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Pedepar:

1. BniiuB 30BHiIIHIX (aKTOPIB i BHYTPILIHIX IPOAYKTIB METa001i3My CTBOPIOIOTh CIIPUSIT/IVBE CEPENOBUILE 1Sl
ankinysanHs JJHK [1], 3okpema atomiB O6-TyaHiHy. 3axUCT KJIITUHY Bifl TAKOT'O IIOLIKO/KE€HHS 37iliCHIOE PEPMEHT
06-meruiryanin-JIHK metunrpancdepasza (MGMT). Moro ¢yHKIis B KJIITUHI 110714Ta€ y BiHOBIEHHI HATUBHOI
crpykrypu JJHK B x011i HEO60pOTHOI Ta cyiuaanbHOI peakilii nepeHeceHHs albKiIbHOTOo 3a1niKy 3 O6-TyaHiHy
JHK Ha cBill 3anuIIOK LUCTEiHY B aKTUBHOMY LIeHTpi pepmeHTa. lle 3axulae KIiTUHY Bifj TAKOTO LIUTOTOKCUYHOTO,
KaHIIEPOT€HHOIO Ta OHKOT€HHOTO MOIIKOPKEHHS, K ayKinyBaHHs JHK, 36epexxeHHs Ta nepefady NpaBUJIbHOI,
He3MiHeHOi reHeTUYHOi indopmauii npu nozini knituH. HepenapoBanuit O6-MeTUITYaHIH € IPUYNHOIO TOYKOBUX

MyTalill Yyepe3 HEeBiANOBiAHE CIIaPIOBAaHHS 3 TUMIHOM IIiJ] 4ac pertikanii, o npu3BoguTs 0o Tpanc3uii G:C o A:T



