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by Nrf2/HO-1 signaling pathway
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[ Abstract]  Cerebral ischemia-reperfusion injury ( CIRI) is a key pathological link in the deterioration of
neurological function after stroke. Its mechanism is closely related to oxidative stress and the inflammatory response,
and ultimately leads to severe neuronal damage. The nuclear factor E2-related factor 2/heme oxygenase-1 ( Nrf2/HO-
1) signaling pathway, which mediates endogenous protective effects, has recently received extensive attention. This

pathway plays a central role in maintaining cellular redox homeostasis by regulating antioxidant, anti-inflammatory,
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and anti-apoptotic processes. This review explores the activation mechanism and multi-directional protective effect of

the Nrf2/HO-1 signaling pathway in CIRI, and analyzes the therapeutic potential of targeting this pathway, to provide

a theoretical basis for the development of new neuroprotective drugs to optimize clinical treatment strategies and

improve the prognosis of patients with CIRI.
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Key regulators of the Nif2/HO-1 signaling pathway in CIRI

Table 1
PR T %t Nef2/HO-1 1) Y AR Sy A 2
Regulatory 10| Cell/animal models
molecules Effects on Nrf2/HO-1  of action

KoL PR

Core regulatory mechanisms

Keleh £ FF 4 10 P4 KB/ B MCAO #¢
S kA 2 (FERNASING Nef2) B B TT/ I BT
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Kean] (basal-state inhibition  models; neurons/
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e o . 62 i 24 AN SE AR 5§
EEMAR CuNe ) o iR
H p62 Positive activation - .
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=40 |
BTB % #4 15 ﬁf%ﬁfﬁfjﬂﬁh Bachl b/ B
Fl CNC 7] TR MeAO B
Competitive inhibition . .
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Bachl SOk 7% MCAO model
function)
it AL Y L /NS JBT 240 Hfd 5 6-OHDA
UL S WA
R Ay e(j‘:_a . Microglia;  6-OHDA
PPARy synergistie regulation neurotoxicity model

L Cul3/Rbxl AW T Nef2 12 RACKEAR ;2. FALNLHAE M
AR R FE (C151/C273/C288) JE fift bR Al ;3. DJ-1 BT Keapl-
Nif2 254

1. Mediates Nrf2 ubiquitination and degradation via the Cul3/Rbx1
complex. 2. Inhibition is released upon oxidative stress-induced
modification of cysteine residues (C151/C273/C288). 3. DJ-1 blocks
Keapl-Nif2 binding

LR KIR 45 0 B35 4 P25 45 Keapl, BLISE Nef2 K852 1
Keapl F WA ;3. Nef2 05 5 % 5% L p62 , JE Wi IE KB iE A

1. Competitively binds to Keapl via the KIR domain, blocking Nrf2
degradation. 2. Mediates autophagic degradation of Keapl. 3. Nrf2
activation transcriptionally upregulates p62, forming a positive feedback

loop

1. BEFR AL Nrf2 ) Neh6 Z5F 38— B-TrCP /512 RALKERE ; 2. 3
RASHEIE N2 BT B2 5 3. Nef2 SO GSK-3 1 1 ( PI3K/AKT
wie)

1. Phosphorylates the Neh6 domain of Nrf2, leading to B-TrCP-
mediated ubiquitination and degradation. 2. Promotes cytoplasmic
retention of Nrf2 in its active state. 3. Nirf2 feedback inhibits GSK-3
activity via the PI3K/AKT pathway
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1. Binds to ARE sites as a heterodimer with small Maf proteins,
inhibiting HO-1 transcription. 2. Under oxidative stress, heme binds to
Bachl, leading to its nuclear export and degradation. 3. Upon
inhibition release, Nif2 activates HO-1

1. PPARy #3530 (2 M5B ) — EL S Nif2;2. Nef2 |38 PPARy
Fik ;3. HO-1-p62-Nief2 1E S i5— [E 43475 PPARy

1. PPARYy agonists (e. g. , Rosiglitazone ) —directly activate Nrf2. 2.
Nrf2 upregulates PPAR7y expression. 3. The HO-1-p62-Nif2 positive
feedback loop—indirectly activates PPARy
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IOt SR AR IL B , T2 Keapl F95 2078 , PVl 25
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I, Keapl/Nif2/HO-1 15 5 il #2455 CIRI i9A
AL
2.2 p62

