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Abstract

Ferroptosis is a form of iron-dependent regulatory cell death caused by excessive lipid peroxida-
tion, which is closely related to the occurrence and treatment of various types of tumors. However,
ferroptotic injury can trigger inflammation-related immunosuppression in the microenvironment
of malignant tumors, which is conducive to tumor growth. Although some studies have found that
there is an important correlation between mutations in cancer-related genes (such as RAS and
TP53), gene mutations in proteins related to stress response pathways (such as NFE2L2 signaling,
autophagy, and hypoxia) and epithelial-mesenchymal transition and therapeutic responses that
activate ferroptosis. At present, the effect of ferroptosis on tumor biology is not clear, especially
the regulation mechanism, signaling pathway and detectable biomarkers of ferroptosis in diges-
tive tract tumors; therefore, the search for biomarkers to help detect and track ferroptosis is cur-
rently a hot research topic. Studies have shown that cell free ferrous protoporphyrin (FH) is a de-
composition product of ferrous protoporphyrin protein, which has a strong oxidation effect, lead-
ing to the disorder of cell self-regulation function, which is directly related to the degree of cell
carcinogenesis. It has been applied to the detection of cervical cancer, colorectal cancer, urothelial
carcinoma and other aspects, and has become a causal biomarker factor in the process of malig-
nant tumor. This article reviews the mechanism and signaling pathway of ferroptosis and the role
of its tissue marker cell free ferrous protoporphyrin FH in tumorigenesis, and provides new ideas
and methods for the diagnosis and treatment of tumors.
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1. By

BREET. — 1WA T 2012 4, J& — P (1) FE 8 TR =k 18 1 M 41 g SE T (regulated cell death, RCD)
DRI AN 32 428 1] (4 IR o Je A ARV 2 o SR PR B R Pl S 38 R vl il AR I B U IR AR s R, )
CER A o AR MRS AR A TR B R R R e i B 1 (UK system xe-) BRSBTS Bk IS B L 7%
B (AL R M (lactotransferrin) 5 . PYYE IR 42175 U2 BEL IS 41 it Y B SR AL B (U 23 B HE I S Ak 4
fitt GPX4). {HE]H FTZIET- IR 2 P ATE R . [1] FH & — RN M AEYbs S, ST R A Sk
PGPER, BT ELAna A . kiR mIRNA ZEm R g da e k. [2124 B L i g e e
JUS, AR A, W FH FEARE s, A BRI RS FH 3G 2, AR B
oI FH 352 o [3] [413CAEZ0 B B AR VA 99 S 4 P A 0w ARSI, 15 febyge (A P g T 15 2% 1)
FHOG, Iz Z MR 2 a0 Warburg 2058, ROC FULHLHIZEIIR TS . 48R FH nRRSERE TS AL, 45 EHM
e, SSEARIEA FH KSFA FTRER M ERAE T ARk, AT DAME NS B e (0 5 2 W S Gy 7 AR 1)
PEAlARE . B A A Rk R .
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2. ZRIET-5hhiE
21 &%

BRAET A 2012 4F (1 Brent Stockwell 24452 & B, o1 4G 23 15 0 S A An gkt 2 ik 2 AR 22 3k 30 [5]
TEJEAS 7T, BRAETHI5 A HL 7 (1 200 B R O AR i (151 a4 € 5 () 8 5 LA R R T2 /MAR TR T ), BRI H 2 bt
A4 4 U kD BRFAE < [6] & AE TR ASRFAEAIBL b #8A [8]T-18 T (apoptosis) 45 HeAth 52 1 4% iy 48 46 - 77 2
M4 Stockwell ZLFZ ) 4s, BRAET- AL =ANFEA hallmarks: 1) GPX4 [{2i%: 2) B MG, 3) 40
JL LI P 22 AN AT IR TR (PUFAVRE A . OIS 2R AIE R B 2 E VR 4, BoRi AR s b B 2%, 2k
WA AL o

JE oI A R BT AR SR IR TR AR ) — > L BERHE, BRBE TRt DN 2R LB A R 4 ) L
AALBETT, e R ARIXRE I HLEIARRAE B 2 AN R T Hofh  4H B AR T AT SR B (B caspase A5 (140 R
T2, MLKL /™SR 73R 5 (necrosis), gasdermin D /5 F4H 7 T (pyroptosis)) A4 O I FE - 1441 B 4t
T BJa, PIERAET R AL 2 230 H MURR (0 S BEIE (PL) G o BRAE TRy — FhoduRs i) 48 S8 T HL
i, Gk TR A BRI REA Bh Tk B BRI R A . AR, IR FUERIE T AR R A
W2 D SEREIR T R IGVE R IX — D7 T, WFRRN R OGBS T AR . [1] [7]— 58, 2 RheiE A 51
55 B OO E R AT DO AN R AR AE TS . BRI TS5 T UM MR N HIE 7 (B ps3 Al
BAPL) ¥4, X AUESTERAE T A P A f B R SR BBt o [6]10 250 ik IR DA K B0 {5 5 P A S kAt
HERENT IR R AR HERE . R HRPURA RN BT, T A B R (0 R AR DA R R A A
TEPEA(ROS) R, DLACH AR B IRr 8 A, Al — SR i A i 5 5 2y R AE KBRS, Bl s E o,
M R A0 T AE X Se AR m] DU A B A SR a7 1 155 5. [8]

22. %15 P53

TEMR H TP53 A28 WL SR BE R [9] [10]EAE AR T, WO a0 2 Fh T I 4E B R 1 %
SERATETRE, 25 S A AERIET e BEE N . [11] [12] [13] p53 AT bAZ 5%k, H8F A1 M 4E(ROS)
X =F AU, el RIET M AR . Y2 BT CAESE ps3 ml LUl i) SLCTALL i #ik
SRIEERERIET. . SLCTALL j& System x-(PUAMNIK R, 15t EERFIZiEME, System xc-f7G M
il 2= AR SR R, GSH & kb, ARG RE T AR, ToVRamya e i f, A kst
[6] [14] 70t 25 i 2ed gk — B 98 & B, p53-SLCTALL ik vl LLiE T GSH AR 77 skAe it 2k vt
T2. F8 IR FUE LB ALOX12 & p53 MK kAL T2k A 1 R B % (K7, p53 #ifiI] SLCTALL HIKIE G,
Y1 [F) B 2B T ALOX12, V% 29 1 ALOXL2 MIHE S Ak 200 B RS i 1 22 AN RD AR T I te , (56 400 B e A= Sk AE
o Ak, A AW AL, ALOXE3 il L& ALOX12 —FkEME SLCTALL . [15] p53 BEMS 715 iRz
H- i e i SUBE(PHGDH) LA 1) Ser 196 A, VR AT LASEIE GSH & BORIEREERSE T . Ak, p53 ik ftidEd
753 INCRNA PVTL Kik[16] [17]8 B4 G ShiiA Sk izt SLC25A28 SRAE AL : [18] ik K
BHEYESZHE T p53 XTI Tt

SR1M p53 tH T2l UF B 7E F e 35 T A BELIE R BB T (0 R AR o SR AR AT 5E R IR, TE 45 B e 5L p53
Rty H 245 4 DPPA MW 2 SR ZHAE SR A% N, LAEL DPP4 K ASBE 2 48 i 5t 45 & NOX1 (NOX 1] LA 5
{14 i e 40 L 10 i e AU S ) SRAR ERRAE T IR R A o [19] 534, 4 R 5 & (1 p21 42 p53 [ H %
BEIELN . p21 AR EEIA R NADPH Al GSH (172 AR M AL T R A2 o [20]dils, VS 0 R BN
P53 I —ANHrHEIE R iIPLA2S fe s it VI S AL A A PUFA SKRINBIZRIE T . H RIS 2440 5l
BUNAIRHE, p53 g IPLA2S ik, MMk Eat e (H2& Mo S fliEoEd — e W{H, p53 A FREE
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BOE IPLA2S, M AR HEEIET R A . [21)3X — two-phase FIfEFAALLE p53 1+ ROS, AT
SLTIRE IR, B P53 AE N AR AN RIBE ROS. 4 TS5l FE A R BRI RE O B - [22]
XML T p53 1E N4 s34 (quardian of the cell), 7F P /MHIBLRE 54, 4N AL RS K 32 ROIHE, i T
FEARHIEI R, R AR 25 i — BRIBURIZL, AP LIRS, AR R R 2 3 S 8UM8 (1)
AR, p53 NI 23 bR st L4, AT PRAEEAS B

