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[Abstract] Objective: To investigate the therapeutic efficacy of Qizhi Tongluo granules on proteinuria in membranous
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nephropathy (MN) and its potential protective effects and underlying mechanism against endoplasmic reticulum stress. Methods:
After 70 Sprague-Dawley (SD) rats were adaptively fed for one week, the MN rat model was established by injecting cationic
bovine serum albumin (C-BSA) into the tail vein. Rats were divided into the normal group, model group, low-dose Qizhi Tongluo
granules group (2.43 g-kg') , medium-dose group (4.86 g-kg') , high-dose group (9.72 g-kg') , and benazepril group
(0.01 g-kg'), with 10 rats in each group. Treatment was administered for four weeks. The 24-hour urinary total protein (UTP)
content, as well as the levels of reactive oxygen species (ROS), malondialdehyde (MDA ), and glutathione peroxidase (GPX) in
renal tissues, were measured. Renal pathological changes were assessed using immunoglobulin G (IgG) staining, periodic acid-
silver methenamine (PASM) staining, and transmission electron microscopy (TEM). The localization and expression levels of
glucose-regulated protein 78 (GRP78) , phosphorylated inositol-requiring enzyme la (p-IREla) , phosphorylated protein kinase
R-like endoplasmic reticulum kinase (p-PERK) , activating transcription factor 4 (ATF4), nuclear factor erythroid 2-related factor
2 (Nrf2) , and 2'-5' oligoadenylate synthetase-like protein 1 (OASL1) in rat kidneys were detected by immunohistochemistry
(IHC). The mRNA and protein expression levels of Nrf2, thioredoxin 1 (Trx1), thioredoxin-interacting protein (TXNIP) , and
OASL1 in rat kidneys were measured using real-time quantitative polymerase chain reaction (Real-time PCR) and Western blot
analysis. Results;: Compared with the normal group, UTP levels were significantly increased in the model rats (P<0.05) , with
obvious renal pathological damage. GPX content levels were significantly decreased in renal tissue ( P<0.05), while ROS and MDA
content levels were significantly increased (P<0.05). The expression of GRP78, p-IREla, p-PERK, and ATF4 proteins was
significantly increased in the kidneys (P<0.05), while the mRNA and protein expression levels of Trx1 and Nrf2 were significantly
decreased (P<0.05). The mRNA and protein expression levels of TXNIP and OASL1 were significantly increased (P<0.05).
Compared with the model group, the UTP levels of rats in the Qizhi Tongluo granules groups and the benazepril group decreased to
varying degrees (P<0.05) , and renal pathological damage was significantly alleviated. The GPX content in renal tissue was
