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System Xc 7 BiiEE RIS A R i FR

&, EagE, |7, 4R
(HAREFRERES R, ik 541001; °) HH% H 6 RILEEREREAH, &T 530021;
THAEFEAMESE, HAK 541199)

WE: AR TA—MHATRmBRTHX, EA AL E IR 49 F M A (reactive oxygen species,
ROS)AR R 5142, g N #9ROS £ &L R A Ak Mk (reduced  glutathione, GSH)J845. GSHA %@/t A
ERHRAMA], & dsystem XcAMmIEIM BN AR, HEL—F IR EZE KA. System Xc &2
BEEa)—APBEABR/ S ABRE QHFIE K G, ARE@SA T AT RIELARIER. A G IIESE,
system XcZEZH ARG BFTEFRFTEHERL, FH5WBYWAEK, 132, 5 ERFTHE M
Xo AXLHAsystem Xc AT FOER, &R Lsystem Xc &M IE 2o T 69 & 8 VARAS s 4=
L], AHRR AT 9B 05 TF SR AT 6 E 3

KEER): T BAR/SARE GFEK, FHA; TRABMEIK

Research progress on the system Xc regulation in tumor

CHEN Yi', WEN Haibin’>, TAN Ning’, WEI Bing'*
(‘Clinical Medicine College, Guilin Medical University, Guilin 541001, China; *Department of Nephrology, the Jiang Bin
Hospital of Guangxi Zhuang Autonomous Region, Nanning 530021, China; *Basic Medicine College, Guilin Medical
University, Guilin 541199, China)

Abstract: Ferroptosis is a new form of regulatory cell death, which is induced by iron-dependent
accumulation of reactive oxygen species (ROS). Intracellular ROS is mainly regulated by reduced glutathione
(GSH). GSH is the predominant antioxidant inside the cell, it's synthesis is mediated by the extracellular
cystine, which is uptaken into cells by system Xc". Then the cystine converts into cysteine, and generates GSH
through a series of reactions. System Xc is a cystine/glutamate antiporter on the cell membrane, which plays a
critical role in regulating ferroptosis. Many studies have confirmed that system Xc™ is abnormally highly
expressed in a variety of cancers, which is closely related to growth, invasion, metastasis and drug resistance of
tumor cells. This review will introduce the role of system Xc  in ferroptosis, focusing on the regulation
mechanism of expression and formation of system Xc in tumor cells in order to provide new ideas for cancer
treatment.
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g0 MR AR G BN W L 3R T M 1 4 B 4K
o — Mo 4l i A8 T2 05 O 4R 2 IAE A AT
Hi. 20084F, YangZ 'R HL T 1L 44— RSL3,
e % L5 Erastinff [ 1 H 5 S AL, IF Hid
RIEREE A T AT 4E A2 22 E RE WS 43X Fh 2
ML TR0, Ul B2k A0S M % (reactive  oxygen
species, ROS)Z 5 T iZ4ifsbT-id#E. 20124F,
DixonZ:PIE I 7T ErastinBUIERASHE I K 7345 f) o I8
AU AL, R HLRRAE, 1E 2R X M 4 i A
1277 A 4 N BRIET .

ML T B A OIS Y. EH
oo VAR, HORAS AR IE T BRI N
FEAR I BERR 2 . T BE I TN L B A4k IS gk 2> B
ey FEDRZERRAE BRI — BORRIE B ] ) R A
KPR AR A, Ay B BE a  A  B 4
(glutathione peroxidase 4, GPX4). i HAAKIET
i i 11(solute carrier family 7 member 11,
SLC7A11). #FE24H5CH F2(nuclear factor E2-
related factor 2, NRF2)FRIE TN, HEEAZA
1. 2RO 14, BEEAHERA G BN K B4
(acyl-CoA synthetase long-chain family member 4,
ACSLA)KIE Fif; AMFHEFEZRIN: (DIRR
TREYAROS: ()M R TEHk  ib 7 A 2y
Bt H ik (glutathione, GSH)J/>%% . ZRAET- W] LLE
oSk FEEAT B AMIR I B IS R RO &
12, LARC A 5 Bl T AT . AR IR MR IS AR Rl
A ER I E e, MER/ AR iR
F(system Xc)BEiGEEIEE N BEREAMIL
HERE ARSI R YRR AR a8 FH W4 A
GPXAZ: P AL EREE 1,

