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Mechanism of cuproptosis and its role in liver diseases
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Abstract: Cuproptosis is a new type of cell death that depends on intracellular copper accumulation to trigger the aggregation of
mitochondrial lipoacylated protein and the degradation of iron-sulfur cluster protein, with a different mechanism of action from
autophagy, ferroptosis, pyroptosis, and necroptosis. Cuproptosis is closely association with the development of liver cancer and
resistance to antitumor drugs, as well as the progression of various liver diseases such as hereditary liver diseases, nonalcoholic
fatty liver disease, viral hepatitis, and liver cirrhosis. This article summarizes the mechanism of cuproptosis and its role in liver

diseases, in order to provide a reference for further research and treatment of liver diseases.
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Figure 1 Schematic diagram of cuproptosis mechanism

1 $A%ET

HFE TS Peter Tsvetkov F1 Todd R. Golub [ BA i 44
B — 7 b ] 5 R R A AL TR 2, R R At T2 e
— 4B B AOCHIBE T . RIS R KA LR (A
W 200 J X6 ) 5~ ) R R P e 20 L 9 30 1 000 8%, 38
1 Z2 T CRISPR 2 [N R 0 % , € 1 02 BEH i S A0 T
(9 SCHESE DN FDX 1 B & R IT 4 A1 1A i 2 7 4R
A A S TRE PR B AE T .
L1 AuRAARaA i 0945 4 AT 2R GE /K - i i
W31 o AR i 20 T R S R ) B B s
EHEZE (copper transporter receptor 1, CTR1 YA AN 4
JE eIz U 1SR Y] R A5 255, ATP7A BERF Cu' M
W b Bz M5 i =T H KR SE . Cu” W] 3 ATOX1/
ATP7B/A i 8 & A2 0 BRI sl e b o e
Cu"FJRIRAMEIZHLL, IFHEK S CTR1 254G . TEAMAHEA
J b, Cu B w4 SR A A 11 4501 B B, B B ATOXT
Cox17 Fl1 CCS S AEAR 73T HE o A FH T R AR L RLAARE B 5
AR RS P 2 i S5 A R 4 L &7 e o o 98 45 41 LT
BB R RS A R P T S I B ,
JF I Ao eg L JR R b 352 4% P Al i 2 11 i = A \NAFLD

JHF S L R B 1 S AR A5 . A AE SRR T e FNE 5 1% =
R EZAER W R RR R B R AR g
IO Zn A v, 7 T 0 i 14 L Tl 2EL 25 60 ) R T4
W25 7T ZHEABIE, tzu%ﬁ/%%ﬁﬁ%%ﬁ%
i AR (0 26 o SEUALI | 22 ZURUR AL R P T B
Shy SV AR A T 1 Al B DR, R AR T RE Y 18] 3
LR R R ISCAT G | TR 1) 7 38 2 R 1A e 20 6
L4 2 A= 45 B S 07
1.2 4R T 69 K &AL

R R SO A P ) 3 2 R A [ A BN 10 T RSB T
B EEA B RER G BTk U W) A P 4 (ROS) HE
RS LR AR SE T B IAHOC . 4] B8 - 3 A 2 — b
A 36 1 25 5 B T R IRV T, T A2 i e S T g ik 4
i RS Bl A s A BB, B 3R T 5 AR R A e S R U
POV B S T SR AR T ARk AR O R
HAFET- WS KOF AN T 53 Caspase IEHHSPE 41 i €
T ANz 25 -2 AR R 58 A5 AR DCAIL ], X T4 58T 1)
58 K 55 08 26 0 O 2 M TR R i 2 —
1.2.1 ROS RA A (1 4 j 5 k8 5 5 T Cu™ 53
A A (H,0,) WA Y ROS, 58 A B 25 1 (0,7)
— A ALE(NOT) R A A (OH ) % . ROSIEZEFEME



