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Abstract Ferroptosis is a newly discovered form of PCD (programmed cell death), which is the link be-
tween metabolism, redox biology and human health. It is characterized by lethal accumulation of lipid ROS (reac-
tive oxygen species) and is iron-dependent. Ferroptosis is different from several other traditional cell death forms,
such as necrosis, apoptosis and autophagy in morphological, biochemical and genetic mechanisms. Ferroptosis was
initially found in tumor cells. However, with the deepening of the study of ferroptosis, it has been found that ferrop-
tosis is also closely related to hematological diseases in recent years, such as leukemia, lymphoma, MM (multiple
myeloma), MDS (myelodysplastic syndromes) and anaemia diseases. This paper reviews the research progress on
the mechanism of ferroptosis and its role in hematological diseases, so as to provide new theoretical basis and strat-
egies for the diagnosis and treatment of clinical hematological diseases.
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S A T O AN B A s B LR T R R . BRI
(ferroptosis)E A A5 i ik S AL Wi AR S 80 —Fh
BAAMREAET 7, IE W AL B B TR,
ORI IET S5 M. 1P, OIE . AR
R L RGN IR A B B S, B i AT 4
RETR, P E MR RGN A B R R AL
W ERR R T R AL B A I R SR
R FEE R, A LB 2 YR R AT e R A L

1 ERFETRIBLIA

BRFE T & — M el 4 L N IS o e A ) e B
7 P4 (reactive oxygen species, ROS)F2E ik 5 [%
il ST R, T B DA B S PR R T O S R R
TEFRE P 4 O FE T (programmed cell death, PCD)
J7 e AN N U AR R R, R R
TZ5, M BAREOEIED . FAE 20142
i, A EF R A RIS, BUA RIS 2
REFRAERPIZE TTHMBET: . 20034, BF 58K M

R IR 5 ErastinfE AR RL) ik & P RSL3 Al
RSL5M. 20124F, DIXONZEH g Y IE U H “BRaET
FOME S, XA —Fh B gn st 25 kg
AW T SRS TR, Z— &5
AR SR (4 o RAE T I 3 BN B S S A A A
A FE A P 1D 2 A A 5 25 5 1 R AAR R i /DN, 2k
WA el B3 2R, (EL AR BT R B e 2, 4l A% e
AR IE W,

2 SRIEETEE AL
MR EF, BRIET R 40 4 ki 3

ROSHA R 51 E A AL IR FE . FEGH M A A= R AE T 1
AR, NP A A ke 3 E AR A, A B H
A4 (glutathione peroxidase 4, GPX4) I A& 115
BRART SRR R AR B OB, e — PP AL, 7R
Jo s A P )3 i T A v kS B B A AR L 9T
R ZAN I 20 M R AL T (1) o

2.1 RiHEE

=i RN N [ =N LYY > S s = N
Erastin& H 57 2 A 58 I IE T35 550 2008 2.1.1 4Kt Bk T A B A LA B R AR
Cystine Glutamate °
(e}
System Xc~ £
~ Erastin and its
d (— analogues,
sulfasslazine, F i
. sorafenib, erroportin
Glutamate - Cystine glutamate, P53, IKE
l/ [
(<
Cysteine o Lipophagy i
l : o -

[ Fe*'( STEAP3 Fatty acid

GSH synthesis .

\L Fer_roste}tin-l, ° FUFAs
GSH Vitamin E, DFO o) =
Liproxtain-1 o -m
i l Ferritin PUFALCoA
GSSG / derivatives, — Fentgn 0
RSL3, FINO2 reaction
RSL3, — (@T55D)
{ Lipid ROS i
=)
PL-PUFA (PE)-OOH

QFA (PE)-OH

U

>

BRBET e o T2k BN A i A ROS R SR ) AL ME IR BT, 1 22 5 BRACMIRI 240 I P T 4L RE D (KRS A 2%, 87 %k, 4B il i System Xc -GSH-
GPXFEUIRFROSIREAERICT o ok, BRACH 70 T 0L S A2 AT S 8k 2 A AOACHE AR BRI e A R