significantly increased (P<0.05) , while the ROS and MDA levels were significantly decreased (P<0.05). The expression of
GRP78, p-IREla, p-PERK, and ATF4 proteins in the kidney was significantly decreased (P<0.05). The mRNA and protein
expression levels of Trx1 and Nrf2 were significantly increased (P<0.05), while the mRNA and protein expression levels of TXNIP
and OASLI1 were significantly decreased (P<0.05). Conclusion: Qizhi Tongluo granules alleviates proteinuria in MN rats by
modulating the Nrf2/OASLI1 signaling pathway in renal tissues to reduce endoplasmic reticulum stress, which represents its
underlying mechanism.
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stress; nuclear factor erythroid 2-related factor 2 (Nrf2)/2'-5' oligoadenylate synthetase-like protein 1 (OASL1) signaling pathway
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Z RS HEETT (DWLL202312019) .
1.3 254 Bk R s T 4% ks (8 1€ VIR OKIE 5E
Z A W BEfH S IS IRE A AR
Wi 24 A PR | #2455 220210012000) 5 8
1% DUIR 8 ) 7 (b s i A i 25 4 BR 2N w1 24 o
J20171089) ; FH &5 F 1k 4 1fiL 3 14 2 14 (C-BSA) i 7
( 3¢ [# Chondrex 22 ] , #it 5 9058) ;24 h JK & H
(UTP) .1& P4 (ROS) (N % (MDA) 7 Bt H Ik
A ALY (GPX) M & (F ot g AR ) TR B
fF o, 4t 5 43 Bk C035-2-1. E004-1-1. A003-1-2.,
A005-1-2) ; B 41 K Bl 1gG (H+L) 5 &R 2¢ ) R
(FITC)#i4A (25 [ Invitrogen 24 7 , #t 5 a18746) ; i
TR 7S e B (PASM) Bt €8 ) (R DL R AE W 8 W) L it
5 BA4094) ;2.5% MG A 8 W (JL o R R A
2 2y &) , it 5 P1126) ; Universal SYBR Green Fast
qPCR Mix[ & 1# % 50 (R0 AE Y B AT IR A ALt
5 RK21203 ] ; 5 45 4% V8 75 2 11 78 (GRP78) (W iR fk
A O R RE P 5T 0 R (p-PERK) i R 6 UL T 5
SR 1a(p-IREla) B-WL3h & 1 (B-actin) i A if 2
P4 A B A FH 8 1 (TXNIP) B 4808 2 11 1(Trx 1) 3%
I % 5 T 4( ATF4) Nrf2 Hi 4k (26 [F Affinity 2 7
it 5 4 9 h AF5366. DE7576. AF3087 . DE7506 .
P10599 . DF6008, BF8017) ; OASLI1 $t #& ( 3£ H
Abcam 23 A, it 5 ab191701) ; oy 4H Ak 8 — A 1k
R R & (Ab st 2 S A B R A R A E L it
5 PV-9000) ; £ RNA 2 HGLF [ TRIzol, 4= T4 T
(g ) ety A B2 Al L 4tk B511311 ] ; ABScript
Il ¢cDNA First-Strand Synthesis Kit, Universal SYBR
Green Fast qPCR Mix (i, 7 ABclonal 2% & , it 5 /7
54 RK20400 . RK21203) .
1.4 L2 RM2016 B 44 5 U1 ML (48 = 2k R 2
Al ) s NX50 B pk VR ) AL (56 [ 28 3R KA W] ) 5 H-
7650 7435 5 L5 (TEM, H A< H 37,72 7] ) ; Epoch 74 4>
I K B B 0 A A (35 [ BioTek 23 ] ) ; BX53 AU i 4%
B ( H 7K Olympus 23 7] ) ; DYY-7C 5 o, ¥k Kz %% 5 &
Ge(dt s — =W R A B Fl ) ; CFX Connect %Y
SR 5 O A i R A i 4 2C R N (Real-time PCR) X
(2% [® Bio-Rad /A 7 ) ; Tanon480 B fk 2% & 2 45 ( -
M RAERHEARAT)
2 Fik
2.1 B A SN IR 7 dJE B S E C-BSA
5 SRR RN 58 A R A, 78 K BURCT &8 B
WX N Z S ES AT W  fmH 1k, 3k,
2 R # DK E ST C-BSA(16 mg-kg!) , FE H 1%, 45 &
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e o