2334

IGRATREfRZEE 4055 114120244511 A J Clin Hepatol, Vol. 40 No. 11, Nov. 2024

Hi XA 53 - BRI A B T A R TR I
ROS i 7] A TP kit A1 75 14 65 B, 17 A A e A 2 b s
TR E AR . AL, &8 A B
A REIU LR PR e A b i Hofl 2 ), SR A B R A
TERE G VESZ Y A A R WA N IR T
4@ B R T E AR BE T R AR 1k W TR B
ST ARME Ry Fi ) H SR A P9 TR BB R S 55
TR o 4 A8 2505 S A st T A 57 T 4 ST 20 i P 3R
BERAE S AT TR CuT S R A T AR L
WE AR &M IERE S H KSR ERET
5 Cu' Mg IWmips k4R 5 B P A BAE R A b
HRRAE Cu' #E A AT FER, BRI, Cu™ vl L5 26 (4 R
FIE AR, BRI T O R E M aE e, B %
PR Fr AR JE it 25 HCC 41 UBQLN1 (1% _E I hnek 1 &
F B A T 19 PGC1R A M TR , T 5304 1A ROS
Wb AT T RPEAR 2 . XK BN R R e i 2
Hh B ek A L ) 2 A T ROS Fa S B HL I $ it 1 ]
Al A e £ BRI T T AR T S R R

1.2.2 4REB T HRAAAEST 2 FEIE B H 1ML
T b 2H 2 A ] DL B AR R A T B S
TR G 1) T JEB v 2 P 2 T B 0 DR e T e
Shy BEL I SR 2 R E B T AR A A A B R )
O BCAA 1T 2 Sk ) B AR R AR B ) A B 2
PRSI AE T, 5 A Py O HOZ 2R 4 K -5 RS 40
MRLZET o el 2 G 0100 A0 o 084 A (] AR 1 240 B 1
B ), ARAR A A S R 2 AR PR 4 25 T4
TR O g AR SR 280 A8 T i B g 7 AL 45 BB S (DSF) |
PRI ) B 8- S ms ok | #4500 DSF A5 4 3 [w) 4t ]
A IMTEVE R, Cu-DSF BAG 2045 45z R
MR 22 55 W% F-kB (NF-kB) %8R 14 58 £ 5 1 4 [ 5
P) ROS K452 524 1k 4 B T 3R B kAT T
Z Il RIS . 4B A A S Sk DY B AH AR R it
RVT (-5 R M A 30 ok T B A L Bk UE S A Sl A R
I AR o A AR RO HORR TR 22 A B
Ok 6 22 A 5 (R 20 BT T AR AR W I R B, T A UK S A
BT TIRIT — 290 5 Z A0 TR B ERE L AN
AR ZRIE FDX1 AIEAE o T R —FCRE PR A B 3 i
R AN A A 2 2 AT 500 P L o) BT () R 3K 26 27 AR SUAF

TETRpE JE B (TR A, mT {6k 0 85 1 A8 A 3RAR T IS e
L I SR

2 SESET-FERTREES H Y (E AL
JHF R A P 0 A ) T 288 B 1 b A A )

PR ARFERRES 4 7 AN JE S o 8 7T BB 5 3 P
I, 5 T 22 2 L BURT L e B 2 T e R
i B AL R R B 0E  NAFLD R 25 1 I 98 AR
A S HRPET BB IHISE L T AR BE T WL S T
PRI 1Y 5 N I B v B R R

2.1 AR ENBEENTE S et P egtER
AP AR BRSNS A %) A B2 285 253 i) e g 1)
AR ERR T R . 5 I A SUE L, R 4
JL 4 R B 2 A BRI AS A S A R
ATP7A/7B ., SLC31A1/2 45 41 4% 32 76 11 2 5 KOF F R,
0 X A ek LA U A T, AR A AL ] Ay ) 4 60 44
A5 R I8 A B, R VR RN AE T AT
VITE AR 22 158 AR AR T, B A5 S R -1 (hypoxia-
inducible factor 1, HIF-1) , {i¢ gt i 83 ik J 2] o I8
MAPK-ERK . ATOX-ATP7A-LOX 18 {42 i it g i) 484 5 15
RS 0 ML A Y B R A R TR SN S
XU 52 45 ) (CuET) A2 1 S AR Fry 2o 85 4 288 S 38
8 SR ROS ZKSF- WA T 90 ol 98 44 At 38, 376 5 4 w0
=000 #EHCC H, CuET il 3t NF-kB . TGF-B 15 - % Al
ROS-p38 MAPK il i 1 55 5% , 16 S 4 st 7212 . 4
il A AR PR 1 B2 1 2GR 7 2 T g ] 48 o 9 400 i it
CuET 5SS T e st , i i CuET 5 RFrIE)E
(o B R A EEPE L Yang 2554 & B COMMD10 1% % 14
S0 A0 B P A B AT A HIF- 1012 2 AL R AR
2 1 HIF- 1o A2 57 A DT 384 Jin ] 8 2 13 B s 06, 1
TE I HIF-10/CP 1E S ETE FRH , 006 40 MR FE T, M
R HE 9 (4 BOTF AR . 4 FE A2 8 A CTR1 AT OCT3 5401
FARYT 25 T 2 PEAR 5E , 1 R X S R Bk T
SRR SRS ST 25 B AR R A 0 R g
B 13 5 TR 0 P B kR S ok MR At TR
PN A8 20 M HP, = 2 SR AR SC Lo PR i) 5 2 5
i ROS A5 Drp 1 #5155 F pS3 ik i 718 i
il 52 5 ) CTB 38 o 2 b A 38R 2 11 SLC25A26 475 5 2
FRUGFRI T (9 TERT I F 5L 4k L 3k P 2 i e 0
H T, B A AP W858 AR AR5 3 41 AE T 1) S f 3
FDX1, DA K Al 4 5 T DG 356 DRI AS) i 1) T A
AT RE N PRI T B BLRT iy  0