Ferroptosis is oxidative necrosis caused by iron overload and ROS accumulation in cells, and it is mainly related to the regulation of iron metabolism

and intracellular antioxidant capacity. First, cells lead to lipid ROS accumulation and ferroptosis through the System Xc-GSH-GPX. Second, the mo-

lecular mechanism of iron metabolism and the metabolic pathway of regulating ferritin have an impact on iron transport.
Ell $IETIETIHLHIE

Fig.1 Molecular mechanisms of ferroptosis
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AR L BRMEE IR UK, C R T,
TEATEIRIEIA . PR BE . DNAA B R S5 fE
B RHE, 2 MPRSR BRI, HIEHT
ME R HERGERF I . NENELZ RIE T WM
FENHNZE 2 2040 M RN IE BRIX N 2, BAFe? Al
Fe* (1T SAEAE, N AR Nk 32 A7 A A% E R 4
b, FRREECR M, I B % 2k 2R E (transferrin, Tf)
HizR S EEL. —J7Fe AR N
J e, B2 2T M0 Ba A, S8 A i 2 3 AR R
Fe*', MFe™ M 540 st b (1 TE45 &8 R TE-Fe', i )a
5 ¥ B 24K 1 (transferrin receptor 1, TFR1)45 &
M RAA N . 51— 07T, AMENFS # a4
JiR 7S ¥R 5 i £ [ 3(six-transmembrane epithelial anti-
gen of prostate 3, STEAP3)i& i AFe™, Fe ff tH — A/
& @ e R B BRI T B B R840 1, A
TERITE XA AE NARAES E BRI A gk B B, o
= [ Fe” AT Bk kAL BicFe™ P R A8 4038 T
PEIR T — AN A (VR 7R, I 52 20 Joeh R AE T
BRI . 8 25 (hepeidin) /& 41 i 2k 4M i i 25 11,
A TR AR A B R s R 2R, AN 5 SLC40A1(solute
carrier family 40 membrane 1)EL#2/FE H AL, b
[A] 25 ISCLA0A L 3%, BHIEBRAMIT. gk i A
T IO, 2T 4 A A A ) A 2 B ),
B MG saRE )N R, RARBRAE T

212 AR WKL, RS S8R TR
Y, BARHE ) E RROSIR K Z 58T 2l 2.
% AR R 7 B2 (polyunsaturated fatty acids, PUFAs)
X g B A R UK, S 55 E T E R T
PUFASsER A BB G 1 b o, VE MR & UiE bt
F5HIFNN, 5% TE S MfLE. £EL
RLSSFAE T, PUFAs & U N, 3 — B i i i id 2
W, BEAEREFUR IR, AR A IR IR B AT A S B
M 252 5 41 B0 B8 B 5% 2. 1 i% (phosphatidylethanol-
amine, PE)/2& 1% G4l il R AE BRI T Bt m g . Eokad
Bty A RSB B 5% il Dt 4(acyl-CoA synthetase long-
chain familymember 4, ACSL4) F13% IfiL i fi B HEBal ik
FLEEFL I 3(lysophosphatidylcholine Acyltransferase 3,
LPCAT3)EPE ) 424 &5 A B8 98 o i v 4 3 LA
H, Wi BEBUE PUFAs I 52 Wi HL 25 AR PR . 4H i A
ACSLAMILPCAT3 [3RAE T, wl k20 BRI i
ARG &, AT MBS TRE. &
R A A B 1L, PUFA-PER 18 SAL1E I E 5 S

