakoxX
TpaHckpumnuiiHoro ¢akropa ATF4, saxuii koHTpomoe TpaHckpumuito PSATI.
Cremianbanii MeToA OyB 3aCTOCOBAHMM JUIsi BU3Ha4ueHHs ekcrpecii MikpoPHK, mio
BKJTFOUAB MoJiaieHmroBanHs MikpoPHK, iX 3BOpoTHY TpaHCKpHTIIIIiO 1 aMILTi(hiKaIifo.
Bbynu Bukopucrtani Takoxx metoau caieHcinry MPHK ERN1 ta XBP1 anst ctBopenHs
MOJIeJl IpUTHIYeHHs 000X eH3uMaThuyHuX akTuBHocTe ERN1 abo muiie ronoBHOT
(GyHKUIT €HAOPUOOHYKJIEa3HOI aKTUBHOCTI LIbOITO CUTHAJIBHOIO MPOTEIHY, a came
cainercinry XBP1. Ilpomyktu ammmidikamii aHamizyBajid €IeKTpopope3oM B
arapozHoMy remni. Jlis aHamizy MOXKJIMBUX MEXaHI3MIB PEryJsiii eKcrpecii
JNOCIIUKEHUX TE€HIB BUKOPUCTOBYBAJIM MeETOAM 010iHGOpPMATHKH, a OTpPUMAaHI
pe3yJIbTaTH OIpalbOBaHl CTATUCTUYHO.

s 3'scyBanHst podii curHaigbHoro mporeiny ERNI1 Ta #ioro eH3umaTH4HHX
aKTUBHOCTEW (EHIOpUOOHYKJIEa3HOI 1 MPOTEIHKIHA3HOI) HamMu OyJ0 AOCHIIHKEHO
EKCIIpecii0 TeHIB, M0 KOJAYITh Taki eH3uMu cuHTe3y cepuny sk PHGDH
(phosphoglycerate dehydrogenase), PSATI1 (phosphoserine aminotransferase 1),
PSPH (phosphoserine phosphatase), SHMT1 (serine hydroxymethyltransferase 1) 1
SHMT?2 (serine hydroxymethyltransferase 2). [[ns BusicHeHHSI MeXaH13MiB peryJsii
p
1
B 3 MEeTOI0 BUBYEHHS MOJEKYJISIPHHX MEXaHI3MIB 3aJIEKHOCTI €KCHpecii TeHIB
BUHTE3y CEpUHY BiJ CTpeCcy EHAOIUIa3MAaTHYHOTO PETHUKYIyMa 1 30KpeMa Horo
gurHanbHoro nuisixy ERNI/IRED y kmituHax riio6inactomMu Oy mpoBezeHi
JIOCT/DKEHHST Ha KITHHAX 3 TMPUTHIYCHAMH €H3MMATHYHUMH aKTHBHOCTSIMU
¢nporeinkinazu Ta eHpopuOonykieasu) ERN1 Ta 3a ymoB iHriOyBaHHsS JuIie
BHJIOpUOOHYKII€a3U 1bOTO CUTHAJIIBHOTO MPOTEiHy. BusiBieHa 3a1eXHICTh eKCIpecii
CCHIB CHHTE3y CEpUHY Yy KJIITHHAX TI100JIaCTOMHM BiJi (PyHKIIOHAIHHOI aKTHUBHOCTI
ERN1 i MoxnuBUi BKJIaa IUX T€HIB Y aHTU-TIpoJidepaTuBHUN ePEeKT MPUTHIYCHHS
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ERNI, a takox posib NPOTETHKIHA3HOT Ta €HJOPUOOHYKI€a3HOI aKTUBHOCTEN I[bOTO
CUTHAJIBHOTO TMPOTEiHYy B  ONOCEPEAKOBAHIA CTPECOM  EHIOMIa3MaTUYHOIO
PETUKYJIyMa peryJisiii ekcmpecii AOCHiPKeHUX TeHiB. BCTaHOBIEHO TakoXk, IO
EKCIIpecisi TE€HIB CHHTE3y CEpHHY € UYyTJIHMBOIO 0 YMOB TiMOKCii 1 AeiluTy SK
IIyTaMiHy, Tak 1 TIFOKO3H B 3aJIEKHOCTI BiJl QYHKIIIOHAIBHOT aKTUBHOCTI CUTHAJILHOTO
nporeiny ERNI.

