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Fig. 1 Effect of metabolic reprogramming of substances in tumor cells on ferroptosis

E1  BhEEdpe R RS E SRS TR0
() BEARHDEERIET ROSEm : MIATHE M i AR . —RIRIEIE . A BRI L RBEINR DR 2 S IR R ik FE T, GLUT: Hi%jh
s TCA: —JRM; OXPHOS: HAfk#ifaft; PPP: BEMRIHHELS; NADPH: JHMEERZNRIERS RO MRBERZ; ROS: WHTE%E; CoQ:
ALRIRFQ; FSPL: BAET I M1; CoQH,: MJFAVEIEFQ; Trx-S,: FLABAEILET; TrxR: B HE A ; Trx-(SH),: if
R AR, GSSG: FALBMA M H Ik 6kt ; GR: SMHIGAFEE; GSH: WFEBMANHIK; BH,: —SU/EWEENY; DHFR:
AR ; BH,: AR, (b) SR TR0 RS Qi S S T B R AN AR I R Y A Ak . SRR I
P 1) R4 FH R o 7 SROTRAS M AN R I R B K SE AR BT, LKB1: JHF#AFBL; AMPK: R SABERR S (I4EE; ACC: ZHt
SiEEARR LAY ; PUFA: ZARIFIIEWIAR; AA: A DUGER; AdA: B FIRERER; AA-CoA: B4 VUAER-HEEA; AdA-CoA: B [IRER-
A, PL: Wi POR: (0 ZEpaSOR Lk i ; ALOXs: JRE A ; MUFA: HUREAIAGIIIR; ACSL3: HRELAHAG K3,
() SEIEMACEXTZRIET- Mg m . EILRICI 2 SR . AR M E WA ST, System Xe : MATR/A R RTLE &
4t; SLCIAS: WIRIREKIE IR G1S; SLC38AL: WA IRAMALKIE3SMII1; o-KG: o=/, (d) BITERRACHXTERIET /s m . Zirmk
W ESE A TR G BERIRRERIET. . GPX4: M H Ik AL i4; PLOOH: it UfbBENE; PL-OH: i fbmli et n B e e ;
RNR: AT HRIE R ; NTPs: MAZT IR —Wife; dNTPs: LB IE =R, (o) SR BRIET RS BRorXill 3= 2o i gk
W, BRI BRAEAE . BROMIES IR AR AR TS . FPN: #RH%IE 8 M Hepe: #KIHE; TF: H4kE M TFRL: HEEAZIKL;
STEAP3: HiFIAR/NEEHE E I HUE3; DMTL: i &Jmikia®EM1; LIP: AFEdot; Hmoxl: MELZEAAE; HSF1: PRl N1
1; PROM2: &L T-ZHMIHT)ECDI334CHET; ABCB7: ATPZSG &B7; Heme: II£03; MFRN: ZORiAZET; FLVCRIb: ZORA L
SRR FECEIZ KL Fe-S: BRI,

1.1 BRI T fatty acid, PUFA) ' . PUFA % #f I§ & & WM

TEAEF A0Mrh, S A, EoekAE (lipoxygenase, ALOX) %k, J& it AL wENg
PR, AN ENG . BEJS, NERPRIEAZKIIR,  (PLOOH). #5 4l PLOOH 2k il K T ER i,
25k ZRIRIEIS (tricarboxylic acid cycle, TCA fif BTN A AERIET " I g N & R
W) B, Haf A r- g s KRErEEAY R, UTEET)L%B?%EFE‘J!E%%IEO {7
g AR R 2 AN ARG TR (polyunsaturated [ B 4% (pentose phosphate pathway, PPP) T #%
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HEAZOE LA LRI b 83 4H 35 BR A9 DNA 5 B, 172 72
A BRI i R T e R R RS A TR W TR
(nicotinamide adenine dinucleotide phosphate,
NADPH) J&—FhE 2L )55 7. NADPH it 2
5 b J5 R4 BE HOBK (glutathione, GSH) A9 4
AL AR (thioredoxin, Trx) FYHHA: P,
i J R B OBE Q MY AR LN L U A R W R
(tetrahydrobiopterin, BH,) Ay 5 4" | = /4
H,0, " SE A AL R, IR A N A AL e
JRAEE . e, b T HRPUEA IS, R gE i rh
PPP Lt 1FE & 40 At B 5 BR o

