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Research progresses on Keap1-Nrf2 pathway in inflammatory diseases
ZHOU Wenyan', HU Shanshan', ZHANG Wannian?, ZHUANG Chunlin®’(1. School of Pharmacy, Ningxia Medical University,
Yinchuan 750004, China; 2. School of Pharmacy, Naval Medical University, Shanghai 200433, China)

[Abstract] The Keapl-Nrf2 pathway has been shown to be an important defense mechanism against oxidative stress, which
may be an effective therapeutic strategy for many diseases. The research progresses on Keapl-Nrf2 pathway in inflammatory
diseases were mainly reviewed. the basic components and activation mechanism of Keapl-Nrf2 pathway were introduced. The
relationship between Keapl-Nrf2 pathway and the crosstalk between NF-kB pathway and HO-1 pathway, the expression of
inflammatory mediators and enzymes, and inflammatory bodies were expounded. Natural product-derived inhibitors, small molecule
inhibitors targeting Keap1-Nrf2 pathway and their clinical progress were introduced, and the potential application value of Keap1-
Nrf2 pathway in the treatment of inflammation was discussed.
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Nrf2 (FRIEFZ G AL, W] A7 S Ve FE T A
S EE-1 HFRIK, ITTREAR B-UE M 2 11 ™ A
2035 AD /N AN R o

R= AEYS
) 0
~ PR K, (FA)=210 nmol/L
% N EC,,=970 nmol/L (NO)
L_N_~ EC,~1.14 umol/L (TNF-0))

EJOKDNH

O o
E)K/\\P\/O\/
0]

<

&6
K, (FP)=220 nmol/L

R

H
1597 (POZL)

K, (FP)=940 nmol/L

B3 &5~ 7MERR

TESLIER b, R T 2438 R W, 456 NXPZ-
2 F1 Nrf2 WAL 2 b 67 & (sulforaphen, SFN), & 1
T — RGN R R AR R 1) 2SRRI 5 ik L
RFNIRER > S5 B o XSk S HA B
U1 Keap1-Nrf2 PP A% M AR I TGk .
o, LAY 11 78 LPS 55 19 118 RS 1 05 240 B A 184 rp
FIB LS P A TGP, 38 i il & N2 2 5 (0
Rt

e, BB AT SEN (14 5 7 4 1 ik 35k 141 B
R NXPZ-2 By, 1558659 8(K;=106 nmol/L),
HAMHE R T NXPZ-2, B, 51 A& A BBk
REESEH, 152016 & 0 10 BTGP (K=1.49 pmol/L)
A B 946 A ) 9(K¢=3.5 pmol/L) &5 2 /%, i#F—
A2 AT AR W R R T, A5 3] A 1k A
Y, Horp A& 11(K =455 nmol/L ) 2 31 H &8 4 1
Wb XX A I TR T MY, RELE
MITRE WM ROS F1 NO #7748 LA K AE 48 41 g A
¥ TNF-a %31k, 18 LPS 5519 ALI /) Bl &Y
WL AR A 10 BT T SE AR 5, i &
Nrf2 ¥ 5143 .

UC J&— P PR S BH (14 45 22 M 9 0 PR e, ol

fE -5 W8 AR AL N A ¢ . Keap1-Nrf2 3 [
S UC IRYT $E4E T A 20 B A HLS, 51k = (H,S)
s AL EAH DG A Y24 T fg . H,S A b
B NIRMESARE 5 1, Bl A A T I A
FrEfTheE A, A B B R Z B A ST e k45 R
BTH IR P, 38 T R4Sk B Keap1-Nrf2 PPI 1)1l 5]
A H,yS AT 154, BT — R 514
ZARTEY . G 120 5 —F G 200 Keapl-
Nrf2 PPI 1 5] (IC5,=96.7 nmol/L ), Hgk vk ik —
Heti, EAERER LG 12 5 H,S Bk ADT-
OH fir A=W IR IR, 1Tl 48 T — R 503 1y 2 4k 45
To Hodr, ALA Y 130 B8 R R SR A ik
2. LA ERY], LAY 13 BEA AU R R
HIREN S T 10 25 1 4%, 44 v R S Ak I 38 Y B 0
J1, W EHRZG I EA R, BRI, Keapl-Nrf2 1)
il 7 A H,S BER PRI 41 & BA iR y7 s s
R T1, 53 T2 T RESRIRTT 2 T R RAE TP
P — A T P SR
323  DUE M Keapl-Nrf2 /NVrF-4fi 7
AR Keapl-Nrf2 S FIEAE 2013 4F
T L e A O O A B DU R 2R R S Y
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HN

N

Nl o

H,N. - N~ \\ H N N \\
‘O OO OO
————  ——
(0}
)K/N\S//O N ’/ N //
NH, NCS s/\/NCS
e a8 59
H 0. K =106 nmol/L K=3.50 pmol/L
O\\sQ /
H,N. N
N O H,N
7@}( 0
L —
(0]
N 9
HN d§\©\ HaN)K/ N\s”
0 2
PG 0)
E NCS g/\/NCS
&P &0
K,=455 nmol/L K=1.49 umol/L

B4 HE 11 RITER

// NH
s
\\ N

o /o
> NH
/ o S
/@/\\FS
—_—
ADT-OH
\o \o

L& M2
IC,, (FP)=96.7 nmol/L

L3

5 LAY 13 iR

14(LH601A)™, 20— H A7 I M 1Y 9 X Bk, FP
SIS AR HE R 1Cso {E2A 2.3 pmol/L, SPR 5E
RIS Keapl MIZ5G1E M Ky (H0 1.0 pmol/L.
Téﬁiﬂﬁﬂ(ﬂ?t, LH601A W] LI5S Nrf2 % 5 7, I
JA Nrf2 SR . LAY 14 R HRGE Y
}Tﬁﬁmﬁ”f*ﬁﬂﬂﬂ*mﬁ—/\ L [F] AP SR A TR 2D —
AMRIRIEA . 1254 1k, FBER I 2 ke 1) i
AR P 3 1A EAﬁJz 75 31 22 B = 0 1 A Nrf2 310 il
7, PR, AN D 2 D 2R . F R | I S
PBR B 2 PP B 2, 435 SR W LA 3% e
Y ST G, TE R M B RE AR T U JE 4k
B AL 5T 7E LHOO1A BI5E S B AT & —BEfs
F T 1AM 15(ICs = 0.18 pumol/L), Horp, fb &)
15 Z5GE MBI T 4 4%, H X MDCK-MDR1
Y EL A S E AR DU A S E K (THIQ)
M5 5 051 & s R SR L SR V/FE P3 48
WS 5EM R EAE B AR, i Ave 45k ke

AR THIQ Keapl #5467, SR, &
P A5 0 DL AL 5 o 27 i 22, DR A v
28 Z G AL 5 T, A B KA A LAY
Eﬁ?‘{o

o
O ~on
k5ws

LA Y14 (LHGO1A) 1C,,=0.18 wmol/L

6 1L&4114 7015 phEBR

3.2.4 =S Keapl-Nrf2 /N4l 51

Tong %5 B Yk Hyiz LT R By i B
Bt X} Keapl-Nrf2 A B AE FH#EATAF 5% oAb AT 2
X PR bR 2E O 2, B T Keapl-Nrf2 254 H 48
WY 3 AT XA R BT AR A T A
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FLAT 9N BE IR SEFN I Y Keapl 22 T-45 & 055 Sk &
Yo WEFE AR B, BRI = s oy B R R
WIEREY o it |, BB Keapl FOMIEE Tyr525 JE ik
ZAEAER, [N 2 GIn530 1 Ser555 5 XU ik %
IEFF R B ELR . 20t — R VIS AL, BF5E

PSR TS 169 (ECs,=12 nmol/L, K=
1.3 nmol/L) . L&) 16 75 i A B 18 % 5 1)
SRR (BR |« 5 A 52 R RIES B ), JF XF Keapl
Kelch Z5 B E AR B R A, Bk, BT LAER
JEF 0 i AR B2 B BEAR T B AL A8 . 78 Al
R AR R TP ESE TS 16 B4 NQOT i T
(IRE T, JF B SR8 L i e an st . et
Senih b, ARPEEE RGO R Xk & 16 1T
T AL BT e — R AT B 2 ] Keapl-
Nrf2 A AR A4 171 (EC53=47.4 nmol/L) ,

