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HE . 22 9 0m(AML) 2 —FF ik A% BWAG, ZRAE L2, A %L B fefs 58 5% 60 5
o EF R BT AT e T K R BR AR AE , Z LR T AML PR RSEE
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RAR, 0T AML P Z 35 T 2AE A, i@ i R4 2R BAL B it Ao 20 6 B E 5 3R 12 % v & % 4m LG &
Fodb 1=, SRIL T H T T AR A G ST AML 6937 Rk, A TP Z #7098 7 FTRBHEL L. R, BTt
T/ AML P 69 ARAE AL R A 4, & B RN RIB, o7 200 S8k 58 = % R 5| A B F
B, AR KRBT T ) R4, B, 34k S0 T R IR AT S04 A B T S0 33 iR AML 9 4 5%
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Ferroptosis mechanisms in acute myeloid leukemia: potential
therapeutic targets and novel perspective*

Yang Xin-yi', Yu Ling-yan’, Bian Wen-xia’, Zhang Jun-yu’, Du Jing’

[1.The Second Clinical Medical College, Zhejiang Chinese Medical University, Hangzhou, Zhejiang 310053,
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Laboratory Center, Hangzhou, Zhejiang 310014, China,; 3.Department of Hematology, Lishui Central
Hospital, Lishui, Zhejiang 323000, China]

Abstract: Acute myeloid leukemia (AML) is a hematologic malignancy with a complex pathogenesis
involving the dysregulation of multiple genes and signaling pathways. In recent years, ferroptosis, as a novel form of
regulated cell death, has become a research hotspot. This review summarizes the research progress on ferroptosis in
AML, exploring the mechanisms, regulatory factors, and its role in the onset and progression of AML, while
discussing the potential of ferroptosis as a therapeutic target for AML. Current studies indicate that ferroptosis plays
a pivotal role in AML by modulating pathways such as iron metabolism, oxidative stress, and autophagy, thereby
influencing the survival and death of leukemic cells. The induction of ferroptosis might represent a novel therapeutic
strategy for AML, providing theoretical support for the development of new treatment approaches. However, the

precise role of ferroptosis in AML remains unclear and requires further investigation. Additionally, how to
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effectively induce ferroptosis without damaging normal cells is a critical challenge that must be addressed in future

research. Therefore, in-depth studies on ferroptosis are expected to enhance the understanding of AML pathogenesis

and offer new possibilities for therapeutic interventions.

Keywords: acute myeloid leukemia; ferroptosis; lipid metabolism; reactive oxygen species; iron metabolism

2 i 2 A= i B A2 R A L TE 2 A A )
UL AE T 5 OE R R B ORI R R 5 Y T A % D
FHOG o ARBE T A — i 76 kA0 R e 12 4 i A
o, A BRI LR £ 32 500, 5 4 Fhan i AU & 12
W Y)AEOC AL AL AR AR R IR T
PE SRR IR BT R A A B AC I, DL KR 2R E S
P PR, BRI 2 R BT T .

1 I 975 2 — R UL ) IV R G N T PR O
FEAE 2 R 23 Ak 5 b 20 B ) S AR R T AR OE
L2 B A AR B N I R A R DL Y 2 AR 2
B8 £ A L% (acute myeloid leukemia, AML) , 3%
S — PN R 3 I T/ AH 40 R A o LR AR R
Uy 0 &0y R 1 4 L A N A0 A 0 R A A
733X 26 20 i 68 43 A6 D e Mk i 240 . f8 % 3%
PR BT MR N A R E g AR
GHEAR . PEAFSERGE , KA 24% 1) AML & £ 12
Wr J5 A7 3% 5 48 M DL B, 3R B AML B 05 S8 3 bl o 4
W4 1 38 T A T, 65 2 LB Y R A R BE R 1
0%, I, — B2, B W w2 S R IT
PURER A A o

AT A X AML 9 2 i AL i FTHE ) 36 97 7 T RS
T HEE L AE B IIE YT AMLATE R 2 — TR Y I PR
Pel . LK, AMLIGYT I EZ 5k — H 2R
S PR A AT, SR BTRE I A S 25
) 7+3 J5 %8, B TE 0 T A 6] 4H B R 8 AL R
7 1L 40 P, £ =0 T A Rk (B[R] B 25 5
U S R o N P NN E Y 1B 0 S e R
7 A AML & £ 4 23 o PR 5 /N R i AA 5 RCR
RLAFS S A X BEYR T 7 SRR AR A AR B R 8 4R
AML B  HAH £ 35 50% [ 835 75 R I6I7
A fig A B 28 i, OF 4k 2k Kk S ME VA T AMLY,
I, B AR AML F 95 B8 258 Fl 2 2 238506 T 038 ] 3 1Y
AN R AR .