2.2 AR T A AR T IR R 0% P 69 AE )

2.2.1 FaR#EEE R FR Wilson J%
(Wilson disease, WD) , & — & e (AR Bk 4 1 8 AL
WS . AL T4 13 S Y iR K (13q14. 3) 1
ATP7B J [K 58 748 G B PN ] 125 12 im S HE R, I 37
HP i S A e B DR T R M R G A S B



KRAASE, % . LTI ENH R EER R HER

2335

R HEA T 0 B 4 R A HE (AR AD FRRE IR R RICRE R B T
BET 2 I A (0 KR A5 I R e BT WD L 4k A
E L, 4Bk ATPTB 58 A48 S #54H7 # h 1/90, WD fE
F/INT 4/10 000, WD il 48 355 5 5 1 ol JHT- 588 £k 0968 &
96 AU 339 14T WD B BOR AL S AR S AL S
R 14 i o ok SR Ak 2R AR T B B A DNA 453405 55 % VI A
O HET, WD BB WTHERE I ] Leipzig PP4> R 56, 45
BrE 45y AINTIZ IR shiAYT . WD R R AR
FAAIEIT o W AR 8 A I6 97 85 it A 45 LA 34 Jin bR 4
Sl Tt £ e 25 5 700 R BEL Lk IR AL ) B R Ol R 259 ERS
AR RS . WD RIS W, 4T K i 4
IRIT TCAEAR WD SR A AR — A HEAH L, A I R
EAR (1 WD 58 35 0] A R0k o 0 R 1Y & A R4 WD
SR I TR AR T RN T A

2.2.2 @WAERAEEGHEZE WHEEAEFSHE
() o2 BRSNS 5 €, S &4 A S A 1 . P IS
JoT 240 LA B, OE H AR Y B4 100 ~ 150 mg, 2 E AT
B EREFRLA . 4R H A S R S 5 R
PRI S5 R R Af BE AR o S AR VR . st kA B
Bl = i 2 AT 3q22 ~ 25 fi W B 1 R N 2 AR 5 R A H
et R Btk s A0 o i R R R AR (AN T S
S 5 AR, 0 R = M ek = AR
PR A RE 5 6 8k 8 11 45 & S0 UK kil iz 0N . Wi
B AN 2 BURUE L JBERR ULPA L Pl 28 R 5
SR, DN B A G 21 20 rp Bk v R I e Y B
G TR R R R DR R I L R 9
I AR JC 5, 6 WA AR 15 2R 1 7R AR 1 7% 48 Rl
PesE MR . 1987 4F, Miyajima 2 i i B 91 5 WD 32
PR — S 5 B 1 o8 Al 2 IR A AE , IS R R
Shy JE A A B E AR R B S8 398 o, i A vk
e DRAR T 0 R G 2 TR I | I AR 3 B0 Ay
HNFAEAR AT HEICAZ TR R A I IR A T RN Y
M5, #h2 R G0 IR AT GBS AN ad s e 5 40 A 46
FH 2 ERLRE IR 2T Z A e, Ak, it AR AR
fit SR Ak AL SV AU B TR G . AL MR A R
PR 22 i I PR b 2 SR FH e i S5 5 il 3 286 1 ) 5 £
R ISR R 2 B kT R SR T

2.3 AT AEEAAFE P AER  NAFLD & J& N T ™
T RS , 2 N5 A O G, A 2 i 7 H
RIRHLH T IR . AR R EA R L g2
57 NAFLD (9 & F LA 0 i 3 0 e J& 598 25 g
15 ZHRPUK 45 NAFLD IO G R P 2 2 IEA . s
ATP7 3R /N B, JHL P2 20 e T v B, [ st S 3