Otpumani pe3yapTaTd TPOASMOHCTPYBaIH, IO ekcmpecis reHiB PHGDH,
PSATI, PSPH, SHMTI, SHMT?2 ta ATF4, K1 KOHTPOIIOIOTh CUHTE3 CEPUHY, 3aJICKHUTh
Bil ERN1 curnanbHOro nuisixy cTpecy eHI0MIa3MaTHIHOTO PETHUKYTyMa 1 BIUIMBA€E HA
npodidepariiro KIiTHH TmiobaacTomMu. byna BusiBiieHa 3alie)KHICTh €(PEKTIB TIMOKCIT Ta
nediuuty mIyTamiHy a0o TIIIOKO3U, SIKI € BaXXJIMBUMHU (PAKTOpPaMH KOHTPOJIIO
MyXJIMHHOTO POCTY, Ha EKCIPECil0 IUX TeHIB Bl (PYHKIIOHAIBHOI aKTUBHOCTI
€H3MMaTUYHUX  AaKTHUBHOCTEH  IBOTO  CHUTHAJIBHOIO  MPOTEiHYy  CTpecy
€HJ0IJIa3MaTUYHOI O PETUKYJIyMa y KIIITHHAX Tiobsactomu JiHii US7MG 3MiHIOBaIIO
PIBEHb eKcIpecii BCIX JTOCHIKEHUX HaMU TE€HIB, SKi KOHTPOJIOIOTh CHHTE3Y CEpUHY.
BcraHoBiieHO TakoX, 10 BUSIBJICHI 3MIHU OyJid PI3HUMH SIK MO BEJIMYMHI, TaK 1 IO
HaMpsMKy, 1 110 1Ie¢ 00YMOBJICHO OCOOJIMBOCTSIMH PETYJISIIIT eKCIpecii OCTIIKEHUX
reHiB curHanbHuM mporeinoM ERNI, a Takok iX (yHKIIOHATLHUM 3HAYCHHSM,
MpUYOMYy L€ BIJI0Opa)kae MepenporpaMmyBaHHs T€HOMY B Pe3yJbTaTi 1HT1OyBaHHS
OJTHOTO 13 CUTHANIFHUX IUISIXIB CTPECY €HAOIIa3MaTHIHOTO PETUKYITyMa. Tak, piBeHb
excnpecii reniB PHGDH, PSATI1, PSPH, SHMT?2 ta ATF4 3amxyBaBcs, areHa SHMTI
— ICTOTHO 30UIBIIYBAaBCSA Yy KIITHHAX TJ100JACTOMHU 3a yYMOB NPHUTHIYEHHS 000X
€H3MMATUYHUX aKTUBHOCTEeW curHanmbHOro mporeiny ERNI. Iloxibni 3miHu B
eKcrpecii T'eHiB, 10 KOHTPOJIIOIOTH CHUHTE3 CEpuHy, OyiM BUSBIEHI 1 3a YMOB
caiinenciary ERN1, 1o Bka3ye Ha 3a1€XHICTh 3MIH B €KCIIpecii JOCHIPKEHUX HaMU
rediB came Big ERNI, a He Big cmocoOy #oro mpurHidenHs. [IpoBeneHo Takox
BU3HA4YCHHS eH3uMaThuHOoi1 akTuBHOCTI PHGDH, KI1'040BOT0 €H3UMY CUHTE3Y CEpUHY,
1 MOKa3aHO 3HWKEHHS aKTUBHOCTI I[LOTO €H3UMY Y KJIITHHaX T1100JacTOMU 32 YMOB

MIPUTHIYCHHS 000X €H3MMAaTUYHUX aKTUBHOCTEW cUrHanbHOTO nipoTeiny ERN1.



VY Toif e yac, 3a yMOB INPHUTHIYEHHS JIUIIE €HIOPUOOHYKICa3HOT aKTUBHOCTI
curnaigpHoro npoteiny ERN1 piBens ekcripecii reniB PSAT1 1 PSPH 3MiHIOBaBCS 1M0-
pI3HOMY y KJITHHAX TJ100JAaCTOMHU 13 PI3HUM THUIIOM IMPUTHIYCHHS E€H3MMAaTHYHHUX
aktuBHOCTe mpoTeiHy ERNI1, a me cBiguuTh mpo ydacTh 000X EH3MMAaTHYHHX
aktuBHOcTed ERNI1 y miil perynsmii, iX B3a€MOil0 4epe3 OMOCEPEaAKOBaHI HUMH
CUTHaJbHI nUIsixu. Pazom 3 TuM, 3MiHM piBHA ekcmpecii reHa ATF4 y KiIiTUHAX
I100acTOMA 3 TIPUTHIYCHOIO CHIOPHOOHYKJICa3HOI0 AaKTUBHICTIO CHUTHAJIBHOTO
nporeiny ERNI 1 kmituHax 3 TpUTHIYEeHHMMH oOOOMa MOro eH3WMaTHYHHUMHU
aKTUBHOCTSIMH ICTOTHO HE BIAPI3HSJIMCS 32 BEIWYMHOIO, IO CBIAYMIO PO
OMOCEPEAKOBAHICTh  BHUSBICHUX 3MIH B €KCOpecii [HMX TEHIB  came
eHJOpUOOHYKJIEa3HO0, a He mnpoTeiHkiHazHoioo akTuBHICTIO ERNI1. Cepen
JOCIIKEHUX HAMH T'€HIB, SIKI KOHTPOJIOIOTh CHHTE3 CEpUHY, OyJIM BUSBIEHI 1 TaKi,
PIBEHb EKCIIpECii IKUX 3MIHIOBABCS JIMIIIE 32 YMOB MPUTHIYEHHS 000X €H3UMaTUYHUX
aktuBHocted ERN1 1 He 3MiHIOBaBCA y KIITHHAxX Triio0JacTOMU 3 MPUTHIYEHOIO
SHMTI Tta SHMT2. Otpumani pe3ylbTaTd BKa3ylOTb Ha OIOCEPEIKOBAHICTh
BUSBJICHHX 3MIH B iX €KcHpecii caMe MpOTeTHKIHA3HO aKTUBHICTIO TpoTeiny ERNI.
3a ymoB caineHncinry nauiie ERN1, a ne XBP1, 1m0 Bkazye Ha 3alie’KHICTh BUSIBICHUX
3MIH B €KCIIpecii IIuX TeHIB caMe BiJ NMpoTeinkiHazHoi akTuBHOCTI ERN1. A oT 3miHH
piBHs ekcnpecii reHa ATF4 y kimiTuHax TiiodmactoMu micis caitnencinry ERNI1 1
XBP1 icToTHO HE BIAPI3HSUIUCS 332 BEJIMUUHOIO, 1110 CBIIUMIIO MPO OTIOCEPEIKOBAHICTh
BUSIBJICHUX 3MIH B €KCIIpecii IOTO TE€Ha caMmMe CHAOPHOOHYKJIEa3HO, a He
nporeinkiHa3How akTuBHICTIO ERNI, mmsxom yrtBopenHs XBPls 3a yuacri

EHJOPHUOOHYKJIICa3HO1 aKTUBHOCTI I[bOTO CUTHAJILHOTO TIPOTEiHY.

