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Abstract

Objective: To investigate the role of the P62-Keap1-NRF2 pathway in mediating ferroptosis in chronic
liver failure (CLF) and to observe the interventional effect of the ferroptosis inhibitor Ferrostatin-1
(Fer-1). Methods: For in vitro experiments, BRL3A rat hepatocytes were divided into control group,
CCls model group (2.5 pmol/L, 12 h) and Fer-1 intervention group (10 pmol/L). The optimal modeling
conditions were determined by CCK-8 assay. Intracellular Fe2+ and reactive oxygen species (ROS)
levels were detected by immunofluorescence, malondialdehyde (MDA) content was measured by bi-
ochemical assay, and the mRNA and protein expression levels of P62, Keap1, and NRF2 were detected
by qPCR and Western blot, respectively. For in vivo experiments, SD rats were randomly divided into
control group, CLF model group (intraperitoneal injection of 50% CCls in olive oil for 22 weeks), and
Fer-1 intervention group (tail vein injection of Fer-1 for an additional 2 weeks after modeling). Liver
histopathological changes were observed by HE and Masson staining, and the above indicators in
liver tissues were detected by qPCR and Western blot. Results CCK-8 assay determined that treat-
ment with 2.5 pmol/L CCl4 for 12 h was the optimal modeling condition. In vitro experiments showed
that compared with the control group, the model group exhibited significantly elevated levels of in-
tracellular Fe2+, ROS, and MDA (all P < 0.05), decreased mRNA and protein expression of P62 and NRF2,
and increased expression of Keap1 (all P < 0.05). Fer-1 intervention significantly reversed these
changes (all P < 0.05). In vivo experiments showed that the liver tissues of rats in the model group
displayed typical pseudolobule formation, collagen deposition and necrosis, with decreased expres-
sion of P62 and NRF2 and increased expression of Keap1. Fer-1 intervention alleviated the patholog-
ical damage and restored the expression of pathway molecules (all P < 0.05). Conclusion: Ferroptosis
plays an important role in CLF, and the P62-Keap1-NRF2 pathway is a key regulatory axis. Fer-1 can
reverse the ferroptosis effect by restoring the homeostatic function of this pathway, providing a new
strategy for targeted therapy of CLF.
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BRIET (ferroptosis) & — FPERAKATNE IUFE FP PR AR AE T, A oL P8 R AR AR 2R L I o id S fe pi
RIBEFENGIE R G RR2]. ST WAL, AT HMARA TR, BIETERS. £
M B A 1 7 T R DL AR . BRIET IR R B SR R AR H L R B A EBURN DA 4
ARG REFEE —H D I RVEF 45 R, Ferrostatin-1 1E SR ARTE F H R RPN, PIIE I Hh3R
Jig i S8 E A BT R SR T

WHFER, SIS SIS IERR . AR VEAR I PR < BT 2R AR 55 22 R IO e A
JE[3] [4]. P62-Keapl-NRF2 Ji B2 A0 A AL B AZ B 8 2R 48, P62 {10 I Mg Sk o 1 ) s 4P 4
& Keapl, {2t NRF2 #5073 /5 30 TPl e (b2 K (HO-1. NQOI1 &)k, MImmfil kit [5]-[7], 2
11122300 % P s 1 P o AN B o ASAIT 7 LUK U AT 4B &2 SPE 4 SD oK BRE AT Fex B2
T Y S BR(CCLa) RS 11 T 32 Vi A7 . Fer-1 A4 BRAE T3 AT TR AL, WS40 i J= T & 34
AP R, AT IRIET AL R, BAEIRTTIRE T BRIET M P62-Keapl-NRF2 JH FE A8 1 132
s PR ML, 9 CLF B PRIG T 52 (08T A7 78 B el AT B IR K R -

2. R H*®
2.1. SEXGHAR

2.1.1. RSz

KSR IEH 40k BRL3A W H /T K RAEEHA R A7) . SPF ¢ SD KM KB 60 A, 445 5(200
+50)g, 6~8 FlE, TWHEMFE KT REVEDHEARGIRAR [SCXK(#H)2022-0011) , 1AFET) FHHEZ
KRGO [SYXK(HE)2019-0001] o 1AFRIAES: S NIREIEHITE 20°C~25°C, X B 45 il 7
50%~60%, 12 h JCHREREE, HEHER, &RERETR.