JIN U AR RS 778 P23 L AP, Tosco 2554 Xof 4 Fn gk
Bl 2 0K BRI T 7 S L EA T T SRR B 22 S4BT, iR 0
il fii = 2% 18 i 17 TR 1 R A RN R T P AR B LAk
TG BRI fE S5 NAFLD Z (A A AH 2 BE & . Lan
2SI S v W KT X 5 P NAFLD A B A (4 1
R ARG ot JE I S R APV o S S T e I3t S
R T 2 i 0 R -1 8 5 R 7 NAFLD AT 9 A5 ot 35 T
B, AT AE S NAFLD 2 W NG I LE R S0 . P
SERRTER A i B AR R SR RV IT
H& FEE LI Ak B 5 1 R A REAE LE I B s, T e S
BRI HEHR A5 SO0 P AR 56 . RS R A
SN T R DR 48 98 25 28 A R AR A TR .
R e NS REE o2 1 B v S B I [ 73
R SHFET- W FEA A 2 B AR T4 S8 T30 50
BEPEF R GO E A — g 23 (], FFRE A8 5 JFF e v 4
IR e 3 A B AR DG, Ag (1) AT A3l da il R 40, S BUITF
kR AR 2, XTI B A TR B U LR B 0 A
5T 00 5 B, T S P A FIEL A5 8 R 5 M L e P T
b REE R AKOE XA H IR RSB0 A et 22 5 A i)
i AR DB O A TR N, OF BAUR U S S %
(ELRR il o e 26 1A DG 35k D] 138 2 11 R e Sl Ao ol P
T2A ANREERE S- LWL AL RO T A S IR ) 502 in
SUME I v & AR R B VA O, 8 S s v 5 e AT
T[] B BRI A 58 A B W, A ot — b5 O

3 REERE

B 7 S-3 a £40 J 8 AR GE N RRAS AZ BI R A i e
B Bk = 3 2 A B o B Bk A 5 DS A B AL T
Je— R B AL TR A0 E R E A, W R 2 Rl
PR, BARAOHLE AR SE W] o HPET A3 o i
TRAS 2T PR T H R BT i 2R ST e 2 1T 245 3t
FEVEIFELG AT T B8 Al A 2 M I 22 4 11
TOHRIRTSETT 1) 5 R (ER AR SR T 2 KA SE B2 T
HIESEIG 14 A e e FRATS AN HE o AEARSRILAR, B XA
AR ZE T T SN TR AN W, e A4 R el
YRR BB A= AR 60 , 4 A ] R4 S O 4 7 Y
PO 25 W AT A R A5, LU B8 T 0 7 il AT BT 58
Ji& | BCRE R AR SIS i 367 6977 1) SR s £ 3t a2t
— BB

FZEPRE: AL RALAEATH PR

fEEREAER: AR ME BB RARBEELL; T
e F R FBE LFHRE T,



2336

ERAFAEfR A EFE 405 F 11812024 11 A

J Clin Hepatol, Vol. 40 No. 11, Nov. 2024

S Sk :

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

RUIZ LM, LIBEDINSKY A, ELORZA AA. Role of copper on mitochon-
drial function and metabolism[J]. Front Mol Biosci, 2021, 8: 711227.
DOI: 10.3389/fmolb.2021.711227.

MICHNIEWICZ F, SALETTA F, ROUAEN JRC, et al. Copper: An intra-
cellular Achilles’ heel allowing the targeting of epigenetics, kinase
pathways, and cell metabolism in cancer therapeutics[J]. ChemMed-
Chem, 2021, 16(15): 2315-2329. DOI: 10.1002/cmdc.202100172.
TSVETKOV P, COY S, PETROVA B, et al. Copper induces cell death
by targeting lipoylated TCA cycle proteins[J]. Science, 2022, 375
(6586): 1254-1261. DOI: 10.1126/science.abf0529.

SALEH SAK, ADLY HM, ABDELKHALIQ AA, et al. Serum levels of
selenium, zinc, copper, manganese, and iron in prostate cancer pa-
tients[J]. Curr Urol, 2020, 14(1): 44-49. DOI: 10.1159/000499261.
CHEN J, JIANG YH, SHI H, et al. The molecular mechanisms of cop-
per metabolism and its roles in human diseases[J]. Pflugers Arch,
2020, 472(10): 1415-1429. DOI: 10.1007/s00424-020-02412-2.
BRADY DC, CROWE MS, TURSKI ML, et al. Copper is required for
oncogenic BRAF signalling and tumorigenesis[J]. Nature, 2014,
509(7501): 492-496. DOI: 10.1038/nature13180.