Bectrepn Omot-anamiz mporeiniB PSATI1, PSPH 1 ATF4 noxkazaB 3HWXEHHS
PIBHS BCIX LHUX MPOTEIHIB K Yy KIITHHAX TI100JaCTOMH 3 MPUTHIYEHOI JIUIIIE
eHaopuboHykieazHoro aktuBHicTI0O ERNI, Tak 1 y kiiThuHax 6€3 000X eH3MMaTHYHUX
aKTUBHOCTEH I[OTO CUTHAJIBHOTO MPOTEiHY, M0 Y3TOJKY€EThCS 13 BUSBICHUMHU HaMU

3MiHaMHM piBHs ekcrpecii BignoBiguux MPHK.



Bbyna npoBenena ouinka nposiepaTUBHOTO MOTEHINIATY KIITHH TJ1100J1acCTOMU
3 TMPUTHIYEHHMMH €H3UMaThuyHuMU akTtuBHOcTsMHM ERNI  nBoma Meromamu
(npotoxoBoto uTomerpieto Ha BD Accuri C6 Flow Cytometer ta o pisaio JIHK y
KJIITHHAX) 1 MOKa3aHo, LI0 MPUTHIYEHHS 000X €H3MMAaTUYHHUX AaKTUBHOCTEH I[HOTO
CUTHAJIBHOTO TMPOTEIHY 3HWXKYBalIO MpoiidepaTUBHUIA MOTEHIIad TaKUX KIITUH
OBl HIXK Y JIBA pa3u, a MPUTHIYCHHS JIUIIEe eHA0prnOoHYyKIIea3Hoi akTuBHOCTI ERN1
MaJjio 3HaYHO OUTBIIUI eEeKT.

Mertonamu 6i0iHGOpPMATHKH OYyJI0 BCTAaHOBJICHO, 110 3’ -mociigoBHocTi MPHK
PSATI1, PSPH i SHMT1 mictsrs caittu 38’ a3yBanns MikpoPHK: miR-145-5p 8 MPHK
PSATI1, miR-429-3p 8 MPHK PSPH, a miR-218-5p 8 MPHK SHMTI, npudyomy
BUSIBJIEH] 3MiHM B ekcrpecii uux MikpoPHK € mpotunexHo HanpaBiieHUMH 10 3MiH B
excnpecti BignoBigHux MPHK 1 MoxyTh OyTH mpUYEeTHHUMH A0 PEryJisiii eKcmpecii
MPHK PSATI, PSPH 1 SHMTI1 curnansaumu nuisixamu npoteiny ERN1 wa moct-
TPaHCIISILIITHOMY PiBHI.

[TokazaHo TakoX, IO €KCHpecist OUIBIIOCTI T'eHIB, 1110 KOHTPOJIIOITh CUHTE3Y
CEepHUHY, € YYTJIWBOIO JO TIMOKCii, MpUYOMYy pIBEHb €Kcrpecii OUIBIIOCTI 13 HUX
30UIbIIY€ETHCSI, 0cOoONMMBO Takux TeHiB sik PHGDH 1 ATF4, a iHIIUX TEHIB —
3MEHIIIYEThCS Y KOHTPOJIbHUX, TPaHC(HIKOBAHUX TMOPOKHIM BEKTOPOM, KIITHHAX
rmobnactoMu. Pazom 3 TUM, y KJIITUHAX 3 MPUTHIYEHOIO €HJOPUOOHYKIICa3HOIO Ta
MPOTETHKIHA3HOK aKTUBHOCTAMM CHUrHajgbHOro mnporeiny ERNI1 uyTnuBicTh reHiB
PHGDH, PSATI, PSPH ta ATF4 no BIUIMBY TIMOKCii 3MIHIOETHCS, 110 TIEPEKOHIIMBO
CBIIUUTH Tpo 3aiexxHui Bi ERN1 KOHTposb TIOKCUYHOI peryssiuii piBHS eKcnpecii
mux reHiB. OTpuMaHi pe3yiabTaTH € MIAIPYHTSAM IS BHSICHEHHS MEXaHI3MIB
PE3UCTEHTHOCTI MyXJIUHHUX KIITHH JI0 TOKCUYHUX €(EeKTIB TIMOKCii 32 YMOB CTpecy
€H/I0TUTa3MaTHYHOTO PETUKYIIyMa.