R R R AR AT,
213 #ABAKH  BMHK(glutathione, GSH) &
Wi 7L 30 40 200 L PR e 3 A A, A 22 P i X A A
Fo GPX4E 15 KR IE T 1) 5 B 735 R 7, i) L
EHE BN RS AR R, XisEE
i M & AEBRAET .. GPX4IH I ¥ GSHEL b Bl S0 1Y
GSH, {4 i 55 11 i 000 AR ot 320 S5 A A R 1 I o 4
Jifl N GPX43 1k T, T 14 0 40 f 6k 2k 6 T ) U
PE, MIGPX4%IA E iR WM 2L AE -1, RSL32 7
— P BERBE TS S 0, ol PR IRGPX4VE 1,
A e p AL Re /), (TROSH R T B Ak IE T
M8 T2 15 5 N 8 R A AH 5% 2 (apoptosis-inducing
factor mitochondria-associated 2, AIFM2) it A A]
PLVH B GPX4 K AN R pE T, AR A AR % ia
A (System X )i — R IR M 2 H, T2
Sy AT T RE MR RUZ R, A& 40 N BB P RS
— 4. i System Xc, - B =R A &R 7E 4
LN A8 A A e, 11T 2 5 GSHI & . i i 4
il Bt 2 IR MR AL, SR 4 System X HIVE 4, W] 5210
GSHI A 1%, A MHIGPXIE M, SEI M PiE LR
71 R B, IR ROSH R I/ K ERIET
2.2 ERAREE

P33 H AT AR W BE . 7240 A
[FPRIRAS T BAS [R Mg R, p 5 330 AS RS 508
% B 1T R, NPk AR T B R 4 A AR O 1 A 4t
W E. pS3—J7 1 38 i 0 HSLC7A411(solute carrier
family 7 member 11)[1)% 7 3R55, FE{KSystem X Xt
R )5 RN 21 i Y GSHZK T, SRAM I GPX 439G 14, F%
fRPLEAALRE /7, I FEROSH R, 55 218G Jin 4t X
BRAET I BURNE, (R ERAE TR A . pS3JRE S
SLCTATIZRIE, 8] FEHS 8 4H i i 76 A8 DU 12 e 4
4 i 15(arachidonate 15-Lipoxygenase, ALOX15)7 4,
7 U R G L 5 A A2 DY 05 1R i 4R £ T8 12 (arachido-
nate 12-Lipoxygenase, ALOX12)IK#i[FJERFET . LLAR,
P53-SAT1-ALOX15{% il i th 2 540 U Bk AT 12
TR, SAT12pS35E A e 4L A, T HESAT1RESE
HEROSE S G i E AL AR AL T, H 5 — 7 i
p33iE L Sp2 138 INGSHy” 4, I /b i FiROSH &,
MNTTARHVERFE T, 53 0t A7 £ HAth AF 5 5 PR i 452
(1)
2.3 FRFETAEKHI B

e T e v A A i P T B o RV ok 22
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Table 1 Ferroptosis-related genes and their functions in ferroptosis (modified from the reference [15])
B [A Tige
Gene Function description

TFRI (transferrin receptor 1)™

HSPBI (heat shock protein B-1)!"

STEAP3 (six-transmembrane epithelial antigen of prostate 3))
SLC40A1 (solute carrier family 40 membrane 1)

GPX4 (glutathione peroxidase 4)!'%

ACSL4 (acyl-CoA synthetase long-chain familymember 4)*!
LPCATS3 (lysophosphatidylcholine acyltransferase 3)"”!

NRF?2 (nuclear factor erythroid 2-related factor 2)!'¢!

POR (cytochrome P450 oxidoreductase)"!

13]

SLC7A1I (solute carrier family 7 membrane 11)!