TURSKI ML, BRADY DC, KIM HJ, et al. A novel role for copper in
Ras/mitogen-activated protein kinase signaling[J]. Mol Cell Biol, 2012,
32(7):1284-1295. DOI: 10.1128/MCB.05722-11.

XU WJ, BARRIENTOS T, ANDREWS NC. Iron and copper in mito-
chondrial diseases[J]. Cell Metab, 2013, 17(3): 319-328. DOI: 10.1016/
j.cmet.2013.02.004.

LILL R, FREIBERT SA. Mechanisms of mitochondrial iron-sulfur pro-
tein biogenesis[J]. Annu Rev Biochem, 2020, 89: 471-499. DOI: 10.
1146/annurev-biochem-013118-111540.

TANG DL, CHEN X, KROEMER G. Cuproptosis: A copper-triggered
modality of mitochondrial cell death[J]. Cell Res, 2022, 32(5): 417-
418. DOI: 10.1038/s41422-022-00653-7.

LI SR, BU LL, CAI LL. Cuproptosis: Lipoylated TCA cycle proteins-
mediated novel cell death pathway[J]. Signal Transduct Target Ther,
2022, 7(1): 158. DOI: 10.1038/s41392-022-01014-x.

FESTA RA, THIELE DJ. Copper: An essential metal in biology[J].
Curr Biol, 2011, 21(21): R877-R883. DOI: 10.1016/j.cub.2011.09.040.
SAPORITO-MAGRINA CM, MUSACCO-SEBIO RN, ANDRIEUX G,
et al. Copper-induced cell death and the protective role of glutathi-
one: The implication of impaired protein folding rather than oxidative
stress[J]. Metallomics, 2018, 10(12): 1743-1754. DOI: 10.1039/
c8mt00182k.

XU JJ, JI'L, RUAN YL, et al. UBQLN1 mediates sorafenib resistance
through regulating mitochondrial biogenesis and ROS homeostasis
by targeting PGC1B in hepatocellular carcinomalJ]. Signal Transduct
Target Ther, 2021, 6(1): 190. DOI: 10.1038/s41392-021-00594-4.
LELIEVRE P, SANCEY L, COLL JL, et al. The multifaceted roles of
copper in cancer: A trace metal element with dysregulated metabo-
lism, but also a target or a bullet for therapy[J]. Cancers, 2020, 12
(12):3594. DOI: 10.3390/cancers12123594.

LIAN WB, YANG PD, LI LQ, et al. A ceRNA network-mediated over-
expression of cuproptosis-related gene SLC31A7 correlates with poor
prognosis and positive immune infiltration in breast cancer[J]. Front
Med, 2023, 10: 1194046. DOI: 10.3389/fmed.2023.1194046.
SHANBHAG VC, GUDEKAR N, JASMER K, et al. Copper metabo-
lism as a unique vulnerability in cancer[J]. Biochim Biophys Acta
Mol Cell Res, 2021, 1868(2): 118893. DOI: 10.1016/j.bbamcr.2020.
118893.

OLIVERI V. Selective targeting of cancer cells by copper iono-
phores: An overview[J]. Front Mol Biosci, 2022, 9: 841814. DOI:
10.3389/fmolb.2022.841814.

HUNSAKER EW, FRANZ KJ. Emerging opportunities to manipulate
metal trafficking for therapeutic benefit[J]. Inorg Chem, 2019, 58
(20): 13528-13545. DOI: 10.1021/acs.inorgchem.9b01029.

[20]

[211

[22]

[23]

[24]

[25]

[26]

[271]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

KANNAPPAN V, ALI MS, SMALL B, et al. Recent advances in repur-
posing disulfiram and disulfiram derivatives as copper-dependent
anticancer agents[J]. Front Mol Biosci, 2021, 8: 741316. DOI: 10.3389/
fmolb.2021.741316.

SKROTT Z, MISTRIK M, ANDERSEN KK, et al. Alcohol-abuse drug
disulfiram targets cancer via p97 segregase adaptor NPL4[J]. Na-
ture, 2017, 552(7684): 194-199. DOI: 10.1038/nature25016.