Byno takox mokazaHo, 10 piBeHb €KCHpecii MaikKe BCIX JOCHIKEHUX HAMU
TeHIB, II0 KOHTPOJIIOIOTh CHUHTE3 CEPHUHY, 3MIHIOETHCA SK 32 YMOB Je(DilUTy
IIIyTaMiHy, TaK 1 TJIFOKO3H, ajie MO-pi3HOMY, 1 1110 MPUTHIYEHHS 000X €H3UMATHUYHUX
(eHmOpMOOHYKIIEA3HOI Ta MPOTETHKIHA3HOI) AKTUBHOCTEW CHUTHAJIBHOTO TIPOTEIHY
ERNT icrotHo Mogudikye ix edexr, ane i Mmoaudikailii MatoTh FT€eHHO-CIIelu(p1aHuN

xapaktep. Tak, y KOHTPOJIbHHX, TpaHC(PIKOBAHUX MOPOKHIM BEKTOPOM, KIIITHHAX



rJ1100J1aCTOMH 32 YMOB JAC(IIUTY IIIyTaMmiHy 301IbIIYETbCA PIBEHb EKCIPecii TaKuX
reHiB ssk PHGDH, PSATI, PSPH, SHMT2 ta ATF4. Pazom 3 TuM, piBeHb eKcIpecii
reHa SHMT1 pi3Ko 3HMKYETHCSL Y KOHTPOJIbHUX KJIIITUHAX IT10071aCTOMH 3a IUX YMOB.
BcranoBieHO Takoxk, 110 YyTAUBICTh €KCIPECii YCIX AOCTIHKEHUX TeHIB 10 Aedinuty
IIyTaMiHy 3MIHIOETBCA y KIITHHAX TJ100JIaCTOMH 3a YMOB IPUTHIYEHHS 000X
(ermopuboHyKI€a3Hoi 1 TpoTeiHKiHA3HOi) akTuBHOCTeW mporeiny ERNI. Tak,
qyTAuBiCTh Takux reHiB sk PHGDH, PSATI, PSPH, SHMT2 ta ATF4 no nedinurty
rIIyTaMiHy pi3KO OCHITIOEThCS 3a yMOB npurHiueHHs ERN1, a oco6nuBo PSATI, Toxai
ak reHa SHMTI — 3meniryerbcs. MeHII BUpakeHI 3MIHM B €KcHpecii TeHiB, 110
KOHTPOJIIOIOTh CHHTE3Yy CEpUHy, OyJau BHUSBJICHI 3a YMOB Je(ILUTY TJIIOKO3U Y
CEpEelOBUILl Yy MOPIBHAHHI 3 JedinuuToM riayTtamidy. Tak, AeQIUUT TIIOKO3H Y
CepeZoBUIIl MPU3BOAUB 10 30UIbIICHHS PiBHS ekcnpecii reHiB PHGDH, PSATI,
SHMT? ta ATF4 y KOHTpOJBHUX KIITUHAX TI100JACTOMH, TOMAl K €KCIpecisi reHa
PSPH ictotHO He 3MiHIOBanacs, a reHa SHMTI — 3menuyBanacs. Pazom 3 Tum,
npurdiueHHs ERNI1 TakoX 1CTOTHO 3MIHIOBAJIO YYTJIMBICTH €KCIIpECii ycCix
JOCIIKEHUX TeHIB 10 AeIIUTY TITIOKO3U y cepeloBulll, a ocoonuBo PSATI, PSPH,
SHMT?2 ta ATF4. 111 pe3ynpTaTu 4iTKOo BKa3zyloTb Ha ERNI-zanexHuil xapakrtep
YYTIUBOCTI KIIITUH TJ1100J1aCTOMHU JI0 3a0€3MeYeHHS X TITFOKO3010 Ta TITyTaMiHOM.
HaykoBa HOBH3HA 1€l poOOTH B TOMY, IIO Breplie Oylu BHUSBJICHI BUPAXKEHI
3MIHU PIBHSI €KCHpECIi TeHIB, 1110 KOHTPOJIIOIOTh CUHTE3Y CEPUHY, Y KYJIbTYpl KIITUH
rimo6nacromu JniHii US7MG 3a ymoB npurHideHHss ERN1, ocHOBHOTO CUTHajIBHOTO
LUISIXY CTPECY €HJOIUIa3MaTUYHOTO PETUKYIyMa, Ta 10 BUSIBJIEHI 3MIHU B €KCIIpeECii
JOCIIKEHUX TEHIB OyJIu TeHHO-CHEeIU(IYHUMHU 1 3aJeXKald BiJ THUIYy HOKIAYHY
ERNI1. BusiBieHa TakoX MOCHJIEHAa €KCIpEeCis T'€HIB CHHTE3Y CEpHUHY Yy KIITHHAX
IJ1100J1aCTOMHU y IOPIBHAHHI 3 HOPMAJIbHUMU aCTPOLIUTAMH, SIKA € BAKIMBOIO YMOBOIO
MMOCWJICHOTO POCTY 3JIOSIKICHUX MyXJIMH, & BUSIBJICHE HAMU 3HIDKEHHS €KCIpecii TeHiB,
Kl KOHTPOJIOIOTh CHUHTE3 CEpUHY, Y KJIITHHAX 3 MPUTHIYEHOIO (PYHKI1OHAIHHOIO
aktuBHicTIO ERNI 100pe y3romkyerbcs 31 3HWKEHUM iX TMpoiidepaTuBHUM
noteHuiagoM. OTpuMaHi  pe3yibTaTd  NPOAEMOHCTPYBAIM  BAXIMBY  POJb
engopuOonykieasHoi aktuBHocTi ERN1 y perynsuii ekcnpecii rena A7F4, OCKUTbKH

AK y KIITHHAX TJIOMM 3 TPUTHIYEHOIO EHJIOPUOOHYKJIEa3HOI aKTHUBHICTIO



curHasibHOTO TipoTeiny ERN1, Tak 1 y kimiTiHax 6€3 000X €eH3MMAaTUYHUX aKTUBHOCTEH
ERNI piBeHb ekcnpecii bOro reHa iCTOTHO He BIAPI3HABCS 3a BETWYMHOI0. Brepiie
MOKa3aHo, 1[0 came MpoTeiHkiHa3Ha akTUBHICTE ERN1 € BaxiIuMBHUM peryistopom
excripecii renis  PHGDH, SHMTI ta SHMT2, ockinbku 1HTiIOyBaHHS
€HJOPUOOHYKJI€a3HOI aKTUBHOCTI I[bOTO CUTHAJILHOTO MPOTEiHY ICTOTHO HE BILJIUBAJIO
Ha pIBEHb X eKCIpeCii 1 JIMIIIe 32 YMOB IPUTHIYEHHS 000X €H3UMAaTUYHUX aKTUBHOCTEH
npoteiny ERN1 3MiHIOBaBCS piBeHb €KCHpecii IIUX I'eHiB.

