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Abstract Cuproptosis is a newly discovered copper-dependent form of programmed cell death related to
mitochondrial respiration. Excessive copper leads to cell death by interfering with mitochondrial tricarboxylic acid
cycle and triggering protein toxic stress. Copper metabolism and cuproptosis are closely related to the occurrence
and development of tumors. The liver is the main organ in the body where copper is stored and excreted. Inducing
cuproptosis in hepatocellular carcinoma cells is a promising therapeutic approach, and exploring the relationship
between cuproptosis and hepatocellular carcinoma is helpful to find new and effective therapeutic strategies. There-
fore, this paper discusses the correlation between cuproptosis and the occurrence, development and prognosis of he-
patocellular carcinoma, and summarizes the therapeutic methods of hepatocellular carcinoma related to cuproptosis,
in order to provide references for the diagnosis, treatment and research of hepatocellular carcinoma.
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AHEAET I, FRFAE R P =R IR A AN TP 2k
RLARIEIR 31, 4 E HCCHr AR 1 e i A0 F X
HAEA, SRHISE T 5 HCC AR JG M i 75 i — B4R
JC, 1 fRARAR B G AH BE Ik (K 2 WL T AT
WA RYT IR EE 8 . ASCHRSE T /E HCCHI K
AR AR TT TS B SRt AT — Rk, B
FERE— B IRFUME MR , NIF RO Tk 1AL iG
T7 R T A TR S (A it

1 fEAHE
1.1 $EEYIRYE

WA JL-F P AR B AR TR, RSk
WP L B S8 A B A A A WA S W6 A — R
Wy v S 35 G B ) R A B B DR AR T, A
PR AT = A A A S b, E i 3 RSO IR T
e, AR AR AR DL Cu T A AE AR, X L AN B
AR 7 g, Cu® 58 & E M
HEAFNLKEAS S FwamEMmuRm, £
% J& 14 )7 i STEAP(six-transmembrane epithelial

antigen of the prostate)[J/EH ¥ ik i A Cu”, B
Ja Cu™7E 40 ¥ 18 B ¥ i 40 K% 31K 2 1(solute
carrier family 31 member 1, SLC31A1)Bl 4541z
[ 1(copper transporter 1, CTR1)/r 5 T #i#%
EEMMAN T, BEAGE A K Cut 5 2 S YA
H ik (glutathione, GSH) M4 J&fifi & H (metallo-
thionein, MT)Z & it 17, 55 A H B8 15 & A
FH 45 6 1 A % da 2R BE I IV 40 B 2 R $E A A P,
B AN 40 i 5 b, A A Y B AR B £E 15 (copper
chaperone for superoxide dismutase, CCS)¥# i
E ALY EAL B 1 (superoxide dismutase 1, SOD1),
CCSIEIL I SODI/EA LA H 73 A, FRIE T4
15 4 (reactive oxygen species, ROS)HI-F1fir, B
b7 i g R S AR, SOD145 4G Cu' BAER
A 3 HERRE, K% T EEN AN
TERT; fERRLR R, Cutl5 40 it 3 CEALEE (cyto-
chrome ¢ oxidase, CCO)fHZ &, 5 MW ik 4R
Wik 54T AEAMZ T, Cudi &% 5B il
BRI FRIET(E T

SLC31A1
STEAP ——

> ©-H GSHMT

SODI’ . ees <

\

SCO1 — COXI1

CCoO

k Mitochondria

ATOXI @ \*KW )

~

~— /
® Nucleus

ATP7A/B Q\\f’ =)

Golgi apparay
O\

Cu #iE i NCu”, Cu'fESLC31AT/CTRIFIFEIE FHENAIM, 7E SRS & 5 iz ik 28] &M an i ds v &K ¥E1EH. SLC31AT/CTRI: %K,
RF 31K R 14542 B A 1, GSH: Bt H Bk, MT: @& H; CCS: ALY S AL BF £1:18; SOD1: HA L {LEE1; ATOX1: JiEfbE AL,

ATP7A/B: i1z ATP .