AN, TR AR D, A R R A Y AR
JE IR AR P i B M2 — A% 7R (nicotinamide adenine
dinucleotide, NADH) H1# % i B2 0% — 4% 17 IR
(flavine adenine dinucleotide, FADH,) &% i £k
& % fk #E BR 1k (oxidative phosphorylation,
OXPHOS) &&= ATP IHERE, [R] A £ bl %5
KEMROS (A14FH,0,. 0,7, HO « %) j=i4
RREME AT, AT R, E 40 &
AR E AR, R G OB 32, LA
T RE I A YA TR R R S L,
H1 98 40 At v OXPHOS T Mg i, i N ROS
N UEAF AR, DAAERFIE & AR RS, FRAK
YR BRIE T U E
1.2 BERAEFIgRIE T

T A AR 2 BEL, A X sy e 4 e Ak 1
B Z RS, T ER AR A AR &
B T R A AR A, R A S R Ak T
15 R A S0 R 25 19 (adenine monophosphate
activated protein kinase, AMPK) LI 3 f= 4 ATP
B A O I 410 6 T FE ATP B9 RAC I, DA 42
% ATP/ADP L] Voo i ALY AMPK ik m] R AL A1)
il L TEHI T A B2 1B 1 (acetyl-CoA carboxylase 1,
ACC1) FIACC2, M £k 3E T U Y i 17 R
A, SRR AL, TR AR R Y
NADPH, FERERFET-HUSPE . AMPK 19 L3¢
WM B1 (liver kinase B1, LKB1) AJ#5% AMPK 1
IR AL, i PUFA -G8, DI ] ok 4t &
AERRBET Y T3k, MR A L e A BN TR A
2 (monounsaturated fatty acid, MUFA) 7] LAfig
L4 T A 5 R 3 (acyl coenzyme a synthetase long
chain family member 3, ACSL3) A& 1Y 77 =L &
i BRI Hh PUFA,  BEWTAE BT ROS 7E B | 7R
R, FBEIEIET- UM

1.3 =ERMAHMNEKIET

TEBAESMET, IR anials 1 LOBERE R E R
B A A OB AR o X, O A
(glutamine, GIn) 1F& ATP A= it 5k 2, Ginif
VR REAR R 1B 5 (SLC1AS) 1 SLC38A1
Mz E Az AN, TEA &N K
(glutaminase, GLS) ML T4 WA IR, I
it — ZR 5 A B NADPH 22 A Rk A B
AN ML 2R AR T, TE A A TR B R £ R B A T
(glutamate oxaloacetate transaminase, GOT) FIAZ
2 i &0 1 (glutamate dehydrogenase 1, GLUDI)
B AL T ¥4k o o B 8, —BR  (alpha-ketoglutaric
acid, o-KG), AERpAHAREAYA AL, (H RIS
PEREE i ROS Y77 A4, 4l b T v S AL 3 B
24 GSH O Z4H R+ R bR . B
B H K WG 4 (GPX4) TDKE GSH#AL M &
LRI B H K (glutathione disulfide, GSSG), I
¥ B AT 240 A 75 1k 19 PLOOH 3 5L Ay AH B A i 2
(PL-OH)., GSH-GPX4 iy#i A b IagsZ =it
ARSI 2 A Y GSH A R EAR
bR, AN D 2R e S EREE A T2
MBI B R R/ BIR S 18 240 (System Xc™, Y
SLC7A11), LRI : 1A HeBPR 40 i N Gin fUH2E
A RS RIS, RIS AMSMOER 2
5 GSHA R, LAY Mg 20 16 9 ) S Ak i R A
FRAC AN MR O T fER M > S TR AE T, ik
T AR A h Y SLCTALL S 383K, W] Gin B 70 it i
P EJH AR SEAR N A 2408, DARIIERE K G Ha
MusME R HT5 B GSH P72
14 ZHEBARSMNKET