H AT IR TSR I, 40 N GSHI AR i 5 It 2
B/ R IRIY R 5 I8 R Th R IR S E DA B $oR
system Xc TE4HM R AR IE T 72 vh B 5 BRI
FRIEVEFH « AT X system X 7E 0 41 A i =
IBE, LU H ARG T R M system Xc [
YIE—2ik,, DU IR Va7 SR AT i K

1 $RIE TR

BRIET I — FROSHOIE A AET )7 2, 4
J PN B S Al i I A S BB AR T (K A A SR
AL AR ABRE T T ISR N A K

ROS, SALIE E 2 AR 7R (polyunsaturated
fatty acids, PUFAs)JE NGB A 4u i
PUEALBE T BRAS, AR K TERR IR FIROSHY
ROSHA 5 B IARAS RN, At & KA
o Rk, BRAET: FEZBACE@AE . e
1% system Xc-GSH-GPX4i&42 =ANJ5 TH AT
L1 SRARHEHEEER

BRI A0 P9 iR U S A AR R AT BRSBTS
WRERZMZ— Bk, BN FEth . 7
MR RL R # 2 S ma Bk FE T B R AR R - Ah A
WP HHAR B (L4 A T U & 5 5 4
ERERREAZRIGE, AN A,
Bt 5 4% 4 8 SR A JFUNFe™ . 1E i &8 B i
BEAIMAN ST, Fe" MAZ P AR 1 40 )5 «
— A Fe G T AR BRI, 2 Fe” WA it
FE8 8 A 5% (ferritin light chain, FTL)FELE A H
BE1(ferritin heavy chain 1, FTH1)Z M8k A
t, REGH B EEAAL R, 514
PR RO IR o o & 3 2 Bk T DA o 25 0 e N 7
AROS, il R MMIERIET: . BRI N Te 4 A d 2
(iron response element binding protein 2, IREB2)/&
PR 1) 1 B sk ] 7 UUERIREB2FE K W] &
EWMFTLAFTHIR L, J/b 4 N i Fe &
&, MM Erastinis 5 B SE TR A Al H
Wkt 8 L S AR R AR T, BBk E A
I 30 S o Rk AR RSO Bk, AN TS I AN R
PRk SN0 N N i 1 |26 X7 T
1.2 BERARIHEIE R

2 i B I % B R PUF A s 35 A Tk 5 XL
w5 BRI S A, AT AL T BT
WM — AT Ht, PUFASYEZNMIPY )&
R E RE TBRIE TR BRI ZUREE . PUFAsKE
J5 7E ACSLAR Vs L 5B i P 58 e 7 Wl 3 1) 4 FH R 48
FEtb NBERE , P4 I ROSSE A p i i S 44«
g R AL 20 TE I, & A A A DY A PR B A i
VG b R R IR T £ T i 2 A S A O B e 4 i
BIET HIRZOBEIE R Y. fEF fAERIGULT,
e L A S5 Fe” T8 U S 1 R T %Ak A el
B, GRS, SRR AR AT .
1.3 System Xc¢-GSH-GPX4i&1%