2.1.2. FERFIR &

CCly+ Ferrostatin-1 (Selleck); CCK-8 7| & (Biosharp); Fe/ROS XU Mk MllikF & (GE S K); MDA
KM (R = K);  Trizol ikF(Invitrogen); %% 5% & qPCR 77| & (PrimeScript/Takara); P62. Keapl.
NRF2 }% f-actin JiiA(Affinity); RIPA 2@ BCA A& (ZHKE).

22. EWHE

2.2.1. YHREIESRE. SRR

BRL3A 4Hfil: 75 T & 10%674- M3 1% 5 H % - 85 K1 MEM K753, 37°C. 5% CO, B:F=4H W
Wigt. BON A KM, > =4H: XTI (Control 41, # ;7). CLF %4 (Model £, 2.5 pmol/L
CCly 438 12 h). Fer-1 T4 (Fer-1 41, 10 umol/L Fer-1 FiAb# 2 h, FAIIA 2.5 umol/L CCly FEAbH 12
hy. FRHW 3 ANEFL, SLRAMALEL 3 K.

2.2.2. CCK-8 3AfHiE CCls RAETRBEFIRTE]

4 BRL3A 4L 3 x 103 AN/FLEFR 96 LA, 3575 24 h JE IS A [FEIREE CCl (0, 0.75, 1.5, 2.5, 5.0,
7.5 umol/L)[W K577 3E, 43 AIALEE 12h A1 24 he BEFLINA 10 uL CCK-8 %3, H¥ 8 2h, BEFROUNE 450 nm
W, AN R AR
2.2.3. WHRELXENMAPEA Fe> FiEM & (Reactive Oxygen Species, ROS)SE

ZALMPRIC 2085, MAGEESRBIAR, 3TCRLIT 2 /M, WHESH)EMMH PBS
Velk. DAPI 4eb%, 2GRN EEAH S 40 Fe?* il ROS ZGTH LI REERIZ, Image] 40 #7-F3520
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2.2.4. HRARE RIS F L HI(Malondialdehyde, MDA) & &lE

VAR, RIPA ZEARIAAAE, BCA VENE AW . % MDA R AI & Ui+, WEE BiEwm
A TBA TAEW, 100°CH# 15min, AEEEC, B EFET 532nm WWIEEE, 115 MDA & & (umol/mg
EA).
2.2.5. 4Bl qPCR #MEFE FRIX

Trizol =B RNA, W54 cDNA. K TB Green 47 qPCR, LA f-actin AN S, 2/-AACt
EIEAN REE . NSRRI H R GIYF PN 1

Table 1. PCR primer sequences

% 1. PCR 3|49F%)

Primer name Forward (5’ to 3”) Reward (5’ to 37)
B-actin AGATCAAGATCATTGCTCCTCCTG CAGCTCAGTAACAGTCCGCC
P62 AAGAGCGGGTACTGATCCCTG CCACCCTTGCGCAACTCTTC
Keapl TCTACATGCACTTCGGGGAG GCATGGAACACCTCGGACTC
NRF2 CCCACATTCCCAAACAAGATGC GAATATCCAGGGCAAGCGAC

2.2.6. ZHAE Western Blot 1 MEF R RIEX

RIPA 2R IS, BCA £ . SDS-PAGE Hijk, # PVDF i, 5%MAs k& 1A, —Hu(P62.
Keapl. NRF2. p-actin, #iFilt 1:2000)4°CHFE IR, —H=RFFE 1h, ECL 25, Imagel /T4 K
JEE.

2.2.7. SHEEIMER A

60 H SD KFIEMEMETR 1 )G, BEHLY N 3 4L(EEA 20 H): S IE AL v S AR AR AL 2 267K ) 5
CLF H A (B vE 5 50% CCly BME MR &1, 1.5mL/kg, & 2 Wk, 3%E4E 22 J#); Fer-1 T (A4
RG22 ), EFBKIES Fer-1 1 mg/kg, A 2k, FHES: 2 ). 5 24 FIRMIEKR, REIE
FRA

2.2.8. IFFIRIEFRE
FFHZ 4% 2 R EE 2, AEH, VI (4~5um). HE il 82 AT 2041454, Masson Jeti il £ i
JRPURR . e R N, Bk U BEALEEL 5 S E A ALEF (<200 Bx400)3E1T BUR R EE

2.2.9. TILALR qPCR F1 Western Blot
U232 50 mg, Trizol iE$EHL RNA B RIPA 2fEMHFEIE 1, qPCR Hl Western blot P ¥ [A] 2.2.5
F12.2.6.

2.2.10. GiitEAE

K SPSS 26.0 B, tHEZRILIAME + ArEZE(X +5)Raw. fEHF R 4LIR L 2 115 56 K H Shapiro-
Wilk K656 S A% 2% 4508 1 IEZS AR 15 0, FEFI Levene A6 56 3 I 77 22 & 15 350k . 2 808 /2 IE 20 A1 H.
TS, WERSERGR T FBIEAW RIS RS ZAF, WRAMNPIESERR L. £
I LR B R 2R 7 2290 T, SFHRZH. Fer-1 5 HALAAE LR A LSD-t 5 56. P < 0.05 ZHH Gt
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3. /R
3.1. CCK-8 :ME CCL iEEEE Y

CCK-8 ZE R BI/R(WLF 2), £ 12h T 5, CCLIRE >2.5 umol/L 4 i 34 5 M 3 B & T+,
SERB G ERP <0.001), HEWRERKGE. 2.5 pmol/L CCly AF 12 h IINHI R LN 45%~50%, 41
JOFEAS HBUBE T AR I PE O (AR B %), &SRS T . R 2.5 pmol/L CCly Ab3E 12
h VB G A 5 A

Table 2. Proliferation inhibition rate of BRL3A cells treated with different doses of CCl4 for different durations (¥ £s,n =

% 2. CCL AEFIERFERTE4LIE BRLIA HBRAYIEFEHIIFEIR(X £5,n=6)
2 CCla ¥ & (umol/L) 12 h% 24 h%
X HRZH 0 0.00 £ 0.006 0.00 + 0.005
CCl4 0.75 pm 0.75 2.97+0.57 72.58 +0.37"™*
CCl4 1.5 pm 1.5 2.84+0.43 83.36+ 0.07"™*
CCls 2.5 pm 2.5 39.67 + 0.46" 88.18 £ 0.25™
CCls5.0 um 5.0 87.59 +0.49"* 91.64 + 0.04™
CCls 7.5 pm 75 90.63 + 0.41™ 94.83 + 0.29"*

A P <0.001, vs XHHEZH.

3.2. Fer-1 B&{§ CCLiFSHIF4AMMA Fe**. ROS 1 MDA 7K

B9 M MDA Kl gs O 1. B 20 % 3)Eon, SXHBAMEL, B4 Fe*. ROS Al
MDA & &% B ETE, SREGITHERP < 0.05). SHEAHAMEL, Fer-1 T-7ij5 Fe**. ROS 1 MDA
KPP RBERIR, SRAESTHERP<0.05), HRE BRI BAHKT.