AR KB g, AR RiL i i
(ribonucleotide reductase, RNR) B A% ¥it%Z H iR =
#ifZ (ribonucleotide triphosphates, NTPs) #%1kk
A 48 B B B 1Y R — % 2 (deoxyribonucleotide
triphosphates, dNTPs), %Ak ) i i GSH B Trx
PRALAY IR Y R SE R . IE A, p53-p21
OS2z T ARG, RNR (R E
ARGV Z 2, DORAEA M () GSH, 4 RF
UM Y AR AR 0 AR AR, T
TRIUEA 782 (9 ANTPs HI T4 i 458, RNR 975 4
HhoE, GSHIL Trx BEIHFE, ANMEAYERIE T REUR
5 B0 Sy Ak, JIE] GPX4 AT 5 R R 20 A Hp g e
AW BB R ) N2 38 Y I 2 -L- R A R 1Y
POEFE, [FIEREE R AR R . 7R R IR
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T, Wl = = FL W R B A B (dihydroorotate
dehydrogenase, DHODH) ] i iif #1 il GPX4 >k 4
R AR T - R B
1.5 SkHiEFIskIET

BoR R B AR A B, R K
SRR OCHEES 5 . BT 40 L R 2
M5y R HE RS, Wy A TR, PRI R R SR
[ U P A N [ A A A SR e b R O |
H,0,, =4 R HROS, T LAIX F gk 4 it o £ i
SR A 7y A RAE T P

IEF AR, 2 LR I S T ok BT AR
Bk HZAK 1 (transferrin receptor 1, TFR1) 4}
FIHNEERR S ESEA (transferrin, TF) 45
G A, WS, Pplitis B mA T,
Had e )m e &A1 (divalent metal
transportl, DMT1) %%z S 40 i b >, Bk
(ferritin, FE) /& FERBRGEAEN, 77T 41
g S B S SN 1 /R T P 2 o A N el
(mitoferrin, MFRN) #{45% AZeRifl, HT& pii
ARBEMAEE A (Fe-S) ', REkFizHE A
(ferroportin, FPN, LK SLC40A1) & HAIMiFL3)
Vb -SRI, BRI R
(hepcidin, Hepc) 75 FPN #H H./f H ¢ # FPN A9
VBRI RIREAR , Dl Db 2

TEME A, S TR 2k, dflsshy
INEk By W BRI, DA, DT S B0 E 4
MR R A T 2R, [ An R 5 kA
BT WERGX A R IR F A3 H . B
Je, I A e b TR A B TRR T & 3 m >,
Howk, ¥z RILE G R F 4 (nuclear receptor
coactivator 4, NCOA4) ¥ FE 4 8 A ik, i@
i [ WA R AR K AR RS FE th Rk, (o
YRR T, DATITRG N R A X R AE T Y
BUSME . BRJE, B H  FPNZE Z B i rh
TR, FPN A G K e A i v LR, Bk
> B BRI A R A R AT,
T 40 b B 3 i T 40 T )R CD133 A G
(prominin2, PROM2) 43 FE S HA# A7 Y 43 i
ANIMARTTE S M, WA R T, DAREIG
S AR R T U 2

2 FBEPBRREE SR T IETINE

2.1 BEEREHE SR TR T S
S e A S o MR I AR R R, (3

VFZ 2R e 20 MK TH 5 22 TCA F OXPHOS R i
JEREET K . BRI, SR ROS A ol i W 1% fige A
PPP &A%, i = ROS /" 4= i) OXPHOS /KF-, ]
5 T R M e AR R AT . — R Fe? g K ks
£ ZE 1 si-GAPDH 3 i i f5t (14) Fe" 48 [ JiJe 4 i fih
K AMADIET; RIS, si-GAPDH HE ] R i H i %
3- W MR Wi A B (glyceraldehyde-3-phosphate
dehydrogenase, GAPDH) HyZeik, il B% i
7, T fe A LAY 5 Fe™ i 5 1Y Bk 3t
T2 ), BFET1H 57 Erastin 2 RSL3 n] AEiE 3 74
W T fife o A b ) = AP OCHERE (48 OB 1
(hexokinase II, HK II) . #F 2 H W 3
(phosphofructokinase platelet, PFKP) 175 i iz #4
fiff M2 (pyruvate kinase M2, PKM2) ), FEAKAFIE
2 U6 I A M L DT 75 S i RE A L & AR Bk AT
To e BIR BRI — PR A8 TANK 455 3 1
(TANK binding kinase 1, TBK1) ##l5], wf B
B IR A0 TBK AYTG M, (€ JE20 40 fE A% A 7 E2
A F (nuclear factor erythroid 2-related factor 2,
Nrf2) FE % HE-6- W2 I S M A, 30| PPP ik
7, $i R A s R hr AR e R iR IE T 1 A
TR