&6
EC, (FP)=12 nmol/L
K, (ITC)=1.3 nmol/L

B 7 k&4 16 17 B

Wells 510 5 358 X 42 1R UL 26 8 11 T — &R
IR T 1,4- 705 5L-1,2,3- =M S BRI IO . B oG,
Wit O HEE F AR AR RN AT 36 4~ =k
SCIE, A [ E ) R ) FP N sE A E ST FL (e s
NQO1 5 5% (FF Hepalelc? /N U 40 i oAk
Nrf2 ARG 5% ) v, BROREE 4 57 A 6 I e i)
AN, A LAY HIRERSTE 10 pmol/L YRIE T
IR Keapl-Nrf2 A B AR, & HA B E8I1 0K
IR, SR, HA 6 Fhib &7 4n i & rh
R Nef2 5 ie 07, Horb 4 DA 4-G-fif R
F) = MRIE e, BT DASE R 4- 2R K = R 1) 1) fiFd 2
BURAE R AR SO . 25 AR SRR 1-23- 3-Hi
FERA— R 3 BRI S B, KB &t
FP 1 NQO1 5 F: & rh R B ReFARs . o~
TR G DU RS A3 A A PR R [ 43 SRR AR 5 i, o
T =ANSCE, FFLL 1-2 K -3- = 2K 0 2 1/ 0 5 1)
IINZR 3-BARTR A JERE, il & T — &5 1,2,3-=
WAEGY) . AR FP IR T AL SR B
FIEE, (5 NQO1 755 E 71 I3t ik 45 22, e W

e
EC;, (FP)=47.4 nmol/L

EATAREA RN Nef2 5555 . - PFA 525
UL, B T ORUT SE A S ICAG R4, FLAh R
RILTEMS R A, b, {649 18a, 18b 1 18¢ 2
7 WA A 35 PE [ECs=7.1~ 10.0 pmol/L. CD
(NQO1)=0.6 ~ 1.3 pmol/L], [FHF, 37 A il & 3iF B
TS AT ES G, WESE TS Y
TR Keapl1-DLG 1fij A~ 42 Keapl-ETGE #H H.AFE H
e RAFEH

gz =N
N—(
SAAE N = RN X \ —R,
R Rr.A 270 Y
mu + 270 > =
% =

fb4&¥)18a R1=3-Me
k& 1718b R1=3-Cl
L& P18c R1=3-1
EC,, (FP)=7.1~10.0 pmol/L
CD (NQO1)=0.6~1.3 umol/L

8 1L&4 18a ~ 18¢c HUIRIT BB

s F AR ) 2 b 3 1y S AR R s ]
B8 T ikt 483 7 EL A VR R B O AP VR L, T = s )
TR S WE AL, OB 1,2,4-B8 T AZ O
R 1,2,4- =0 DUARAS B BROFG Ik = me Sy T B4t
G 5 o 375 2o 2%, 2 R R N R R DA R LR
P, BT — RIVERIE EHARFEBRIE A
YT — R R o i8R (sodium nitroprusside,
SNP)VE KB5S PC12 AUAE I T, 7] LAR AL ke
iRl 2T A . 1 Seilad SNP iR
1) PC12 2R T BRI D0 e Tk 24k S i b
ZARPTENE . A 4 ARSI, S ek Ak
BT RE R AE A R, RO SR &
HIAE A5 3 A BRI T 2 f 3k 4 47 U 3E; it
A, TRl S PEAE 3 A S A7 n] BB A TRl 2 AR 1
o iR HRER LA Y#E PC12 Fl HaCaT
4 M | Y 20 B BE 1 DT A e A [ICs0(PC12)=
262.7 pmol/L, ICsy(HaCat)=162.7 umol/L]. I
Mk 2 B AL A8 19(K=22.7 pmol/L) 2% H i) #i £
PR LA B X PC12 1 HaCaT 40 AR 2R, %t
VR A . LAY 19 @id S SOD
KPR REAR MDA (1 77 A 3 28 fiff A4 14 S8 A6 R 38 o