BRAE TR by — g B % 20 M A8 T3k AR, X 4%
Ao o Lo A R R B TR 1 B W, R SR I R T
BET R IT . AR E IR YT, A AR ST,
BRBE T H 2% R 6 E S 40 AR S R R S A 4

M AE T 5 3, R T A0 A S e A PRI AT B O
DG TR AE I AR Sy — TR X A 4 i A
T2 07 20, BRAE TR 3X 28 1 1L 240 M Ay 32 gk AL 1) T
AE S O SRR A AR AT A R

AR SCLE IR T AML H AR BE T K A 1 4% Bl R %
AL FRAE , I S 45 AML 8RBT T A S HIL ) 19 BF 5
EJR DA KRR [ R BE T 48 AML AT P i R o 3k il
TR 2 A T T LB v e R AR A T S
(1 52 2% A= W) 2 o 1 B, O O R R AN 1R 1 AML
TR IS I K .

AML 2 — Fift iy 7 i P i B 2R 200 S o 004 5
51 AL A I 980 A bR o AR EE IE R AR, AML 2 i
X Bk B o SR R R (R A AT BE 1 A A PN B9
S IR L, A58 AN M 25 K R D RE , B 2 5 B
JEAET=" . AE AML AR, BRAE T4 S — b B 241
M AE T AL B TR B OB AR A
He AN, kit 2 5 9 1 Lok R D BE A oA 1 i,
Bk #on] fE 5| X L8 Y S, 2R 02 2E AML
240 10 B JA T ERIRSES . IR AT SE AML 4 i %) Bk A
S AR L S R A N R 57/ s i R I
AML 4 g P4 i 5 AR08 40T 0oz I8 e B AR 38 45 O 7
A RE AR T AML B9 57 S, O AML YR 7 32 41
TR BT 1) AL g

1 $RETHRIAE RS AML

TERRAE T i vp , G B 20 R JE o 1 i o ad 4
Ty it B S O B i T 458 475 R e o M AR
RASHEMMIET:, X — B LUl HES S
I ik 4R Al B TR 0 A R S B . A AT e ek
5 i BT AR, FR AR B R T A, DA SE B A
KA A2 FR R, LA T R TR R B

Z AN FRE Wi BR (polyunsaturated fatty acid,
PUFA ) J&— 28 %A 21> A 0L FIUUSE B4 i 105 TR , 2 4
I 5% %) HE 2 G 4, R LR R I sl v S AR
JENE . BLAL, PURA 8 2 5 30 15 i Qi 42, it

2 W0 240 JH PN R A SR £ R S e 4 i A AR
A7 AR A o 6 22 R I A 5 T S 5 5 T L B 4
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(Acyl-CoA synthetase long chain family member 4,
ACSLA ) J&— i lig TR Al , T 52 00 PUFA (9 41 Jo i
FoA B G 5R B i ACSLA 3k, W] 75 4% Bk 2
AR T BT, EAIREY,
ACSLA 4y 7 B BRAE T AT AE 23 1 55 AML 40 Jifd i) 1 it
P 300 T TN R R A 4 0 9 B R A R
AT R S P S N AT AR X, A AE 52 AML
0 E JRE O 4 v B Y AR A R

mE A B 3 K B A B A2 (aldehyde
dehydrogenase 3 family member A2, ALDH3A2 ) R
2 i (aldehyde dehydrogenase, ALDH ) %% Ji% i) 1%, 5t ,
TE 56 R G 2 TG0 R AL B 38 rp 4 J B T . W
F W], 7E AML r ALDH3A2 (1) # 35 23 U722 40 i S Ak
W JFOIR S, R R g B AR, I 5 GPX4 1 i P [ 4R
I, B BURRAMRAPE BR AT T, [R] I O B IE R A9
MIIRE™ . DA AT 46 % 3 — 20 BF 58 ALDH3A2 Bk &
BRAL T 50 sl W AR YT J7 23697 AML B4R .

fig Wi TR 45 4 85 1 4 (fatty acid binding protein 4,
FABP4 ) J2 fi 5 1 25 5 8 11 5 e b iy — B3, nl Lo
b 5w i 05 1R 0 B R AR AL S ) BR AT T o AR
A W A I, A A S 2R R () AML 46 i
FABP4 1 22 1K K- THims , 45 e Ao s o i
MG A 5o FABP4 1] DL 3 9 45 g 57 438 1 7Y
28 TG M 52 g AML 48 it 69 A 0T G 3 0 2 5 b
Hb, FABPA 1] LU 3 B W 200 i 73 W6 8 A 1, X 2
3 el S I T N el o i L e U R o o
R

P 1L 200 0 7 ke Sl SR B = %) R R B e
MO T X T PR SR A2 E 1 i o A B R S AR AL
£, 45 o AL W il 1A 3G BE W) O 52 K (peroxisome
proliferator—activated receptor, PPAR ) Ft A (1 &% 5% 3%
{fi o PPAR J& — 5L 3 [ 7 B 5k , PPAR o 1
S Hor — R AL, AT LAAE R 7 R Y 4R R ) S
AR, BT RS T. fE AML P, PPAR o 473
10 7 (0l DO R B 1 i RS A TR R
AT Y 2 35, A2 5 AR 10 2 10 73 ik A ARsS , s/ g 1D
T2 P AR SR, AT 490 8 e 96 40 L 0 A R G B ot
4, PPAR o BT LA 38F AML 40 i 19 4346 A 7=, 40 il
iR ) A o L PPAR o O I A5 ) 9 8 79 451 4 G A
54l ( Chiglitazar Sodium ) 7] DL 30 il AML 20 § /4 4=
OMIE 5, IF 5 S A M T

=
s A2

2 BRIETHREESS AML

Hi T PUFA & £ =, 200 0 5 S50 240 i 45 FEE 5 ) 2%
S % B 1% P & (reactive oxygen species, ROS) HY filf
WX — R BRFR R e B AR, BB BT A T DA
FL 0 W IR s AE Sy A T 5 S BOR T
AL TS, HXF H AR S Al 516 S E 6 H
2L, ROS M A B BR T 4801k 1 1 AR5 D R A
A I R A B SRR TR DA OG . BF SR
F W], ROS TE AML Y95 A e Hh e %5 B 2E/E T, 3%
Wi 5 2 5 68 B T L A W L Bt S Ak B 4R RN R 3
()5 53 g% B HIFE AML 40 i, ROS 7K F- T
e HL= 2R ROS AR il ik 42 R 8, X AR & ROS 1Y
AR A YT AML fY 5 B AR A

4 )2 34k B iR (all-trans retinoic acid, ATRA ) {E
h—2 0 HARSTY 245, AT 755 AML 40 il & AR BRFE T,
it nl Gl o A% N E2 A OC R 2 (NF-E2-related
factor 2, Nrf2) ¥ 1 ROS- H W — 1% i 4 3l % 42 ik
AML 24 1 3 A", e Ab , ATRA 5 PI3K/Akt 171 5 5]
MECEIRIT R EFE S 7T AML A0 Ay 38 T, 30 1
20 Y T, IR I T FMS B B R I 3- N
RS I (FLT3-1TD ) 3K 3y (1 CD34 3 1fil T 4 il /45
20 B A B AR (EAS TR R A S, ATPR 38 AT DL 1
i EBPSO/NCF1 & 4 ¥ {2 #F AML 2 Jfd rf* ROS 1Y
TR,

22 24 705 A6 B IO (mitogen—activated protein
kinase, MAPKs) f & 8 #b 5 5 #H % #
(extracellular signal-regulated kinases, ERKs) | c=Jun
NH2 7K ¥ 38 il ( c—Jun NH2-terminal kinases, JNKs ) Fl
IO PORTE 1 p38 W . 2 5 A A I Y A B O R
HaAE o fk ORI TS LA WERI DNABE . FE AML H1
MAPK i # i 5 5 W0E % WL, AT B8 B RAS \FLT3 |
KIT 45 56 PR A S5 8 005 51 A, 30 e 5 R 1 58 A
o S H O T DU SR AN R R A a4k £ AT
AML ) & 4= o FLT3/ITD %€ 28 5 AML /)R K il J5 A
XK, 2 AR A YT AT aE a2 A AL T BR X 25 AML 41
M b Ah, H AL BB A (Licochalcone A, LCA) Fll
BE 92 105 2 1F (Typhusin, TYP) #5575 H % AML G 97
7% 1, LCA #l ] PI3K 1 MAPK 15 5, TYP i &
ROSFHE | A WE IR AT, i 0 L g -0, G b 4h
FN R T MAPK {5538 B AML AT b iy 2k

GPX4 2 — B ¥t & 1k B , Bl A & e H K
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( Glutathione, GSH ) ¥ Ji Jit &3 45 £k 99 5% A6 > g o e
AT 38 70 ROS BB 1 o 410 il GPX4 1% 4 AT 5] A 48
JitL P9 ROS B 52 R0 40 il 2k A8 T, AML 4 ifd i & 3¢
I GPX4 By ik, X 5 B R B BUG AHOC .
WA W 5T KB, GPX4 J2 Nref2 8 455 AML £ ¢ i 48 5t
Kl 22—, Nef2 3 i 94 95 GPX4, I 5 AML 41 Jitg % 4%
FET- I HTPE, A, B 1) Nef2 1 GPX4 B8R 5 97 7k
Al BEJ& — IR IT AML B W 26 97 3% o AR 4 Bl AT F
5%, RSL3 A 3@ 1 31 41 GPX4 5 41 ] AML 40 g 2 19
BEFEP P Nef2 B 3 a2k 5 T O A4 4G o 4 48 4
T S 1 AML 4 JBE TR

BRAE T B ROS AR i, GSH 2 25 # Z A H .«
Wt 2z B2/ 2 R I Il % ig {& (cystine/glutamate
antiporter, systemX,_~) HI ¥ JBT 28014 53 g L 5 7 BB 11
(SLC7AL1) il 5 4% W FE %5 0T 48 1K 58 T 3 W Bt 2
(SLC3A2) 4 K, 4 it A1 Bt 20 1% 38 3 systemX " #% iz
HENAME A G T A A6 R GSH Y IR ¥, T GSH
SRV B T R ARG O B R AT o e b R T
GSH 1 A 12 4585 40 B i fi S0 fL g D), fi2 i2F ROS
AR P ECERIE T o M0 R Db BE Bk B AT
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Erastin # I\ N R BRBE T2 1A 204 T8, i i £
FPALTHI RS VE ] o A ] systemX ™, 9 /0 40 i v 2 )b
SR W L, 52 M GSH A & B 5 3 AT 33 4R A
(1 [ W I 2 F GPX4 1 B | fie 006 R AT TR
P e AML 40l 2 v, Erastin 0] 75 5 55 540
RA A sE T, Horp A 4R gk st o™, ik 1
T AML 4t f xF £k 97 25 0 i BB M Bl IR T AL
R W5 kB, AE B % 8 1 (high mobility
group box 1 protein, BIHMGBI1 )E Erastin 75 S 19 2 5E
T SR ), G o 94 7Y RAS-JNK/p38 il %
Z 5 ERFE TR IR Y 33X 0] BB KA I TR T Y O
FEZG PR 5

3 BT HHIHRESAML
BAENRH AW P EXLEE, 2 54z

By L% R DNA B . KT SRR s bk
W B, B %A LB IETS . AML BB 1Y I35 4k
F 7K P T, X A Bk B 1 A, X Rk
MR IR S A B T AML % kbt B 522 1K
5 TR A OEB S IR BT X AML B 2% 2, 5 54k
FET & — VA BT SR IT R B, R — P
FHRE .

T I 21 2 0 4 -1 (heme oxygenase 1,
HO-1) J2& Nef2 AR PR L ], F 266 Il 21 3% Jn 4R
it} (HMOX1) 4 5 , 78 4801 3 J 9 95 vh R ¥4 H
TEA AP, 12T 2 (Hemin) #% HO-1 Jil T, S 2 Fe™
BB AR R IE T . AML Y, HO-1 3 B 32 35, 1}
P40 B A7 AL N, A B AR T T 2 0 A ik
R, A WA & B R R RS By W] DL GE S 1S
HMOX1 (19 35 K75 5 B A & 2<% A AML 248 i i)
BRIET-P Z—4 vTie] 1 ( Z-ligustroside, Z-LIG ) J&—
FPOR B SE AL A 1, o] e S 1 Mol & AMLL 20 Jf b i) 4k
T, (HASTE =M, Nef2/HO-1 38 B 1E Z-LIG i
S EYERIE T P s R R R A R T A R
FET, AL BE NG AR SR BT TS, kA, Z-1IG il i
8 ACSLA 7K F- I [m] I5F 410 1 GPX4 B0 1, 1 1
INT R BT A SRR

“AFaRE B9 ER 7 (labile iron pool, LIP) J2& 48§ 4l
JiL P AR 3 B, TR R A A R R
LA, W, ORI N LIP 3R B, T A L 2T
RO o R R A TR T AR L R R Lok A
16 Y& GSH K S DAL /b 2k B 88 J 1 i % 2
PEFRPY . FEBRACH b, k2R a5 2k 2 A Bk
JHCAK SR V5 LIP () /N R0 i P ) Bk A i R R T
12 W7 A0 4k e SRR R R . R R
( Dihydroartemisinin, DHA ) , LA Z B 47t 9 1 FH 1 &)
o 1E DU S 5T, DHA GIE B T A Ry i £
PEFE 1) AML 48 Jf 9 36 97 700 (9 ¥ ), DHA 3 2o 18 3%
AMPK/mTOR/p70S6k 15 53 % , 43 2800 2 2% 25 1 %
fife, Y& IS FRE i Bt £ o 40 i ROS I AR | i
AR IHAML AN ERIE T .

4 HRIETHEAMREIREZS AML
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1) 2 S, /0 e 2 T 1) B8 BB, 5 35040 M P GSHL K-
Rof ALK T A0 JEL P ROS L2888 T, AT i 441 Jifd 5 25 5
RKAEBRIET . FF AML B35, & & Bl p53 & [ %
AR o B 2R T 25 W) %% TR 3 Uk (Eprenetapopt,
APR-246) , il i+ 3 3 p53 28 28 {4 5 5 2 DNA #2437
SR EE A, DT EE BT O LA S s M, B
FEAMAE K BT 1 o AN, APR-246 7F S48 iFF 52
H R O SE T pS3 1A S 40 M A8 T B SR .
BIRSEN M98 & B, (i FHER 2 & 259 R IR PE BT
S8 R0 A B A 48k 0 o R0 T s 20 B 5% T APR-
246 J5 AML 2 it () 5 01 40 JfL FE T, 3 sk 2> 5 g B
A R EREAX, AR TS H5X i
AL THEYE . X R I — B R TR AR T
AML H (I, 3558 98 T APR-246 1E 5 5 41 i
FET- IR YT AT T .

CircKDM4C J& — F 31k RNA 43 F, 7€ AML 1
ELAT g PR L, OF 2 5 08 40 M A A A%
76 AML 40 g, © % B CireKDMA4C A 34 i1 ACSL4
FNER E AL i -2 ( Cyclooxygenase—2, Cox—2) FJ 2 ik , [F]
AF R AIC GPX4 F 8k 2K 111 55 4% 1 (ferritin heavy chain 1,
FTH1) (4 7K 3F o e Ah , CireKDMAC 7] 38 3 765 45 1k
has-let-7b-5p |- ¥ p53 LA/ 5 AML H i 2k 58 7211,
SR UL, X SE AL AR E T AML 4 B BRFE T, R
B CircKDMA4C 7] fE & AML [ ¥ 75 38 7 SR

GPX J& — 41 il , X T HC A0 4= Ak 1 30t 28 9 1k
ARG SRR S i B SC EE B . HL S RRE O K SR DT
Ko TE AML Hr, W %€ 3 8 35 19 GPX-1. GPX-3 .
GPX—4 Fll GPX-7 ik KV Fh 1y o 3% 48 GPX 1Y 2 5+
235 AT 5 ) 4 JRH AE R E R | 200 RO T R 4 i
JAHIE 515 5, U5 B 3198 0 AH OC I, Qn A8 T 48 6
& H % B 1 (death-associated protein kinase 1,
DAPKI . miRNA ( 4l miR202 1 miR-181) Fll §% 5%
F, 40 1.7 v A F (serum response factor, SRF ¥,
SR H AR 75 2 — 25 KL IR 56 1, DL 2 X
L6 GPX 1E i AML i 35 36 97 48 550 F S 45 bR Y
.