Ak, B I B AN g Y A AR 2 B AR
(lysine-specific demethylase 5C, KDMS5C) Z&7F4:
FEOBE R AR LA, NADPH #1 GSH 19 & = T o
T S50 U0 1 5510 GPT U] ] 34 i KDMSC 58745 4 i
XPERBCT -5 T 0 A AR % o BRI A O T 9
F  (TP53-induced glycolysis and apoptosis
regulator, TIGAR) J&p53 B9 RiiFEA, Hoim ok
2 0 AR QT DB IR R A2 R 59 22 PPP IR AR, 3 m
NADPH Fl GSH, I /> 4 iy /h ROS % i . i fik
TIGAR A Ft & i 4 s v ROS ik I8k, ikl
TIGAR i W] 38 1 AMPK 4t (¥ 75 230 i SCD1 3%
ik, Ak 4R A LR R AR
2.2 BrERKEHESRIETIETIE

B ) g A SRR A T YR IR 32 R
PR F Y T BN RIS . SRR A, 2
I PUFA FY4 1. i MUFA (945 iS5k A2 2F 4K 58
T, HREM, CHMFRXMEEEHEA
(hepatitis B X-interacting protein, HBXIP) 1£ fifJ&
i3k, HBXIP AJ 58 S WEA4H T A 221
fitf (stearoyl-CoA desaturase 1, SCD) J&shF454&
JEUG AL S0 Ve, Al HBXIP /] LA 3% MDA
(177 4 F GSH I AE, ek RPLFEJE A S ERFE
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T SRR MR PR R B T 2A
(recombinant cyclin dependent kinase inhibitor 2A,
CDNK2A) 1K 22 AN F1 I 07 12 o 557 23 BC 3 A ik
1, CDNK2A 55 200 i 2 91 4 3 v g i oo 4 A
N5 S R 4 M Bk T

F R (oleanolic acid, OA) il 2 15 g
Bt 4 B A & B 4 (acyl-CoA synthetase 4,
ACSL4) ik, feik PUFABRILABENS, A5 E
BRI ERIE T ™ BRI 15 A B B8R K %
4738511 (SLC4TAL) JERJR 4] THRTERIL T
BN 2, PIHI SLCATAL R BLTE ACSL4-f B
O- Mk & %% F% [ 1 (sterol O-acyltransferase 1,
SOAT1) E %, 3 PUFA JIF [ B s 76 41 g K f
R, (EHEERIET 355 T 71 RSL3 5X Erastin i75 7 A8k
BETZ. Jsh, BN OR A B ad S A A
BE W) 0% 52 1K o (peroxisome proliferator-activated
receptor a, PPARa) n] L3 SLC47A1 YRk, i
ik SLCATAL 1] [FA% PPARa 25 41l X 2K AE T 1)
ffE M, PPARG AT SLCATATL Bk 259 m] 34 i 20 Aty
BRIET- 5 0 I BURE = TR TR A Ay ik
FEIE SLCATAT HHIFR] , Hnl 5 At 75 557 B )
PEFEIRE Ak sE T 2

ISR AT e A= AR LI T R R R 52 1K 1
(hydroxy-carboxylic acid receptor 1, HCARI1) /i
R IR iz 5 H 1 (monocarborxylat transporter 1,
MCT1) -[& B 5 A48 1 (sterol regulatory
element-binding protein 1, SREBP1) -SCD1 #ln] |-
VA MR 40 B b B9 MUFA, #1006 B 40 8 g
(hepatocellular carcinoma, HCC) H [ ig Jit i3 %8
b, 4 HCC 4iififi f¥ Erastin 5{ RSL3 ZKIET- 15 S
JE 1 R RYA7E, MCT1 M 5) AZD3965 i1 RSL3 Bk
SAEFHCC NN, wR SRS Ak, FA A
KB GE T M R IR BE UL BE 3B AE
(phosphoinositide 3-kinase, PI3K) -AKT-mTOR if
PRI ALIE . U AT A R R Y o S L
(sterol regulatory element-binding protein 1,
SREBP1) f£if MUFA 7=, $HIERIET: > 55
Hb, ARG s Rk IR IG I S R A T
(Nodal) ZFAC AT B AR A Z—, "I
i Smad2/3 M, -8 SCD1#55%, /5 MUFA
P M AT, O b Jg 200 B A0 £ 7375 R 7%
BRI Nodal W] 3755 gg 40 i & A= 2k AE T 77
23 HERERAEHESHRIETIRT IS