OH
HQ
_N
7 P CF,

R,=3-NO,

CH,
a9
IC,, (PC12)=262.7 pmol/L
1C,, (HaCat)=162.7 umol/L
K=22.7 pmol/L

9 EM19 HERN
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LAk, Western Blot 4l & BRAL & 4 19 i #F Nrf2
(1) 4% S i S b ] Nef2 A8 il 1) 22 35 7K F, SPR
SR, ALE 19 fiES Keapl Kelch Z5HB454 .
3.2.5 W[ME Keapl-Nrf2 /N3 5

Barbara PEZH M JEF 40T BRI 25 48 &
Tk, BT —FRIMEEY . BREEMEIH SR
FE1 Keap1-Nrf2 #H B AEFH LA B 7 2UFE 4+
PR, X PR S (R . R T X
A ], R8N DR 223 0 P D s A i 3 0 R
I, LIRS Keapl HA & =Mk &Y), FH1E
FEF A SE 5 B B S s . Hoh, iR
Y 20 B K BRI B s (s R AR . X — R B
G A SR 25 R B, 72X Nef2 S HF
P4 ARE H:P NQO!1 1 TKT 2 fith it 105 o i 1)
RIS, LAY 20 TEPETE R . 7R A0 MR MESL G
i, Glsy fERT 5 pmol/L, /N

PEf /)
N
a

COOH
420

E 10 L&Y 20 BN

Clara 5™ DL B E LKLY L& W 21K,
(hMT,R)=35 nmol/L. K; (A"MT,R)=4 nmol/L] iz
R Y, FERE R 2 I AN RIS . R
TR P BN R A | A R A AU
TEZEI S ZEIME e, XA AR 9 A RS A
HEAT THB M, 1538 T —RINZELIY) .

TEE A B I RE 71 (oxygen radical absorbance
capacity, ORAC) [ PPAL M v, BT A mg| AT A= 4
) ORAC {H L R, UEW] 54238 1 3 5 HUAC A
B, AR A A X ORAC il 5
PRI TR A T . 78 AREe32 405, i
Nrf2 AR 1 2 S 2R il 4 4 56 PR 3k 56 o 1P A ST
Nrf2 W RETT, (&9 22, 23 (9% FACR Fdf, CD
{43120 15.1 F1 1.8 pmol/L, K;(QR2){E /3514 6.6
F1'3.2 nmol/L, 5 56 3 WY 326 4 (A Hh A 7 g | IR A% TR
O T Nef2 [ RIS T 2 CEZ . LR AR
T WAL 5T Keapl A9 Kealch 25438040 B AE H
MREST, 4T T SPR 524w, LA 1 Keapl 4547
ML334fE R N 2, fE 77 1 104 34k BT 1Y
SPR {5 5784k, 3 MEE Y SPR W R{EAF Tk
T ML334, 4 MEA Y SPR AU, alwILHIE AL
B 22, 23 X Nrf2 A0S Al fE 2 T X 281

5 Keapl 456 Frak.

0 0 0
O>¥I}IH Snm O»*NN
_N O_N _N
-0 \ -0 N\ = N\
N N N
I\
fem 2t o feais

K, (h"MT1R)=35 nmol/L
K; (h"MT2R)=4 nmol/L

B 11 L&Y 21 ~23 B

LE PR PO I T O AT 454, F IR U
TZEW. G, FERORAR L5 A—A/ MY HK S
3-FAE LR, SR FP LIS TR B O
I EASRIARIEXT HE PE s, & PR A% O oK
WG 2 (LAY 24(1C5=30.0 pmol/L) )
Rt o AR LGP 24 B0 AR ]
e di s P3 AR DIRESS G4 . R, ¥l 5
0 R I 1) F 3 4 SRR A5 B4k & 1 25(1Cs=
14.4 pmol/L), S1bA% 24 A L, HIG MR & T K
2y 2 4%, BRI 25 (L5, Xof LS| kR
SERL . IRBAER B IR DL i | W R RN OR BE R
Z IR EEES TR R . REHITAL TG
26 43 (1) N [R) B JE X6 7 P 1R 52, & B
Refy 3-SR e FE . A9 26 5 Keapl 1Y
oy F RS AR R IR TR 346 A P2 T 4%,
2,4,6- = H LIRS IR S PR Hi K M 11148 PS, R
oy bR P1 T 4% AL H 1k
H1 26(1C5=16.4 pmol/L) 47 F— 44k