Imports iron into cells

Reduces cellular iron uptake

Converts Fe*' to Fe**

Blocks iron export

Prevents lipids hydroperoxides

Converts AA/AdA into AA CoA

Esterifies AA CoA/AdA CoA into PEs

Regulates antioxidant response by coding associated genes
Promotes PUFA peroxidation

Promotes cystine uptake

R2 B TIHIFIFFIFI R E S E TR [24]12250

Table 2 Classification of inducer and inhibitor of ferroptosis (modified from the reference [24])

ZES HLif

Classification Mechanisms

&N 1 AN Z54)

Representative molecules and drugs

Ferroptosis inducer (1) Inhibition of system X~

(2) Inhibition of GPX4

(3) Glutathione’s inhibitor

(4) Lipid peroxidants induced by
increasing ROS level
Ferroptosis inhibitor (1) Iron chelating agents

(2) Lipid ROS inhibitors

(1) Erastin and its analogues, sulfasslazine, sorafenib, glutamate®2'!, p53'3], IKE??)
(2) RSL3, FIN561%12]
(3) y-GCS™

(4) FINO2, artemisinin and its derivatives?'

(1) DFO (desferrioxamine)?"
(2) HSPBI (heat shock protein B-1), ferrostatin-1, vitamin E, liproxtain-1!-%)

oy FERA A, EAMAE TSR R IEE R WA
T, EWR, Rk 2R B R, W8k B BE(ferritin-
ophagy). Jii FI b (lipophagy) %5 58k A0 1225 VI AH %
231 kA BREWRE Mk R R
IR, Ak 2 1 I A P o PR S k. Rk
EAMZ )G, @1d Fenton K M, 5| &g i i S AL AT
ROSHIAE ik, 18 A3 AR EBRIE T o % 2 Ak
35K 1-4 (nuclear receptor coactivator 4, NCOA4)
T — M B B Bk B R A2 A, Gl 4 HINCOA4LL
BELWrErastinifs 3 1) 2k 25 F1 B AR, k2 e 5 2% A B AR
ROS/K V-, Ee &AM IET: . MM N 2K P
if, NCOA4iH i vz -t F B ik A2 P, T2 B 15
ML B F0 RS, Bk E W n] e 40 A ) 2R A
SR T 4 0T R BT T ) R

232 fEAE IR EWRE MU S ST
JH N AR B F R sk A 1 R, 36 3 gk g o i A7 AT 2
BERR IS AR AR R AT SEERER A, /INERUTH R4
NI RSLIALER 5, AR5 T 5 % . HAERR B
T, R B AR ABT ATE I VA B4 A 2 32if 2

R I RN A, HEERSL3VS S AT,
233 44K g% (mitophagy)  ZRRiiAR) BT
BE 2 JE I A B R AL A Al M B AL e i, e R AR
MIROSH: J i - BB AL 76 MR g i o, £k kit iy
HA BB T B R 2 5 2R AR OS AR
2. FentonJx W fllHarbor-Weiss [z V. 3% [A] 7= 4= ROS,
MROS 5 Fe/SHI% I B, T B0 & 8k 2, SR 4t
— 35 PR RRDNARL RN H45, 51 2 LR 1 E
WEPERAE T o T TP 2R s Y e 28 ARG B Ay A5
PR 106 A 5 L 1 B At T R B e R BT T R U
B 225y FFE — PRIk 10 B W X, 1T DL BR 2 40 0
THRE R R LR, HERIET 2 PIAE 5,
2.4 I THIFSFISHNHIF

TR I, Z Pk &P nT i it 175 5 s i gk At
TR AT AIAE T (3R2).

3 BRTEMRBRAGERFRPHIAR
3.1 Hi%
F9 I 975 (leukemia) 2 — ZE S5 J5R 12 F0) s I /4L 4
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PG PR, RS e A R A L A e S 1 O,
TP IEH M40 A Bk FoR A e 22 FE N e, 4%
— U SR S IR . BF AT R B, F I A
SRR N, AETSERAMARD, 5 B N B KCF
Tt 5% SRR A BRIt T,