Fe DAPI

XJERE

BV

Fer-142

el
(%]

Figure 1. Determination of ROS and Fe levels, as ferroptosis-related cytokines, in cells of the control group, CLF model group,
and Fer-1 group using dual immunofluorescence staining combined with DAPI staining (n = 3)
B 1. MRFERAGE R DAPI LN CLF 8R4, Fer-1 A4AAR S xf BRLA AR XL T-HHEABRE F ROS. Fe #Y
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Figure 2. Statistical analysis of liver cell quantified mean fluorescence intensity data

2. FFBRTPOCRE SRR ST E

Table 3. Effects of the ferroptosis inhibitor Fer-1 on the levels of ferroptosis-related cytokines Fe, ROS, and MDA in hepato-
cytes (X ts,n=6)
= 3. SRILTHNFIF Fer-1 MAFHRAR SR FE THHELRBEE T Feu ROS. MDA ZEHIFMI(X £5,n=16)

2 Fe?*/(umol/mg protein) ROS/(pmol/mg protein) MDA/(umol/mg protein)
XTHEZH 1.00+0.18 1.00 +£0.19 10.56 + 1.60
P2 1.79 +£0.32* 1.80+0.31° 18.88 +1.76"
Fer-1 41 1.22+£0.03" 1.24 +0.04" 13.78 + 1.90"

E: "P<0.05, vs B4, “P<0.05, vs A,

3.3. Fer-1 8% BRL3A ZHf4 P62-Keapl-NRF2 BERHEFMBATIE

qPCR Al g (W4 4. E 3) R, SXTIRAAM L, BiAI2H P62 I NRF2 mRNA Rik & 3% [#{%, Keapl
mRNA Rk BEm, SRAGFZR(P<0.05); Fer-1 THi5, P62 1 NRF2 £iAEHJt, Keapl #ik
T, SERERUHZEFP <0.05), (HEXRRATEEEZ 7P >0.05). Western blot 25 R (L% 5. [ 4.
F4 5)5 qPCR #&#A—%,

Table 4. Effects of the ferroptosis inhibitor on gene expression levels of the P62-Keap1-NRF2 pathway in hepatocytes (X s ,
n=23)
52 4. BRIET-HMENFXT BT 4AAE P62-Keapl -NRF2 @ IR EEKFHIZM(X +5,n=73)

2H ) P62 (Relative Expression) Keapl (Relative Expression) NRF2 (Relative Expression)
R 1.00£0.11 0.52+0.12 1.03+0.27
BRI 0.65+0.15"" 1.00 £ 0.14™ 0.50+0.15™*
Fer-1 41 0.82+0.18" 0.799 +0.38" 0.81+0.04"

VE: *P<0.05, vs WHBZ, P <0.001, vs X[HB4; “P<0.05, vs BRI,
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Figure 3. Statistical analysis of liver cell gPCR quantification data
3. FTZEAf qPCR BLBUIRS T 47 E

Table 5. Effects of the ferroptosis inhibitor on protein expression levels of the P62-Keap1-NRF2 pathway in hepatocytes
(xts,n=3)

2 5. BRI THIHIFIXT AT 4R P62-Keap]-NRF2 BEE & HKFERIFM(X £ 5, n=3)

2H 5 P62 (Relative Expression) Keapl (Relative Expression) NRF2 (Relative Expression)
X HE A 0.93 +0.52 0.40 +0.12 0.91+0.03
(it 0.37+0.07"" 0.99 4 0.03"" 0.39 +0.06™*
Fer-1 41 0.64 +0.13" 0.71 £0.07° 0.65 +0.08"

VE: P<0.05, vs XA, **P<0.001, vs %HBH; “P<0.05, vsERIAH,

P62 G <« i ot 47 kDa

Keapl - — -  — 70 kDa

B-actin —— PN ‘ 42 kDa

‘ § /
N & <&

Figure 4. Effect of ferroptosis inhibitor on protein levels of the P62-
Keap1-NRF2 pathway in liver cell (n = 3)

B 4. $RFETHIHIFI ST AT 4R P62-Keapl-NRF2 @R E HKFH
2ZMn=3)
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Figure 5. Statistical analysis of liver cell quantified band intensity data

5. FFARRFHREEENBIERITSTE

3.4. Fer-1 f# CLF &8k B AR s IR 515

HE Zeta (LA 6)RoR, MR K BRIF/NH g5 s e, FFaE R HEpI 55, BB I iz B/ B
B FFARMSERFEAS . A5 FIRIRBE B A MRl ;s Fer-1 4L AH U5 W 88, SRFEA 0D, FF4iR
HEFVEHN . Masson Je (LI 7) 7R, LRI X /N R Sl R R TR, TR RLAT4EIAIRS; Fer-
1 AR IR PR R 98 . R Fer-1 WJk$E CCL 7 3 (M T LT 4EAL AT

A

Fer-12H

Figure 6. Evaluation of pathomorphological changes in rat liver tissue by HE staining
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TRRZH

Figure 7. Observation of hepatic fibrosis deposition by Masson staining

[# 7. Masson #ta M ER AT LT 4ETFVE N

3.5. Fer-1 8% CLF KRBt P62-Keap1-NRF2 BB EEHMELRIE

qPCR iR (W% o), HXTREAAHLL, HBAZH A 24 P62 I NRF2 ) mRNA FikFF{K. Keapl
FKikTtE, SRARIFZERP<0.05); Fer-1 TG BRfebr BENE, SRERITFZER(P<0.05).
Western blot Z5 (W7 7. & 8~10)[FIFEIE LRI P62 A1 NRF2 & %Kik . Keapl & HFIE LT,
Fer-1 Ak HFRILKF, GRAGZER(P <0.05), [FBEREERI L —3.

Table 6. Effects of the ferroptosis inhibitor on gene expression levels of the P62-Keap1-NRF2 pathway in rat liver (X £, n
=3)

6. SRFLTHNEIFIT A RATBE P62-Keapl-NRF2 @IS EE K FHIZM(X £5,n=23)

2H 5 P62 (Relative Expression) Keap1 (Relative Expression) NRF2 (Relative Expression)
XA 1.00 £0.12 0.54+0.15 1.02+£0.24
R 0.65+0.14™" 1.03 +0.15™ 0.52+0.16™
Fer-1 41 0.82+0.12° 0.80 £ 0.34° 0.82+0.10°

E: *P<0.05, vs AR, **P<0.001, vs ®BL; “P<0.05, vs AL,

Table 7. Effects of the ferroptosis inhibitor on protein expression levels of the P62-Keap1-NRF2 pathway in rat liver (X * s ,
n=23)

= 7. SRIE TSI AR ATAE P62-Keapl-NRF2 @R E R KFHFM(X s, n=73)

2H 51 P62 (Relative Expression) Keap1 (Relative Expression) NRF2 (Relative Expression)
X AL 0.99 £ 0.08 0.34+0.12 0.94 +0.98
it 0.31+0.06"™ 0.99 +0.04™" 0.58 = 0.06"
Fer-1 41 0.54+0.12" 0.66 = 0.09" 0.88+0.10"

VE: P<0.05, vs XTHBAH, *"P<0.001, vs %HBAH; “P<0.05, vs R4,
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Figure 8. Statistical analysis of liver PCR quantification data
[ 8. FTHE qPCR EH KRG IT 54
P62 i : t : 47 kDa
Keapl e S — 70 kDa
NRF2 — T — 68 kDa
Bactin | MN— -~ e, — 42 kDa

Figure 9. Effect of ferroptosis inhibitor on protein levels of the P62-Keap1-NRF2 pathway in rat liver (n = 3)
9. $RFET-HNEIFIXT A FRBFAE P62-Keap]-NRF2 B85 HKEHISZ M (n = 3)
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Figure 10. Statistical analysis of liver quantified band intensity data
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AHFFLE IS FE CCly 175 51 CLF 4 RUATUR AR, REHRTT T P62-Keapl -NRF2 Jd B/ T8k L
TZ7E CLF H i EFBLE], FFEE T BRE TR e A0 ) Fer-1 (T FURN . BT B RI: © CLF #EAY
HAfIN Fe**s ROS & MDA /KFEZET G, SR THE: @ B8 P62 1 NRF2 ) mRNA
FEARBIKTRERIL, Keapl RIAKTFEEFE: @ Fer-1 TR ARIER FiRTRFEL, W
HEVRBEG, W IBIE > TRIBKF . XL IRWRE, BRICTTE CLF KA K B R ¥E B BB,
P62-Keap!-NRF2 @ # 2 HCH (S 55, Fer-1 L@ K 1ZIEMAS IIREMANHIIET:, N CLF 1
TBIT AL TR SR IR A

