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Ponb Nrf2 aHTMOKCMAAHTHOM CUCTEMbI B AETOKCUKALLMU KNETOK,
MOHMMXEHUN YPOBHA aKTUBHOIO KNCAOPOAa U NpeaoTBpaLLleHnmn
KaHUeporeHesa
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BanaHme ypoBHA aKTUBHOIO KMCNOPOAA U COCTOAHMA aHTUOKCUAAHTHOM
KNETOYHOM CUCTEMbI Ha POCT IMHUM PAKOBbIX KNETOK ANYHUKA
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Moaenb NRF2-KEAP1-sMAF-ARE aHTMOKCMAAHTHOU CUCTEMbI KNIETKU
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YpasHeHua peakumm moaenn NRF2-KEAP1-sMAF-ARE aHTMOKCMAQHTHOM CUCTEMbI KNETKMU
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BkriroueHue NpoTeoMHbIX AaHHbIX B pa3paboTky NRF2-KEAP1-MAFG aHTUOKCMAAHTHOMN Moaesnu B
HaCaT u KneTo4YHbIX NUHUAX paKa ANYHUKOB
CKopocTtb gerpagaunm NRF2 B pakoBbix Knetka B 2-3

UccnheposaHune KEAP1-3aBucumon gerpagaumm NRF2
pa3a HuXe, yem HaCaT knetKax

Cycloheximide treatment

*r 8
NAC

Cycloheximide

0] | 0 10 20 30 60 (min)
NRF2 degradation
NRF: esis NRF2 U;Jb T Ub \ - - . - b
Cul3 NRF2 Cul3 W%JDN, m“"Uh ! HaCaT
NADPH v # v —V NA@ADP ! - -
Y £ T s PEO1L
25 Trx o« GSH
A HO TH - %8
wor o ez mi?é;c’gr\éggia M&gzo PEO4 é
- 47—M SrGpx  Gpra -— ——— g o6
N 2 o | =< PEO6 | == :
3 | @ —
; NAL§HGR N\/'ADP SKOV3 g
ARE g ~— - - s e 20‘2
Repression MRNA Spr OVCAR3
R 2
Tpx gy ne &S 0 l
ARE sequence E OVCAR4 0 20 40 timee(omin) 80 100 120
Mopgenb aByxakcnoHeHumanbHoro KEAP1-3aBucumoit gerpagaumm NRF2
NRFZ(t) = Ae_kfastt + (1 — A )e_kslowt
a b
w HaCaT HaCaT = 1 50 |.j.|\/| I I
08 2 I PEO1
2 $ 0.8t \cycloheximide
3 06; s 06l | Pe3yanaT: OueHeHbl BKnaabl
%0-4 ; N total NRF2 _ LMTO30/1bHOMN U AAEePHOW Aerpagaums
& £ nuclear NR . NRF2
¥ 0.2 L 02
“ z |\ cytosol NRF2
% 20 40 &0 8 100 120 % 20 w0 60 8 100 120 7

time (min) time (min)



NccnepoBaHMe TpaHCNOPTA TPAHCKPUNUMOHHOro paktopa NRF2 mexay untosonem wu

AOPOM B OTBET Ha OKUCAUTENbHbIN U BOCCTAHOBUTENIbHbIN CTUMY bl
NRF2 shuttling at oxidation by 5 uM H202
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Y4eT reHeTnyeckmnx gaHHblx no ceasbiBaHUO NRF2-MAFG TpaHCKpUNUUMOHHOIO
drakTopa ¢ HyKNneoTUaAHOW NnocneaoBaTtenibHOCTLIO NpomMoTopa ARE (antioxidant

response element)

Mafia: Mogenb aktuBauum u penpeccum npomotopa ARE
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with base alterations

SPR kinetics of homodimer

—6-4-2042+4 +6 k, [10*/m/5] k, [107/3] Ky, [107 ]
TGCTGACTCAGCA 7.71+3.25 3834229 0.46 +1.28
TGCTGAGTCAGCA 7.24+0.69 480+0.67 0.61 +0.65
TGCTGcCgCAGCA 12.64 £3.47 43.95+10.45 344+123
TGCTGtCaCAGCA 12.09 +2.81 33.84+751 270 £7.62
TGCT2aACTtAGCA 10.36 + 0.4 23.01 +3.37 2.07 +3.44
TGCaGACTCtGCA 10.05 £ 1.14 30.66 +8.31 2.80 £5.99

(Yamamoto et al, Gene Cells, 2006, Chorley Nucl Acid Res 2012) .