Brepiie nokazano, 1110 €KCIpeCist BCIX FEHIB, 1110 KOHTPOJIIOIOTh CUHTE3 CEPUHY,
€ YYTIUBOIO /O TIMOKCii Yy KOHTPOJIbHUX, TPAHC(PIKOBAHUX MOPOXKHIM BEKTOPOM,
KJIITAHAX TJI100JaCTOMH, MPUYOMY pPIBEHb €KCHpecii WX TeHIB 3MIHIOEThCA TIO-
PI3HOMY $IK 32 BEJIMYMHOIO €(PEKTY, TaK 1 3a HAIPSIMKOM 3MIH. BCTaHOBIEHO TaKOX, 1110
MPUTHIYEHHS €HJOPUOOHYKIIEa3HOI Ta MPOTETHKIHA3HOI aKTHMBHOCTEW CUTHAJIBHOIO
nporeiny ERN1 3mintoe uytnuicts reniB PHGDH, PSAT1, PSPH 1 ATF4 1o rinokcii,
a 1e cBiauuTh Npo 3anexkHuid Bl ERNI1 KOHTponb TiMOKCHYHOI perymisauli piBHS
ekcrpecti OUTIIOCTI AOCTIPKeHUX Hamu TeHiB. Lli pe3ynbraTt € miaArpyHTsIM JUis
PO3KPUTTS MEXaHI3MIB PE3UCTEHTHOCTI MyXJIMHHUX KJIITHUH, Y TOMY YHCII ¥ KIITUH
rJ1100J1aCTOMH, 10 TOKCUYHUX €(EKTIB TIOKCIi 32 YMOB CTPECY €HIOMIa3MaTHYHOIO
PETUKYITyMA.

[IpuHUIMIIOBO HOBI pe3ynbTaTH OynM OTpUMaHl NpPH BHUBYEHHI UYYTJIMBOCTI
eKcCIpecli TeHiB, K1 3a0€e3MeUyI0Th CUHTE3Y CEpUHY, 10 ACPIUUTY K TIyTaMiHy, TakK 1
TUIFOKO3H, 1 IO MPUTHIYEHHS 000X eH3UMaTHYHuX akTuBHOcTer ERN1, ocHOBHOTIO
CUTHaJbHOTO TPOTEIHy CTpecy C€HIOIUIa3MAaTUYHOTO PETHUKYIyMa, TOCHUIIIOE
YYTIUBICTh YCIX JIOCTI/PKEHUX TeHIB J0 IIUX €KCIEPUMEHTAIBbHUX YMOB 32 BUHSITKOM
reHa SHMTI. 1li pesynpTati BKa3yroTh Ha ERNI-3anexHuii xapakrep 4yTIMBOCTI
KJIITHH TJ11001aCTOMH /10 3a0€3MEUCHHS 1X TJII0KO3010 Ta TIIyTaMIHOM.

[IpakTuuHe 3HAYEHHS OTPUMAHUX PE3YNbTATIB TOJSITAE€ y BUSBICHHI PO
eHJ0pUOOHYKJIea3HO1 Ta MpoTeiHKiHa3HOoi akTuBHOCTe ERN1 y perymsiii ekcnpecii
TeHIB, 3aJISHUX y CHUHTE31 1 MeTaboJi3Mi CepuHy, NMPHUTHIYEHHS SKUX MOXEe OyTH
MPUYETHUM JI0 3HIDKEHHS MPOI(EpaTUBHOTO TMOTEHINATY KJIITHH TJ00JacTOMH, a
Takok B imeHTudikauii MikpoPHK, ski konTpomoroTs ekcnpecito MPHK PSATI,

PSPH ta SHMT1 Ha mocr-TpaHCHALIHOMY piBHI 1 MOXYTh OyTH MOTEHIIHHUMHU



MILIEHSIMU JIJIs1 TPUTHIYeHHS Tpoidepatii KiIiTuH raiodaactoMu. Bussnenuit Hamu
ERNI1-3anexuuii xapakTep YyTJIMBOCTI KIITHH TJ100JaCTOMH JO TIMOKCIi €
HIATPYHTSAM JUIS PO3KPUTTS MEXaHI3MIB PE3UCTEHTHOCTI MYyXJIUHHUX KIITHH 0
TOKCHYHHX €(EKTiB TIMOKCIi 32 yMOB CTpPeCy €HIOMIa3MaTUYHOTO PETHKYIyMa, IO

BXJIMBO JIJIs1 PO3POOKH HOBHUX I1JIXOJIIB JI0 Teparlii 3710SIKICHUX ITyXJIHH.

KuarouoBi cioBa: cunte3 cepuHy, ekcmpecis reniB, PHK, rmioGmactoma,
SHJIOTIa3MaTHYHUHN peTHKyiIyM, npurdideHas ERN1, rimokcis, riayramis, riokosa,
MIPOMOTOP, MyXJIUHHI KiiTuHU, MemOpana, ACTB, TIJIP, sapo.