System Xc A&7 T 40 M E 1) — P AS AR
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Na It &R/ A BRI A iz 8 H, B HSLCTALL
FIE JoT B ZK R 3 i 1 2 (solute  carrier family 3
member 2, SLC3A2)2Hfk. SLC7A115system Xc
¥ IaTE A 0, Rerr e b 3L 1a It 2 R AN 4
M, SLC3A2EZAEAMHEMEEAREMERD.
System Xc HEH N — 7 T4 2 BR 1K [F) I 5 N — )
TIERR. AN, P BRI E 5 2 bt
AW, BEEEMaRSEAR. Hakad — &
FUAG IR RS FGSH e GSHZ GPX4 M) 5 4
Wi, P EDREDURACIE R, K )
BN o A JE Dy o G R L, IR 4H
W 2 ARG . Msystem X HEAMHINS, 20
WGSHA kb, GPXATEMERE 2 %, 48 %t
W JFERR A M, RAERE AU ER,
HRAMMpIET Y,

2 BB Fsystem Xc BT AEHE

9 T ORUEFE 4EH5 b 98 48 B Ak SR AR A 1
PR RIEIER INEE, system Xc HIRIAFNE M52
ZFALE R R, AFRRE A e
7. WEEE B ARSI R A0 RHe
XSG [E] (A R ML a4 U S system X R bR 41
P TR o
2.1 System Xc HYIE [ FiEE

System Xc B LhfE F L MH T SLCTALL, Frlk
SLCTA11 4% s 4% /e system  Xc i M 8 B 1) ik 2
WEZ—. ARMAF. FRRAN A"
S5 NS AETT DL S SLCTALLRIL, IR A
W AR R, F0 e LLgks g™, hif
SKPE K T-4(activating  transcription factor 4,
ATF4). NRF2EN T RMEFAHE FSLCTAT %
PR b 3 B S R 1 ()

ATF4 2 3 s 0 D1/ MR IR S B T i 45
5 M (activating transcription factor/cyclic AMP
response element binding protein, ATF/CREB)Z %
B— 0 ERBERMR, MR RIFH, ATF4
MSLC7A11%: R 3h 1 X 38 0 2 2 R e B2 o F
(amino acid response elements, AAREs)fH%E4, 1
HESLCTANFE ", ATFAIBI K HATF4 mRNA
[95 " i AT 7R > b Ui ) 52 HE (upstream  open

reading frames, uORFs). fEIEMBFAF T, %4
REIES I FuORF1, 2R )5 T E ATF4 mRNAH
P FUFHIuORF2. uORF25ATF4 mRNA [ 4%
T ES, FILATF4 mRNAREIEZ B H0H),
TERNBEMET, WERERFIFN, HEZEEHT
2a(eukaryotic initiation factor 20, elF2a) I—Fh I
e ———— M M % FH 08 B B B 2 (general
control non-derepressible 2, GCN2)##E", #
elF2of R 1k, MHIATF4 uORFHImRNAFF,
ATF4 mRNAZRIAIE . R, ZEERFIF 2t
GCN2-elF2a- ATF43H % X SLCTA 11 HEAT #5355 1145 1)
(B fEAME T, SEERITE, SR
A SR N B HLA E PR RAE Y 5 9 S4B (PK R -
like ER kinase, PERK)FIGCN2W§i21kelF20, M
e #EATFAN S ISLCTA 1 7 (& 1)

NRF22& B — Mg HESLCTA 1154 5% (1) 1 St [A]
T, A FUMLE AR N PR A .
AEMSIFERAT T, BE32 ISR E & Ycullin 3K
Y H—Kelch-ECHM % & H 1(Kelch  ECH-
associated protein 1, KEAP1)5NRF2454, f#
NRF2iZ &1k, RGHE Al AR g, Ak
LA R (nsE LA MIROS), KEAPT B2
FRhR I p A, T RKEAPIM A K AENA, FHiS
T ENRF2IIEE S, ENRE2A U [4M# . NRF2HEA
A% N, HSLC7AIIRR B 8T X IR i i 8 Ak )
N7t (antioxidant response elements, AREs)%h
&, fRESLCTAIEEF(E ).