BRACT AR N — PR R e M A AR 27 2, Ao T 40 M Py a8 0 3o 25 1 e R A4k,
ROS KA, HE BT I e o 22 AU A0S I B2 (polyunsaturated fatty acids, PUFAs), 51 & Jig it 4
Wk, B2 T BN RLR(3] [8]. AWPFid, HAAMMMA Fe*'s ROS & MDA /K-GF34 %%t
W, S OCERIRIE PR AE T AR —B[9] . EAERAIE, F CLF KRB F, Masson Jeftign KiE
RV A AR AR N T G, B CCLy 153 AT &R /- B ZE CLF [ 4R AL A RE AL B AR . Fer-1
TP, BRICT-AHICEERIEhR B2 T HE . AT 4EAb AR SR B B B, $RRERIET -/ CLF FH5i iy &
TIXFNH 2R, HIRIE T TG e e it i

P62-Keap1-NRF2 @ % = A M P AR A% OB R4t (EIEH B, NRF2 5 Keapl 456
I ZACPEMR, AERFRURMRERITEE . 20 M s2 30 A S BORI . Keapl PR al BRIk K AR R ik
A7, NRF2 15 UARRE A A, JA 3 FIEIMLAL R IN%ES 1 (heme oxygenase, HO-1). NAD(P)H:BRAIE
Rl 1(NAD(P)H:quinone oxidoreductase 1, NQO1). A2 IR — V- Mt & BR% H2 M A4 T 2% (Glutamate-Cysteine
Ligase Catalytic Subunit, GCLC)5 418 A0 HE Rl ¥ 4% 5%, 1Y s A st S A 8 A0 AR BTRE I [5] [10]. P62 1ER
WP AR, ATE I KIR 45tk se G 45 4 Keapl, MIMFEIE Keapl /5 1) NRF2 [, it
— S EOEZAEER [ 11]. AHFT KB, 78 CLF 40 A0k U, P62 Fll NRF2 HRiA1 5% T, T Keapl
Fik B, RN B ES S 7 RR AR S A T OB R bR AAEAE R A DG, TR sRaeh,
HIZH P62 Al NRF2 mRNA ik 73 5 F X R 65%A11 50%, Keapl ik Th i S5 IR AT 2 (0%
4), [AI Fe?*. ROS Al MDA /K437t i X R AL 1.79 £+ 1.80 /5 A1 1.79 fi5 (W4 3). £E R FATHEF
WEI—FuEH: B P62 Fl NRF2 & HRIE 737l [F B0 R 31%M1 62%, Keapl T X% A1)
2.9 (L% 7), MAFHL BB YA MIRIE . 2 Fer-1 T-Ha, LiR@ED TAIEIET- T brb A &
HI 5 P < 0.05). XFEDEIIRR, 7E CLF fRELEFEF, P62-Keapl-NRF2 il 1 ThaedHI(P62],
NRF2|, Keap 1 1) 5EIE TS (Fe?', ROS, MDAT) =i B CEk, B RARE AT RE R B TR A I 2L 1 i
At X—IRYE P62-Keapl-NRF2 3l B 7E RSRAT F A BUBTE B AT, F 2% 8 CLF 2 — MKW,
B PE R, 7R F B T, el i@ B P62 A NRF2 RAIEAREEMERIFER: 44
MM, 445 R R A7 7E HLoa I AL RE IR, S RGIE W FEE, T3 P62 Il NRF2 ik RN,
Keapl FU2, JHEEIHRERACE:, B BT R A, XFp “ FH0RY - BRI ARAE” 1 XCE A F AR X
FEF AR B IR HRIE[12] [13], AT TEERME 7 — @ REFEI SCRE,  [R]IF AHIT 7 kol () o a4 22
CLF B 5 IMZRIAREA, BT RAER B, B EER] 7 P62 FI NRF2 ) i,