p62 JE Z UIfEH Sk # F 5Kk, £ CIRT A 4%
HEENIEEIEE, po2 i M EMXEN
1A/1B $2%% 3 ( microtubule-associated protein 1A/
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HH Tau FZ ZACE A REY) X255 H 5
RAE 2 WM & I 2T 4k 98 45 ( neurofibrillary
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Dife TR, WEIE 3, p62 il i A Tk SE B 1 2R
FEREY R B W vE g, K% T W& R E
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HAERIAER N 20 W0 . 5 B A B/ BRUAH
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IKFFEAR 40% , HO-1 FIR S84k 38 SR 1 2 380
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(LB BIFFE & B, A B 2% 0 Ao 1 5 [ W T
PEA p62 ik, W2 UE Nef2 #% 37, 7 MCAO
AR e A I B RN P 22 T R R T X
PRIV ATk s 1 500 S 5 p62 TTHER T BHL
Wi RNIE I 252 i R p62 ik g
T Nef2 3 3%, A% CIRL J5 (09 05 B i S Ak 7= 4
MDA /K, $55 SOD i) 3k Se 8 58 AIE
SCT p62 TE Nrf2 33 H i S A T, b i 1)
p62-Nrf2 FlI AT R RGP AL T SC AR A
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V& 22 B 1R/ 7 2 PR 45, 11 0 52 Tk B B3
GSK-3 fA1EPIF AR (o 55 B AL ), H I BE I
MR A R | A M A | T A0 R R
W MR E T HFE A ¥, GSK-3 5
Nrf2 22 [0 47- 75 & 2% B A0 B R 5t VR 45 B WL, e
W GSK-3 XF Nrf2 EA i ml ¥ A E A . (1) S it
Nif2 072 Z AL R f#, GSK-3 A LLAE Nif2 1 Neh6
SER IO A T B IR L, T8 N2 B B3 2 R
P R , T e A 2 AR A, P Nef2
G TE, 5 2 FEIER A BURAS T, 40
() Nrf2 7K 3552 5] Keapl (753, 1] GSK-3 1Y
X—VER i — 43 T Nef2 SR A B Al K F , DA
I B PR R N, (2) 520 Nef2 (9% 7%
37, GSK-3 A TG MRS 2 5 0 Nef2 76 40 i 9 1 22
B, 4 GSK-3 Biidis, 22 Nref2 AN A% i
R B 20 5 v, AT 400 ) A 400 A P R 0 5
T AVEH A P A 3 R B 238 L 2 Nif2
TCHEAER AT R R B, 41 ) bt S8 Ak B2 0 fig
SRk 5 X Al fEE CIRL i Ak Bife £ 4t 26
M E NS Z—, S, Nef2 X} GSK-3
AT RBHPEA Y . (1) 1P GSK-3 15 7%, CIRL %
A= T] DR HE Nef2 380G , #1510 m DL _E o — 2 4R
PEFEPR R 23 | 3 BB 3L R =) ] e & X GSK-3 11
TP AR AR, DA TR il — i £ S 5 0 1 L
il i, Nef2 075 J5 155 HO-1 S 4t A AL B
FIk X LETEAE T PR AN Y ROS A9 [R] B, 7T B
A 3o {5 S5 s (] B A ) GSK-3 3G 1 , 2 i
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5 GSK-3 T PE %5 YA OC B A5 3 i, ] 252 i)
GSK-3 Ayl fie, o, PI3K/AKT i@ % & — 4
B RS X, WEGT A, Nef2 A9 34035 1T LA 3 i
PI3K/AKT {55 538 Ay 6 o>

£ CIRI FY755EF , Nief2 X GSK-3 B3l 15k
PRT AT REIE I — > PR AP PR G 20 - Nef2 18 38005 70 41
GSK-3 My3h 4, M GSK-3 3% M (1 10 ) S E— 2 14
58 Nrf2 (95 PRI B8, T8 i — A 1F S 15 35 %
BERALA IR R E R, KM &R T
fE, W% CIRI™
2.4 Bachl

5 SRR F Bachl J& TH83E X A7 58 SRR P 55 1Y)
e SR R 1305, HL A8 5 /N UL PR et 21 4 TR 9 )it
J52 3E A [A] P %) ( musculoaponeurotic fibrosarcoma,
Maf) £ FUE BT IR R AK, VR i Sead # b g i
MR, Nef2 [A) B2 5 s IR+, AT 4L 6] 4 25
AREs, LA R P A LSRN R s, IEH &1
T ,Bachl di¥g 3 S A, il 5 AREs 254 30 il
55 AR T VA A S 3 PR A 2R 3k, DT 24 -5 400 it
AR A, SR, 76 CIRI B}, Bachl £ 9% Il £
REBFEMNEAZS I8 2 R -E AR
TR PR B A, X R R AR AL O Nef2 $24IE T L
2 Nef2 BB O 55 7 20 40 M i v, (T FLRE W8 42
& AREs, Vil 7 g P AL 56 1 2R 35, 4 HO-1
DA i 1M 21 22 10020 ROS 7K S M T A 3 44 22 240
o, st Ud, 78 CIRI 47, Bachl A9 & /K - 33k
SN B 240, N 5 T AT DA A . (1) #
YL 2R3k, Bachl 588 AREs, ] Nrf2 4K
HAPT AR [ A 2235 (40 HO-1 45 ), AT i /b
LA AL BRI & R, B9 ROS AR BT, (2) 4k
AALRL IR A, Bach 1) 15 7K - 360K 2 4 R 40 iy
AR AL RLECIR A BT ROS SR 444 T
7K, A 223240

552 W], Bachl it fa /N ER7E CIRL BRI
PR H AR ) AR A 3 45 B B ) e 22 T RE K A2 1
B, iX 5 HO-1 ik b 8% UIAH OC; A B, Nif2 i
Béa/IN BN 2 B kg B8 7™ 1 1) A5 AL 95 493 F R 22 ) g
BB ] Bachl SIS Nef2 [RIFE AT I8
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PPARYy BLENFIREMS LA Nrf2 45 %) 5 20 184 3 40 i
Hi PPARy 19 3¢ 18 S L &% 5% 0% 4, AT 3OS
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