AL, HZMET S [ system XcHI1E
A R (B ). ATH & 45 &3 1 A(AT-rich
interactive-domain 1A, ARIDIA)E—Fh7E £ M
PR &8 R AR, YmfihSWI/SNF 4 1)
FIRE AW — A AL, ARIDIAJE {2 3ESWI/
SNF 4t 5 55 50 55 A W) FI SLCTA L R % St ah A 14
A, T4 ANRE2HMRNAR S5 3
SLC7A11% %", BA %S F-1athypoxia-
inducible factor-1o,, HIF-1o)7& —Fh 3= B 240 fo x)
R L S R 7 o AEARTT 5 16 = 93 L AR e
i, HIF-10BH % S5SLC7AIIISE =N 145
&, WINSLC7A1IImRNAZKEI, 78 2 2 1k
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Proteosomal
degradation

US| e

KDM3B e
‘ Ub —> ub—|

H3K9®T H2B& H2A

GCN2 PERK

elF2a. ———> elF20-P —> ATF4

Nucleus

\ SLC7AIL1

— " mRNA

e s

INCoog g

e
STATI1

&1 System XcHIEEFIFE

FHYERFLRR g, 1 B B KN 732
{A&(type 1 insulin-like growth factor receptor, I GF-
IR i T 9% O JiR % 22 32 AR JEE -1 (insulin - receptor
substrate-1, IRS-1)/MFSLC741] mRNARIE N,
YRR AN AR FUIRAS , R A g . Sui
SRR I, R4 K S 0 A o 45 W R B ——
R 25 M) 185K A Fi4(bromodomain-containing protein
4, BRD4)fE % f 5 M 1 i g vh Rk b3,
SLC7A1IMSLC3A255 58 FE T 5 ) ik TR A B =5
Bl 2 0, X 5 A R TS A R % A
Ko LncRNA SNHGLIEI MSLC3A2JA 5 T4 &,
RIESLC342%5 5%, FEUH @A Mt Z ik Je 7= 4k
i 25447, KDM3B/& 4 2 FAH3H & 19 (lysine 9 on
histone 3, H3K9)MZ: H I A0Hg, n] DL PR
H3K9H ALK P I EISLCTALIIIERIE, 38 55%)
Erastinif S EFET (TR
2.2 System Xc By [aiE FiFE
pS3FEDRE — g WA 2R Y,
ST 3E SR A R S BE A5 7 A0 ] b A=
Ko BRI, pS3EE A AT LB HIHISLCTATL R
S5, BERS i 6 200 J o I R R X, (i A i
ABIET P E D). F4h, RAERpSIE MM S

NRF2H AR, FIHINRF2 0P, AT 50 )
SLCTAL G, 8 40 i B8 25 &) 18 52 S AL i
(R (SIVE

TEpS3TAB T 2 i 2 i 2 M b, A% b A 2
HuL3fRIE R, uL35SLC74112E R E 3T 1
SELUD T I S5uL3 X SLC7A 113 [ B8 511
HRIVER, MRHESLCTALLRE S, 24EH 40 i AL
EEFBEPIE). Fik, @k Eul3®& ARk
V-, SLCTANR 32 24|, 48R AROSK T
W0, 29k R X O 4 AL i 24 1 14 PR 4 i
UGRIEH .

B SR OE TR ¥ 3 (activating  transcription  factor
3, ATF3)/2ATF/CREBZGEH M A — M. 5
ATFAMPE M, BRI T, ATF3 LAY —
RIKIKIER SSLC7ALL R ) T4 SBS-1. BS-2454
SR AN ] JE 20 F g, FRSLCTATIRIAK
F, Misystem Xc[RWEYE, AR Erastinifs 3
IBRIET R AP (E) .