AML 1E R — P 5 5 1 0, HL % 9 HIL 1 o5 2
Z A FE R AR Horh 22 SR R A )
Kazal2 %Y (serine peptidase inhibitor, Kazal type 2,
SPINK2) £ 1 fm 32 ik A& 2B A A B i 0l 37 A P s s
Yy, W HUR IR 9T I 250k R A R KU B T . 7E

AML 1, SPINK2 J 5 5t 86 p53 §IU kR A2k 56 T2 A1 5¢
FE PRy 2235, 940 SLCTALT FIRT 2 g 85 T b iz 4 5
3 (STEAP family member 3, STEAP3) , 3 5% Wi ¢ 24 iR
50 0 B 7 6 KT R X Erastin (9 BUREES KR
(1) BIF 95 W] fig 0F — 2 [ B SPINK2 7E AML 4 J7 Ifif 24
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BRACTAE AML A BT 5 o e 2 i 5 OBy o A £33
ST T ERAE T LS AML A G, s T
fie BEBR AL T AR T X — M A E B . X R X
PRI o HIL ) B A 1) R 25 A BT T A e ORI 1)
M7k o T — 2 B BE ISR R R AML 0895 i
2. HHT, AML H 858 T A ST b T 540 B B
s 2 5T 22 (0 PR PRI SMIT 5 oK IE S5 Bk AE T2 X AMIL
240 i 1) 52 0 O B RGP AR A B

5

4

% XX @k

[1] WANG D, TANG L, ZHANG Y J, et al. Regulatory pathways and
drugs associated with ferroptosis in tumors[J]. Cell Death Dis,
2022, 13(6): 544.

NAIR R, SALINAS-ILLARENA A, BALDAUF H M. New

strategies to treat AML: novel insights into AML survival

(2]

pathways and combination therapies[J]. Leukemia, 2021, 35(2):
299-311.
[3] JARAMILLO S, SCHLENK R F. Post-induction treatment for

acute myeloid leukemia: something change?[J]. Curr Oncol Rep,
2021, 23(9): 109.

- 42 -



%3

Ll

FREAY, 45 SRR AU T A ERIE AL . eIy PR AT,

[4]

[3]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

FNEE, A, HLLH . AEA e IR /N B SR LR | BT
MU 7 SI6TT 2 SR 2R R 1Y ROWER [T]. Hh AR
27RR, 2022, 32(16): 74-78.
MOHAMED JIFFRY M Z, KLOSS R, AHMED-KHAN M, et al.
A review of treatment options employed in relapsed/refractory
AML[J]. Hematology, 2023, 28(1): 2196482.
LIU X, ZHONG S X, QIU K J, et al. Targeting NRF2 uncovered
an intrinsic susceptibility of acute myeloid leukemia cells to
ferroptosis[J]. Exp Hematol Oncol, 2023, 12(1): 47.
CUI Z L, FU Y, YANG Z C, et al. Comprehensive analysis of a
ferroptosis pattern and associated prognostic signature in acute
myeloid leukemia[J]. Front Pharmacol, 2022, 13: 866325.
GAO W T, WANG X Y, ZHOU Y, et al. Autophagy, ferroptosis,
pyroptosis, and necroptosis in tumor immunotherapy[J]. Signal
Transduct Target Ther, 2022, 7(1): 196.
BIAN X L, LIU R, MENG Y, et al. Lipid metabolism and
cancer[J]. J Exp Med, 2021, 218(1): €20201606.
TAO W H, SHAN X S, ZHANG J X, et al. Dexmedetomidine
attenuates ferroptosis-mediated renal ischemia/reperfusion injury
and inflammation by inhibiting ACSL4 via 02-AR[J].
Pharmacol, 2022, 13: 782466.
WEI'Y H, LIU W C, WANG R Q, et al. Propionate promotes

Front

ferroptosis and apoptosis through mitophagy and ACSL4-
mediated ferroptosis elicits anti-leukemia immunity[J]. Free
Radic Biol Med, 2024, 213: 36-51.

YUSUF R Z, SAEZ B, SHARDA A, et al. Aldehyde
dehydrogenase 3a2 protects AML cells from oxidative death and
the synthetic lethality of ferroptosis inducers[J]. Blood, 2020,
136(11): 1303-1316.