311 AMkefmied gk SR E Y A i
Jpi(acute lymphoblastic leukemia, ALL) & & &+ BEk
T 50200 0 S 5 98 B F L 9% 1 P 9RE . CHENZGS)
WFFLR A, 75 FROSA T 19 S Ak S SR T8k B2 41 A
JHT2, ATBE{RTh1/Th2FITe1/Te24l, $#CD4/CD8IH
AV MET 20 A L g, 8 1 I 0 i 3R A5 G g% b i
1E A I 41 e H, DHA(dihydroartemisinin) A Ji it 3%
HIROS/K-. [EIKGSHAIGPX4/K V-5 SELIE T,
I 4 B 5 A5 T Go/Gry G/ MU SR 10 1) 4 i 184
§E[22’>,27]D

312 &ZMHEAAH LR SRS &R A I (acute
myelocytic leukemia, AML) & #2 i T8 R i T/
KEL 4 A P TV E RS . DUZE PTE AMLAH i F
e R B, DHAE T 875 AMPK/mTOR/p70S6K /5
Sl K, 7 FAMLANM R A AL, IR E A
Bée i, TG T Rt R I Bk =, (2 HE AN Y ROS
HR, RASEEIET. BAHEVT A, LncRNA
LINCO006187E A 2§ [ Ifil J5 41 e 3% 15 P AR, ol
T iiBax. caspase-33% 1A 175 T 4 g 98 T2, M\ 1T 3 A0
ROSAHIT Sk /KT 5 1 mt F LINC006 18 5, 11 L5 4
Jid N ROS/K P FIER I 35 B AI% ; b4, LINCO00618
OV bk B2 S5 M R IE S (lymphoid specific helicase,
LSH) 3R IE , 1M LSHIE 5 SLCTA 14 3 - $lii]
BRAET: . HLLINCO00618i# i 5 LSH [ AH H.F H K
AR SLCTANLIFRIL, Stk ghate: @), gamit
Haber-Weiss 2 . Fll Fenton [z W 7= 2E 2 H B3, (ie it
ROSTE &, 1M AMLAN A2l if HMGB1(high mobility
group box 1)if#% RAS-INK/p381= 5 il i1 i ROS
KPS AMLAN B ERAET: B BF LR, GPXEK
W 5L GPX1. GPX3. GPX4M GPX 7 id ki /b it
AL SR, B 40 R A SR A, AR IR B
A RETIAMLER & (1A R U1, b Ak, AML4H
Hu X} ALDH3A2(aldehyde dehydrogenase 3a2)f ik
e, ALDH3A2RT DA 5 i 7 B, AT 7 10 A o it
AL BRI AR5, R IRALDH3A2/K S, AT %
S 9 1195 40 i % AR R AE TS, ALDH3A2 5 GPX 44
FURSL3EL A By 7] 286 57, 5 % 1F % 36 1f Fo B B A R

SN A, 54k, RSL3 R Brastindt [ ML 41 fil ik B A7
W7 B AEH . ATPR(4-amino-2-trifluoromethyl-
phenyl retinate)i#H I EBPS0/NCF1 & & #{HROSF &,
75T AMLAH 7> A0 JF 30 LA 5, JF: P IRNB4Z 2
NRF2(nuclear factor E2-related factor 2)[J3R1X, 75
HORAEIET A B RO,
3.2 HEE

W B2 98 (lymphoma) & — Fi & A T bk B2 25 Atk
L2 2L R 2R e R IR, b 5RE R KB AT i
R E2JE (diffuse large B-cell Lymphoma, DLBCL)/&
— MR 28 TEBAH ik LR, 2 5 ARE A &k
f¥130%~40%. WAL, DLBCLI A K Fi)s 5
GPX4id & R IB B B VA <, 4T System X¢
P 45 ) BURK , i DLBCL & Sk 0 1~ i FE U (1)
— RIREPY . A KL G R 4 D b A Sk B R [
Fity ik PRL T BR B R AR, 1T i R 4 I ) A A U 2 2D
iR =g S ke 3: N il & i i = g = e o [ i
S IDURR) bk C e 40 L BE B R AR BB T T I R AR
Bl(scavenger receptor class B1, SCARBI1)& & & JIH
V] T ) e s T M B 1 ) v SR A D 2 A, RES A 3 i
e 4 L SEL B EL [ A, A 3 A E I 3 R AR S
B, SN N SRJEAE BT E bR . JONATHAN
SECIRE N Dy, BAN I 1 Ik B2 98 = R 1A SCARBI, 12
JH AR REL [ 1 v %85 2 I 2 A 90 K JORE 4 1) 45 &
SCARBI, I 11l = G502 P B4H i bk 4988 4t i (B0 45
Burkitt/#k E298 . DLBCLAI i 4 Ik 2980 ) Fr) L[] et
SoH, BHCR VR T 98 B 1) 5 — A5 A5 5 dd g, i
M B 3 JIE [ B B 5 0 2 TR ek, # 2% PR (RGP X4
ik, FHUBEEACNE ARG N, 755k E R 4 R
BRBET:. Ji A SeI it F R I, 7 IR AE 2 2
20 PN A 2R AR I o T A4k, 8 0 ATF4-
CHOP-CHAC LIl #, 1M CHACTEIA I F# 441 i Py
GSH, 17 ‘7 Burkittith (98 41 i & AE R AL TP, BkAE
T2 3 70T bk U288 200 0 1 e Je e i A, e 4 i
eh R P AR AR R T 4 R
33 ZRMEIEHE

Z RN EBEJ (multiple myeloma, MM) 72 5%
LI LR R G R 2 —, FURr RO SR AR A &)
R S5 T L 16 L, e o B o e 2 Bk B 1 A e A
B, SURE DR F . m A A B BRI P A 3T
M EE IR PRI . B AR S LR i BT 454, 4101
A R ATy REVE M, AT 40 AL SR A B 5 B
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P4, X EMMAN A AR TR . TR,
BRI FE X MMA L B AT 2 Mg, B4 3 EMM 4 i
FETIPY, GPX4MISLCTA11 MM i A 4 A0 1
FIAZ 0, 24 3 BRAR I ROS R 77 A8 AT [ (1 50 751
17 1% 47 W 78 JEAAMMAE B 1, GPX4RISLCTALL =
ik, HEZRMMZH ] G I8 9 INGPX4FISLCTALL
Fak B ORIE FRROS, MM 4E FEMMAN i £ 17 . BiE 5T
RI, H A AN FIFTY 720 7] LU IS PR GPX4A
SLCTA11RIEKFAKIROSTE R, I T NFe” Il R
KIEIEEE A K, SEMMYE ST . FTY720
A 38 i BEAK Tyr30747 55 PP2Ac i i BR AL K, i
Thr1 7247 5 () AMPK o 2= i B2 46, AT PP2A, i
1M B AR RRAL I BEF2 R IE, SEMMAIALT; 5
S PP2ASMIARI AR . AMPK IS 77 AN 5 W 300 61 551) 1
17 SEIG T, K IIFTY 720i# i3 PP2A/AMPK /e EF 2K 4%
75 FMMAH AL T A W, MO H AR SET AT
FHEARBE, T2 ROE S, (R MM AL TR, A5
R, DHA K 25 FH BLER S8 # (Fumaria officinalis) 2
WYids MM & S EEGo/G UM, T Go/G 2 i JH
HABH S ROSAE 1l 2% V) A ¢, DHA B 24 FH R 48 &
SR 38 Aok 2 L A 200 A B 1 W R4 R 240 i Y ROS /K F
THE 7 ST, WANMEMMAI A, F3E
2 (apigenin) Al 3B R I STAT LRI Akt ik, LUK BOE
caspases. JNK. P-38MAPK. Beclin-1Ff1LC3 II, #fi
HIMMAI R, F 25 SMMATRIE T Bt Al
E u%[%](,
34 BEIEEREEST