Fer-1 2 & M ERACT-AMHI7], & T8 et B th 24 3K b8 {b 77 (radical - Trapping Antioxidants, RTA),
HAZ NI TE TR T Atk g i e B s R, AT BH TR BT [14] [15]. AHFFH, Fer-
1 FHAMNEE PR T Fe?*. ROS Al MDA /K°F, i 7 P62 F1 NRF2 [ F LK Keapl ) 11, fi
WK FRIBKE BT IEH KT IXFR W Fer-1 nlagiEd DL R AT RBIEIERH: — & B it
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#

Par
&

A B AL, el S A RO 0 I R B s R I I g SR AR, [ P62-Keap1-NRF2
TR SEYE, TS PTANYI RS 16]. CAHMFUESE, Fer-1 i WA B H L A
4 (glutathione peroxidase 4,GPX4) - 73t H ik (glutathione, GSH) £ 4t S BRI AH o 88 A R IE R Y1 F[17]
[18]o AWFFRHE—H R T Fer-1 XF P62-Keap!-NRF2 i@ IR /E R, NEPUEIET- US4 T35 M
o

FARAHE SR B S A NS SE I AR R IRV T P62-Keap1-NRF2 JH B/ FERBE T RIS 14 1 32 8
HIVE FHALE S T — @ R, P E— e Rt B, SR H CCLib¥ %S, SIEIK CLF 1
2P K (A B PRI 28 RS ARITER B ARV FE 22 7, ARARAIBE S L. SR B S IGH&E CCL %
2 MR AT A8 SIRAIE o FLIR, ACHIF I S ST M SRS AT , AR R P 25k DRl i ok Bl I AR X P62 Keapl
NRF2 BEAT DO RESRAIE, J 2% P F AT 40 5 v P62 B NRF2 it /N Bt — B W LR R A . S8 =, 8k
FET IR DU 18 75 *h 70 128 5T P B0 W 5 B B2 R T ) (AN BOREAA G508 < W k2 D) BRI GPX 4 I35 Jo A
KT A 11 (R85 3E) (Solute carrier family 7 member 11 xCT, SLCTAL1/xCT). FE3E4fE A & K
FEF R 4 (Acyl-CoA synthetase long-chain family member 4, ACSL4)55HE 7 AR E4[19] [20]. 26D,
B Z G IRFEARTGAIE, J5 SRR CLF 3 il KA ZR, kil ok 413k K 5800 Pl 5 198 &

5. &g

R BTk, ABFUIEY] TEMETI 25 CLF KA KB, HB T P62-Keapl-NRF2 i % 2 % CLF
BRICT I H BAE S5, JER/R T Fer-1 PR WK 118 BR AR S DRS00 W R TN o X L8 I TR N
HfR CLF [ AmALHISRAL T B B HE , thoAHE R P62-Keap1-NRF2 Ji@ i kBT RYT CLF $24E 78
ISR o AR FTRL IR AT IR NN IZIBER 0 - R UF R4, ) SRR 70 BRI RS AL

BB

LR U BE R S 5 — B i R e T A PR 08 o s 24 K 2 58— B Jos I o o = s PR APT 7 B s S
6 == (AL TR [R] AR AT FE R 45 F B K ISR B

B Hf
FT A shWsEEe e T Ta B RLR 34 SEI0 AR R A6 B 2 (L5 2024-E049-01).
ELWMEB

I HAAEL 2 HE 42 (2023GXNSFAA026176);  [E 58 H ARl ¥ 4:(82274434), |V e b i 4E UM &L
LR EE J1HEFH I H (2024ky0123); [P B v6 X ROEE B FAL T H (AL FY202404).
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