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[Abstract] Solute carrier family 7 member 11 (SLC7A11) is a transmembrane protein responsible for transporting extracellular cystine
into cells, facilitating cysteine production and glutathione (GSH) biosynthesis, thereby protecting cells from oxidative stress and ferroptosis.
Numerous studies have shown that SLC7A11 is highly expressed in various tumors and is closely associated with tumorigenesis,
progression, and drug resistance. Starting from the sources of cysteine and its functions in tumors, this article introduces the structure and
function of SLC7A1L. It reviews the mechanisms for the transcriptional regulation of SLC7A11 by transcription factors and epigenetic
regulators, as well as its post-transcriptional and post-translational modifications. It further discusses the role of SLC7A11 in regulated cell
death pathways such as ferroptosis, its immunomodulatory functions, and tumor therapeutic strategies targeting SLC7A11. This review aims
to provide references for a deep understanding of the role of SLC7A11 in ferroptosis and tumor biology, and the development of novel anti-
cancer therapies.
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Jpggg PREE v, Sk T A R R A T R, R A e
23 R TR S R AR ERCR, X — i R L
T LT 2R LR 2 5 A R EKE . B
AR Z % 7 W51 11 (solute carrier family 7 member
11, SLCTA11l) FEiX—l B R 15 T OCHEH,
REA 1 20 M S D SR e is ALy, JF R Bhole 4
AR HE D A0 Ah . AU RS, B RD
T P S e R S D ) A v 8 g R ) A P e Ak
i, BEURERRI AR R AR . R R
1A= S B < U B A = bt 2N ) A E N
( glutathione, GSH) AYCHERTIA. GSH J2& i it
AR . HERES & RO =/, W iR e
A BGE T T T RS R M . GSH R
BUE S 2 MY L RS R TR R A
PR A B, %28 BRI T 45 R - bk R o 1 il
( glutamate cysteine ligase, GCL ) HIf#fLINRE, 1
e S8 & W T 2B A RN, AR E
TR - E B e R WS, HERR S 7E GSH
BRI T, BORS B I 2] -5 K R
BRI C A, M4 GSH, SLCTA11 AR X
BEMBURE N, EEHPUAL R B S AT
ol i, R S0 PER AR . MR A EE . R
PE N B IEYT 2 DIA G . AR SO R 11
SR S HAE PR R R ThRE K, A4 T SLCTALL 1)
SEEFITIRE, BB T S TR UL AL JE T
X} SLCTALL (e sl DAR G Si e A BHAE
JaiE T, LR T SLCTALL S4BT 44Tk
HEFET MR . X RGE I IIRE, LI
SLCTATLL Ml i i I iR T 7 R me DU IR A LA
SLCTALL FERICT-F I £ Wy~ v A LA S
B B RE TR T RS BRI LAt

1 FHRERRIThEE R KR
1.1 FMEEMHERERREME PR ThEE

LA T — PP @ AR, AIENEA
A R, DAERRI AR S, S A —A
TFEsnidt, P mRA S nE AR, R
S H A B BT AT YA ) 4 R RTAR Y BT,
Hh, CEMER G S5 A A e s P A
GSH, & GSH 5 AR TR . 48 A P il ok
ORI IR Z —, PIEERR A] 5 A & i
R misE, A E AR, S 5E AR
PRIGEME B TR 0 R R PR . O L
JER AR 98 555 22 P i & PE R R ) OGS N 28 D
A=A BSR4 (reactive oxygen species, ROS)
JKAF-3E = FIE R 4, ROS (it BEFR Rt E b
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SVPEREME e B B s T AR b, R bR
Feum s FEOL LI EEE A G2, BEmi
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1007 oy
1.2 ¥HABKRKIR

20 i T Ak P IR R S RN A R 1 5 s iR AR
AT MR, EAMIN, MR ol AR
( methionine, Met ) il & F AR FE P IEIE G . K1,
FEAML R A B bR & B Re J1E AR, xELLH
JE R I BRI AAAL BT R, PRI 208 T
AN ifL S I e 2 R DA 4 A B AR S5 T g
W EIL, Ytz ie ol 4 o Xy T R R R i s
A& 3 (excitatory amino acid transporter 3, EAAT3 )
N IR - 22 5 1R -1 e 2 R 32K 2 (alanine-serine-
cysteine transporter 2, ASCT2 ) MAHHIZNARSEIE A2
Ji O HSERR L, A0 P e R Y 32k TR
RERARMERR, R r A e mE
1 s, ERAER TS 5 N, 4 £ 25m SLCTAT
P IO R 5 im AU LN, O DR S o T AR I T A
SR 5 Jie R W2 — A% H IR W52 ( reduced nicotinamide
adenine dinucleotide phosphate, NADPH ) , ¥ it
AR iR . ik, EREREEARS
. B R B A A AR S g R A 2 E )
g, = 5 kA AR OC ;R A 2 R
SLCTALL MHIAMERUDE 2R, F1E 20 A K A
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RELL 101 A9 LA 4 B PN A0 45 R 55 2 B AR 1 b 2
FRUEAT A . HE A A M P 174 e 2 T 2 16 A e T
@AM, 25 GSH A M. GSH R4 e H Ak
F ALY 4 ( glutathione peroxidase 4, GPX4 ) (14
B, RN RE it A e AL A I A, A
TR e 240 e e A2 S AR N 7, Sk sE T,
TR VE R A0 s . SLC7A1T FEH e T ANy
ik 4928-q32 X3, & 14 M40 EF, HiSH
HEAFTH 501 MR MR, ZEAM NS C
S B T AR, A 12 B R e

(transmembrane helix, TM ) , H H TM1—TMS5
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Figure 1 The sources of cysteine
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AR R (Y IR M AR B AE T, R AR AL R
ARG et A W R ARG R IR RON
) P S 180 UL ) ol 11 e ] S o 52 47 ( clustered
regularly interspaced short palindromic repeats,
CRISPR ) -CRISPR #]¢  F1 9 ( CRISPR-associated
protein 9, Cas9) F AR SLCTALL Al S AR =
R R A BRI T, R R B S A kR
I T B HAWBRFE T A A8 b8 Ak, JF 2 i
SRR AR A U0 FE R T A IR B IR TR
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F 1] RRsd S N, 5 R g SR A A v
HE, F5RIEL YR, RS E st Y,
SLCTA11 A5 %) e 22 R 15 AR A i R A T~ 9 W]
o 55 F 3k SLCTALL 1) 4 i X BUBRE A6 T B8 4
JE, BCRIRRETRY T BRAE T BRI . I R ATHIFST 228
SLCTATN 253 1K ()82 41 B X 48 2 Wi 38 2 11 90 5]
AHALE T SLCTATT IR IR 11 i 40 M B SRk, il FHIZ G
TR T A %05S SLCTALL Ik miaiust T M,
AL AT UL, SLC7ATL RT3 P8 7 BRAE T OB SET -
SR AN AR AE T AR, A AE TR YT AR TR SR

4 SLC7A11 3 IhiEE e B R FF IR AR 1

ol R GEAE IR IAYT B SCHEAE T, SR i
AN AT > [ B PR R R L TR R &
DA P e B 358 A ML ) S PR G g ke , AT AR Y
FREp AR 28 iR 40 A5 G A e A Qi it
T E KRR E SRR, WA S B .
A PR R TR BRI, IR 40 R 28 40 o
TRV SE P R, PRI, t TP
A SLCTALL Ay Eik, iR 40 /e e 2 iR F5E L
IR T 40, X R T T difEE
YAIERAET s MR, R4 SLCTALL 1Rk n
S8 P RD T R A B T 1458 T 40 M AYe e de s
g U, fERE AN, SLCTALL (R FRIATT
IR PESE TSR 1 ( programmed death-ligand 1,
PD-L1) BYFR/K-, M 060 40 B 5 1 T 40 iy
W R, PR SLCTATLL kb ek
PETYE T ANMEIETE, TP AR S D RO, ik
i geg 3 J 1S ifryd A DG B 40 D ( tumor-associated
macrophage, TAM ) 7E J} 9 (i 5 53 8 9 vf i 4%
TR, R R A L G R R i A A AR
H T B g 40 e v 3 ] 8 L A SO B A S 2 2%,
TAM TEJAE U b () EAARHLH AR KRR AR
. RIS AP, TAM 1 SLCTA11 9 55 &
ik, HHRXKFSRRBUGHIG, 765 i h
I SLCTALL 7] g /> M2 AU ik, JFfE it CD8' T
A SEAE T IO, 5 AR R SR ( dendritic
cell, DC) e, WEA DC o SLCTALL Rk B &
Fhen; BHITDE R B 12 AL 2RI P GSH /K,
W2 T BARZ AN 1] DC A4k B SNP4I A 8
R, R SEUE ERers ez 1.

REL BT #9249 R e PEFE T 324K 1 (progr-
ammed cell death-1, PD-1) =% Jif 98 40 g b 1% PD-
L1, B8R a4 KO 5B S Bl A aior
H MGz —, BF5E s, SLCTALl %355 PD-1 /K
- KR AR B ARG . R 3 R PD-LI

PPS

MR IL 5 SLCTALL By 3RiA A ¢, TMi$t PD-LI
POV SR 70 B FE vl [ o ) i A= G 190,
F—Ji T, FEMFAAESE (hepatocellular carcinoma,
HCC ) ", SLCTAINL 155283k 0 3 2 $7 SERE IR 17
il 240 B AR A SR IR PR AR R L, DT U
Je % PD-1/PD-L1 il 50 p= Az i 2 2

25 b, BRZNAE SLCTALL Ak DL K eyt 40 it
A& SLCTA11 kIl s ) g dif thpe, ot
T 5192 e e 1 25

5 SLC7A11 ByiR#E#LH

SLCTA11 G P FI R IR TE 24 2 1 52 2K
. G 2 s, HOREEPLR SO s K
55 R, DL SRS IR S
P, ke L 4L A E 5 SLCTA11 mRNA 5 11
IRV JeFae P AT S AN [R] 45 HL ] 4n o] 52 i
SLCTA11 MYk 5iftk.
5.1 SLC7A11 M REFiRE

METHE IR s, B 20 A0 2 AH OG- 2
(nuclear factor erythroid 2-related factor 2, NRF2)
5G4 (activating transcription factor 4,
ATF4 ) HL[ERRY T —2H 28 ¢ HE B i sl s oo
EATHE SLC7ALL K 3R iR % v & ¥ 4% 0 B B A
MIVEH . NRF2 1 R0 a0k SO i A0 1 458 X
Al 5 Kelch # ECH 3¢ Bk 4 1 1 (Kelch-like ECH-
associated protein 1, Keapl ) #HEAEH, Bl —4
WAy R R G, 41 T, Keapl 5 CUL3
(Cullin 3) Z5 B NEZ R B3 EHMEGY, %K
AWl NRF2 LB 2z 24k, dFmd s gl & il
K& 42 fir A P B ff . 7€ ROS U5 S R, Keapl 4
F TG PR I PR AR A R AR A s, AT HI 55
T Keapl-CUL3 E3 #H:ME GRS, BomIt4E
Fr NRF2 (e v 2, #E A QA% 5, NRF2 53
K 2 X BT A B JeF (antioxidant response
element, ARE) %54, W% — RV Hin &L K0 #%
St AR XS E LN 2 S ST AUk Ny R A 4R
ik R A W 4+, B0 SLC7411 . GPX4., 1ETT
A Ji 96 4 L Hh, NRF2 (9 51 3R 35 39 i SLC7A11 1
GPX4 H# [1FAKF, (R HFRTH i 4n i kg o 22
ATF4 22—y AR RS | 2R m G A i
DR I ) SR TR T, FEROARAE T, B BIIE R LG
¥ 2a (eukaryotic translation initiation factor 2a.,
elF2a ) BEWEER I, HEMIWIE ATF4, 351 % GCL.,
SLC7411 %5 5 GSH & WA Ky 2 K 1 % 5%, 78
HCC ', ATF4 1 SLCTA11 % ik 5 1E 40 ¢, ATF4
BZ S5 AR T A RRAET R
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Bk, FRARA0M N GSH K, ML I erastin
FEFYICT; WISEERN], ATF3 il HEss &
SLCTALL Jii 8y X U il HL A s 240 5 546
B S 3G I 7 3 (signal transducer and activator of
transcription 3, STAT3) 5 SLC7AI11 7E 5- bR W& BE
ik 225 24 B L S PP RS AR Th 3 R E SRk, STAT3

Al 454 SLCTALL Jia 8l ¥ v (1 B N o 44 I 9 45 3L
Bk, 76 B B il STAT3-SLC7ALL 4 $5 #li;
STAT3 #I il 57] W1131 38 32 76 5 95 40 i S5 b B% A st
R RERERIRILL R A B0 S A RS AR A A vp
WFEIET, RIHHUMREOR *, 5518521k (aryl
hydrocarbon receptor, AhR ) 7& 3 /)N 41 g fifi Ji 2H 21
ik, H 5 SLCTALl Rk IFEASE, HALH
Al fE 5 AhR 454 SLCTALL 8 8h T3 s s s
%= B,

Bam  MER
o .

EE i it i owmj\
EAFAHEAER CD44vo

~ il
"""""""""""""""""""""" R RRRRRRRARRR
__________________________ ) (

SLCT7AII J
{5t 7‘ AN
~ © (
o AL E T SEE BEE
e e RE

BES N TR OV AVAV AV,

AV AV AV AV

NRF2) (Keapl) (STAT3 T AT N A

AHR ) ( ATF4 ,‘
AV AV AV Y )
O AN ANV AN ..mlR-l43-3P MES
KM AL R SLC7A11 mRNA ) DAZAPI
circKIF4A
o s LA s s

Mucl-¢ SWI/SNF SLC7A11 %Hﬂﬁ% SLCI6AI-AS]

SLC7AI1l: solute carrier family 7 member 11 (¥ 5T # 48 X % 7 B 51 11) ; NRF2: nuclear factor erythroid 2-related factor 2 ( #%
F LA 2 A1 OGIH F 2) 5 ATF4: activating transcription factor 4 (335 %% 3¢ [AlF 4) ; Keapl: Kelch-like ECH-associated protein 1
(Kelch ¥£ ECH ¢ Bt 2 4 1) ; STAT3: signal transducer and activator of transcription 3 ({5 5 # 5 Fl % L35 N 7 3) ; AhR:
aryl hydrocarbon receptor ( 75 /& %2 &) ; ATF3: activating transcription factor 3 (3 ik # 3 [{ F 3) ; BAPI1: breast/ovarian cancer
susceptibility gene 1 associated protein 1 (LR / GP %8 5y LK 1 MI5CEE 1) 5 PRC1: polycomb repressive complex 1 (Z4ifii&

4% 1) 5 EZH2: enhancer of zeste homolog 2 (zeste [A] 54 2 3 5 F) ; SWI/SNF: SWltch/sucrose nonfermentable; KDM3B:
histone lysine demethylase 3B (418 FI#i I8 2 H AL L% 3B) : ALKBHS5: AIkB homolog 5 (W[ ALKB [F 24 5) : RBMSI:
RNA-binding motif single-stranded interacting protein 1 (RNA 25 & 2k J7 fL 8% AH B {FE H 8 & 1) ; METTL3: methyltransferase-like 3

(R FEBRE 3) 3 DAZAPL: deleted in azoospermia associated protein 1 (RNA Z5&HE AT TIEMIEEE 1) ; CD44: cluster of
differentiation 44 (43fLf% 44) ; OTUBI1: OTU deubiquitinase, ubiquitin aldehyde binding 1; mTORC2: mechanistic target of rapamycin
complex 2 (ALY HRINHERILE AL AY) 2) ; NEDD4L: neural precursor cell expressed developmentally down-regulated 4-like (fft
ZEARAIIERIE R E T4 HEAD

E 2 SLC7A11 BYiAEHLE
Figure 2 The regulatory mechanisms of SLC7A11

5.2 SLC7A11 ¥ RERMEEAE

PR 118 & a8t A% R 45 5 B8 T DNA K HAH
KA WA B . LR / B S0 B SR A 1
A FE 1 1 (breast/ovarian cancer susceptibility gene
1 associated protein 1, BAP1) J&—FhZijfiZ Lz &
TR, PTEBRA1E I H2A 55 119 (i RR Y Bz R
feetli, N7 rkH, SLCTALL J& BAPI
() G Bl e SR bR, BAP1L B2 % IL SLCTALL 1Y 3%
iko FEMLEI L, BAP1 M HAH BAEHE I Z M
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e iz ZALEEE A1k, FeSMEETE T SLCTATL
JAEh T X, Wik S BAPL X H2A HE A
ZAbat R, ARENH T SLCTAL BFEFETE, 3% —
HUBI TR T SLCTALL B R IE K, Wb T
IR AR USCR , I B E B T 4N X AE T Y
U B ZHEHEEE A9 1 (polycomb repressive
complex 1, PRC1) A3 H2A Z R FEZ R
HEAERE, fE8 5 SLCTALL B 3h 7455 I 12 #F H2A
w4k, R4 PRC1 5 BAP1 Xf SLCTA1L B8 TIX
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H2A 12 ZAAKEPE AR, (HAFFSE & B & H 3
il SLC7TA11 # 3k P KB PRC1 5 BAPI 7 4k 15
H2A 17 RS K2 RAsh b BoA mEAEA

BRiz ZABA, AL A ARk R Ak
WS 5P SLCTALL Rk, & AR 2 i
AL 1§ 3B ( histone lysine demethylase 3B, KDM3B )
JE— Tl H3A 55 9 o 1 24 IR 25 B L il , #FoY 3R W
KDM3B 78 A\ £F 4 P83 41 il HT-1080 H i) ok &35 1]
REAIC H3A 55 9 o7 4 20 1% 1) H L4k JF 11 SLC7A11
Fik, L E SLCTALL J3 81 X 30l 1 41 2 1
PRICARBRASE, MIMTHESR A0 YT erastin 75 5 A 8k
FET-HHEHT ., Zeste [A] Y 2 #9581 (enhancer of
zeste homolog 2, EZH2 ) AJ[#fk SLC7TA11 BYZRik,
HOMBRAET MU, mBR BZH2 S ff ] EZH2 #]
7 GSK-126 1] FEARAH A X 2R A0 T B A o ML) I
RNA 75 G R e et e 45 R L B, EZH2 it
FRAELLEE 1 H3 =S L LI SLCTALL Bk,
e B

[ A, Yoo i &9 5 A9 SWI/SNF ( SWitch/
sucrose nonfermentable ) 47 S B J¢ {4 7 & ¥ b
fE SLCTAL % i = h R E ZA/EH. R %
B, SWI/SNF & & W14 5 1Y Y (o 5t 55 98 ¥5 S i 7y
SLCTALL ¥%5%, 55T AT &4 X 2 5 SLCTA11
AT X EHELS A, X — K T SWISNF &
B YRR IPEN, JEimfE vk NRF2 /5
() SLC7AII FEDRESE30E PV A AMESE I MUC1-C
76 SLC7A11 34 |5 NRF2 fIZ &N 1 B E S
Yy, YR ] SIS S SLCTALL ik B
5.3 SLC7A11 MER B AV Z R AE

AR H TR 2 B 5T # 4E Hh A X SLCTALL 1)
kiR I, {H SLCTALL MR 22810 52 3 5 5
JE PR FEHPR S AT . RNA 4548 I JoHS I ¢
#H 1 (deleted in azoospermia associated protein 1,
DAZAP1) 7 HCC b i 3 [, @ik DAZAP1
ENH HCC 4 ffl i 3 5 . iE#8 AR 2%, DAZAPI
R T AR ERAE T PR e AR
TEHLE [, DAZAPI 55 SLC7A11 mRNA () 3" 3F #
X (3" untranslated region, 3'UTR) t#HEAEH, %
o PR 38 A 0F ] R 45 mRNA B Mok i 5 SLC7411
FEHEAERBAKFE D, X —HURE R T 5% %5 %
T A 15 2 1 A R RN 40 R T 8 SF- i v A G B A
i, 3 —Fh RNA 456 8 [——RNA 256 37 ik
M EAEHHE A 1 ( RNA-binding motif single-stranded
interacting protein 1, RBMSI1 ) 1&g BLUERE i
U, 5 HIGERBUS A RAFECE, ILE
W HES A RPERBN T 3 W D MHE/ER, o
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A3 T V81 SLC7411 FEH Y 3-UTR 5 5" dEBI%
X (5" untranslated region, 5-UTR) , M ifij 32 8 %)
SLCTAI ¥ 53¢ 5 E it B ARG iy . X —HLik S
FH SLCTALL M- FHI MR BN D, AL #E R
TR KA B

RNA {9 Fa 5 Pt nl LA i VO F R IR (N°-
methyladenosine, m°A) 3k ¥& 7. W % # B
¥t 3 (methyltransferase-like 3, METTL3) 4 &
SLCTALL B m°A &4, Mifidas T HAR 2 PE Ak,
P T A X R AL T B AR BT B M, R
JL il AIKB [7] &% 5 ( AIKB homolog 5, ALKBHS )
Al 2% B SLCTAIl mRNA | 19 m°A & ifi, F& 1%
SLC7A11 mRNA e Pk, dEii#p ] SLCTALL #ik P,
KIAA1429 J& m°A H 3L B il 10 OGS 240 s 43, F
55 5% KIAA1429 ili3 /5 SLCTALL iy m°A &4l
SEJE VR SLCTALL ik, % HCC 4i i o 52 Bk st
TRy BT #] SLCTA11 mRNA 7K A HAt % 55
Jo ML A2 45 7y RNA ( microRNA, miRNA) . K
HEAESRAS RNA (long non-coding RNA, IncRNA ) |
¥ R RNA (circular RNA, circRNA) . #F %8 &
M circKIF4A4 3@ 3 i 248 W B miR-515-5p F1 I+ 14
SLC7A1L, 35 A R4 E KRR Y, 72
JE, IncRNA SLC1641-AS1 23k, BH5HRHN
HEAEIIAROG B SLCI6A41-AST AT 36 B 9 240 B 14
RIS 7. BEEEAERS . FEALE L, SLC1641-4S1
[ YER miR-143-3p Wil 43 F-, @ik SLC1641-AS1
2N miR-143-3p W& B KF-o SLC7A11 B %7€
S miR-143-3p WIHEHED , 32 3KR3K miR-143-3p W] 3%
P06l SLCTALL [k, YLER IncRNA SLC1641-AS1
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