[2]. 3Ha4YHa KiNBKiCTb TaKMX MOMMJIOK HETAaTUBHO BIUIMBA€ HA )KUTTE3LATHICTb KJIITUHU Ta MOXE IPU3BOAUTH 10 ii
cmepri [3]. Tox ekcripecist 1boro 6iska B KJIITHHAX € Ay>Ke BaKIMBOIO. 3 iHIIOro 60Ky, B KIiTUHAaX NyxjauH MGMT
obMe>xye e(peKTUBHICTb ajKisyBasibHOI XiMioTeparnii. Tomy iize rnomyk pakTopis, 10 BIJIMBAIOTh HA €KCIIPECIiio
MGMT a6o Ha MOAYJISL{I0 aKTUBHOCTI IOTO 6iJIKOBOTO NPOIYKTY, IbOMY IIUTAHHIO HIOPiYHO IPUCBSYYETHCS HEMAJIO
crarTent. Bimomo, mo ekcrpecia MGMT 3Ha4HO Bapitoe, IpoTe PUYMHU TaKOi Bapiallii TOUHO HEe BCTaHOBJIEHI.
[TokasaHo, 1[0 CUHTETUYHUH ITIIOKOKOPTHUKOI], IEKCAMETAa30H, IKUI BUKOPUCTOBYETLCS [JIs1 3HATTS 3allajeHb Ta
HaOpJIKiB B MicssonepauiiiHuil nepiof, CIpUYMHse 3pocTaHHs piBHS ekcrpecii MGMT B kiliTuHax [4], ToMy
OJIHOYaCHe abo HACTyIIHe BUKOPUCTAHHS aJIKUIyBaJIbHOI XimioTepamii 6yze manoedeKTUBHAM. BB iHmuyx
Ipernaparis, 0 BUKOPUCTOBYIOThCS MIPU Teparlii HU3KU OHKO3axXBOPIOBaHb, HA PiBEHb €KCIIPECii JTaHOTO reHa He
Bigomuil. 1106 nizHaTUCS, YU MOXKYTh PEUOBMHU, SIKi BUKOPUCTOBYIOTbCSI IPY TOPMOHO- Ta iMyHOTepaii, BiinBatu
Ha ekcrpecito rena MGMT, My 1ocCiguiy 1oro IpoOMOTOPHY LiISHKY Ha HaABHICTb UC-PETYIATOPHUX
[IOCJIiZOBHOCTEN. MM BUSABUIJIM HOBI ITIOTEHIIiIHI €JIEMEHTHU BifIl'yKy, 30KPEMa Ha CTEPOiHi TOPMOHU Ta Ha HU3KY
peLenTopiB iHmMMUX 6i0JI0TiYHO aKTUBHUX peyoBUH. Halinepiyumu 115 IepeBipKy € eJIEeMEHTH Bifi'yKy Ha eCTPOreHu!
Ta [IPOreCTEePOH, OCKIJIbKY 1Ii FOPMOHU € BRKJIMBUMMU IIPU JIiIKyBaHHI TOPMOHOYYTIMBUX MyxJIMH. TOX AaHi mozo ix
BILJIMBY Ha OJIMH i3 06MeXYI04MX (PaKTOPIB AJIKiyBa/IbHOI XiMiOoTeparlii MoKe LONOMOITH B IJIAHYBaHHI KOPEKTHO]
edexTrBHOI Tepamii nauieHTa. [lepeBipsiroun BIJIMB IIUX TOPMOHIB Ha ekcrpecito MGMT in vitro, Mmu BusiBUIU o i 0-
€CTpafio, i IpOreCcTepOH IO3UTUBHO PETYJIIOIOTH SIK KiJIbKiCTh TPAHCKPUIITY JAHOTO I'eHa, TaK i KiJIbKiCTb 6i7IKOBOTrO
npoaykry. [IpoTe HagaTH 4iTKy BifIOBiAb, YU AaHA PEryJIilLis BiOyBaeTbCs YEPE3 €JIEMEHT BiAlYKY B IPOMOTOPI 4U
yepe3 MeMOpaHHUH peLenTop, MU Hapa3i He MOKeMO i Ije MUTaHHS TOTpedye MoAaIbIINX JOCiIpKeHb. MU TakoxX
IepeBipyiIv BILJIMB PEKOMOIHAaHTHOrO iHTepdepoHy 020, CHHTE30BaHOTO B TpaHCIeHHUX pocynHax N. benthamiana, Ha
KiZIbKicTb 6iKy MGMT B KitiTHax jinii E8 Henyx1MHHOro noxoakeHHs Ta y KiitnHax HEp-2 myxjimHHOTrO
MIOXOJPKEHHSI. MU BUSIBUJIM TEHJIEHLIII0 AHOTO iHTep(epOoHy 3HUKYBATH KibKiCTb 6ika MGMT B focimkeHnx
KJIITUHAX, IPOTe MOPiBHSIHO 3 KJIITUHAMU ITyXJIMHHOTO NoxomkeHHs: HEp-2, nannii edexr B kiriTuHax E8 6yB
cy1a0KimMM i criocTepiraBcs yiyiie Npy ABOX Hal6iIbIIMX i3 TOCTiI)KeHUX KOHLleHTpaliil intepdepony 200 ta 2000
MO /mi1. TakuMm YMHOM, HAaMU BIIeplIe BUSIBJIEHO iHri0yBasbHUN eeKT PEKOMOIHAaHTHOrO iHTepdepoHy 020,
cuHTe30BaHOro y pocauHax N. benthamiana, Ha ekcripecito penapatuBHOro eHsumy MGMT B KiliTUHAX JIIOOUHY 1
BCTaHOBJIEHO, 1110 1ieH iHribyBasbHUi epeKT OyB BUPa3HilIUM Y IYXJIMHHUX KIIiTUHAX IIOPIBHSIHO 3 KJIiTUHAMU
HEIyXJIMHHOTO [10XOPKEHHS. MU 3alIpOIIOHYBalId MexXaHi3M Takoro e(eKTy uyepes BIJIUB iHTeppepoHy Ha
TpaHCKpunuinHui ¢pakrop NF-oB, sskuil N03uTUBHO peryioe ekcrnpecito MGMT depes eZ1IeMEHT BifiT'yKy B TPOMOTOPI
[5]. Ockinpky, mo6 nogosiatu ePeKT pe3uCTEHTHOCTI KIIITHH NyXJIMHY A0 XiMioTeparii, MOJKHa He JIiiie BIJIMBATH
Ha KiJIbKicTb 6inka yu MPHK, ase i1 Ha akTUBHICTh camoro pepMmeHTa, MU 6i0iHOOPMATUYHO [TOCTITUIN TAKOXK
NOTEHL{IHY MO>KJIMBICTb 3MiHM aKTUBHOCTI 6is1ka MGMT 3a paxyHOK II€BHUX MiCASITPAHCISLIMHUX MOoAU(iIKaLlil.
Mu BUSIBUIN YMCJIEHHI NOTEHLiIHI caliT! aleTuayBaHHs, yoikBiTuHyBaHHs, SUMOinyBanHs Ta pochopuryBaHHS.
TakoxX e OAHUM MEePCIEKTUBHUM METOJIOM 3HMKEHHS KislbkocTi MGMT B KIIliTMHAX NyXJIMH [IpU XiMioTepartii €
BMKOPHMCTaHHS iHri6iTopiB boro pepmeHnTy. O6-6eH3uryaHin ra O6(4-6pomorieHin)ryasid (Lomeguatrib) B
[IO€HAHHI 3 PI3HUMMU aJIKiTyBaJlbHMMU pedoBUHaMU npoxoaaTs II, III cranii KiHiYHUX JOCTiIKEHD B JIiIKyBaHHI
CTiMKMX O TEMO30JIOMITy UM KApMYCTUHY IyXJuH [6,7,8]. [IpoTe 1 iHri6iTOpu Mar0oTh TOKCUYHI [106IYHI BIIJIUBHY,
TOXX pPO3pOOKa Ta TECTYBaHHS HOBUX, MEHIII TOKCUYHMUX iHT16ITOPIB € akTyasbHUMU. TOX MU JOCTIIAINA HU3KY
HU3bKOMOJIEKYJISIPHAX HEHYKJICO3UIHUX OPraHiYHUX CIOJIYK (PO3pO0JIeHi i CMHTE30BaHi y Binaiii 6ioMeInyHOi Ximil
[HCcTUTYTY MOJIEKYIsIpHOI 6ioiorii i reHeTrkn HAHY) mopo ix 31aTHOCTI 3MeHIIyBaTH KibKicTb pepmeHTy MGMT B

KJIITUHAX in vitro Ta BUSBUJIM AeKijibka HaNMePCIeKTUBHININX MOTeHLiiHuX iHri6iTopiB MGMT.