R 2 XA 26 #EATIR I,
a5 8 T I MR = 1R B 27 [1C5,=22 nmol/L
K4(ITC)=58.4 nmol/L . K4(BLI)=26.4 nmol/L], 7E
MRHI 25 S N2 JAE RO B R gt . 1A
NSZETE M, tbA& 4 27 XF LPS i 515 HOC2 41 it
Bt B A PR VR o IR L s e 3 kg A%
DR ZE SR B — R IME AW, fEE T Keapl-
Nrf2 PPI il 51 1) % Jie

4 Keapl-Nrf2 B KATTIRKIHR

FEZ Keapl-Nrf2 il B BT R 25, 41 3 F
iR AR N ) W SR R L SRR b
—ig AR L 22K (bardoxolone methyl, CDDO-
Me). B2 B3 WA T 4E 30 25 & ] 0% i PR a2k e,
5 bR, oAl 2h Pyt R W Al R IAES:, gk 1
FR o

K; (QR2)=6.6 nmol/L K; (QR2)=3.2 nmol/L
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\Q\/s”o 0 0
¢ "N COOH &N cooH ¢ "N CooH
HN N 0 N
\0/© \OO U
k5124 kEY25 k5926
1C4,=30.0 umol/L 1C=14.4 umol/L 1C4=16.4 umol/L
O o OCH,
i g T
O O
o &7
- 1C5,=22 nmol/L
m&l o0 K, (ITC)=58.4 nmol/L
4 s7 K, (BLI)=26.4 nmol/L
o
A
/
E12 #&EY27 1gitR
#F1 HYElERREFIRA
I PRI 5 2 YR REZ54 38 W IE
NCT06319339 2180775 Xof JE) Pl Bl o s R A T e | (o P LhaE L B GEET AR HNE B Ik A e R
IREFIEATRE ST A RE
CTIS2023-506795-27-00 & g — H EEXT B BB Bl 20 B A — I 2l | % & TR — H ik FUEZENZ SR = ]
B T b/ 56 HIE RN R
NCT05959759 SR VAT N A 2L B ke RS BRI R & R — g Fi5E PN Sl R 9 A
CTR20232004 BrfuL R, PRR S 2RI P R ER R L B D RE N A e TR B I REA R R
FRZARE 2R B J1 2 FHE
NCT05811949 & Dol — WP RN 22 R MR AGRE AN R B . TR Fr iR B 2E 1 & R — R 2 R RS ALAE
T AR IE o
NCT05798520 —T0FA 2. BEL. BYE . EaERm 20 R UOTAL B SRR P EBIB-091 B &ML &L
BIIB091 ¥i—J7 ik AIBITBO9 1 Bk A & hig b & 15 36 iR97 B & Rl
£ R HEAEALE 2 53 28 A PR sk
NCTO05718375 CUO1-1 0015457 2R IRIG B 2 1 IR B3 24 RS0 AS Ande CU-01 e e 5 FEAR B
EVETEE R Z s BEL. X}(“i—fyﬁfiiﬁw,ﬂﬁ\ AT b i mﬁmﬁzﬁ}gﬁ*ﬁﬁﬁﬁﬂﬁ
T\ 7
CTR20221451 —Ti & 7EIP Diroximel Fumarate(BIIB098) ] T~ A Hb X il 4F GRS 8 EMZ R
82 e T 22 S VAR 2R TP A28 A RN 32 L R 2454 X3 Jy 2
ROFFC: , Bpig . s ST
NCT05083923 —IFF bR, B 2 TR, B7EEAG = DR — 5% B TR I Y 3 B ERWZ R
£ (BIIB09S ) FEME Al DX 5 S 22 S M R AU AR 57 v A 4 4
P T2 FIZE1C SN 2
NCT04948606 — I T AR RIS PTAG B St R A P i SR R GRS ES B EMZ ki
WERERTIRYT Hﬁ\ré Ak A2 AT 3 (EXPERIENCE-
CA+ILAFFY)
NCT04890353 o BEVH T R B IR — R X A XU 5 T SR g 2o P A
NCT04890366 G REVETT R Sh IR — P R -5 BT R BT s e B i o XL & SR — H s SRR
CTR20210206 Zuts, FEPL. XUF |« ZRIFIPA T BRI R R M T il R e G TR 2RUHE R 1 o
IT 2 AUWE PRI B R B R A Ak
NCT04702997 TEA B 3 2 R A D 0t e AU (A8 1 1o R T A 2 4 AL LRI ERdR=p)
P TR AR RLAY T30
NCT04657926 AT R B2 ) (APPA ) AT IS B 1T 9 42 APPA ST %
FUXFHE WU | BHLI R
CTR20202126 TR IG YT Hﬂ%ﬂﬁﬁ" RAEAIE A A2 PR Z it | Bl ARl WLZEga Mm%k
Bl BB L R B PRAFF 9
NCT04468165 8 FHAE R B SR — H 5 (Sclera® B{Marovarex®, Hikma ) 7 R — i fig 2R -G L2 5 AL
YRYT AR R A M X AT % B R 22 S R A B T B
TR R E A A
CTR20192413 2ty BEAL. XUH L AT . BRI RGO S T B R AT T B 2 AN R B S

