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Research Progress on Molecular Regulation and Targeted Therapy
of Disulfidptosis
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Abstract  Disulfidptosis is a newly identified form of PCD (programmed cell death) caused by intracellular
disulfide stress, with a unique molecular mechanism distinct from other PCD modalities such as apoptosis, pyrop-
tosis, and ferroptosis. In this form of PCD, glucose deprivation in cells with high SLC7A11 expression leads to the
depletion of NADPH. The resulting NADPH deficiency triggers abnormal disulfide cross-linking and collapse of
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the actin-dominated cytoskeletal network. The disulfidptosis pathway plays a pivotal role in disease pathogenesis

and progression. Relevant studies have not only clarified that SLC7A11-high tumors exhibit a novel metabolic vul-

nerability, but also confirmed that targeting the disulfidptosis pathway in combination with ERS (endoplasmic retic-

ulum stress) inhibitors exerts synergistic therapeutic effects. In addition, this pathway contributes to the progression

of NAFLD (non-alcoholic fatty liver disease), and provides a novel theoretical basis for elucidating the immune

escape mechanism of CD8" T cell functional exhaustion mediated by LDHB (lactate dehydrogenase B) in the tu-

mor microenvironment. Currently, various therapeutic strategies targeting this pathway have been proposed. Future

research will further clarify its disease relevance and crosstalk with other types of programmed cell death, thereby

laying a systematic theoretical foundation for the development of precision targeted therapies.
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FeiR . BRI T AR, SRFEPEJE T (necroptosis) £

disulfidptosis; SLC7A11; NADPH; tumor metabolism; immune regulation; targeted therapy

T- (pyroptosis). ZRALT: (ferroptosis). AL T (cupropto-
sis) WHRSET (disulfidptosis)=h:r 7Y 5V AU g i 4582 A& B,
BRICTTTAIETEAS . 7 AL SR BT Re H A
Z T, NIHRIRAE T S HAth = EPCDIE A %
O], AR SO 25 Y OGBS A T B BT LR (GR 1)
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Table 1 Comparison of key characteristics between disulfidptosis and other major programmed cell death subtypes

PEFHAIAE T RA AR R K1 TEASFFIE Tl S P A )
Type of programmed Triggers Key molecules Morphological Core pathways Specific inhibitors
cell death features
Disulfidptosis Glucose depriva- SLC7A11,NADPH,  Cytoskeletal Imbalanced glucose DTT (dithiothreitol)
tion, disulfide G6PD, actin, Racl collapse, plasma metabolism, NADPH and other disulfide-
stress, inhibition of membrane rupture,  depletion, disulfide stress, reducing agents,
SLC7AL11 function disulfide accumula-  cytoskeletal collapse SLC7AL11 activators
tion
Necroptosis Death receptor RIPK1, RIPK3, Cell swelling, RIPK1/RIPK3 necrosome  Necrostatin-1
stimulation (e.g., MLKL, caspase-8 plasma membrane formation, MLKL phos- (RIPK1 inhibitor),
TNF-a), viral in- rupture, organelle phorylation and membrane ~ GSK’872 (RIPK3
fection, caspase-8 swelling, necrotic disruption inhibitor), necrosul-
inhibition morphology fonamide (MLKL
inhibitor)
Apoptosis Apoptotic stimuli, Caspase family, Bel-  Cell shrinkage, Extrinsic death receptor Z-VAD-FMK (pan-
DNA damage, 2 family, p53 chromatin conden-  pathway, intrinsic mito- Caspase inhibitor)
oxidative stress sation, apoptotic chondrial pathway
body formation
Pyroptosis Inflammatory Caspase-1/4/5/11, Membrane pore Inflammasome activa- VX-765 (Caspase-1
stimuli, pathogen GSDMD formation, inflam- tion, GSDMD cleavage, inhibitor)
infection matory cytokine re- membrane pore formation
lease, cell swelling
Ferroptosis Iron accumulation, ~ GPX4, SLC7AL1l, Lipid peroxidation =~ GSH depletion, lipid Ferrostatin-1,
lipid peroxidation, ACSL4 of cellular mem- peroxidation, dysregulated — Liproxstatin-1
GSH depletion branes, mitochon- iron metabolism
drial damage, iron
accumulation
Cuproptosis Copper accumula- FDX1, DLAT, LIAS  Mitochondrial Abnormal copper ion TTM (tetrathiomo-

tion, abnormal
protein lipoylation

damage, protein
misfolding, cell

swelling

transport, protein li-
poylation, mitochondrial
dysfunction

lybdate)




1410

BB AE T2 3 [ BA T 2023 4R 7 Nature
Cell Biology & IR 8 8T BUAR FP R A M FE T2 WP A
RIS FHE -0 SLCTA LT 234 il e 40 it AR 15T ife
SHPEMIRIETT . 1% [ BATE PR A5 7% (0095 IR 34k 5K 7
% 1 11(solute carrier family 7 member 11, SLC7A11)
o 2 I Ml e 4 B A Y o R B, R A W S = A A
T, A BB RN E TR T BRI R A
IS T RS, RUUCAANM B 22 SR 20 s
WEE, HE— B0 U S A0 T 7 20 41 i N i
LA, WK F A OB AR T M X — R IR
W T AR SR AN T A B R IR, 48R T AR
AR R S 20 P 2R 2 TR R R ORIEG, N SLCTATLL
AR R (VR TT AL T AR s . XUBRAET A2
280 w111 &1 Dol 7 B i Y ks 54 il Uk 2
H AT A SRR W, o SLCTAL 23k b
P (AR T TRER AL 7 3 BER D, AL R G4 A W
SETor TG o BRAE ) B e T i S, N
ZAUI RS

| RTET IR 5 T A

R AL T DLA U 2% 17 -N ADPHFE 5 — — B B
IS — 240 PR S A A A% 0 A 5 A, [RTESERR 25 Rac -
WAVE 71 & &%) (WAVE regulatory complex, WRC)
TR P AR SR R A N 2, RO ML a1
Fr7R
1.1 KL 5K
1.1.1 SLC7Al1E&A 5 R 4t454 SLC7A117&X(
BRAL TS G871 1 5%, R /K- 5RuPRE
Al e At T iz . SLCTATIRIAF AR 2, o]
22 MR RUWEEE IR, XA E
g () HL IR 7K 22 7 B 2 A% O R R o TR TR
Birh (R € 5 Tl B AR i S B s R IA .

1% K T BE24H % [ T~ 2(nuclear factor erythroid
2-related factor 2, Nrf2)2 %% il 45 )2 [ A% 0 %
KT, W EREGE S SLCTALLE 8 FHIPUE A S v
JtfF (antioxidant response element, ARE) LA{i¢ i L
sk MBS Nrf2H R R Keapl B ff 5
MBS, RS SLCTA L RREL m R Is )
517 T8 F la(hypoxia-inducible factor-1o, HIF-1a)
A 454G SLC7A11JE 31 84 B 764 (hypoxia
response element, HRE) b i H 18 B, Y SLHE &5
1 03(forkhead box O3, FoxO3)l & ¥ 4l 1