ANNOTATION

Sliusar M.Y. Molecular mechanisms of the serine synthesis gene regulation in
glioma cells.

Dissertation for a doctor of philosophy (Ph.D.) scientific degree, in specialty 091
"Biology". — Palladin Institute of Biochemistry of the National Academy of Sciences
of Ukraine, Kyiv, 2025.

The dissertation is devoted to the study of the mechanisms of regulating the expression
of serine synthesis genes, which plays an important role in the growth of various
malignant tumors, including glioblastoma, as it is involved in many metabolic cycles.
The main attention was focused on elucidating the role of endoplasmic reticulum stress
and hypoxia in regulating the expression of serine synthesis genes, since these factors
are important for tumor growth. For this, experiments were conducted using genetically
modified glioblastoma cells of the US7MG line, which had suppressed enzymatic
activity of ERNI1/IRE1 (endoplasmic reticulum to nucleus signaling 1/inositol-
requiring enzyme 1), the main sensor-signaling protein of endoplasmic reticulum
stress, and reduced proliferative activity. This is due to the need to clarify the molecular
mechanisms of reducing the intensity of proliferation of such glioblastoma cells. The
effect of hypoxia and glutamine and glucose deficiency on the expression of serine
synthesis genes in glioma cells was also investigated, depending on the functional

activity of the ERNI1 signaling protein.



The relevance of this topic is due to the fact that oncological diseases rank second
in the world in terms of mortality and their number is constantly increasing with a
noticeable lack of effective treatment. Glioblastomas are the most malignant and quite
common primary brain tumors, which are difficult to treat and are characterized by a
short life expectancy of patients. And that is why intensive search for fundamentally
new approaches to deciphering the molecular bases of the pathogenesis of
glioblastoma, as well as other malignant tumors, is important and necessary for
improving existing and creating new promising strategies for anticancer therapy.

Endoplasmic reticulum stress and hypoxia are extremely important factors in the
intensive growth of malignant tumors, which reprogram the genome of tumor cells to
increase the supply of nutrients to tumors by activating angiogenesis, developing
resistance of tumor cell to various toxic substances, including the toxic effects of
hypoxia. In this regard, a detailed study of the regulatory mechanisms underlying these
processes will contribute to a deeper understanding of the molecular mechanisms of
the growth of malignant tumors and the search for fundamentally new approaches to
combating them.

An equally important factor in the growth of malignant tumors is the amino acid
serine, which is involved in the regulation of numerous metabolic processes in both
normal and tumor cells. Moreover, for the intensive growth of many malignant tumors,
it is not so much the level of this amino acid in cells that is important, but its enhanced
synthesis. Therefore, knowledge of the molecular mechanisms of regulation of serine
synthesis during malignant growth by signaling pathways of endoplasmic reticulum
stress and hypoxia is quite important in the search for molecular targets to combat
malignant tumor growth.

An important and fundamentally new moment of this work was the clarification
of the involvement of the ERN1/IREI signaling pathway of endoplasmic reticulum
stress in the regulation of the expression of genes that control the synthesis of serine,
including the role of endoribonuclease and protein kinase activities of this signaling
protein in realizing its effect on gene expression. A separate task of the work was to
investigate the effect of hypoxia and glutamine and glucose deficiency on the gene

expression level of key enzymes of serine synthesis in glioblastoma cells depending on



IREI inhibition, as this inhibition leads to a decrease in tumor cell proliferation and
has a pronounced anti-tumor effect.

In the course of the work, modern methods of biochemistry and molecular
biology were used. This is the cultivation of three stably transfected sublines: 1) control
U87MG glioblastoma cells transfected with an empty vector, 2) US7MG cells with
only the endoribonuclease activity of ERNI1 inhibited, and 3) cells without both
enzymatic activities of this signaling protein (endoribonuclease and protein kinase), as
well as methods of RNA isolation from these glioblastoma cells, measurement of RNA
concentration, and their spectral characteristics using a nano-spectrophotometer. To
determine the expression of genes, complementary DNA synthesis was first carried out
by reverse transcription, and then the mRNA expression level of serine synthesis
enzymes, as well as the transcription factor ATF4, which controls the transcription of
PSATI, was determined by the method of real time quantitative polymerase chain
reaction. A special method was used to determine miRNA expression, including
microRNA polyadenylation, reverse transcription, and amplification. ERN1 and XBP1
mRNA silencing methods were also used to create a model of inhibition of both
enzymatic activities of ERN1 or only the main function of the endoribonuclease
activity of this protein, namely XBP1 splicing. Amplification products were analyzed
by agarose gel electrophoresis. Bioinformatics methods were used to analyze the
possible mechanisms of expression regulation of the studied genes, and the obtained
results were processed statistically.

To find out the role of the signaling protein ERN1 and its enzymatic activities
(endoribonuclease and protein kinase), we studied the expression of genes encoding
such enzymes of serine synthesis as PHGDH (phosphoglycerate dehydrogenase),
PSATI1 (phosphoserine aminotransferase 1), PSPH (phosphoserine phosphatase),
SHMT1  (serine  hydroxymethyltransferase = 1) and SHMT2  (serine
hydroxymethyltransferase 2). To find out the mechanisms of regulation of the
expression level of the PSATI1 gene, the expression of the transcription factor ATF4
(activating transcription factor 4), which controls PSATI gene expression and is

dependent on endoplasmic reticulum stress, was studied.