2.4 PEDOGIE (IF) Kl ' 4121 ROS K 4%
HE T 6 1 I 5 T ARV, 7E 96 FLAR AR A
FEA /bR UE it O, TAE W, 37 °CHiE G & 30 min,
FHECREAR AR I 261 , 1158 ROS & /K -F- .

2.5 HACE HEZ R (TBA) 2 5 41 41 MDA /K
S F R A UL A B TBA T AR, B B A
£ ,95 °C/K ¥ I & 30 min, 05 WK B H,
4 °C .3 000 r-min" B .0> 15 min 5 flA 96 FL# , 1 i
B ASCI 5E WO RE 4,35 MDA 5 K.
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il 52 B T AE W, AE 96 FL AR AR YOI ARE A /45 o i
R T AR W, 75 37 °CHEE S min, M A 43 52 HL



H32 55 134
202647 H

HEXBAFZRS

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 32,No. 13
Jul. ,2026

A, GPX G MK,

2.7 FHEHrsE i (CBB) LA R & HK P $i i
PRAE 1 0t G B P B R AR R L =R R
B 5 min, AT WG/ 60 BRI 4 IR R R
Ve

2.8 AR R A A SRR L 4% 2 R
il L BELK A S, U4 wm ¥ R, EAT
PASM % ff,, Foli2g Wil F M RERG . &
HLIVREA L 1% R o 85 79 BB B8 /K L3
JB B B, il 558 Y A (60~80 nm) |, i iR 4l -
ik 2 A L % €5 i RO I PR I BB O 5% 340
Mo B ZUKER YT R (5 wm) 28 YR [ 2, o 1R h 22
i (PBS) K1k, 5%BSA £ 14, FITC bric Y £ T K
B IgG 28 L Hi AR & ,PBS Mivk, & 47, 6-— BRIk -2-
RFLEE(DAPD) (986 B F 70 3 -, 960k il %
ZEIMIR

2.9 Real-time PCR £ Jll TXNIP. Trx1. Nrf2 Hi
OASL1 mRNA [y &ik/KF  BUE IEH L 100 mg,
PEUUZH ZUE RNA . Bl 5 #E47 390 5% 5 3045 cDNA, &
% 420 pL. Real-time PCR #" 14 4% {4 Jy 95 °C i 7%
305,95 °CAEE 15 5,60 °CiB k 30 s, 40 M £ .
15 i 28 65~95 °C o HU 4 4b ¥R O 29t
mRNA 4 5 % 2 1k . PCR 519 i 28 F8 4k /R A=
PR A BRA F A 0, 5 1P 5 W3R 1.

x1 5l9F5

Table 1 Primer sequences

519 JF51(5"-3") K /bp

TXNIP ¥ GATCACCGATTGGAGAGCCC 133
T TGCAGGGATCCACCTCAGTA

Trx1 it AGCAGATCGAGAGCAAGACTG 130
T if GCAACATCATGAAAGAAAGGCT

Nrf2 I AGGTTGCCCACATTCCCAAA 108
Fi# ACGTAGCCGAAGAAACCTCA

OASL1 ¥ TCGTGAAACATCGGCCAACT 80
Fiff GATGTCTCGTGCCCTCTGCT

GAPDH  I'}if CTGGAGAAACCTGCCAAGTATG 138

T GGTGGAAGAATGGGAGTTGCT

2.10 4 [ S B 7 (Western blot) £ 1 K BB
ZH 40 TXNIP, Trx1 Nrf2 f1 OASL1 F H &5 HUK
B 212120 100 mg, fin A JE R ST SR 0 U0 UE U
(RIPA) 24 W, S I 2L 0 e . I B (e i
(BCA) W3 25 1 Bvike B o R 5 A7 Bk e il 2% LA A
JFORE S B RE TR B RN S%BSA E 4. TBST i ik

B, — K S min, EPR 3k . SRS B B AY — L
TXNIP(1:1 000) . Trx1(1:2 000) \Nrf2(1:1 000) .
OASLI(1:1000)F1B-actin(1:5 000)4 °CH¢ 5 i 7% -
Bfi 5, TBST v ¥, 5 min/k , 2L ¥E 3 . A Fe B
) PR o Ak 9 (HRP) -1 2404 (1:5 000)
FIRWEE 1 he SR M Ak 2 AOG AR 47 g O
Image JHIF AT 25 5T 38 19 28 55017 -
2,11 g AR A K BB AE H GRP78 . p-IRE 1«
M p-PERK & £k HHLHAD B4 pm Yl F,
EDTA $iL i 2 , iR T 4% 158 1L 3¢ 1 i £ 64
30 min, K H LAY 5 W B — B, B 5 GRP78
(1:500) .p-IREla(1:200) . p-PERK (1:200) , Nrf2
(1:200) &% OASL1(1:500)7£ 4 °C F K . %2 K
PBS it 3 WK 5, ¥ U0 i 5 HRP AR B B9 —Hi7E = i
TWEE 1 h, R 3T & R i (DAB) 2. (4, 75
KREZ MM, DK &G e E R, 5
YI R 7E 400 £5 655 T Bl AL 2E B 3 4NN 5 S 0T, R
JH Image J 30 BEAT 2 5 2 4304 - 4300 D o 1> 0L B
IR RO B 14 5 B G i AR, O D 14 5 TR
FEAR AR S 32 28 1 1 38 Rk s B
212 Hiite#drik fdE ] SPSS 25.0 Fof X K dh ik
TP 0T IR X £ 5o 1B 50 A R 25 19 [R) o 74
43 5 FH Shapiro-Wilk ¥ % #1 Levene & 4 #F 17 ¥F
fili o P>0.05 & BB 1E A Fn 0y 22 [6) B, mT LA R A7
HE—20 I SRR S . BRI T 2 — Bt A
K2 T 2 50 B (ANOVA) X 22 /4~ 4 51 i#E 47 kb &, i
FH B/ i 25k 22 51 (LSD) HE A7 48 ) 5 7 L %5 5
P25 N — S BF K SR Dunnett's 73 75 3% 3F 47 48 [a] [
B LhP<0.05hHESEAS IR L,
3 &R
3.1 X MNKRUTP/K MM HIEwH LK,
B2 K B UTP 7K SF- B 8 T 5 (P<0.05) 5 5B AL 41
b A, 4% T 1 20 K B UTP 7K SF W 5 B A% (P<0.05) ,
L5 T S M P o % U e ) e A
o AR B 55 . WL 2,
3.2 X MN K BUE IER B AR OS2 E H AR
B R 20 245 b 58 B T M, GBM R BE 4 5], 6 &
S . C-BSA S S BUK R B IE GBM i i P 4
JB ORI AE R R Rz RS BBk
FETHFEHEYIRZ KBK, 1gG 9% 0
o A5 T T bR o B e R 2
Wik R 4l GBM R R R R EA R
T BUE P UUBUR 1gG 26 38 B o038 i w3, 5 DU
W F 20 b 22 S e Ge i o S, B IR 4 BURL
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®2 KEEKHH MNXRUTPKFHFME (3+s,n=10)
Table 2 Effect of Qizhi Tongluo granules on UTP levels in MN

rats (x£s,n=10)

215 /g kg UTP/mg- (24 h)"
EH A 5.73+0.66
ML 4] 45.49+5.43"
LTI % ] 20 0.01 29.05+2.11%
83 4% TR AIG ) o 41 2.43 30.38+1.46%
183 45 0B Hh 7 o 4 4.86 28.04+2.36%
1583 45 TR e 7] R 41 9.72 25.22+2.51%

T 5 IR 4 H R VP<0.05; SRR 2 He Y P<0.05(3% 3-% 7))
AP 2 2 i 5 R R ol ) A A AN T ek 55 o DL IR 1
3.3 X MN K BB BEH ROS. MDA #1 GPX 7K S B
W 5IEH R B2 K RS 4H 41 GPX

1gG

IF, X400

PASM
X400

TEM
X10 000

P B 5 F# A% (P<0.05) , ROS Al MDA & & 1] 2 T} &
(P<0.05) ; SRRV LA, 25 125 2 GPX I % W] . 7
5 (P<0.05) ,ROS Fl MDA 7 & B i &I (P<0.05) ,
GPX ifithfie i ,ROS & Mk WL3E 3.

3.4 X MN kK B 5 JF GRP78.p-IREla. p-PERK ,
ATF4 [ 5E i R ik 9 % I GRP78. p-IREla,
p-PERK ATF4 3= 2 3L 35 T 5 /N BR 2 4t A it 2%, A5 72
2R A M AR PR . 5 IE R A R B
44 GRP78.p-IREla.p-PERK . ATF4 % ik B i 7+ &
(P<0.05) ; 5 BERIZ LU 45, 45 T T 20 PH A 2 £ 58 5
59 ,GRP78.p-IREla.p-PERK , ATF4 3% ik BH i} [F% 1I%
(P<0.05) , H %57 & 41 GRP78.p-IREla. p-PERK .
ATF4 KKKV fii. WK 2. %4,

W AE R AL BRI AL C. UK A 415 D-F. (0 50 25 JURCAIR o e 0] k2 (1] 2- P 4 0] )

1 KIBEZBAI MNXR S HERERG NN

Fig. 1 Effect of Qizhi Tongluo granules on renal pathological damage in MN rats

£3 KEBEFMI MNXR S H ROS.MDA GPX KM (xxs,n=10)
Table 3 Effect of Qizhi Tongluo granules on ROS, MDA, and GPX levels in kidneys of MN rats (x+s,n=10)

21 5 /g kg ROS/U-mg’ MDA/mol-mg’ GPX/U*mg’
il 25.33+6.53 2.41£0.62 2047.74+167.34
R 20 49.26+2.97" 13.64+1.31" 1272.39+77.36"
DUFAR 3K T 20 0.01 39.53+3.56% 6.96+0.93% 1569.39+130.23%
T S T 24 TR A 791 4k 4 2.43 32.15+4.47% 8.23+0.95% 1 497.98+133.52%
T 05 3 45 TR HR 7 e A1 4.86 30.25+6.83% 7.49+1.03% 1 548.52+147.07%
TR 0 T 24 UK 5 79 Ak 4 9.72 29.53+2.71% 6.95+0.89% 1759.19+116.78%

3.5 XF MN K BUB IE B Nrf2 FiT OASL1 & 1 & o %

KA Nrf2 2 R8T /NER 2 A0 %

IR 2 A% N Nrf2 B PR A% ; OASL F Rk T
B INER 2 A0 R BB A PR R . SRR L

A, PR I 2 JURLAIG L 7 e RN DU 5 ) 2 K
BUNrf2 8 225 B JF(P<0.05),0ASL1 FE %
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KB R R (P<0.05), WLIKI3. %5,

3.6 X MN K BUE IE o Nrf2/OASL1 15 5 3 % 45
mRNA KB m 5I1EH 4 i, B4R
LB DE 2H 21 b Trx1. Nrf2 mRNA 3 35 9] & [ {I%

(P<0.05) , TXNIP Fl OASL1 mRNA ik B & I} &
(P<0.05) ; SRR P g, 65 38 25 FURLAIG o L g 771
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GRP78

p-IREla

p-PERK

ATF4

B2 ECHEIE 4K B 3T MN X B S Bt GRP78.p-IRE1a.p-PERK 1 ATF4 B B E L RiE M FM (FAEL4LML, x400)
Fig.2 Effect of Qizhi Tongluo granules on localization and expression of GRP78, p-IREl«a, p-PERK, and ATF4 proteins in kidneys of MN
rats (IHC, x400)

R4 KEEBLZTH I MNXRSHES GRP78.p-IRE1a.p-PERK 1 ATF4 E B E L KX (X+s5,1=6)
Table 4 Effect of Qizhi Tongluo granules on localization and expression of GRP78, p-IREla, p-PERK, and ATF4 proteins in kidneys of
MN rats (x+s,n=6)

2531 Fl /g ke GRP78 p-IREla p-PERK ATF4
E %4 0.08+0.02 0.06+0.02 0.10+0.03 0.13+0.03
LR 2] 0.83+0.12" 0.57+0.09" 0.64+0.09" 0.68+0.08"
DUIR - ) 2 0.01 0.41+0.07” 0.34+0.06> 0.24+0.05> 0.42+0.05%
TR 83 245 R IR ) 41 243 0.60+0.09” 0.38+0.06> 0.27+0.04> 0.37+0.04>
T8 245 UL T 7R e 4 4.86 0.35+0.06> 0.31+0.06> 0.23+0.05> 0.34+0.05>
T8 245 R e 77 k41 9.72 0.22+0.04% 0.29+0.05> 0.20+0.04> 0.28+0.04>

Nrf2

OASL1

B3 ECUEIE 4 BRI X MN KBRS BE AR Nrf2 71 OASL1 B B E AL RE MM (FyEdlfk, <400)
Fig.3 Effect of Qizhi Tongluo granules on localization and expression of Nrf2 and OASL1 proteins in kidneys of MN rats (IHC, x400)

T 2 R0 D1 IR 3% A1) 2H K B Trx 1 FTNrf2 mRNA 3 35 B 3.7 % MN KU E Y Nef2/OASL1 38 B8 2 1 435
B BT, 25 A5 2% 5 L (P<0.05) , TXNIP Al BIES I 5 IE B 4 H e AR R ]k B E 4 4
OASL1 mRNA £EWHE T, ZRBAESGIT¥%E X Trx1 Nrf2 £ [ 2 3k /K F B B B AL (P<0.05) , TXNIP

(P<0.05)., W6, 1 OASL1 M Rk K BT, 22 57 HA Guit2#
- 139 -
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F5 KEBELZTAIT MNXRSHES Nrf2,0ASL1 EBELFIE

Y80 (x+s,n=6)

Table 5 Effect of Qizhi Tongluo granules on localization and expression of Nrf2 and OASL1 proteins in kidneys of MN rats (x+s,17=6)

2053 il /g ke Nrf2 OASLI1
1K 4L 0.87+0.07 0.06+0.02
R 21 0.11+0.03" 0.54+0.07"
DUTIR % 1) 21 0.01 0.31+0.05> 0.36+0.04%
T 3 2 R A 7R e 4 2.43 0.38+0.06 0.33+0.03%
T 0 3 £ Uk Hp 7R e 4 4.86 0.52+0.07> 0.26+0.03%
T A 3 £ UK 5 7R = 4 9.72 0.67+0.07> 0.18+0.03%

K6 EEAEE KA X MN X B 'S B TXNIP, Trx1.Nrf2 #1 OASL1 mRNA K i%

M (X+s,n=3)

Table 6 Effect of Qizhi Tongluo granules on mRNA expression of TXNIP, Trx1, Nrf2, and OASL1 in kidneys of MN rats (x+s,n=3)

215 F /g ke TXNIP Trx1 Nrf2 OASLI
EHA 0.97+0.06 1.03+0.05 0.97+0.05 1.04+0.03
T 10 21 3.32+0.45" 0.24+0.05" 0.32+0.07" 2.81+0.35"
LTI 2% 7] 26 0.01 2.38+0.30” 0.38+0.05 0.58+0.08> 2.18+0.27%
PE I 5 265 THUREL AR 77 45 21 2.43 2.17+0.35% 0.41£0.06> 0.51+0.08> 1.74£0.26”
P 5 25 THURE T 70 S 2 4.86 1.76£0.21% 0.61+0.08> 0.65+0.06" 1.25+0.34%
T3 4% R e ) k4 9.72 1.33+0.26” 0.72+0.09” 0.79+0.04” 1.29+0.20%

U (P<0.05) ; SBIRUZH b AL, Ro s il 25 URLAIG 225 KE 8 2 FJH(P<0.05) , TXNIP #l OASL1 %K

155 70 B 2H R D0 IR X M 2H BB DE P Trx 1 A Nrf2 25

K7 EIEEKTAX MNAXRSHE B Nrf2, Trx1 . TXNIP #1 OASL1 & 5 &%

H R AKEI B R (P<0.05)., W7 .E 4,

Q&M (X£s5,n=3)

Table 7 Effect of Qizhi Tongluo granules on expression of Nrf2, Trx1, TXNIP, and OASL1 proteins in kidneys of MN rats (x+s,n=3)

219 Fl /g kg TXNIP/B-actin Trx1/B-actin Nrf2/B-actin OASL1/B-actin

EHA 0.26+0.05 0.98+0.17 1.17£0.16 0.30+0.07

(LR 1.12+0.24" 0.21+0.05" 0.13+0.04" 1.39+0.18"

DU 5 A1) 26 0.01 0.81+0.15% 0.44+0.06> 0.40£0.07> 0.93+0.12%

I 2% R {15 2 2.43 0.67+0.09” 0.56+0.08> 0.56+0.08 0.91+0.13%

PE I 58 25 THURE T 77 4 2 4.86 0.43+0.08> 0.63+0.09” 0.69+0.07> 0.77£0.11%

PE I 5 25 THURE /25 77 4 2 9.72 0.36+0.07” 0.700.08> 0.87+0.14 0.56=0.09>
TXNIP s - — o w— o 50 kDa (BEREEITA RN —BHIKE A FAKE,
Trx] S — - w— — S— ]2 kDa B B O OG, JROKT AL ZE T MR T K
N2 S S — o S—100KDa {5l 3 g7 s WU S K B 5 B O A 2k R B

[-actin S-S TS s s W 43kDa
A B C D E F

El4 MNXREHEH TXNIP. Trx1 . Nrf2 #1 OASL1 & B &k B ik

Fig. 4 Electrophoresis of XNIP, Trxl, Nrf2, and OASL1

proteins expression in kidneys of MN rats

4 itit
MN J& DLk 18 1 B /INBR R RGBS |- e 4 if F f s
S IR G R RS Sy S LR FRARAE L I IR
F IR K I K AR R IR B IRE A
JI IS 9550 B LA K b PR e A s
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P w  AA R 3 AR S 5 2 B ROS 8 Y
P o AN OR T B R MNFE N W 2 B R
PR IR & AR B ML MN Y SR AR R B
Al RE B R A A W AMA CSb-9 A, — 7 T i
IR T Jre i Mt M RS 7 2 Wl TRk AR A Tl B, 7 A K
Y ROS T2 8 5K B /NER JE 58 B 1E & 25 44, (A2 40
JL R 5 Rl T O IR B /N Bk s e R Y S L
HE AR & A 5 — i i 2 R R
PE SR, 51 R S 5 525 W) oy T8 2o oA B A T T U
TR, T BOE R LG R, A, ROS IR
R 20 M PN B R I R R B D e /N BRI
R i S 7 7 NS NS = AT A
OS J& MN i J& () G . A B, fi 48 AL I, £ 436 41
1) B AL i (SOD) | i %6 1k = i (CAT) 1 GPX, AJ
DL B A R T By 1k S A 05, 0 MN /N ER R
20 60453 193 5 IV RS 4 IR L R AIR R 2R KRR, AR
00 285 L W, T I 2% UK A B I 2E O E T MN KR
BRI 48046 107 8, ROS \ MDA & [ A% X GPX i 1 43
5, IR T MN K BRI IR . SR, 0 3 4% A0
REHT AN T AE DL RIATS A R ) B

f B ROS B 2 M L P T I 19 480 Ak i i A
SHMEAEATRT S, FEE AR RESR A, X Fh
7 Bk FR O ROS MK #i P ERS'™ . ERS & S EUE i
PR ) /NER R /AN L5, X ™ i T ERS 1)
S it R R A R T s Y . ERS N R
W ok A & A R T & R S BT B R g kL, E
Bk 3 A A (F S 5@ B At 5 : PERK . IREla Al
ATF4. ERS ¥ J5 , 4> ¥ 15 GRP78 5 PERK fi#
B, JA 3 PERK H B2 b AT s X 3 802 an
Ji S 4R K 2o (elF2a) B R A, 2E £ 1E F I8 ATF4.
ATF4 B J5 %5 % {2 9§ - 4 F C/EBP [d] I & A
(CHOP) , A1 /5 ERS i F A9 MIN A2 41 g 5B 71247
] A M, MIN Hp 5 22 a8 3P (1) ERS 38 4 1F: bl &
ROS 7= AR (R 38 ' . ROS 4 B Ttk 35 B A% 5 1 1
% HK2 40 i /p p-PERK | p-elF2a 1 CHOP %K 9 1Y %
KK I ROS A 3 /9 ERS, #E i i 3% DNV, A&
S 2 R R, B I S 4% R B S B IR T MIN KR
5 ik ' p-PERK ., p-elF2ac, CHOP Fll ATF4 % [ & ik
KA UE S Hn] B BERS. /845 ROS 1 ERS 2 [H] 7
AR BT JE 0 0 B 2R T A 4% R AT LY ROS A
T 19 ERS KA #EAEH] B4 HUHIAT A W84 .

AW 5T #8757 TXNIP 4 5 ) Nrf2/OASLI1 7E
MN ) ERS H (9 /5 A K 1€ % 3 2% kL 1 8 45 VE F .
TXNIP & A & 1 (TRX) 45 4 /& 1, &8 FE

JE AR IR RS R SR I R T A . ROS Y = 2k
fE#E T TXNIP 5 TRX1 9 f# B I B0 TXNIP 5 5
BT, TXNIP BTG 3 im T ROS AERS /= /E )i
IR N R R (s U T o ) 0= % Yo
A RAE R RE RN Y . 7E DN B T ERS ARic Y
GRP78 #1 PERK A TXNIP ¥ J} 55", &A% TXNIP [f
LR I 4 AR 17 38 A ERS A S 19 B 4500 TXNIP
A 5 1 ERS U 5 Nrf2/OASL1 15 5 18 A &,
Nrf2 J& e FLRFAE 1 Bt A AL e SR, vl 1 8 2 b it
G N TE 4 (ARE) A 5 I 0 0 A0 1 L 4 ifi 21 38 4]
& W -1(HO-1) .SOD il CAT, LLHK 1 ROS F1 3% H1 4
A FEER . BT HUEAE SN N2 2 5
PE YR R RA AR N2 B A A S Y HK?2
21 L T 25 B 7 B ERSS (45 0, DTS5 35040 A7 0% R
AR, AH B, b 98 Nref2 W] 90 8 DN /N B o
ERS 5 & ¥ JF 2l 3% 8 R VT /NVERIIE R LR R
sk R /NS TR) 5T £F 4 4R, OASLI 2 Nrf2 1Y
B L P TXNTP i B AT 389 5 LPS il 38 1 0 4
Jt v NTf2 A5 T 0 OASLT A FE 3k ;T 1 Nrf2
Al LLEE B OASLI Y 3K 35 | [A] B fi2 #F ROS 19 7 2E Fl
ERSVY, A 5T 45 on , BAL A K U E Nrf2 2R
F 265 3 PR, I OASL1 Fik M B 7 i & g
A 2% ORI, Nrf2 26 ik 5 50 AR R
OASL1 Rk & & F . X —ZfEH Yy XU
AR I 005 45 R o % B A TXNTP-CYLD-Nrf2-
OASL1 ¥ % %l /F FH AL i1 A0 £F , 42 75 OASL1 E K
Nrf2 T RN 43 F B 2 ARLE B% 7E MN B JE o [R) B A7
16 . A BF 5T W 2E B B iR G 4% 0Ok ] B T
TXNIP 3k, [a] B R #F Trx1 35 B, X —458 5
YOSRI A5 HEME IR B v i & 30— 3, B TXNIP-
Nrf2 {5 5 5l 7 98 775 5 S A0 07 8 ERS H i A% O AR
o AEAHE A2, A58 TXNIP K i 5 Nrf2 3
o [F] 20 B0, BB B ERS 45 i ) GRP78 . p-PERK #il
ATF4 3K () i 3 F %, IE 52 T TXNIP/Nrf2/OASLI1
55Ol 5 ERS (1 B4R OCHRME . AN AR K
Nrf2 3% 5 OASL 1A il i) 72 B2 -5 55 ko B 463 4 o 5
PR — 3, pE0%E 45 W0 L Nef2 . F 9 OASL1 3
ik, s MIN R BRUER 1 PR A Al L 40 03X — 4%
FNINBE 2 UESE T Nrf2/OASL 1 I 75 MN VR JT
HR I S B A PO R AL R R S 2% R S o R 4
MN K BB 2H 40 Nrf2/OASL A5 538 8% , 08 4% &
2141 ER W 305 W R AR AR B 3, SR LR MN K RV
I 9 3458 40 F R 2R 1 AR R AL

S A FE W) A 0 s TR R 4 0k i 1 i
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