CHEN LY, MIN JX, WANG FD. Copper homeostasis and cupropto-
sis in health and disease[J]. Signal Transduct Target Ther, 2022, 7
(1):378. DOI: 10.1038/s41392-022-01229-y.

BALDARI S, di ROCCO G, TOIETTA G. Current biomedical use of
copper chelation therapy[J]. Int J Mol Sci, 2020, 21(3): 1069. DOI:
10.3390/ijms21031069.

WANG YX, ZHU W, JIAO Y, et al. Research progress in regulatory
effect of copper transporters on radiation injury and its mechanism
[J1. J Jilin Univ Med Ed, 2023, 49(4): 1076-1082. DOI: 10.13481/j.
1671-5687X.20230432.

FUWRE K58, £, S AEFRZEAS5EHRGNBRERARE
bl Rt R ()], HHRARFESIR(EHR), 2023, 49(4): 1076-1082.
DOI: 10.13481/j.1671-587X.20230432.

SCHILSKY ML. Wilson disease: Diagnosis, treatment, and follow-up
[J]. Clin Liver Dis, 2017, 21(4): 755-767. DOI: 10.1016/}.cld.2017.06.011.
CHEN LJ, LIU DL, TAN YY. Research progress in cuproptosis in
liver cancer[J]. J Cent South Univ Med Sci, 2023, 48(9): 1368-1376.
DOI: 10.11817/j.issn.1672-7347.2023.230083.

BES NER EEE. BRCEMETOARERII]. PERER
R (EZFAR), 2023, 48(9): 1368-1376. DOI: 10.11817/j.issn.1672-7347.
2023.230083.

SHAO 8Q, SI JX, SHEN YQ. Copper as the target for anticancer
nanomedicine[J]. Adv Ther, 2019, 2(5): 1800147. DOI: 10.1002/adtp.
201800147.

DAVIS CI, GU XX, KIEFER RM, et al. Altered copper homeostasis
underlies sensitivity of hepatocellular carcinoma to copper chelation
[J]. Metallomics, 2020, 12(12): 1995-2008. DOI: 10.1039/d0Omt00156b.
GE EJ, BUSH Al, CASINI A, et al. Connecting copper and cancer:
From transition metal signalling to metalloplasialJ]. Nat Rev Can-
cer, 2022, 22(2): 102-113. DOI: 10.1038/s41568-021-00417-2.

LI J. The molecular mechanism of Disulfiram/Copper complex
(CuET) inhibiting proliferation and inducing apoptosis in hepatocel-
lular carcinoma cells[D]. Chongqging: Army Medical University, 2021.
R W CAES Y (CUET) MG TR MR SEE SAmAT NS F
HHHRID]. XK PEARBHREREEZERS, 2021.

LI'Y, WANG LH, ZHANG HT, et al. Disulfiram combined with copper
inhibits metastasis and epithelial-mesenchymal transition in hepato-
cellular carcinoma through the NF-«B and TGF-B pathways[J]. J
Cell Mol Med, 2018, 22(1): 439-451. DOI: 10.1111/jcmm.13334.
CHIBA T, SUZUKI E, YUKI K, et al. Disulfiram eradicates tumor-
initiating hepatocellular carcinoma cells in ROS-p38 MAPK pathway-
dependent and-independent manners[J]. PLoS One, 2014, 9(1):
e84807. DOI: 10.1371/journal.pone.0084807.

REN XY, LI YC, ZHOU Y, et al. Overcoming the compensatory eleva-
tion of NRF2 renders hepatocellular carcinoma cells more vulner-
able to disulfiram/copper-induced ferroptosis[J]. Redox Biol, 2021,
46: 102122. DOI: 10.1016/j.redox.2021.102122.

YANG M, WU XX, HU JL, et al. COMMD10 inhibits HIF1a/CP loop to
enhance ferroptosis and radiosensitivity by disrupting Cu-Fe bal-
ance in hepatocellular carcinomalJ]. J Hepatol, 2022, 76(5): 1138-
1150. DOI: 10.1016/j.jhep.2022.01.009.

GUTTMANN S, CHANDHOK G, GROBA SR, et al. Organic cation
transporter 3 mediates cisplatin and copper cross-resistance in
hepatoma cells[J]. Oncotarget, 2018, 9(1): 743-754. DOI: 10.18632/
oncotarget.23142.

KELLAND L. The resurgence of platinum-based cancer chemo-
therapy[J]. Nat Rev Cancer, 2007, 7(8): 573-584. DOI: 10.1038/



KRAASE, % . LTI ENH R EER R HER

2337

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

nrc2167.

SHANG YX, LUO MY, YAO FP, et al. Ceruloplasmin suppresses fer-
roptosis by regulating iron homeostasis in hepatocellular carcinoma
cells[J]. Cell Signal, 2020, 72: 109633. DOI: 10.1016/j.cellsig.2020.
109633.

SHAO JJ, LI MM, GUO ZJ, et al. TPP-related mitochondrial targeting
copper (II) complex induces p53-dependent apoptosis in hepa-
toma cells through ROS-mediated activation of Drp1[J]. Cell Com-
mun Signal, 2019, 17(1): 149. DOI: 10.1186/s12964-019-0468-6.
JIN C, LI'YJ, SU Y, et al. Novel copper complex CTB regulates me-
thionine cycle induced TERT hypomethylation to promote HCC cells
senescence via mitochondrial SLC25A26[J]. Cell Death Dis, 2020,
11(10): 844. DOI: 10.1038/s41419-020-03048-x.

MENG Y, DONG BL, DONG XH, et al. Expressions of cuproptosis-
related genes in hepatocellular carcinoma and their clinical signifi-
cancel[J]. Chin J Gen Surg, 2023, 32(1): 74-86. DOI: 10.7659/.issn.
1005-6947.2023.01.006.

Hx, BERE, ERY, L FEIETHEXE RN EREPHORIAR IR
KENX[J]. dELEIIZE, 2023, 32(1): 74-86. DOI: 10.7659/].
issn.1005-6947.2023.01.006.

MA JJ, XIONG YQ, WANG B, et al. Construction and evaluation of
prognostic model with cuproptosis-related INcRNA in hepatocellular
carcinomalJ]. J Evid Based Med, 2023, 23(3): 156-168. DOI: 10.
12019/j.issn.1671-5144.2023.03.004.

e, fRokie, T, & AR T 18X IncRNA FUG 2L 44
BERATE[J]. FEIEES, 2023, 23(3): 156-168. DOI: 10.12019/j.issn.
1671-5144.2023.03.004.

SHRIBMAN S, MARJOT T, SHARIF A, et al. Investigation and man-
agement of Wilson’s disease: A practical guide from the British As-
sociation for the Study of the Liver[J]. Lancet Gastroenterol Hepa-
tol, 2022, 7(6): 560-575. DOI: 10.1016/S2468-1253 (22)00004-8.
GEROSA C, FANNI D, CONGIU T, et al. Liver pathology in Wilson’s
disease: From copper overload to cirrhosis[J]. J Inorg Biochem,
2019, 193: 106-111. DOI: 10.1016/j.jinorgbio.2019.01.008.
SANDAHL TD, LAURSEN TL, MUNK DE, et al. The prevalence of
Wilson’ s disease: An update[J]. Hepatology, 2020, 71(2): 722-732.
DOI: 10.1002/hep.30911.

GUNJAN D, SHALIMAR, NADDA N, et al. Hepatocellular carcinoma:
An unusual complication of longstanding Wilson disease[J]. J Clin
Exp Hepatol, 2017, 7(2): 152-154. DOI: 10.1016/j.jceh.2016.09.012.
GU M, COOPER JM, BUTLER P, et al. Oxidative-phosphorylation de-
fects in liver of patients with Wilson’s disease[J]. Lancet, 2000, 356
(9228): 469-474. DOI: 10.1016/s0140-6736 (00) 02556-3.

CHEN Y, JIANG YP. Metabolism of ceruloplasmin and clinical mani-
festation of hypoceruloplasminemialJ]. Chin J Clin Neurosci, 2006,
14(1): 86-89. DOI: 10.3969/j.issn.1008-0678.2006.01.020.

PRk, BHRF . FEEONRPFRFAEE S MAENIRKRFALI] $
IR Z R, 2006, 14(1): 86-89. DOI: 10.3969/j.issn. 1008-0678.
2006.01.020.

CHEN SR, CHONG YT, LI XH. Pathogenic mechanism and clinical
diagnosis of hereditary abnormal copper metabolism[J]. J Clin
Hepatol, 2019, 35(8): 1667-1672. DOI: 10.3969/). issn. 1001-5256.
2019.08.003.