FH, HRIE SRR T SLCTALL I HMHI ), 75 2% M 38
VR J7 1, DNAF I 48 BB a] 4%
SLC7A113%i% , SLC7AILJE ) T% W 4k AT 3% 98 1%
B P FE S v, TEE . PR, DNA R4S
B 1 75 AT 5 5 L3Rk iR U0 AR (1 H3K 27 241k
YT (e 3E SLC7A 11 5% , M A 2 LI AL (histone
deacetylase, HDAC)# il 571 )] G188 i 3 i H3K27 &
WAL K, gt —20 BRI, fER A
PI3K/Akt/mTORIE A A 3 E A @ S, RRES T
IR I FoxO3 I 2R vE , [FIR (21 Nef2AZ 56 7%, HhIF]
FIHSLC7A111Y; MAPK/ERK & #% i it 0% Nrf2
PR SLC7A1IH: 5 13); TNF-a. IL-6%% JE K1 7]
W& STAT3(E 518, (A4 EIHSLCTA11ERZE, UFH
Iy b JRg 3 I 48 RE N T 1. SLCTATT A b3 iR 42 ™
WA, ZO R T AR Nrf2, HIF-1a. FoxO3
SR T X DNAH 4L . HED LB SERMN
WALEE . MR T, SLC7ALLE I MR O R
AP R=ANER: — 2521, Nif2. HIF-1055 5
W WOEFFELIRE) SLCTAI G 5 ; — R 211,
SLC7AI11JG 8T W AL KK, H3K27 LBtk
KT v AT 8 5 FL e v 1 = R MR A R 2
[, PI3K/Akt/mTOR%E 5 538 % 5 82 80E ¥ [5) b
W HZRIA ) e A iRl B SR A p s AL s,
I A 16 XA T (AR e 55 P . AR AR BRES
T, SLCTALI I BRAG I, 4ERF7S IDEH K (gluta-
thione, GSH) % B 5 A IE JRARAS; 4% &) BE sk Z B,
T IR I H¥ 842 (pentose phosphate pathway, PPP)3Z fH
SENADPHZE ik /b, SLCTATFFEEIREN it & R IE
Jif 13—V FENADPH, 7 k1T 5] & NADPHAE Y
TR B AUERAE T U0, SLCTALL S w8 F A 1 i i 41
PR 70 S A A B4 2 A D T e RS ) AR A A 55
PR, IXHAARE T I 2A R Xof e 4R A R < 11 UK
P, N A e A A 55 PE SR 1 BB AR TR

AR A SLCTA L R I8 K F AR AE B &
725, U B v i 98 240 i X SOURR AE T ) U A
i e A SLCT A1 /3 3k L) 5% 155 (60%~70%),
L5 Keap 1 -Nrf2:8 i 5 7 W0 AH G, B8] kb il e 248
555 ] 260 W 0 <5 B 49 R A A8 /PP P Id B 4 R B
T (0L B0 T BB A ik, I U 02 U K 1
YR AL S R E U780 fFE R SLCTALL R R 1A
EE A5 40%~50%, 3% HIF-1a A1 PI3K/AktiH L[]
VR, L T 2 T e 40 5o U B T 375 5 571 ) B UK
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SLCTANZXUBRIE T Y E Iy T IF K, HRIAZNr2, HIF-lon FoxO3%: 5t K 1 M DNAFFEAL . H3K27 LWL 55 R W A A 3. 76 i
TR, PIBK/Akt/mTOR. MAPK/ERK J¢TNF-0., IL-630% HUSTAT3 % 5 i i vl Bh [l L IASLCTALIR 1%, 145 i3 41 470 42 A B 0 9 A
BURAE T AR AREIBETI M . A B B Z 1), SLCTAL1 2RI AIMIPPPAZ L. NADPHAE ik /b, 1 bk U B i 5 R A2 FENADPH, 5028 3 303%
FEIE; KM 20 IR 4R 1 AR S RS IR, 15 i A A A A U AE T . Racl-WRCHE B P {2 dE %30 R, ERSTL@E L FIHGOPD = AX
PGP R . SLCTALL: EBTEARSORT LI 115 Nrf2: P T E2AH R 7°2; HIF-1a: S SR T 1o; Fox03: XCRHMEER F103; PI3K: BERRVIE
3-WHE; Akt: 2 T#0EEB; mTOR: M AL) YT I R ELE 10, MAPK: 2225 iE (0 B 1l ERK: 4l ME -5 187 8, STAT3: {5 57 G 5kt
B K 13; PPP: BERRIHTIE1E; F-actin: F-JJLZ) & ; Racl: RastoCC3IATZIRM L, WRC: WAVER T E &4); Arp2/3: NIZh&E AR EH23E

FW0; UPR: AR AT B a1 XN GOPD: i % Wl -6- ok R it = g -

SLC7AL11 is an important molecular switch of disulfidptosis. Its expression is regulated by transcription factors including Nrf2, HIF-1o, and FoxO3, as
well as epigenetic modifications such as DNA methylation and H3K27 acetylation. In the tumor microenvironment, the PI3K/Akt/mTOR and MAPK/ERK
pathways, together with the STAT3 signaling pathway activated by TNF-a and IL-6, coordinately upregulate SLC7A11 expression, thereby enhancing the an-
tioxidant capacity of tumor cells and creating a metabolic vulnerability associated with disulfidptosis. Under glucose deprivation, the pentose phosphate
pathway is suppressed in cells with high SLC7A11 expression, resulting in reduced NADPH production, while continuous cystine reduction further
consumes NADPH and eventually causes its depletion. This in turn leads to aberrant disulfide bond crosslinking of cytoskeletal proteins, cytoskeletal
collapse, and subsequent disulfidptosis. The Rac1-WRC pathway promotes this process, whereas endoplasmic reticulum stress exerts a compensatory
protective effect through upregulation of G6PD. SLC7A11: solute carrier family 7 member 11; Nrf2: nuclear factor erythroid 2-related factor 2; HIF-
lo: hypoxia-inducible factor-la; FoxO3: forkhead box O3; PI3K: phosphoinositide 3-kinase; Akt: protein kinase B; mTOR: mechanistic target of ra-
pamycin; MAPK: mitogen-activated protein kinase; ERK: extracellular signal-regulated kinase; STAT3: signal transducer and activator of transcription
3; PPP: pentose phosphate pathway; F-actin: filamentous actin; Racl: Ras-related C3 botulinum toxin substrate 1; WRC: WAVE regulatory complex;
Arp2/3: actin-related protein 2/3 complex; UPR: unfolded protein response; G6PD: glucose-6-phosphate dehydrogenase.

Bl WL T %05 FHLE R T 4% R B B (A E HBioGD P42 )

Fig.1 Schematic diagram of the core molecular mechanism and regulatory network of disulfidptosis (created by BioGDP)
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U A2 AL T AN AT W AZ 037 B NADPH 32 #
HH PPPI % 5 Bk, 7 40 A -6 2 i 208 (glucose-
6-phosphate dehydrogenase, G6PD) A 1% i i [ i
Ay, g PE e NADPHAE BOCRP) . ] A s =
B GOPD A IA 32 B4 ), NADPHAE Jle H Wy, 28
SLC7TA1141 3\ NADPHFFEETH#E, 40 i 4 S50k
Ji e 2 Ik 2 7 20, NADPHFEYR S 808 (A i i
AR RE Ik, WahiE B 55w 388 B Rk
B AR, IR BB AR E M, &gl R4
HaFET I,
1.2 TiFBITERS: N_HRRHEMAe S 2R
121 ZOQRAFHERE  RE RERE
FE T NADPHAE % 5 40 i B B8 A At 1A% 0 A= A =R
i, o SR T bR B AR AR 7o B 1 o 4H 2 IE
SE, R A FERIZF R, SLCTALLE R IA A1) 6
B RE T E, HomHig 2 n) et £ T s
A (B-actin). 42245 A A(filamin A, FLNA). ALk
5 [ HE 5% 9(myosin heavy chain 9, MYH9)% & 42 &
I e R WA T B =R 72 187 = 2 S R 11 5
SLC7A1I] 584 FHIHZOE A , MURIHTIE S5 HAZ 0 IR B))
YRR,
122 @fedRAM  TZIEER R
SER s T B M SR 0 2 R A B AR A, 3T 5
R E-JL3N 1 (F-actin) 2 4 AN AT 1004 5 58 4,
IR H (R 2R PR S5 4L, e 24 3 B F-actin 4 25 j
fiEt0, LERARER N DS, AR AL T A 2
HILR A AE AR R 2 LB E 1 X 265 A e % 4
SRR AFE A A BRI 2R RS 1)t — 2
VIERVERRREA, ARG SR 2500 B S R SCHE T R AR R,
Sl R MM BTSN, EI0 SR R BEAE S T AR,

HASE R, IX PPN AT AL 22 A BRI 4
DR AR AR R R AT X ) TR T
BRAE T 55 HARAE I M4l B A6 T J7 U SRR T 28 2
fiE, 2 U AL T i 44 (1) B EARK R
1.2.3 Racl-WRCi#3&#9i84=46H  Racl-WRCili
PR U AT 1 B R T O B, A LR 4H CRIS-
PR/Cas9fiffi ik 5L, #1fi] WRCICH L 7 1) 1k ] i
& BB SET I FE . Rac LR ELIS LIS WRC, 7E
OB R e B SRS WL Bh B O A e, ok
B SRR AR, RO R TR AR T RO
1.3 #REIER

N J5i X 5 3 (endoplasmic reticulum stress, ERS)7E

MERAETT 5 P HBOE, RKAEE N R [ L, 7 18
I JE AR RAR AL, A5 B4 M P i s S, 4
GEVIMAL T R A P XU AET B sl , 4R M
1) ERS S FL Ui B AT & £ 1 S8 (unfolded protein
response, UPR)Z ¢ 33% , i _FiF GOPDRIEK
“F, HEAINADPHAE BR, b 78240 i 4 #6355 FUNADPH,
AT 8 i T B 30, I EILAT A ) A g 241,

XML e b ia T iRt T B ER AR R,
0 ERSAr T X Pl M AR a8 % [ H 2R B
P RFE N 5T 34 (protein kinase R-like endoplas-
mic reticulum kinase, PERK)H| 71 1, 7] #5540 f 7Y
FREAREERE 7, A5 H 0 % BB 6 = BUNADPHAE Jil 52
PR SE R, AR 2 SR AE T ) R A . X PG
5T O AL T - AR ORI (1 SRS, A B2 P [ A
5553 e 240 i P 3 S 1 DR AP BRI A A A SR B IE S,
B AL T8 F 775 ERSHIHIFIECH , 7T A 205 %
e 2 210 0 A A B I RO A o g AR G, B ]
A s 77 B B a7 B A0 1 R T,

2 W TEERTHIER
2.1 By

LE R AT, XU FE T (A% ok S ELAE T
a7~ 7 SLCTALL (238 b 88 4H i 1) — > W] Bl w1
TR ETSE . 2 PSR (it . . L
Jiges &5 Y rp e i AE AE SLCTA L iy BB IR BT, 76 % %)
WS R EFR M, SLCTALL ) i 234 vl il i 1
SEAH BT AR T, B e A 36 s AR A B A
1, SRAFAATA S AE1E 581 27 0 (1L IV 52 FR PR Jir g i A
Berp, SLCTAL [ Ik 23 ik il Jed 4 B i 4 gt 47
H, FERN SLCTALLA T (1) Bt &R 6 [ i P2 5
2274 ¥E NADPH, 11 PPP I % [R5 4 H IR P AN & TC i
AWk 78 NADPH, #5225 8 NADPHFE 5 H-fisk 52 X
FRAE B8,

FEF X — AL, B [ i 5 e R A A A XU AT
T E RO — PR EL T SR B e T SRms . B,
%) W 7z 1 G 1 ) ) AT e e AR AL R T B R SRS
PR A SLCTAN m Rk IR 40 . WANG
S RO — B R T, Bk 5 BR Sl 551) v BEL W g
S E XUBR A T 2 AR AR A (OB, I35
VR RS B PR 2% 1 N ORUBRAE T IS AR, N ER XS
SLCTAT 3R IR I B VA T SRS SR T 3k —20
(1) S AR A o
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2.2 KRR

KU B0 T A AR P 505 Hh IR FH 3l 4k 52 2
R 22 (1) O, HL A AR SRR 14 1 7 P4 9 (non-
alcoholic fatty liver disease, NAFLD)H FIHF 5 5
TRNEO G PR FEAE 4 75, NAFLD &3 AT 41
OO FE T A0 9 3 [A] (disulfidptosis-related genes,
DRGs))RIEWE KA RENL, AXFRESLS
JEF I 9 92 Ak A 458 B B S D AR O M1, ol , LR 2R
#2485 6(myosin light chain 6, MYL6)2DRGs/ENAFLD
BHEFRFRRRIEKTFEER S, AHREE ST
WEJEREFRRE AR BIOK P B i P B AR S 2 IR A
K, FeRiX Lt DRGsH &% 1y NAFLD 2 Wt 1) A= V)b
BV S AETRYT R AT

TE4r THUH |, NAFLD 3% £EBE i 5 &= 41K
Pu, Fan ] fe i AR B SLCTATTIERIA
I RN R B FR AR T R B R R (2
JH- 248 ] BsF 10 1 e 2 £ O P 5 5 PP P % 52 BHLINT
SLC7A1141F ) NADPHH#£ 5 NADPHA: B A /2 2
(6] R JE 2 R A, DT fid A P4 L A A XU BB T o
JH 248 £ S 8 XA A6 1 2% 3 B4 i O S — o
AR, B — BRI AE RN, Rk 4T 4EAL
235 s I Rl T 7 e 3 P RS A T I A 26
(non-alcoholic steatohepatitis, NASH)k f& 1, K&
WAL T £ NAFLD H 1) B AR 43 T R4 ML A7) 75 58
2 SEG AT T B, (HEAE BT 78 28 NAFLD AL A
W5 T PsE R R I RE 7 A8 7 1A
2.3 REMMEINEERIA

KRR Y T AE #9258 2 AU ) i o ik e, E B4R
FRAE N CD8™ T4 RE R 4% |, 3875 7 CD8" T
2 Jf FE 0 (PR L, DR IR B IR T B At S
FH OB IR T SR 4 70 g o o LR I A
B(lactate dehydrogenase B, LDHB)/ 3] CD8" T4l
Jf Ty B 6 2 2 3T 47 S R B IR — P A i S 5 1 SR AL
Hil, TR XUBRAET: P8 #5 CD8™ T4 i Th fig i % L Bl
#1), LDHBS SLCTAIfE{E A #E A% &R, SL-
CTA1ERIL S K INADPHAES , 7] (8] 8515 5 R
WA CD8™ TN LDHBACE M R ik, R
SLC7A11. NADPHAf 5 LDHB S # Rk 2 A7 1E
Ihee Bk, Al InRICDS" TN XU AL T K T REFE S o

FE MR P B v ) R ok = A e A LE AR
WHRRAE , 12 AR R 77 AN AT 75 5 g 44t i A A2 XU
FETT, [FII 4 AL CD8™ T (A Ra s %

RURLTRE o AFENPUIEE T s%s A% O S 4H i, CD8®
THMIAEVE G - E MO T i L e, DA4ERF B & 38
A5 A EE VR D RE T2 R T 5 v 1) e ) B [
Z I, FORE AR R 2 IS 8 NADPHEE A AN 2, [
I LDHB ARG B, 2B 51 R AL HER . &
A RO L, B 2 Al R AU AE T, FEBEIFN-y. TNF-a
SR IR o Wb ek, T D e 2 4 AR A, X — i
T2 LDHB) 5 R IA P Ay A2 B BRI A

LDHBA 3] CD8" T MFES , A% 5 2 i 41
0 i B A U5 B g 2 S B 2 1 R IR DG B IR A . i oRd
Yl H B R IA SLCTALL, B &b 78 2 41 F
AT ISR BT BE F , AELE R AR 52 BRI iR A 15
Hh 5 L ) B R H OURR B T AH 5% AR T i 55 1
7] B e o P RSO B b R R W, R4 N fe CD8* T
o 1 AR 2R EL S XU AR T, S5 & I 95 WL AR BT
R PE R RE T X — WL BRI, AR e
TEITHRAE T AT PR, RIAE ] LDHB AT AT 2540
il CD8" TAH A ERAE T, kR A st ohae, 5
PD-1/PD-L 11| 771 5k F BE R Sl 25 3 5 e Jd S0 9% 34
R, ZBA RS H Ar e i N AR R R T
W15 PR 45

3 EEERSE TRYIATT
3.1 EEEEZ OSSR
T B R DU AE T A O T S 2 H R R
B B R IR T RS, E AR SR
FET SRR AL T 2K, 3 T eia T 5 1k
UM ORY, CARE 15 S50 A ) S LR e A
W (ER2).
3.1.1 ¥ SLC7AI1l SLCTATE XU AL T )
RBETF G, AR5 TR A T A% O 8 S H AT
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Table 2 Summary of reported disulfidptosis inducers/inhibitors and their targets
el & 48R & FH AL T 50 8 FH AR 2 22 R
Category Drug/compound Target Mechanism of action Research model/application References
Disulfidptosis ~ SAS (sulfasalazine) SLC7A1l Inhibits cystine uptake, reduces Acute myeloid leukemia [45]
inducers GSH synthesis, and aggravates
NADPH depletion
HG106 SLC7All Specifically inhibits SLC7A11 Lung adenocarcinoma (pre- [46]
activity and induces disulfide clinical)
stress
BAY-876 GLUT1 Inhibits glucose uptake, blocks Multiple solid tumors [47-48]
the PPP pathway, and reduces
NADPH production
G6PDi-1 G6PD Inhibits the activity of G6PD, Tumors (preclinical) [49]
the rate-limiting enzyme of the
PPP, thereby blocking NADPH
synthesis
6-AN (6-aminonicotin- G6PD Inhibits G6PD activity and Mechanistic studies in tumors ~ [50]
amide) reduces NADPH production
GSK2656157 PERK Inhibits the compensatory ERS Tumors (combination therapy, [26]
(endoplasmic reticulum stress) preclinical)
pathway and indirectly enhances
disulfidptosis (in combination)
Disulfidptosis ~ DTT (dithiothreitol) Disulfide Reduces aberrant disulfide bonds ~ General cell-based experi- [51]
inhibitors bonds and alleviates disulfide stress ments
TTM (tetrathiomolyb- Copper ions When used alone, inhibits copper ~ Cell-based experiments [52]

date)

ion accumulation and indirectly

suppresses disulfidptosis, thereby

protecting normal cells

FXRACT: . H %) Bl ¥ 12 5 1 1(glucose transporter
type 1, GLUT )01 71 BAY-876, W] 4111l fih 963 41 it
I 2 BT, BHINTPPPId i, U/ NADPHAE R, 1E%
T S A SR 1S Y A T A A5 5 SLCT AL iy 3R IA i Rg
Y0 B R A2 U AE T 47481, GEPDAF Ny PPPIE 4% 1) R i
fitg, HANHI 7 GOPDi-1. 6-Z FE A% (6-aminonico-
tinamide, 6-AN)%5, 0] ELIEH)IH| NADPHAE %, #r[A]
SLCTA mRIBFEFRAERSET:, H il FZH T
WU, AR RA B R N HT B s 2541500,
313 ¥ed st b mit e R e
RS R AR, P E R R A T I AR AT
SRR, AR T B m A A N AR KT,
] Bt LI, B R 5 5 XUBR AR T 17T 44 B 224
170 (A2 B A 5th 2R D) AT A A LBl 2 1 I 285, nid 4
B SR A R, SESRXUBRAE TR ) e, Racl 4]
7 (WINSC23766) 1] 8 it 41| Rac1-WRCIE i , FH
BN A B R AR, MR AE T, FEH TR
P IE A P G 52 U AL T2 4534551
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ANFTRITIA , ER S 77 AT BEL U7 A9 440 it rr A2 42 £
PR, BRI AE T 15 S A R ARG ROR . A
FEAESE, PERKAMH 7 GSK2656157 5 SLCTA11414]
FIHG1068H , AT 55 35 $2& T i it Jess 240 Ff () XUBR A0 T
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T B — FZ5 4129, Ak, ERSHIHI ) 5 7 % 4 R <5 5
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PR, WOEHUATUR S N2, 5 iy B AT
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BRI FORRR o 7R IR AR B o | B 200 i 2 S 4H 0 7
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