BB A 72X A {iE (myelodysplastic syn-
dromes, MDS)2& — 4 5 5 14 55 53 1) 8 2% 1 300 1
Jo . MDSHFEA S8, migkid 8 iR MDS & #
B BRI B, T8 BE MG S T T R, AT
H GSHAGPX47E P [£ K ZZROSTF 1. MDS/) B A
RWFFLR , BE PO HAEE R38N, 4000 N Fe?' &
ROS/K T, W FHIET:, MBkFE T 1 g & MDS
B RIFHLA Z — o 755 F 34k 24 4 Hh 75 Ath 2
X MDSZH i (1) /E FH AL ¢ b, k9 3@ i ROS
K B ARGSHIK - K GPX47% 14, 75 SMDSHH i & &
BRFET; HE— B IT R B, Hb P At Y5 X MIDS 2 i (1)
A= KA A AT e 7 o Bk SE T 40 1) 7 Ferro-
statin-1£1 DFO(desferrioxamine) &R 73 ¥ #% | TiELSET:
175 5 71 Erastin ) 7T 3 56 1 75 Aih V5 X MDS 1) 20 i 22 4
FH, MU AU T AT e 2 VG At T 15 S MDSZH J A8 T2 (1)

Bl 2 —125%,
3.5 LIYARRAE XA

B0 T I 40 2% R0 I 21 2 T o 4 A ap /b
[, BCAECL G M B AT R G RO . BT ) 2,
2T 241 B H IfT 41 25 R0 25 1T 38 I Fenton e B A A4 88 410
YA SR RIFA BEAE R, AR TE R e
FH LI I A A . 2040 P P R I B I SR A Rt 2
AN T A A SLEOY TR BIROS . I 22 1 T i A
PLAIROSAH: ik, 3 EULLAH M P 1R 240 i 25 FDNA$ 473,
WREIET . R, U405 5 KA BRIE T IE 5]
AT, HLAE M FE S R R B 5 IR A DR,
351 AEABUHERRZE  PIEARRIEEE G ZE (py-
ruvate kinase deficiency, PKD)#& — Ff' H PKLRZE [K] 58
AR 5| I 5 DL A PRV I M T I . GPX4 A2 M 24l
Y0 B A ) OB (R 3R, PKID G HH T T T TR, o
Z, MO B2 e 0 S e 4 ol 12— 18 =R IR
PEIR AL IERE, MM GSHAE ik /b, FRAE 7 GPX4
IR FE . (R ML R AR AR AE S 0L, 38 1fL
4 i () GPX A = T3 B4 B Ik A g o v A
S E AL, PUEL B R /IMA R AN 2257 2L,
NI B0 2R 21 40 i AN i 58 4 ™ . ALTAMURA
SFHONIESE, 2 GPX4FE R T 2N 23 21 40 i i R i,
R R G EAR L T =Y A S Wi 7 T A S G U7,
4 SYRRAS SN N S LT 40 M ki T 2040 A
3.52 BABRMT M A PR RS 7 1 (aplastic
anemia, AA) & — P I A 4 I 40 i gak /D> 1 i3 1
AR O o N AR I % B s T 4 2R P 1)
ERAN A, AN I 2 AL e A i i 4T =2k, &
HEMRA RN Fe i B &M &g g RAt T, K
Bk N T s A iR Bk IE T . K2 HR1S
TEAARFE W2 N B A AR B s gk, fiE
BRE . FEE O SR B R R =K T,
5| S R ) R kR I, e 23 B0E T
AHMUERFET .. SEIGHF 7 R B, & I3 Bk A2k gt
FACERE N, LA BB EIE T S GSH. GPX4/K
VBRI, il e P R D B, Ok AE T AT Nk
B HEIE TN . A, SRS HEAA R F IGSH
AP B, RS A=K T, i R v [
I it 25 i Pk S AL TR OS AR B8 in; 1 X 2 £ 3
S B EATGYT fa, Hol fEiE M ThRe sk — e 1%
FE RIS, WO NSRS A A B 1B 8 3 0t 140 P
T I T YA O, BB T 7 ] AA SR
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()1 B IS I ) R SR AT B
3.6 M/MRIEXER