DRI PRSI 0 AT R I 2




PGS 20254E3 H25 0 43 B 3

10 Journal of Pharmaceutical Practice and Service, Vol. 43, No. 3, March 25, 2025
ExD
I R 56 2 = IR I 245 1 N IE
NCT04292080 & SR R AT, LA SR M BREE A X Sk A B K &R R i&#%ﬁﬁ*rﬁﬁ*ﬁkﬁ
AR

NCT04263610 —TRFFROARAS . BhAL. IV IBF9E, LT Tildrakizumab ZEXT S 55 S8 — R R 5G4 2k BEHCRER B

iR P ERYA YT G A RE 2 B RS PEBEHORAR SR R R it

BT AR %2 4 M (TRANSITION)

NCT04221191 [ B S5 (PSP) OroSEP Wi 25 (1 G fife- 42 KMk 22 1tk & TR — F g B R-Gfm 2 R EL

BEALAE (RR-MS) B 1 & D2 — FR (Tecfidera®) :F A MRS
NCT04142749 — TP B Ry PO 2e AR 2 ol | BEAIL . XUE | 2] LR FFE A AR T RE A AH

X ST T PR KRR 5 I
NCT04125745 CXA-107E i3 bk s i v E"J?;%’Efﬂﬁ e i T I bR 10-Al L2 Jitish ik e &
SRS

NCT04072861 TEfR B H AR E R 3-4 B2 h (HH RBT-9#E17Y  Stannous protoporphyrin & B Sutk B B4

b BT

(Renibus Therapeutics)

4.1 #MWZRG KR

VFZ M4 R 0B 1Y kA 5 A A0 N 0% DA
XK, PR RAE 2 A . B4R g, LSRR S|
R AR B SR L p 28 R GE R 9 E, T RE R BR80T
AR K RA, BCAT BT IR T RO | A 4 AR L X
SERR 2 R BRI B A ) G S L AR
B, P03 2 5 X F TR AR 4 RGP HA

TR E SR _HERT 2014 4E5i4% Biogen
LM FiR9T B R 2 R A ERY, & B iR %
VU SE LA X 2 R M2 R AL AT TG IR IR
(NCTO05798520) . B 1 2 (1) #F 58 35 OC 13 3] SFN
X RG R PR E T, WFSE 45 FUESE T SFN 78
S PEMZIRITHR AR A 2 R BN E M A R
SE PR 1) TR BT AN B G T 7 B B R N FH T
71 SFN if i £ ML A2 A 95 Nrf2 38 i, BV id i fb
2B Keapl 2R R 3L (FZ N Cys151)BHIE
Keapl 5 Nrf2 454, Il Nef2 #9372 R AL ks
fift, SEIR N2 B9FR BB DL AR Nrf2 J45 0 T v 2
B SRR, YR SRE S
42 S RGREE