PacueT 0030BbIX 3aBUCMMOCTEN aKTUBaLUuun ARE
npomoTopa OT KoHUeHTpauun NRF2 B agpe (upper)
and sMAF (bottom). Toukn — aKcnepmmeHTasibHble
AaHHble (Dhakshinamoorthy S, et al. JBC 2000)
(sSMAF=1 uM)



Bannpauus mogenn: moaenmpoBaHue oTBeTa PAaKOBbIX KNETOK HAa OKUCINTENbHbIN CTpecc,
nobasneHne H,0, B KNETOUHYIO cpeay

8l T, total Trx,

T, oxidised Trx,,

1 reduced, Trx 4

red

concentration ( uM)

H,O, degradation kinetics| _ |
H,0, Points — experimental data for

_a P HaCaT (black squares) and
0 20 40 50 50 100 120 OVCARS3 (black circles) cells
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Degradation of extracellular H,O, occurs duo to Trx/GSH scavenging system and its up-regulation (Trx, Tpx,
Gpx) as a result of NRF2-KEAP1-MAFG genetic regulation.



MoaennposaHue oteeta NRF2-KEAP1-MAFG aHTUOKCMAAHTHOW CUCTEMbI KNETKU Ha
OKUCAUTENbHbIN CTPECC B KNETOUYHbIX NTMHUAX PaKa AUYHUKOB
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BKntoueHne B moaenb OMONHGOPMALUMOHHBIX U GapMaKOreHeTUYECKUX AAaHHbIX

The ARE SNPs (single nucleotide polymorphism) alter the affinity
of the transcription complex to AREs and modulate expression of
target genes related to the diseases.
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The ARE SNPs related to the diseases

SMNPID Sequence Reported trait

rsl1 6913624 GTGACTCAGCC Inflammatory biomarkers

rs2454138 GTGAGTCATCG Epstein_Barr virus immune response
(EBMA-1), Hepatitis B vaccine
response, Inflammatory bowel disease

rs3026775 GTGAATAAGCA Hirschcprung disease, protection
against

rs341 71066 CTGACTCAGCA Bone mineral density

rs34608229 ATGACACAGCA Height | Height

rs4545169 ATGACTAAGCA Autoimmune and infectious diseases

rsd7TIE9T9 GTGACTCAGCT Subcutaneous adipose tissue

rs62052186 GTGACACAGCA Skin/hair/eye pigmentation 2, red
hair/fair skin

rsb2096279 ATGATACAGCA Multiple sclerosis

rs6448280 ATCGACTAATCA Myopia (pathological)

rs71565194 ATCGATGCAGCA Immune response to smallpox (secreted
IL-2)

rs76845667 GTGACTCAGCT Brain structure, Hippocampal volume,
Subcortical brain region volumes

rs8027358 ATGATTCAGCA Periodontitis (DPAL)

rs9274490 GTGAGGCAGCA

https://www.ncbi.nlm.nih.gov/snp/

Understanding of the molecular mechanism of effect of SNPs in AREs on the cellular antioxidative
response can facilitate the development of therapeutic agents against diseases with oxidative stress
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Ratio K,/K,, for binding of NRF2 with ARE for SNP

vs. SNP posit

Bottom clusters corresponds to ARE SNPs.
K, of binding of ARE with NRF2-MAFG are shown in the frame.

Yyet BamAHUA SNP B ARE nocnepgoBatenbHocTu npomotopa Ha NRF2-MAF-ARE

ceA3biBaHMe U ARE aktusauyuio
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BoiBOAbI U nepcneKTmnebl

MpyumeHeHMe pa3paboTaHHOM MOAeNn K caeayowmm npobaemam oHKoTepanuu:

OnpedeneHue 3aghheKMuBHbIx neKapcmeeHHo20 mapaemos 8 NRF2-KEAP1-MAF cu2HanbHoli
cucmeme: NpumeHeHne pa3paboTaHHOM MOAENN AHTUOKCUAAHTHON CUCTEMbI K UCC/IEA0BAHUIO
apPpekTnBHOCTM aencTBua MHrIMbmutTopoB NRF2-KEAP1-MAF cMrHanbHOM cUCTEMBI.
UccnedosaHue moneKynapHbIX MexXaHU3mMo8 pe3ucmeHmHocmu K mapaeHmodl, paouo- u
xumo- mepanuu: MogennpoBaHua BnmaHna mytaumm B8 NRF2-KEAP1-MAF cucteme Ha
aHTMOKCMAAHTHOM OTBET B PAKOBbIX K/IETKA Ha OKUC/IUTENbHbIN CTpecc

In silico pa3paboTka bBuomapKepoB YyBCTBUTENIbHOCTM PA3/IMYHbIX TUMOB Paka K KOMbMHaUMK
oHKoTepanuu ¢ nurmnbuposaHnem NRF2-KEAP1-MAF curHanbHOM cuctemel

NRF2-addicted cancer cells

NRFZ-addicted cancer cell

Anti-cancer drug
Radiation

Normalcell

Pmllfemlon
Detoxication
Antioxidation

Taroet gene

UHaubupoeaHue NRF2 ysenuyueaem 4yyecmeumenbHOCMb K
mpacmy3ymaby u nepmy3ymaby 8 HEKOMOPbIX PAKOBbLIX
KAemKax AUMHUKQ ~ mony

RTKi + RA
- PEOA OVCAR4

T
1111 “lulJu

24 48 72 96 24 48 72 96
(h) (h)

S. Khalil, S. Langdon, Goltsov et al. Oncotarget. 2016
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