FRian, =W, FHE . REERRE S E N BURILEIR G K2
[J]. R ATABHR 275, 2019, 35(8): 1667-1672. DOI: 10.3969/j.issn.
1001-5256.2019.08.003.

OKAMOTO N, WADA S, OGA T, et al. Hereditary ceruloplasmin defi-

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

ciency with hemosiderosis[J]. Hum Genet, 1996, 97(6): 755-758.
DOI: 10.1007/BF02346185.

AIGNER E, STRASSER M, HAUFE H, et al. A role for low hepatic
copper concentrations in nonalcoholic fatty liver disease[J]. Am J
Gastroenterol, 2010, 105(9): 1978-1985. DOI: 10.1038/ajg.2010.170.
LIU T, LIU YL, ZHANG FY, et al. Association of copper metabolism
disorder with cell damage and liver diseases[J]. J Clin Hepatol,
20283, 39(9): 2244-2251. DOI: 10.3969/j.issn.1001-5256.2023.09.032.
W%, AW, KT, T ERFRBSBERGRABHXRI] In
PR BFRB % 2 75, 2023, 39(9): 2244-2251. DOI: 10.3969/j.issn. 1001-
5256.2023.09.032.

ZHANG CY, YANG M. Current options and future directions for
NAFLD and NASH treatment[J]. Int J Mol Sci, 2021, 22(14): 7571.
DOI: 10.3390/ijms22147571.

DEV S, MUCHENDITSI A, GOTTLIEB A, et al. Oxysterol misbalance
critically contributes to Wilson disease pathogenesis[J]. Sci Adv,
2022, 8(42): eadc9022. DOI: 10.1126/sciadv.adc9022.

TOSCO A, FONTANELLA B, DANISE R, et al. Molecular bases of
copper and iron deficiency-associated dyslipidemia: A microarray
analysis of the rat intestinal transcriptome[J]. Genes Nutr, 2010, 5
(1):1-8. DOI: 10.1007/s12263-009-0153-2.

LAN YQ, WU SL, WANG YH, et al. Association between blood cop-
per and nonalcoholic fatty liver disease according to sex[J]. Clin
Nutr, 2021, 40(4): 2045-2052. DOI: 10.1016/j.clnu.2020.09.026.

WU CT, LIU XX, ZHONG LX, et al. Identification of cuproptosis-
related genes in nonalcoholic fatty liver disease[J]. Oxid Med Cell
Longev, 2023, 2023: 9245667. DOI: 10.1155/2023/9245667.

MERAM I, SIRMATEL F, AHI S, et al. Plasma copper and zinc levels
in chronic viral hepatitis[J]. Saudi Med J, 2004, 25(8): 1066-1069.
CESUR S, CEBECI SA, KAVAS GO, et al. Serum copper and zinc
concentrations in patients with chronic hepatitis B[J]. J Infect, 2005,
51(1):38-40. DOI: 10.1016/j.jinf.2004.08.012.

POZNANSKI J, SOLDACKI D, CZARKOWSKA-PACZEK B, et al. Cir-
rhotic liver of liver transplant recipients accumulate silver and co-
accumulate copper[J]. Int J Mol Sci, 2021, 22(4): 1782. DOI: 10.
3390/ijms22041782.

DASTYCH M, HUSOVA L, AIGLOVA K, et al. Manganese and cop-
per levels in patients with primary biliary cirrhosis and primary scle-
rosing cholangitis[J]. Scand J Clin Lab Invest, 2021, 81(2): 116-
120. DOI: 10.1080/00365513.2020.1864835.

WANG YQ, ZHOU Q, SHAO JG, et al. Bioinformatics analysis of
Acute-on-chronic liver failure based on the expression of cuproptosis-
related genes[J]. Mod Dig Interv, 2023, 28(1): 50-56. DOI: 10.
3969/j.issn.1672-2159.2023.01.011.

FM, BE, BEE, & EFEATEXERNIEMN2MARBIIN
BRI MAREL RN ANI2IT, 2023, 28(1): 50-56. DOI: 10.3969/
j.issn.1672-2159.2023.01.011.

KB 2024-02-24, FFABHHA: 2024-05-20
AXwig: TF

SlEZA X : ZHU MQ, XIE X, LIAO QC, et al. Mechanism of
cuproptosis and its role in liver diseases[J]. J Clin Hepatol,
2024, 40(11): 2332-2337.

REBASR, W2, BREA, £ . fHE T R ENS REMEER
fERLJ]. IRFRATAER 2475, 2024, 40(11): 2332-2337.