To study the molecular mechanisms of the dependence of the expression of
serine synthesis genes on the stress of the endoplasmic reticulum and in particular its
signaling pathway ERNI1 in glioblastoma cells, studies were carried out on cells with
suppressed enzymatic activities (protein kinase and endoribonuclease) of ERN1 and
under conditions of inhibition of only the endoribonuclease of this signaling pathway
protein The dependence of the expression of serine synthesis genes in glioblastoma
cells on the functional activity of IRE1 and the possible contribution of these genes to
the anti-proliferative effect of IRE1 inhibition was revealed. It was also established that
the expression of serine synthesis genes is sensitive to hypoxia conditions and
glutamine and glucose deficiency, depending on the functional activity of the signaling
protein ERNI.

The obtained results demonstrated that the expression of PHGDH, PSATI,
PSPH, SHMT1, SHMT2 and ATF4 genes, which control serine synthesis, depends on
the ERNI1 signaling pathway of endoplasmic reticulum stress and affects the
proliferation of glioblastoma cells.

Also, the dependence of the effects of hypoxia and glutamine or glucose
deficiency, which are important factors in tumor growth control, on the expression of
these genes on the functional activity of the IRE1 signaling protein was established.
Thus, it was shown that inhibition of both enzymatic activities of this signaling protein
of endoplasmic reticulum stress in glioblastoma cells of the U87MG line changed the
expression level of all the genes we studied genes controlling the synthesis of serine.
It was established that the detected changes were different both in magnitude and
direction, and that this is due to the peculiarities of the regulation of the expression of
the studied genes by the signaling protein IRE1, as well as their functional value, and
this reflects the reprogramming of the genome as a result of the inhibition of one of the
endoplasmic reticulum stress signaling pathways.

Thus, the level of expression of the PHGDH, PSAT1, PSPH, SHMT2, and ATF4
genes decreased, and the SHMT1 gene significantly increased in glioblastoma cells
under conditions of inhibition of both enzymatic activities of the IRE1 signaling
protein. Similar changes in the expression of genes controlling the synthesis of serine

were also detected under conditions of ERNI silencing, which indicates the



dependence of changes in the expression of the genes we studied on ERN1, and not on
the method of its suppression. The enzymatic activity of PHGDH was also determined
and the activity of this enzyme decreased in glioblastoma cells under the conditions of
inhibition of both enzymatic activities of the IRE1 signaling protein.

At the same time, under the conditions of inhibition of only the endoribonuclease
activity of the ERN1 signaling protein, the expression level of PSAT1 and PSPH genes
changed differently in glioma cells with different types of inhibition of the enzymatic
activities of the ERNI signaling protein, which indicates the participation of both
ERNI1 enzymatic activities in this regulation, their interaction through signaling
pathways mediated by them. At the same time, changes in the expression level of the
ATF4 gene in glioma cells with suppressed endoribonuclease activity of the ERNI
signaling protein did not differ significantly in value, which indicated that the detected
changes in the expression of these genes were mediated by endoribonuclease rather
than protein kinase activity of ERN1. Among the genes we studied, which control the
synthesis of serine, there were also those whose expression level changed only under
conditions of suppression of both enzymatic activities of ERN1 and did not change in
glioblastoma cells with suppressed endoribonuclease activity of the ERN1 signaling
protein. These are the PHGDH, SHMT1, and SHMT2 genes. These results indicate
that the detected changes in their expression are mediated by the protein kinase activity
of the ERN1 protein. Similar changes in the expression of the PHGDH, SHMT1, and
SHMT?2 genes were also detected under the conditions of silencing only ERN1, but not
XBP1, which indicates the dependence of the detected changes in the expression of
these genes precisely on the protein kinase activity of ERN1. However, the changes in
the expression level of the ATF4 gene in glioblastoma cells after ERN1 and XBP1
silencing did not differ significantly in magnitude, which indicated that the detected
changes in the expression of this gene were mediated by the endoribonuclease, and not
the protein kinase, activity of ERNI, through the formation of XBPls with the
participation of the endoribonuclease activity of this signaling protein.

Western blot analysis of PSAT1, PSPH, and ATF4 proteins showed a decrease
in the level of all these proteins both in glioblastoma cells with suppressed

endoribonuclease activity of ERN1 and in cells without both enzymatic activities of



this signaling protein, which is consistent with the changes in the expression level of
the corresponding mRNAs we detected.

The proliferative potential of glioblastoma cells with suppressed ERN1 was
evaluated by two methods (flow cytometry on a BD Accuri C6 Flow Cytometer and
by the level of DNA in the cells) and it was shown that inhibition of both enzymatic
activities of this signaling protein reduced the proliferative potential of such cells by
more than two times and inhibition of ERN1 endoribonuclease activity alone had a
significantly greater effect.

Using bioinformatics methods, it was established that the 3'-sequences of
PSATI1, PSPH, and SHMT1 mRNAs contain microRNA binding sites: miR-145-5p in
PSATI mRNA, miR-429-3p in PSPH mRNA, and miR-218-5p in SHMT1 mRNA, and
the detected changes in the expression of these microRNAs are oppositely directed to
the changes in the expression of the corresponding mRNAs and may be involved in the
regulation of mRNA expression of PSAT1, PSPH, and SHMT1 signaling pathways of
the ERNI1 protein at the post-translational level.