2. The exogenous factors and the endogenous metabolic products can generate reactive species for DNA alkylation
[1], O6-guanine in particular. The MGMT enzyme protects cells from such disorders. It functions in cells to restore
the native DNA structure in a one-step irreversible and suicidal reaction by transfering the alkyl group from the
Oxygen in the DNA to a cysteine residue in the catalytic pocket of MGMT. This protects cells from cytotoxic,
carcinogenic and oncogenic DNA alkylation lesions, allowing preservation and transmission of correct and
unaltered genetic information during cell division. An unrepaired O6-methylguanine causes point mutations due
to mis-pair with thymine during replication, leading to G: C o A: T transition [2]. Significant number of such errors



could affect the cell viability and lead to cell death [3]. Therefore, the expression of this protein in cells is crucial.
On the other hand, the MGMT expressed in tumor cells limits the effectiveness of alkylating chemotherapy. Thus
there is a demand for MGMT expression regulators or for the modulators of its protein product activity, and many
articles are devoted to this issue every year. It is known that the MGMT expression varies considerably, but the
reasons for this variation are not well established. It has been shown that the synthetic glucocorticoid
dexamethasone, which is used to relieve inflammation and edema in the postoperative period, activates MGMT
expression [4]. Thus the effectiveness of the concomitant or subsequent alkylating chemotherapy is significantly
reduced. It is unknown how the other drugs used in the cancer treatment influence on the MGMT expression.
Combination of the chemotherapy and the hormone- and immunotherapy is widely-used for the treatment of
many types of cancer. However, a little is known about effects of these drugs on the MGMT expression. Therefore,
we analysed the MGMT promoter region for the cis-regulatory elements. We predicted novel potential hormone
response elements, including such for steroid hormones and thyroid hormone receptor-like factors. The first to be
tested are estrogen response elements and progesterone response elements, as these hormones are important in
the treatment of hormone-sensitive tumors. Therefore, the knowledge about the effect of these hormones on the
MGMT as one of the alkylating chemotherapy limiting factor could help to plan the correct and effective treatment
for the patient. We found that both o-estradiol and progesterone positively regulate MGMT expression in vitro on
mRNA and protein level. However, we cannot provide a clear answer as to whether this regulation occurs through
the cis-regulatory element in the promoter or through the membrane receptor. This question needs further study.
We investigated the influence of the recombinant interferon o2o synthesized in transgenic plants N. benthamiana on
MGMT quantity in both cancer (HEp-2) and non-cancer (E8) originated human cells. We found that the interferon
o2o tended to reduce the amount of MGMT protein in all the cells studied. However, compared to tumor HEp-2 cells,
this effect was weaker in E8 cells and was observed only at the two highest interferon concentrations. Thus, we
first identified inhibitory effect of the recombinant interferon n2o (synthesized in plants N. benthamiana) on the
expression of the DNA repair enzyme MGMT in human cells. We revealed that the effect of inhibition by interferon
020 was stronger in cancer cells than in non-cancer cells. We proposed a mechanism of this effect. In particular,
interferon n2o inhibits MGMT through NF-oB transcription factor, which positively regulates the MGMT expression
through the response element in the promoter [5]. To limit the tumor cell resistance to chemotherapy it is possible
not only affect the MGMT protein or mRNA amount, but also the activity of the enzyme itself. So, by using
bioinformatics we investigated the possibility to alter the MGMT protein activity by certain post-translational
modifications. We found numerous potential sites of acetylation, ubiquitination, SUMOylation, and
phosphorylation within the protein molecule. Also another promising method for reducing the MGMT amount in
tumor cells during chemotherapy is the use of enzyme inhibitors. O6-benzylguanine and O6 (4-bromothienyl)
guanine (Lomeguatrib) in combination with various alkylating agents are undergoing stage II and III clinical trials to
treat temozolomide- or carmustine-resistant tumors [6,7,8]. However, these inhibitors have toxic side effects, so
the development and testing of new less toxic inhibitors are relevant. Therefore, we investigated a number of low
molecular weight non-nucleoside organic compaunds (designed and synthesized in the Department of
Biomedicinal Chemistry of the Institute of Molecular Biology and Genetics of NASU) for their ability to reduce the
amount of MGMT enzyme in cells in vitro and identified some of the most promising potential MGMT inhibitors
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