Cu*" is reduced to Cu’, and Cu' is transported into the cell by SLC31A1/CTRI. After binding to the copper partner, it is transported to various subor-

ganelles to function. SLC31A1/CTRI: solute carrier family 31 member 1/copper transporter 1; GSH: glutathione; MT: metallothionein; CCS: copper

chaperone for superoxide dismutase; SOD1: superoxide dismutase 1; ATOX1: antioxidant-1; ATP7A/B: copper-transporting ATPases.
B SEAICEHLHIE

Fig.1 Mechanism diagram of copper metabolism
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1.2 $ERYHES

] (1 HE H A B Lk Y e S R BT AR A
Ji B M 00 B B R, U KB A 1(antioxidant-1,
ATOX 1)/ 3 Cu” M 5T % 3z 3] 151 7K B4 S 1T WY 4%
(trans Golgi network, TGN)IEW , A )5 Cu' 54 i%iz
ATPP#§ (copper-transporting ATPases, ATP7A/B)AH 4%
£, DM RN Py & Cu' i HEH , ATP7A/BYEHHE
AR R EAZ OE R, Cutiliid ATP7A/B M )5
ISR TGNIE E, A4 A Cu' (1R B 34 hn Bl it
BIE I, ATPTA/BEE 1\ TGN#E# B B -, 4% Cu’
HE 4 it G e 2 o L R P R AR R HEHS
DL A0 B R A, DA o) 248 i A 4 PR 7K T DR R AR
E HEFE N o JHE I A A N R i A2 AN HE Y ) 2 2288 8
ATPTALE LT FAT 4 oh 0 AT 35, 1l ATP7B = 22
AAAET A A, @IS ATP7B K ¥ Sh e i &1
] R S A e O R 2 B TTAR N, AR R
iU SEAFE R . ATPTART ATPTB ) ) g F g m]
I3 T EH LA IR Bk = ST R, SR ER 2
RGN, W Menkesii BT Wilsondi 4. ATP7BI
Cu' MWIFREZE [l Ly H 5, Cu' RS ]I PEAE AR 45
G R R E AL E R . fERIAEHL S,
WA 2 AR B N, AR R AR R E A
28 36 JoR AU AR 200 e 4 i g B B AP, AR IR

AR AL FZERF MR RS A5 o

2 SATETRIE AU

HAZE T2 BT A AR S BRI T S 2504 A R
e 28 fE R AR B — MR P P EE AR TS, TSVETKOV
ST AR B T T AR RE S S A At T,
Ji R 2 AR T 40 PR R )3 B A
R 7 B2 (elesclomol, ES)H] DL H 22 45 & 41 il 71 1)
CU IR IS BN AN, Cu> fEAAE T [ X I 5
A T8R4 IL B H 1(ferredoxin 1, FDX1)% A% ik 5t
B VR F R 8 JE R Cu®, 0 A P 3 B ) Cu e = R TR
FEIR R 5 HE WAk I 2R A4 25 1 (W DLAT) AR &, 4
ECHE 0 ) SR B Fe-STE R 2K, H 77 4E ROSTE T4
PO RE, Ik S R L AR A A 4 S A i R AR
AT (K2). ESHIE RN A& FDX1, FDX1 1k
S IMAHR B BE T B, Cu™-ESHE AR &
FDX1Ff41| Fe-SHERTE B ", FDX1/LIAS/& DLAT
SELR R R R MR IR AL 1 R IR T, Ae R it
DLATHIRE®EAL , AREEAL 1) DLATTE =8 /K P i R 555
TEEESG N, TG SE TS 2 i P AR R AR 2R
L PR B A 5] AR A T I B S R, i ) R A
TFHABEER COEAMBEN . TRIEMRFEIZED
SLC31A1/CTRI1. Il 245 GSHI & RCA LT

Cu?*-ES
7 e N
1
g ! ