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Research progress on the anti-tumor effects of traditional Chinese medicine through intervention in the
Nrf2/GPX4 signaling pathway
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ABSTRACT Nuclear factor-erythroid 2-related factor 2 (Nrf2)/glutathione peroxidase 4 (GPX4) signaling pathway plays a key
role in the occurrence and development of tumors, and is involved in tumor cell proliferation, apoptosis, ferroptosis, invasion,
migration, and drug resistance. Based on the Nrf2/GPX4 signaling pathway, this paper summarizes the research progress of the anti-
tumor effects of traditional Chinese medicine. It is found that flavonoids (ginkgetin, luteolin, etc.), terpenoids (atractylenolide,
cucurbitacin B, etc.), saponins (polyphyllin I , polyphyllin V), ester (brusatol) and other effective components, and traditional
Chinese medicine extracts (total coumarins in Pileostegia tomentella and total flavonoids of Pterocarya hupehensis Skan) ,
traditional Chinese medicine compounds (Fushao digin fang, Xiaoai jiedu fang, etc.) can promote ferroptosis in tumor cells by
inhibiting Nrf2/GPX4 signaling pathway and the expressions of its upstream and downstream factor proteins, as well as by
increasing Fe* levels and lipid peroxidation, thereby exerting an antitumor effect.
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21 2 N 1 (heme oxygenase-1, HO-1, X F HMOX1)
VA J s o 8 K K % 7 W B 11 (solute carrier family 7
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G SNk

GPX4 & —Fh B A A1 Dk 20 B8 1 e S A By A it , 2
YR ET A SR R 1. GPXATERRBET YA
FUE AR T 23 Bt HIK (glutathione , GSH) f74E™ . Nrf2
i R R L R 2R 1 SLCTALL GPX4 1y £k, &
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e @g®
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Ferroptosis 1 T

GSSH: AL Y GSH; R-OH : IF Bt i ; L-OOH : if i 4 fb % ; Fer-
roptosis : ZRFE T ; Oxidative stress : {1 34 ; System Xc-: JJE & /A3 &
R IV 5538 250 s ARE : BLE AL SO oo

Bl 1 Nrf2/GPX41{5 Sl BiE =& E

2 Nrf2/GPX4 15 S BEmE R RIER

Nrf2 S —F 1 4T A A R N i D B 1, e
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L, Nrf2 19 575 16 1055 i A & L 9 1 s g AR Ak
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KU-19-19 20 A 55 it 40 6 (4 40 ekl 4 FH , 41 228 Feb e 240 i 97
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T, ZEESEIRFIEIESE , 7E Nrf2-Keap {5 Sl BAEH T
i 3 A A AP T, T R A L AL (su-
peroxide dismutase, SOD ) 7K - [ N —- ¥ (malondial-
dehyde, MDA ) 335 , B35 AT B i A 22 28 35 A I DR
AR AT 108 T kR B A2

GPXA &AW RFET 1% DAl , L6 e v 222
Ik, A0 GPXA 1 P AT i g 240 Jf P4 Al 5 A3 N Fe® 7K
S-SR E Th R, DN LS AR T iR AR, 35 20 e R
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55 A AR 5300 B RE EL AR T L ] 9 e g g A R e
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PTG 3B {7 5 5 S AN AR M E W RRBET
PO e H K S 55 A2 1w 25 1 LA SR T E-85 26 8 1, N-
5 60 AR 1 Y IR A b e -] B Ak, 180 PC3 i 81 AR
I 20 FROXT 22 P A R AT 25 T, HeAh  Nrf2/GPX4 {5 5
T %55 B PO RO P I I SRR B R B 240 R
1T G/M A, DTTAT R ] 598 CNEL 4l i 5
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5 A A TR 2R L R 25 45 B FE BT R
05 TR A EAE A S A IR R YT T BV A Ry
TR, A IR TR AT Y SR
3  HZGiF$E Nrf2/GPX4 {5 S 1@ B fh g A9 48 <
o
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311 mERLAY)

R AT ZR R VR A P B O B A S DR R
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A MFRIE B0 Fe® 7KF, k1755 01 519 SKOV 3 4 ifd
PAT SRR SR AE ™, KRR REATHER T
Jirsed 0B O T A 2 R 2 M AR R R A T
N2 PSR F I BT R 2R T 24 41 il K562/ADR REFE AR
GPX4 I GSH 7 & , 39 Fe” /K- Fli 4 48 (reactive oxy-
gen species, ROS) & & , il i /- FERIE T iR A= I ] K562/
ADR 4l 345 , HALH AT 58 Ryl 12 /- 5 Nef2/HO- 1 {55
PRSI AN, B R S R AL BB 2o 5 0 Nrf2/HO-
1 AR S A FFR 0 FTC-133 40k FE T, T & 4%

thEZG B 2025 4E55 36 B:45 4 11



UM MR ™, S IR A R E RS RS
Jo P G2 PR PR LY AL . RS R R
Nrf2/xCT/GPX4 {5 53 B ) B Y8 MG63 . 143B 4
JIfL 8 B PR 988 MG 63 g 98 /N BRI e 200 il A 1, LA
FHE A2 528 Fe” FLE ROSTE L MDA 7=/, N E 41 i
t GSH 7K Fl GSH/GSSH FL 3], 375 SRR 50T, 4 3 X
B FRIE M O™, 7E IR 9 PANC-1., AsPC-1 41l g Fn
PANC-1 # BB Hr | 30 38 5 2238 20 30 ) Nrf2/GPX4
SHE U0 ) 4 348 B A e R 2 A R 2 T g
e ) SLCIAS SE A 38 2 i) Nef2/GPXA {5538 % , ¥
T Bl A S /5 R 2R A P B 11 A 2/ R 1k B0y A G
HEH 55 e gk AGS \HGC-27 \MKN-7 . MKN-45 |
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T IR TS H R AT RS S ER L AW
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R AR IE L AV, 3G I Fe™ . ROS 1 MDA 7K F- , M i 41 il
Y 95 CaoV3 FIl A2780 4L i -1 pE A T
3.1.2 WEEEY

B AR R B, 5 R 3R AT A B e R S5
U251 ZH i N Fe* \MDA | ZLI2 JIit & /i (lactate dehydroge-
nase, LDH) FII ROS 7K~ , FEAIE GSH 7K, I 98] fii 152 o Jd
U251 2 it 11 52 538 A FUASS 78 40 i 394 A% B i K67
Nrf2 ,SLC7A11 .GPX4 & [k, FHE i L e K 2
fiff 3 7 (1435, R EI My i A= . # E B RS
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TR AT AR B Ry, A AT R
B, AR AT 1S3 ROS FI MDA /K-, 42 3 Fe” F1
2 I4#E GSH, T xCT 1 GPX4 13235 , FELIKT Nrf2/HO-
1/GPX4 T & b il ok i T st T, 1 1 30 ) A B 9
HepG2 .MHCCOTH 4 i i38558 A=K 728 TRl 2,
[i5) B 56 F 9 MHCCOTH 21 fitd F% Ay 455 80 (i 0 98 56 E
THEMEAR T X E A AR, AR AT VAT
if il A Bk AR T ik AR, {2 #F 3L IR % MDA-MB-231,
SUM159 4l Jifg 3 T, $1 fil 41 Ji A= 28 A% A% |, 34 ] 41 1l
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MDA-MB-231 fapJ& /N R A= 1, B AIGg 41. 21 K6 7
S, ML SR Nrf2/GPX 4 {5 538 AT K
3.1.4 PEEEY

PGB by AR AR 4 A5 0T 1) SR 52, T A h
5, AT B, DA JIE - v B A S R 8 e T e ik
FAAR N2 52 988 A431 41 P GSH L 1 481k &0 A1 SOD 7k
-, F N2 \HO-1.SLC7A11 1 GPX4 & (1335, T i
Fe” \ROS Fll MDA 7KV Ae s ERAE T, DT 410 1) 410 e 1%
J1 B 7 A o= N1 e = 1 [E e e [ (B I RN = B
HGC-27 4 EAM ] SLCTA11.GPX4,SLC40A1 mRNA
R (TR, 45 vk 5 2 245 45 T T mRNA KPR &
PRk, 22 A IR 5 B vT g 38 o 10 ) Nrf2/HO-1 15 %
T [ NG AN Ak T, X B R R R T
BORE,
3.15 HAbEY

B MR AETE T A G R Y ZE P v () 5 A
FERAY , B ST B, B 8 T Ao R Nrf2/
HO-1/GPXA (5 i 2 5 E AN ERIE TS5 A DGR %
ML, A St 40 B R U251 40 B, S8 e
YEH. H E R R AT & 2T NMRNPIEA Y Z —,
J oz TR AR OC TR oK | 7 i 3R R vT T
4G ROS FIMDA & 5, 41l i Nrf2 #1 GPX4 5 1% 3A
K30 N 235 g 9 FIT-29 Tiif 5957 1 1 4 i ok 5- 60 DR W g
PN 24, AR ASOnT 36 2.9 45,

T2 Z MR o R — B Z R AR TR R
N A E R KRR =), HAE UM e . a2
ZHERER N ROS & & 1l LDH AR Ak , 1 GPX4 %3k,
-5 M 96 A549 4 itd A1 2L IR 9 MDA-MB-231 4 Jifd £5 3
T, NI R FEBTIE AR, D3 Ak 3R B AR % 2 b
RESE NN 595 SKOV3  Hey 41 PN i 51 Ak 25 P93 Ak
41 2 F1 GSH ¢ 5P v- 5 Z Bt A L F2 1 1| mRNA %% 53¢
JKF, #2175 SOD MDA Fll Fe* &, #i R R 3 b IR S &
B AT RE I 55 410 Nrf2/HO-1/xCT/GPX4 15 538 4 K 175 5
PSR AN M ) R BB T, T & HE BT s /R FH
32 HZHIREMW

ERI ST R B, /)N 240 R i i HL1688 4t it 25 31 R
JHE AT R T UG, 4 M G R B AL, A T An R ER
GPX4 Nrf2 | # R 2238 T i Keapl 3k i, [F]
fif ROS % it FIAR B S AL P-4 e 5 7T DL R e A
R A A AR, (2 A A LK B T A
Y TRy T R i | 7 R S SNy L ey 0 i
KL, A A B ER T 14 Keapl & B9F35, T A
Nrf2 FTHO-1 & H 1933k, LA & SLCTA11 .GPX4 mRNA
N B FeIR  FEAIR GSH & i, 32 2 40 B oot 8k 7k
-, 38 R R TR AR B TR =X A R AB49 41 i
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S AR ERA T, SN B H22 BAR A K
LEELHICE T %ER), e HA AT JE
ROV I I LSS Z DB R R B T I Nef2 . GPX4
SLC7TA11 ,SLC3A2 FEERE A2 R E AR RE, LMk
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