R, Nrf2 V58— i 2 iy b S fb 2R 1A,
P R EARIPEN . SrEhY ks
FIGESLE, Nrf2 @b/ BUS 5 /N O i A S5 & A=
BN, $E7R Nrf2 238 5 4R i 485 1 & 2R
KBAT 2 E B R, Nrf2 7.0 45 5% A1
ML 2% HZHE . Akl FERE LR, Nrf2 i# 1
Pt S ARG 285 B T B8 1 ) 8 SBORITEL TR 48 B B i,
FEARBELRTE 15 1 KBS 3T, 7 B ot P v 2 5 50
JULEEZE H, Nrf2 BB I8 S8 A0 W IHORT 98 E S, A
sk 20U LA 45 FNASE BB 1T AR 4k, R8¢
PR, 75O A B P Nef2 (36352 RN Z R R 1
W, U0 Keapl, p27 S H . BE FRSHTE, X

S IR 42 DR A A [R) A L3570 v R R VE R AR
KA 25, PR T Nef2 160 L8 0% Hh B
AT Z BN AT
43 FIERIA

TE B R P | AP B I R DR S B
SN TRIZEH ) B 05 v, Nef2 FR)S5G 4R & 4536 6
SEMEMVER . B R EE S LU Py T 4R R
KAEHA I, 55—, Nrf2 BTG AL BERS LR 4
ZUhH AL E R IR, AL & . HO-1 M
GCL %, Mg BRAR N i i f G PR 4L, 56—, Nrf2
W RE A IR 45 NF-B, ) B 41 Zrh 50 A ot 1y %
ik, AR B B . COX-2 Fl
INOS 4, RAEA BTy ad BE RIA 5 R BB NEH 2
AR5 RIS AE S0, Nrf2 38 15 30 ] 53k 26 5 RE A T Y
FIk, ReNE LA NECR P E

FH Reata ffil 25 23 &) JF & ) CDDO-Me & 75 —
Bl T S AR Nrf2 8006 551, v] 58 20300 Keapl-
Nrf2 245, W58 E M, CDDO-Me I A& AN
25 PP AU INE P B A R B A TSR ORI
P WAEAL CDDO-Me 76 18 M 15 9% B G 22
S T A2 RN RO I PRI O 28 e 3 1T 40
(NCT04702997) .
4.4  AFREZ IR

SCRTRIMFSE & B, Nrf2 406 RE L B 1H R 15 5
(4] AL IO ORI I i 2 PR I 7 )RR 3R, 3 ot 348 o
Z 5 Hu A AL 0 3L R e 1k M2 2 55 )8 5 A Rl
1) 35 PR 3R 38 o & H8 EE R AP R BT ) 458
B, B 0 s A I D RE R A AH SCPERR D /)N
SURFHZI ey Be BURR 2 . R AL R 20 L g T, B
TRAR R A= Wb i W I T SR P A AL, X OB P52
| 1141 p62-Keapl-Nrf2 {55 Gk 1875 #A T
A4 i 4k H R (Nef2 S50 B IE AR )T o
BT SO P S AT 48 SN B S s T
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AR AR
5 RES5RE

ARSCEBEHTT Keapl-Nrf2 i B 7E R AE LR
R UERE . B SE, M T Keapl-Nrf2 38 B 119
FEAME S, A5 H A oy S sm bl o vk, el
BT Keapl-Nrf2 i B 45 SORE AL, f045 5 NF-
kB LE% HO-1 Z A 83 4L, 55 RAE A M 3

RIE/MEZ MBI R . BEAh, ASCARAN41 T3
ﬂﬁi{ﬁ Keap1-Nrf2 3 i K 17 T7 RAE 19 R IR 7= Pk
TEINEIFA] L NP 50 LS AR S

T4, KR B 4% W] Keapl-Nrf2 i %
FESRAE B h B S AR EH . @il TR
T PR AL AL, TR AT A ATt
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