It was also shown that the expression of most genes controlling serine synthesis
1s sensitive to hypoxia, and the expression level of most of them increases, especially
genes such as PHGDH and ATF4, and other genes decrease in control glioblastoma
cells transfected with an empty vector. At the same time, in cells with suppressed
endoribonuclease and protein kinase activities of the signaling protein ERNI, the
sensitivity of the PHGDH, PSAT1, PSPH, and ATF4 genes to the influence of hypoxia
changes, which convincingly indicates the ERNI-dependent control of hypoxic
regulation of the expression level of these genes. The obtained results are the basis for
elucidating the mechanisms of tumor cell resistance to the toxic effects of hypoxia
under conditions of endoplasmic reticulum stress.

It was also shown that the level of expression of almost all the genes we studied,
which control the synthesis of serine, changes both under conditions of glutamine and
glucose deficiency, but differently, and that inhibition of both enzymatic
(endoribonuclease and protein kinase) activities of the signaling protein ERNI1
significantly modifies their effect, but these modifications are gene-specific. Thus, in

control glioblastoma cells transfected with an empty vector, the level of expression of



such genes increases under conditions of glutamine deficiency of PHGDH, PSATI,
PSPH, SHMT?2, and ATF4. However, the SHMT 1 gene expression level is dramatically
reduced in control glioblastoma cells under conditions of glutamine deficiency. It was
also established that the sensitivity of the expression of all these genes to glutamine
deficiency changes in glioblastoma cells under conditions of suppression of both
(endoribonuclease and protein kinase) activities of the ERNI protein. Thus, the
sensitivity of such genes as PHGDH, PSAT1, PSPH, SHMT2, and ATF4 to glutamine
deficiency is sharply increased under the conditions of suppression of ERNI, and
especially PSAT1, while the SHMT1 gene is decreased. Less pronounced changes in
the expression of genes that control the synthesis of serine were detected under
conditions of glucose deficiency in the medium compared to glutamine deficiency.
Thus, the lack of glucose in the environment led to an increase in the level of expression
of the PHGDH, PSAT1, SHMT2 and ATF4 genes in control glioblastoma cells, while
the expression of the PSPH gene did not change significantly, and the expression of
the SHMT 1 gene decreased. However, suppression of ERN1 also significantly changed
the sensitivity of expression of all studied genes to glucose deficiency in the medium,
especially PSATI1, PSPH, SHMT2, and ATF4. These results indicate an ERNI1-
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, pronounced changes in the
level of expression of genes controlling the synthesis of serine were detected in the
culture of glioblastoma cells of the US7MG line under conditions of suppression of
IRE1/ERNI1, of the main endoplasmic reticulum stress signaling pathway, and the
detected changes in the expression of the studied genes were gene-specific and
depended on the type of ERN1 knockdown. Increased expression of serine synthesis
genes in glioblastoma cells compared to normal astrocytes was also detected, which is
an important condition for enhanced growth of malignant tumors, and the decrease in
expression of genes that control serine synthesis in cells with suppressed functional
activity of ERN1 is well consistent with their reduced proliferative potential. The
obtained results demonstrated the important role of endoribonuclease ERN1 in the

regulation of ATF4 gene expression, because both in glioma cells with suppressed



endoribonuclease activity of the signaling protein ERN1, and in cells without both
enzymatic activities of ERNI1, the level of expression of this gene did not differ
significantly in size. It was shown for the first time that the protein kinase ERN1 is the
key regulator of the expression of the PHGDH, SHMT1, and SHMT?2 genes, since their
expression level changed only under the conditions of inhibition of both
(endoribonuclease and protein kinase) activities of the ERNI protein, and inhibition of
the endoribonuclease activity of this signaling protein did not significantly affect their
level expression.

It is also shown for the first time that the expression of all genes controlling the
synthesis of serine is sensitive to hypoxia in control glioblastoma cells transfected with
an empty vector, and the level of expression of these genes changes differently both in
the magnitude of the effect and in the direction of changes. It was also established that
inhibition of the endoribonuclease and protein kinase activities of the signaling protein
ERNI changes the sensitivity of the PHGDH, PSATI1, PSPH, and ATF4 genes to
hypoxia, and this indicates the ERN1-dependent control of hypoxic regulation of the
expression level of most of the genes we studied. The basis for revealing the
mechanisms of resistance of tumor cells, including glioblastoma cells, to the toxic
effects of hypoxia under endoplasmic reticulum stress conditions.

Fundamentally new results were obtained when studying the sensitivity of the
expression of genes that ensure the synthesis of serine to the deficiency of both
glutamine and glucose, and that inhibition of both enzymatic activities of ERN1, the
main signaling protein of endoplasmic reticulum stress, increases the sensitivity to
these experimental conditions of all genes under except SHMT1. These results indicate
an ERNI-dependent nature of the sensitivity of glioblastoma cells to glucose and
glutamine supply.

The practical significance of the obtained results lies in revealing the role of
protein kinase ERNI1 in the regulation of the expression of genes controlling the
synthesis of serine, the suppression of which may be involved in reducing the
proliferative potential of glioma cells, as well as in the identification of microRNAs
that control the expression of PSATI, PSPH and SHMT1 mRNA at the post-

translational level and can be potential targets for inhibiting the proliferation of



glioblastoma cells. The ERN1-dependent sensitivity of glioblastoma cells to hypoxia
revealed by us is the basis for revealing the mechanisms of resistance of tumor cells to
the toxic effects of hypoxia under conditions of endoplasmic reticulum stress, which is

important for the development of new approaches to the therapy of malignant tumors.

Keywords: serine synthesis, gene expression, RNA, glioblastoma, endoplasmic
reticulum, ERN1 inhibition, hypoxia, glutamine, glucose, promoter, tumor cells,
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