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Abstract: Nrf2 is a multi-effect transcription factor, which plays a crucial role in cytoprotective system. With
the deepening of research on new regulatory modes and biologic functions of Nrf2, the oncogenic role of Nrf2 in
malignant transformed tumors is increasingly obvious. More and more evidences show that Nrf2 is involved in the
whole process of tumor occurrence, development, metastasis and prognosis, and inhibiting Nrf2 may be a promising
strategy in tumor therapy. However, the development of Nrf2 inhibitors is still in early stage. In this paper, the
biological function of Nrf2 and its dual role in tumor are briefly introduced, and representative Nrf2 inhibitors are

reviewed according to their structure types, so as to provide reference and ideas for the development of anti-tumor

drugs centering on the regulation of Nrf2.
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Figure 1 Keapl-dependent ubiquitination and proteasomal degradation of nuclear factor erythroid 2-related factor 2 (Nrf2). Under physio-
logical conditions, Nrf2 can be ubiquitylated by binding to KEAP1 via both the ETGE and DLG motifs of Nrf2, and the ubiquitylated Nrf2

will be degraded by the 26S proteasome. Under oxidative or electrophilic stress, Nrf2 can escape the Keapl-depandent ubiquitination and

then translocate to the nucleus to regulate the transcription of downstream genes
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Figure 2 GSK-3 regulates Nrf2 degradation. Nrf2 can be phosphorylated by GSK-3 at Ser335 and Ser338 within the Neh6 domain. The
phosphorylated DSGIS motif in Nrf2 Neh6 domain serves as an anchoring site for f-TrCP. Then, the E3 ubiquitin ligase complex, consisting
of f-TrCP, Skpl, Cull and Rbx1, can mediate the ubiquitination of Nrf2. The ubiquitylated Nrf2 will be degraded by 26S proteasome. The
kinase activity of GSK-3 is highly controlled by PI3K-AKT signaling which is regulated by multiple growth factors, G protein-coupled

receptors, and ion channels. Thus, f-TrCP-dependent Nrf2 degradation is determined the complex cellular signaling network
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Figure 3  Structures of flavone derivatives
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Figure 4 Structures of glucocorticoid derivatives
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Figure 5 Structures of ATRA and bexarotene
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Figure 6 Structures of isoniazid and its analogs
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Figure 7 Other small molecules with Nrf2 inhibition activity
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Nrf2 5 1 o ZEHD 6] Nef2 ) [3]F, # 7 BR8] FH W7 Nrf2

AP AR B AR R R Rk, 5 80 B AR TG PE AR
A 7 BN Nrf2 #0061 4 FH AT 38 0 Fie 987 40 i 7 44 P b
KX AT 29 UM . 1L (halofuginone) A& —
Bl Tk R 2, LR g R IR B0 Nef2 119
PECS. A FWLHIBIE 58 2R BH, 8 Ll 3 e 5] e s A
P e = LI 8L, B A AT B P i 1 A s T Ok 2 44
H P9 Nef2 B & & 020 1 25 B AR 5 R O 1L B )
FETT DA 24386 0 22 g 24 Fifr 9 248 Ja %o 245 490 1 i ek
BT, BT W R AR T A & (trip-
tolide) 1 #f R i& A Nrf2 #1]75 H . ChIP SL 46 78
T, B R E A A AN ) B SR T Nref2 45 & B
TN 5 37 DX sk, 32E 1 S B0 ) Nef2 1) 3 s il 1k
16 IDHI 57 [ & e R A b, 35 AT R AE 0%
b A 1) 2 PO TR 0, AT 2 L T i s Ui 98 1 i
BEVEREMEAE U H R A B R ] Nef2 (1) B Ak
ARFR AN F L M ANTE 2
3.6 E0@E Nef2 H0HIF  fbA P ML385 (K8) & iE it
I B O R BLE A Nrf2-ARE #HE V4 &4, H
REA R Nrf2 55 803 PR 1) 45 &, AT 40 1) 3 R i 40
BRI IR, RAME RIS B, ML38S Refif B %
11l Nrf2-MafG & 1 f1 5 ARE ) DNA [ 5 45 & .
ML385 (1 8¢5 pmol-L™") 512254 . DOX B4 A2 BEK
A A% I, A6 6% I 35 1 X 2 25 ) 75 NSCLC 40 g H 1)
YHMIEEYE . 7E Nrf2 = BV 1L NSCLC 41 g, ML385
(30 mg-kg") BAA A2, v R B BUM AR .

ML385
Figure 8 Targeted Nrf2 inhibitor. ML385 is a small molecular in-
hibitor of Nrf2/MafG-ARE complex. K67 is an inhibitor of Keap1-

p62 protein-protein interaction

I, Merck 2 & [R50 /N ARG 7 — P (1 Nrf2
) 55 S mE S AT R H Nrf2/MafG/DNA =t R &
WIAE R RY ) DLAT DNA 45 45 (1) 22 ik BOAE R 45 F #
W, Wit 3k1G T — RYIRE A 230 # Nrf2/MafG & &
M4 & 2| ARE T LRI 2 K Y. X R B 2250
Nrf2/MafG Al DNA H ] ARE 7 41 A 5. 4F F i 48 i A
R B R R, 8 7 O B Nef2 $) 5)F
PEAS R (1 10, Sy ik — 0 3R % R LA I PRIT R AN E
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B 650 43 T e 40 P 3 ) O R A 1) p62 S I Nrf2
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57, % & Keapl XF Nrf2 1 6701 55 76 B, 328110 52 30 Nrf2
I H bR . K67 A28 — MRIE M HA — g s M
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4 Nri2 HIFFEMEET e S RE
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AT 22, N2 AR 76 98 0 R A0E A I 4 T A4 1
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W AN S, (N2 (42 R R FH O AE A [R) 2 2 g
BB TR A I . Nrf2 3 4b 5 800 T8 41 iy
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