FAN X E, XU M H, REN Q F, et al. Downregulation of fatty
acid binding protein 4 alleviates lipid peroxidation and oxidative
stress in diabetic

retinopathy by regulating peroxisome

proliferator-activated receptor y -mediated ferroptosis[J].
Bioengineered, 2022, 13(4): 10540-10551.

YANG J, LIU S J, LI Y Z, et al. FABP4 in macrophages
facilitates obesity-associated pancreatic cancer progression via
the NLRP3/IL-1 axis[J]. Cancer Lett, 2023, 575: 216403.

HU P, LI K Q, PENG X X, et al. Nuclear receptor PPARa as a
therapeutic target in diseases associated with lipid metabolism
disorders[J]. Nutrients, 2023, 15(22): 4772.

ZHOU H, JIANG Y L, HUANG Y, et al. Therapeutic inhibition
of PPARa -HIFla -PGK1 signaling targets leukemia stem and
progenitor cells in acute myeloid leukemia[J]. Cancer Lett, 2023,
554:215997.

GERMON Z P, SILLAR J R, MANNAN A, et al. Blockade of
ROS production inhibits oncogenic signaling in acute myeloid
leukemia and amplifies response to precision therapies[J]. Sci
Signal, 2023, 16(778): eabp9586.

LI L, XI HM, LU H, et al. Combination of ethacrynic acid and
ATRA triggers differentiation and/or apoptosis of acute myeloid
leukemia cells through ROS[J]. Anticancer Agents Med Chem,

43

[19]

[20]

[21]

(22]

[23]

[24]

[25]

[26]

[27]

[28]

(29]

(30]

[31]

2024, 24(6): 412-422.

WANG K, OU Z Y, DENG G, et al. The translational landscape
revealed the sequential treatment containing ATRA plus PI3K/
AKT inhibitors as an efficient strategy for AML therapy[J].
Pharmaceutics, 2022, 14(11): 2329.

FENG Y B, NIU R W, CHENG X, et al. ATPR-induced
differentiation and GO/G1 phase arrest in acute promyelocytic
leukemia by repressing EBPS0/NCFI complex to promote the
production of ROS[J]. Toxicol Appl Pharmacol, 2019, 379:
114638.

LI K F, CHEN L G, ZHANG H, et al. High expression of
COMMDY7 is an adverse prognostic factor in acute myeloid
leukemia[J]. Aging (Albany NY), 2021, 13(8): 11988-12006.

LI G H, YAOJ W, LU Z, et al. Simvastatin preferentially targets
FLT3/ITD acute myeloid leukemia by inhibiting MEK/ERK and
p38-MAPK signaling pathways[J]. Drugs R D, 2023, 23(4):
439-451.

LI'Y H, ZHAO M T, LIN Y, et al. Licochalcone A induces
mitochondria-dependent apoptosis and interacts with venetoclax
in acute myeloid leukemia[J]. Eur J Pharmacol, 2024, 968:
176418.

ZHU H Y, HUANG Z X, CHEN G Q, et al. Typhaneoside
prevents acute myeloid leukemia (AML) through suppressing
proliferation  and associated ~ with
autophagy[J]. Biochem Biophys Res Commun, 2019, 516(4):
1265-1271.

I, SE50HEE . GPxA MERRAE T P VR F B 5 8 R DG 1Y
T HE R[], H IR RAFST, 2021, 34(5): 681-684.

KUMADA H, ITOH M, TOHDA S. Effect of ferroptosis
inducers and inhibitors on cell proliferation in acute leukemia[J].
Anticancer Res, 2024, 44(3): 1003-1010.

YU X B, WANG Y, TAN J X, et al. Inhibition of NRF2 enhances

inducing  ferroptosis

the acute myeloid leukemia cell death induced by venetoclax via
the ferroptosis pathway[J]. Cell Death Discov, 2024, 10(1): 35.
ROCHETTE L, DOGON G, RIGAL E, et al. Lipid peroxidation
and iron metabolism: two corner stones in the homeostasis
control of ferroptosis[J]. Int J Mol Sci, 2022, 24(1): 449.

ZHENG Z Y, HONG X Y, HUANG X X, et al. Comprehensive
analysis of ferroptosis-related gene signatures as a potential
therapeutic target for acute myeloid leukemia: a bioinformatics
analysis and experimental verification[J]. Front Oncol, 2022, 12:
930654.