R A T Bl A ] GPX4 1 AR g 2k

T, K, 299l A GPX4 A TE M, 5%
P e AR . Gln %32 LR % GSH DL i
GPX4 H A, HRAMII ROSTR, 175 S/
YR K AR RRAE T B A MR A A e TR A4S D it
1C3 (aldo-keto reductase family 1 member C3,
AKRIC3) ik, mifik AKRIC3 A 33 YAP i 57
/b, S SLCTAL (TG T, Fe i S b 4n
Mo & HERRAE TS 2 W B S I F 4 (activating
transcription factor 4, ATF4) n]jil#% SLC7A11 %
S 10 S Nrf2 s il Keap 1 7] 8 SLC7A11,
XL G T A0 B R FE T AR BT . Nrf2 i 7]
i i 0 ] FOCAD-FAK {5 515 5, ol 3t 4k ki 4
TCA U MEKAR ETC AW TITEM:, AR 240
JL T2 IOk 20 1R ) 25 75 S R AR T R BB M . N2 41
il ¥ (brusatol) i i i 1% FOCAD-FAK {55, 1%
SER Ji IR £ X6 A BE T B BB L o 3
BRCAI1 #&# FH1 1 (BRCAl-associated protein 1,
BAP1) 3392 E 4k SLC247 KM 5 3 1 X 3 40
B HILIA, $HISLCTALL ik, BREIE AR
PRI, HARRERIET A RRURE 7 pS3 IR i (R iz
FBF S5 M BKEE 7 (ubiquitin specific peptidase 7,
USP7) M50, Bk SLC2A7 41 11 H2B [y
&4, A HUBZ Rk, #f] SLCTALL
Fik

GInfRHmHIF (CB-839) 4 ML)y 25 HyHk
FH, ATHE = R A AR AE T A U, S — ]
PEZLIE (TNBC) MyRYT AR . i 3K miR-
137 AT # il SLC1AS, Uik 2> Gln () £ BCFn P9 — i
(malondialdehyde, MDA) [HFLZ, Hii%k GPX4
PE, M o-KG WIE L, ATk se T 1 & A .
PR miR-137 2 3% W] 3 8 €5 2293 4 LX) Erastin
FIRSL3 i F RS T BURAE 0 J34b, @iy
T Gln V¢ 5 sl 4 1] Gin AR 35 DL 30 1 b 2202 1F A 40
JifL, AT 40 P ROS B FR 20K i A AL 7
B, AR AEAET
24 BEZEFBRRIEHE SR TIETIE

BAFIR ST R, RNR AL A4 B A R B A%
HIRA R I 75 5t GSH BB 480 8 1 3 ki 8
Ji 244 B ok S8 LA AR ER o 30 pS3 nT il RNR I
PR, PAAF A0 BE  GSH & &, I BRSET- 1Y &
A2 R - AT BAEERE 1 (uridine-cytidine kinase
like-1, UCKL1) J&Z 5WENES ikt , 2
JE R eI, I UCKL 7R i) KK 42 5 GPX4 il
70 B AR . 34 DHODH 25 11t ] {1 #F GPX4
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ks S T . Wk, DHODH "' &
UCKL1 "7 #1155 GPX4 4l 37 BE-4 i A F) T
7S R A Ak AE T
2.5 ERESKRIEHE ST TIE T INE

TERRWG IO TS, 3T AR D4 0 G R R B 1) 6
7 P E AR A R, BRI R B 11 STEAP3
WIE R AR, SRJ5 il & S50 s w7~ - OH A
M, IEFEIET 2 AR AT R TR Ak,
WNFFEERRER R, Wi S RRAET Y 1 R IK FPN fifi
BLEANES R € el i U7 NN 1 IE T ok 7 e
1117 f AER FPN JE PRI D) AT it 8K Erastin 75 5 i) # 22 B 41
JiLJeE AR A RBET o ol FH P 7 95 2 ol S Ry e Bk
AT IS, WK FPN 2 ik, ¢ ok 40 i &
T e,