BRAE A N A 136 i 3 2 R AR 2 0 TR, B
T B R B B R PR U8 B0 2 5 W) 380 of 44 i e 2%
A L AGL & LT A0 . ARk A B A R - 1/
WA R, WOk Z A I 2R SRV L MRE 2, 3
P B GRER I 2 HR IR/ D o TR AR RORERS, T
e MRk B = (B A 5 ) AT e 5 L R s
5%, B i MR R Kb 7e, A7 I 2 B R I
ARG ZE . BIE L, BRIE T MRS A
i AR T R, GPX4 ] i ek AR o i S A 4 A ok
FIERAE T, AT I /NP AR TR R, 930 I A
AV 1 A 5 1 11 A O~ 1 AN R B e
ROSHA R 175 FELBE T, Y0 i /NS A R i A 4 26
{ERE 2 2T FRROS M I AU S 3 IR e 7, 38
Tk PR A2 A R R A1 1) L /N A A /AR R
SRAMHI ML L1 2R 5 T HIBRIET . RAEBIET IR 40
PUAZA K e 0 RN ZH B VR IR 2l i, HER
JHIT TLR2/4(toll-like receptor 2/4)#iE NF-kB(nuclear
factor-kB){5 5 -l & L/ SREAE AT L)
3.7 HfslligAGER

18 4% V£ 1M1l 29 (hereditary hemochromatosis, HH)
& — PR Nk AR 2 B, SR R0
AT S WEAS 2N, B2 0 40 35 (R 1B A8 o 78 TN,
GPXZ R FEE R R A, v DUIIEHH A IR R 3R . &
BRASTHHZM A i P ROSAE B N, 7] 7 T 240 Hu A8
TG BB . WETCRY], SLC40AT I FRAZRH 1L
THRRESEONSG S, B FEHHY,. MR
ISAERH, BRAE Al & SLCTATIA SIS T i ok
BEAEH, FFerrostatin-17] 25038 /N B9 405, $7 2k
BT ] BE A2 ¥R T HHAR S S35 4% 1 — 8 g [ el,

4 BREERE

SEAESR, B8 TR Sy — R AL [ 5 M 40 i BB
TR, 78 AR S R GEIE I 5 R I,
AR BB T 15 19K G0 [ AR 5 R AT T
RY AT M, ROV e B B L E
T . YRR A G R B R k. 4
L PIROS 7K S LA K% 22 i 1R 1 34 42 10 a7 T B85 0 4
P X 4 B T () BB P, AT 5 5 o 4 D R 2 ek
oo T 2 R AL B U A DR T S 4 B R A ek A
T PIAR 6, T B SRR A T O B I I

g

SR, X LR GEB0R R BRAE T 7 H i 4
TR B L EARIE YL fridt PR, B
G, MLV R R R AR L O R 2, TR AE 2 2 0 i
ZHLAEEIER . BRI R 2 2K E )T 5
SR BEIE] . R S E A R R R R
R2EES TYSET AR MR 5 357 S PR
IVERIALE], 320 TR 1 EAHE L AR G B 4
)36 7 07 T HIAE R, AR S MR = 3
YR R A 1) o BRAE T A 5C )BT B 4 ) 71, B
FHSEAMME LM ERGIRIT, IR Rt — D
v AT B 29 T R, RE SR 2 K s TR
JIAN, AL E N A i R 2 S B L, BELE AR ()
ROV BRI RN RS (i
BRI RBRER IR 22 I AR 4k 1l & BT DL
SYSET, BT I H R AT EYART
] fg fe HE TR AU T M BT I R VR T BT 7 1),
PRI, ARt — 20 Wt U 5 2 v 24 B AR AN SR BV X Bk
SETT IS ERANE, RN R ER25iR)T MR o
PEE IR EAR LA

B2, BATH R A i 1) 3R 1 Bk A0 T4 I
RGP P AR, BT B R AT T I
WU R I 58 A 28 1) #E T 36 9T 259, 9l PR i
BORIIZ R R T8 .
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