FENG S Y, YUAN Y G, LIN Z H,

hypomethylating agents cooperate with ferroptosis inducers to

et al. Low-dose
enhance ferroptosis by regulating the DNA methylation-
mediated MAGEA6-AMPK-SLC7A11-GPX4 signaling pathway
in acute myeloid leukemia[J]. Exp Hematol Oncol, 2024,
13(1): 19.

DAI C S, CHEN X, LI J B, et al. Transcription factors in
ferroptotic cell death[J]. Cancer Gene Ther, 2020, 27(9):

645-656.



FpIE AR ek

#

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

KRR, MR, Bk . S0 BRES TR YT 1 00U Y e e 1
IBRES A B Bead B AR T[] (I - kR, 2022,
31(7): 441-444.

YE F H, CHAI W W, XIE M, et al. HMGBI regulates erastin-
induced ferroptosis via RAS-JNK/p38 signaling in HL-60/
NRASQ61L cells[J]. Am J Cancer Res, 2019, 9(4): 730-739.
TR, SO . MLV BRAE M 2R R 1 IR 7 T Y
BFFE BRI, IR EE241E R, 2023, 13(3): 3450-3456.
SADEGHI M, FATHI M, GHOLIZADEH NAVASHENAQ J, et
al. The prognostic and therapeutic potential of HO-1 in leukemia
and MDSJJ]. Cell Commun Signal, 2023, 21(1): 57.

LAI X R, SUN Y H, ZHANG X D, et al. Honokiol induces
ferroptosis by upregulating HMOXI1 in acute myeloid leukemia
cells[J]. Front Pharmacol, 2022, 13: 897791.

CHEN Z G, ZHU Q, QI X Y, et al. Dual role of Nrf2/HO-1
pathway against AML
cells[J]. Phytomedicine, 2024, 124: 155288.

SHA W X, HU F, XIY, et al. Mechanism of ferroptosis and its
role in type 2 diabetes mellitus[J]. J Diabetes Res, 2021, 2021:
9999612.

DU J, WANG T T, LI Y C, et al. DHA inhibits proliferation and

induces

in Z-ligustilide-induced ferroptosis

ferroptosis of leukemia cells
dependent degradation of ferritin[J]. Free Radic Biol Med, 2019,
131: 356-369.

ZHAN J H, WANG J S, LIANG Y Q, et al. P53 together with
ferroptosis: a promising strategy leaving cancer cells without

escape[J]. Acta Biochim Biophys Sin (Shanghai), 2024, 56(1):

through autophagy

44

[41]

[42]

[43]

[44]

[45]

A5 AR BN, KRR, LCE, .

1-14.
BIRSEN R, LARRUE C, DECROOCQ J, et al. APR-246
induces early cell death by ferroptosis in acute myeloid
leukemia[J]. Haematologica, 2022, 107(2): 403-416.
DONG L H, HUANG J J, ZU P, et al. CircKDM4C upregulates
P53 by sponging hsa-let-7b-5p to induce ferroptosis in acute
myeloid leukemia[J]. Environ Toxicol, 2021, 36(7): 1288-1302.
WEI J, XIE Q N, LIU X R, et al. Identification the prognostic
value of glutathione peroxidases expression levels in acute
myeloid leukemia[J]. Ann Transl Med, 2020, 8(11): 678.
PITTS H A, CHENG C K, CHEUNG J S, et al. SPINK2 protein
expression is an independent adverse prognostic marker in AML
and is potentially implicated in the regulation of ferroptosis and
immune response[J]. Int J Mol Sci, 2023, 24(11): 9696.
SHEN X H, DONG P Y, KONG J J, et al. Targeted single-cell
RNA sequencing analysis reveals metabolic reprogramming and
the ferroptosis-resistant state in hematologic malignancies[J].
Cell Biochem Funct, 2023, 41(8): 1343-1356.

(R it

AR S L

HYRFET AL . VEAEIRTT ML s SR WL [T]. o AR R 2 TRk,
2025, 35(3): 38-44.
Cite this article as: YANG X Y, YU L Y, BIAN W X, et al.

Ferroptosis mechanisms in acute myeloid leukemia: potential

therapeutic targets and novel perspective[J]. China Journal of
Modern Medicine, 2025, 35(3): 38-44.