g LRTR, BARAFTEDECAM R SEIR 4518, MARIX AT RS2 (R D S al o 40 o R B AN Rl 9% {H p5s3
TELE R ZHE LT e (e gE A M AR BB T, TR . p53 M FIMERIE 1A S 52 B 2 FPEE L
IBLA TS

2.3 TS5 HIF

R AR 2 2 AR (T ORIV 97 i 24 o R 2 R4 R 7 HIF B — > oxygen-labile ) o 75 (ELHE
HIFla. EPAS1 (3L HIF20)F1 HIF3a) Fl— A4 P (constitutively) Rk 1) g I FE(ARNT)ZH . [23]7E 6k
AT, BAUBERIE S I HIFle Al EPASL BB IF S ARNT TS 54, AT 5 G U S A A
AR IE R P FE 3 . HIFLa fl EPASL 7E 2 Pl i R A )R IESH T, BH SEEHEIGEARA K. [24]
[25]. #ATf, HIF-1o £ CRC HAE 2 4+, fE45 M 10/ BB, HIF-1a ISV A I A 1
TBOR 1 B8 R S I 45 e » [26]AH EL 2 R, HIF-2a X4 T 4R35 95 F4R 9 CRC (4 KAk g 2 X
(27118 bR HIF-200 B0 8 18745 28 P4 40 i R -1 AR A0 IR 7 (1 3R IA SR 75 58 20 B2 R R B . [28]
[29]1H. Rashi Singhal %5 N\l it 452580 52 HIF-200 (355 LR T 45 B 9 (CRC)Z0 B AN/ B 45 g fir g v
MIRR R ER I B, - SBERETIR

/N4 F i 2-methoxyoestradiol (NCT00030095) . BAY 87-2243 (NCT01297530) . PX-478
(NCT00522652)F1 PT2385, #itil HIF {5 5 O 8k £E I PR 1050 Ak S — ] DL g A=< R Sk . [30]
[31] [32]H:rh, ESRKIIfER PT2385 W< TEUM 25 VLM A, (HAE & U4 (RCC) B b PT2385
HRWRAEH . [33] [34]

3. FH 5phiE

WM, MRS T VL R D) RE LA g5 PR 20 AN A B3 5E/ 23 A0 R 15 70 E 5 i
LR ThREAE S, 400 P Vi 25 i 20 R 0 2 S B R i Al 235477, LR DR 2 2T KRR B Ak vh
P (ROS)ITE L, FECEAM M. A5 E B RESE ML R AR A TRE R ML R, X5 AL
KEWERNMAE, MABANMES, BIEEMZ T AMLE AR FH A k5
B R RS SR R T I — DK AE N, SRS T - T2 MM EAER, DL S Ik 2 1)
B S 5] )y, 4EFE A A B A E . 24 HIF-1a. ROS. VEGF ik it £ —#hs g 4 5 (Hydrophilic
fatty molecules)idt A2 75 V2% S5 Bk A 18 7K A% P HR AR EE | Hiss Lys Biras B fer, {8 EATA RS FH N
RS BE R LR 5], (R FH 7E4R AR (b B ss . FH @ 5 B 1A B 45 & DB BUR AL 28 30T 41
B RPAT IR LA BT RE . IF USRI, S0 AR 200 B b Fr SR S S A AR PTG 50 ROS V5 1, B4t
AR E &, R B K R B R I FH OBEBOCNIR S FH.

FH AT EAZ 5 Fenton [ LAF= A2 H B  HO» o ZRRIARRE & 5 A 20 5) 320 B 2 58 H tHBE(HO » )5¢
Wi, 25 BV PE DT AR A e (AP B o [35] HO < HAT A i R Ak 308 TR 25 #4 [36] H 76 25 R 5 K 7
B SR RIER, ST b Py BRI F () TPk SR I AR (e S B HO - XMLy, IRt 32 3
AT AR, 675 FH 3E—0 . [37]Mid &R FH T 02 3 U SO i Jod i S8k (i e 0 i L
BRI, SERBRG R4 SENRIET BE T Kk, N FH R EE S R F AR FE R S DI AR 2% . [38]
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FH 2B e Az ik R mp o= A 10 DR SRR AR A G R 7o Tt I R AR R e I AR R, TSN, A e
e, FHIRIEE M. [39]

4. BRI\ P53 5 FH IEMB A X HREEIER

P53 JE K BE Sk, AN IRTEXTPIR BRI 4 H SRS IS R, RGN B R R L,
5 1) S L) o e I DR 5 {of i A M 2 AR R T SR LR RE R JE 17 AR AR T 2 22 R A S50 7w 40 i
W tHif, ZRRiARAR /N JBES EENG S SRR D B e RRAR MR . HBE TR AR I N4 A
LR RLAARAR 7N J K2 I35 P 38 vy o A 0 2 R A RN T P AU (ROS) SR 4 , 22 4 L vi% 4k B 1 I8 (mitogen-activated
protein kinase, MAPK) R4 1305, RN PrA Mk R, FRRMEER B s bt H koK-F
. 5 FH T HLEEER O RER . RIS N, B> . ROS HIBIE S5 m VI & . 4N A Faii s
FATHI, P53 /T A MR SO SR PE T R A AR, X FH ZEAH M [ AR Y S A (5 m ] AS
FIMEW) A . Kanta Kawai 55 N JE T 15 M2 S RE BUS I AL o, i AR S 58401, [40] FH &
2T AR 8 A=Y, 20 2@t Cys275 Al Cys277 Ei% 5 PS3 M EAE M. Shen 28 N KI5 £ 9,
ML P53 4, KT P53 BRI FE . Wkl P53 fsii Jr S N g5l it Rk A= . [4114HME
Wt o) 435 L e - O A R EAL, O Ak S X 45 L P R A R AR E A (T 9

5. RS RE

P53 A& — M T IZ MR AT RERIANRE FE DK, p53 B T LAIE ik 18 75 e £ Qi 20 i 00 ot ey, i ] LA
T AR A R R AR R AR T T A R R . p53 BT IR AE TR SR Gt L GPX4 Sy L IR AE TR A
BEA DX XA B R B — A Bk T R Al B . 45 ) 75 AR i A2 . iR p53/SLC7AL1/ALOX12 Al
P53/iPLA2S W 25 IB B S AN T GPX4 Fil ACSL4. X 3R BIX ) 45 M % 2 45 3 T Stockwell $2 H Bk FET:
SR, fRRE —REHMBICT N FH IR R AR I R b = 2 R MR bR B R 7. FH
Fe A S R ER 1 R 23, = — Tl IR T A B R bR S o CE 2 M 1 AR T R TR L FH
CE B, RS ESIMESFEE R IEM IS . FH 2 ML RAW R % /=Y, i &iEid Cys275 f
Cys277 H#%&5 P53 AHELAEM . Shen 25 NIUATFERM, MLEKE P53 456G, KT P53 ERHIAFEE .
Kanta Kawai 25 N3 TIG P 2OGIRE IUE BT AL oR, RS IAL R 2 5HRAET: . [40]1BEA 4 KiX —Sids
(BT FURE R, RINAE pb3 ZEPRN T IR AR RAR I E R T, FH B AR S8BT AT REA R . XA HEY FH
ARSI %o 7 SRR 07 A A SR AR UEHE o DRI, HEDUDRS FEE 2 2 4 P A % FL AR m i il e =y s 2 205
WA T FH Y& 8 Eon, B8R FH R IE TIOIRAE . MK, BRAEmiE, A BAE LT,
TP RATEIF LI RN A FH R I A 1 — 25 55 25 e L0 B R 1 R K e R 7, i — AR AU
BRI, A 0 A R R B [ Y T SR AR 1 T vk

&E 3k
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