PSRRI, A0k 1 e ok R
& um e R gk & . P55 &K, PTEN
7% S0 1 (PTEN induced kinase 1, PINK1) -E3
P EE SR (Parkin, PARK2) #42A] i i {2
HE SLC25A37 Fll SLC25A28 11 5 fift eyl /b 28 i A Py
MERER R, B4 AR EEL 77 Imer & Y
Aferin A 7| BAY 11-7085 ' ] 3@ 35 I i Hmox1
Fik, (R 2 LT R AR Ferr, B AR
ERR, MIMfEEEAET .

TESAEAF T, 5 BRI AR A 7 8 2 1T LA
W AR FE, FoA T 2l Wk (Fe*), 7
TN N RS, (e 4 Xk T T o AR e
Nrf2 i il 3 NCOA4 K3, SEORE R4k
EAWSEER AT, (EUEIRERIET -, B A
B, H WA CE H (autophagy-related protein,
ATG) 5 NCOA4 3t T A Wik, i NCOA4
NS FEAFNE, Y5 Fe? Fl FeX -4, R4
BREAE U, i NCOA4 BB = n] #4h FE B 75 W
AT b FEZKF, (240 O 41K BT Erastin i 51
BAET

TERRSME T, PROM23E 13K 5 & A FE (0 £
HARFSNBARSMEA IR, BERERAET kA,
S B A BT 2 . AR T SR T 1 (heat
shock transcription factor 1, HSF1) #J [ PROM2
IR . BRAET 550 FHSF 1M1 564 ] (il 4%
BET T 25 4 T B X AT T 2 M Uk
2.6 HiyFxiF ST AT INE

GREST LG ) CDS'T 41 AT B i TFN-y, 410
il febed 40 B SLCTALL B335, I IR 45 HR
N7 S g MM R AE T L i o e P2 A6 o5 B

W P 247 1 88 A8 0 P e o a7 vk AN UK
I TR b 2 R 4 it 1 5 PD-L1 S 5897 3L U IRy
J7, FISESR R AR

WOTT 3 AR AR B ROS ] S804 9143 T 4R
b, Wi SERAET, IRk T 15571 RSL3
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Abstract There are huge differences between tumor cells and normal cells in material metabolism, and tumor
cells mainly show increased anabolism, decreased catabolism, and imbalance in substance metabolism. These
differences provide the necessary material basis for the growth and reproduction of tumor cells, and also provide
important targets for the treatment of tumors. Ferroptosis is an iron-dependent form of cell death characterized by
an imbalance of iron-dependent lipid peroxidation and lipid membrane antioxidant systems in cells, resulting in
excessive accumulation of lipid peroxide, causing damage to lipid membrane structure and loss of function, and

ultimately cell death. The regulation of ferroptosis involves a variety of metabolic pathways, including glucose
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metabolism, lipid metabolism, amino acid metabolism, nucleotide metabolism and iron metabolism. In order for
tumor cells to grow rapidly, their metabolic needs are more vigorous than those of normal cells. Tumor cells are
metabolically reprogrammed to meet their rapidly proliferating material and energy needs. Metabolic
reprogramming is mainly manifested in glycolysis and enhancement of pentose phosphate pathway, enhanced
glutamine metabolism, increased nucleic acid synthesis, and iron metabolism tends to retain more intracellular
iron. Metabolic reprogramming is accompanied by the production of reactive oxygen species and the activation of
the antioxidant system. The state of high oxidative stress makes tumor cells more susceptible to redox imbalances,
causing intracellular lipid peroxidation, which ultimately leads to ferroptosis. Therefore, in-depth study of the
molecular mechanism and metabolic basis of ferroptosis is conducive to the development of new therapies to
induce ferroptosis in cancer treatment. Ferroptosis, as a regulated form of cell death, can induce ferroptosis in
tumor cells by pharmacologically or genetically targeting the metabolism of substances in tumor cells, which has
great potential value in tumor treatment. This article summarizes the effects of cellular metabolism on ferroptosis

in order to find new targets for tumor treatment and provide new ideas for clinical treatment.
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