BTB-CNCHF /& R4 1(BTB and CNC
homology 1, BACHI)/&—Ff 3= E 2 5 1k S
MaFRMGERPELBEMOEZHET, T
SLCTAIFHN AR IX 456, %, [2dkgn
MR A BRAE TS R SR B, I R R AT T
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FHIRAR A 1) J25 R AT DA $ v JoRE e 88 97 ¥k B VR T AL
R, CD8” TN MR B K )y T80 3 5 41 M R T
i Ve AR & 5 AT ABERR AL BOE Janus BN, A\
MAA S BER AR 5 4% 5 5 7 R N 1 1 (signal
transducer and activator of transcription 1, STAT1),
il B = RAR B S N N 5 SLC74 1A
SLC3A2FENZ54, s P& s, (eatamm
ROSHIF R A ERAE T2 R A (B 1) o A AR 9 b1
RNA(long non-coding RNA, IncRNA)Z &
200 MR LA EIAEgRASRNA, B BA Z A
FUIRE, WA R E S K. LncRNA
LINCO06 184\ g 1 ML Jif 98 A= r (98 £ i 88
) BB 7, AL A SR SR R e
(lymphoid-specific helicase, LSH)ZISLC7A4111])A
HF X4, MHISLCTATLE S, 5K 41 M2k 4t
LRI D,

HE Az AR R E S Esystem  Xc 7 [A]
FesciizE i — A E 2R (18 1). BRCATMIKE
F11(BRCAl-associated protein 1, BAP1)/&Z K Clii
KRB K ) — 51, R EEIhRe Rz RIA
#H FH2A(histone 2A ubiquitination, H2Aub)f 5
NP IR BEAT K2 R L. WHFERDL, BAPLIEH
YEM T SLC7411)83) T L HIH2 Aub KA HISLCTALL
(%, SR A xR A0 T U R Y . AR
BE—BHEF ORI, 53— Mz IR —— 2 A
E AW (polycomb repressive complex 1, PRCI1)i#
WARBESLCT7A 1A 3T BRI FTH2ASE 11947 #
TRRZ FA, DANHISLCTALL IR XK
BAPIMIPRCUE B & TSLCT7A11 R 3T LA
HHH2AZ RMKT, hFRMHFEISLCTAITR
5. V2 =R B A B 7 (ubiquitin specific peptidase
7, USP7)& —Fhiz R4 & [HH2B(histone 2B
ubiquitination, H2Bub)i %z RALHE. p53iE il
USP7HH AR FH K ARBEUSP7HZ 5567, /b H2Bubl)
BABUKT, s SLCTAE R,

2.3 System Xc iR FIEE

3 5 A R B mRNATE R Sk 2 Ja AT I —

RYMBWAIN T, AFHmRNARTR R BTERN T,

mRNA 40 A% 1 NG0B (R FE 2 € 7 . mRNA
(1A e PE S B AR S5 2 AN 7 TH

T XA F FImRNA [% fi# (nonsense-mediated
mRNA decay, NMD)# & /& i Losson5 Y 7E % R}
HHORILI, e AL A S WL mRNA T & 1 %
M2 —. NMDBE T 8810 I B Al & $e a2 1k
T ImRNA LSRN, 38T DLIZE 5 b g 4 58 AR
ImRNA, 418 15 =P REAE RO N H S 1E F 11
mRNA. BFFCUEST, & R4 i R 08 i 5 R AL
elF2o i HINMDY . NMDZ 2| # 5, BEEESH
SLC7411 mRNARFaE M i, Wl LLN#HINMD
N FIMATF4 mRNAFEAR, [EEHSLCTAILR
K, EANLE RO R AEED(E2).

MicroRNA(miRNA)& — K& H20~25M%H
R IEZRASRNA, 5 Argonaute(AGO) K FH A B AE
i, TERRNAESUUERE &4k, @75 B4R R
M, 51'$AGOE A FiAmRNAsHI 3 HEH 31X (3'-
untranslated region, 3'-UTR)MJH#E &, B
mRNA ¥ 8 3 B3 0 &7 W70 K3, miRNA-
26b 1] LB #E [ SLC7ALL 3-UTRH AL A5 CS AN
CS2, MHISLCTAIIRIADS . 75 b e 40 i o
miRNA-27a$%i5 Fifl, SLCTAL1ERIERE 2 8,
i N GSHIK Py, 49T 25915 S IDNAIN&
VI k2, 5 SUBS bk 8 41 i = AR T 2 10
MiRNA-382-5piE il #IHISLCTA11ERL, NSFZL
& DR L R 0 S 98 20 i b ok I R TS
MiRNA-3757] Ll i B4 FISLCTALIIRIL,
At s g 40 i P 448 5 AR 221 (12) o

CircRNA & KR AE 5 miRNAK: 7454 1)
miRNARLZ o, KIEFEHENIERNAMAER,
5#miRNAL &, BRI EAmiRNAEAER, @il
W Bt - HI I miRNARI D e, (B2 E R miRNA R
BRI R 2Rk A WicircEPSTIE i 5 miR-
375. miR-409-3p. miR-515-5p4i&, L
SLCTALLRIL, k= S0 MR B W
ffcirc_0120175i@ i 5miR-330-3p 4k & 1 1 5
SLCTAIIFRIE, kiR i & R (E2),

EARSmRNAE A B HEEMN. 25 5&
H(metadherin, MTDH)& —MHEEEED, *
BLRIAT R WRIAZ B BT BR, 75 2 Fh S B iR
hRERE, S5MEAEE. R TkERE T
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Cytoplasm

ytop 5!@@“ MiR-26b

( ‘ MiR-27a
MTDH CircEPSTI1 MiR-382-5p

1 T Cire_0120175 /[ MR-373
e [ MiR-409-3p
N dme Y dFep —> ATF4 MiR-515-5p
SLC3A2 mRNA L A MiR-330-3p
s —

SLC7A11

mRNA

&2 System XcHUEFFIEE

e, WEA R, MTDHAEHS M T 5 SLC3A2
mRNA P [ 5 A6 35 P T 0 o0 A EAE A, )
B, TR R AN AR R AR T 1 U (E2)

2.4 System Xc BHIEIEFEMHIAE

BE 5 BT AR B R B IR S R B R
(RE 5 S B R b  hn SO RS 1 B RE T, AT 2
AR ARER L FE. System Xc HIEIFEF B
TAFERIL. 2R,

I L0 5 A A7 25 4 85 1 2 & 992 (mammalian
target of rapamycin complex 2, mTORC2)/&—Ffi£Z
QAR 7 &R B B, R A S R Ui
s, KRR R TS S 5 0 G AN A R
Gk, GuEU R, mTORC2ET 5
SLCTAIMHH 455, BEERALSLCTA AL T4 i Ji
X 3N iy 1) 22 % 1% 2.6 LA A I A K PR 03, 40l
SLCTAT1 B3E 1 (3).

W KB, JEA XRING-CH(membrane-
associated RING-CH, MARCH)Z & & HR i@ LA
FSLC3A2VZ #AAH R AR PR A, D1k
FICDS" T IASLC3A2, #iMRHICDS" T4
B AE A e B Rk, A s R SLC3 A2

I 22 G (1) 28 1 P e R iR AT T 0. R A B & R
T FR I 52 & J (protein tyrosine phosphatase receptor
type J, PTPRIMWZIEITTZ F Ak AR A IS 12 P
SLC3A2, i T 40 il il 95 200 1 38 5 (11 3) o AR
S, BPELRIRFE S FE§B1 (ovarian tumor domain-
containing protease, OTUB1 )L HIHISLCTAT1H]
ZERAMIKF, HWINSLCTALIRIE KA, Wk
/b IR 0 L R AE T ) R AE P (E3)
2.5 System Xc' & SKF AR

SLC7A 115N AN C #8575 AR 120K 15 JE
HH, MSLC3A2ZNI AL T MUK . Clinfer T-HEA
FREEEAY, 2N TR REER . R
KL, BSLC3A2MIFE KR AEWRES, SLCTALLHY
FIE KT 53 AR, RUISLC3IA2RE WS 4 5
SLCTAlLE AMFEM, RASLCTAITFSLC3A2
Sia kAR E B A1k, A ftflisystem Xc'iE
W RIEDRE .

CD442—fp | s e, 1E it o
T HIE I LR Sz AR R AR . ARYE AN T RIETT
KAE, CD445 H 70 NCD44r#E{A(CD44
standard, CD44s)f1CD44%F F4K(CD44 variant,
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CD44v)H . el 7T R I, CD44vichs 5 HSLCTANKICH 4513, OTUB15SLCTATIIN
SLCTAIMHE 454, $#mSLCTATIESH M F 1Y i G IEAE LA S, TR SRR E A, Himn e
fasett, (edt B miEmangE™ . thoh, CD4ds  FHRESLCTANI R E (K4, Boh, =1
A SEOTUBL-SLCTALL M H 454, BICD44s MR, FE A1 CR I AL (mucin 1

Cytoplasm

&3 System XcHIERIFFIEIR

Cytoplasm

El4 System Xc¢ 8 & EE
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C-terminal subunit, MUCI1-C){E/f N -5CD44vAH H 25
&, CD44vIEMIA 5SLCTAIMH H 454, Bl
A — A YIMUCT-C-CD44v-SLC7A L1, 3N
SLCTALFIFaE P (&4). [F, CD44s-SLC7ALI-
OTUBI1E{MUC1-C-CD44v-SLCTAL1 & & nl 455
PRI T s, (et iR an e K.

W F0 K B, Bel-2 A Y6 45 #4385 85 H (Bcel-2

homologous domain protein, Beclinl)ilit 45 &

SLC7A11, HE#EFHMisystem Xcihtk, Mk
BT WL E, AMPIOE & A B (AMP-
activated protein kinase, AMPK)iHfb/5, AMPKA»
FBeclinl 7£Ser90/93/9647 s R 1L, IR AL 11
Beclinl i L5 SLC7A 11 H #2454 % i Beclinl -
SLCTAIIE &), BHRSSLCTA11S5SLC3A245 &7
isystem Xc', FFAMMEILET(KE4). Bbokh, EE
5 R A KK T %K (epidermal growth factor
receptor, EGFR)FIK T4+, EGFRML A 4544
BWANSLCTATT Y124 175 5 235 1) 335 1) v 0o 35 0 AH B
YER, YEINSLCTATLRRE I, (ke A= K iR
ZE K4y, CD133 & —Fh H AT SUCHES RE 45 1 10 i
F, W ME TR RE AL P B
F Y, CDI133" [ 41 A idiid £2 2 SLCTA LR i
YU M GSHK T, 381 % A6 ST 259 7 AR it 245
PHPIE 4)

3 #B[c)system Xc R AREZS )

KEBUEIERW, SIEFEMMAHL, MiEaiR
P 7 i L AT B AR ROEOK ST o T A A P
KPR A SR A AE 22 X DNA L 2 E B FIR
T A5 R, AR T IR A AR . A
T YRR R AR, MR 40 2l 2 Pl A
KAgm A RE 77, ARG A i A 3 2 AR
YA TIGSHIF & & . System Xc &0 T-41 i -
PRI iz, AGSHE TR,
752 Ff g b B RIAY I 4 RN A Y 4R
WIEJFEEAS, system Xc SRR, 228, #
. M2t B IRNOBIE ST YA G, Bkt
system Xc T AR IR IR T AT THE .
3.1 WUsystem Xc A{EAE SR LESHEY
3.1.1 Erastin

Erastin/e H #4055 7= 01 78 b N )32 1)
SLCTALHMHIFR, v E4ZEE ) fsystem Xc (I3

ik, BUEL4E AR AN R AERRBE T A, W R
Erastinfi7 4= #)— Bk ML B Erastin AWk B Erastin, B&
FAFRKIE A R e, AT AR k8 KB4
PRIbREIRE R AR S R LA B T 4 PR R A
3.1.2 Mp RAR e oo

U % ML E (sulfasalazine, SAS)f&—FH) 72
F T8 7 28 GR35 15 1t 9% JRE 14 95 9 R 90 %
Z5¥). SASTEAA NSRS Rr i system Xe R
K, 5 Sk TR 4 g g A B L A 0
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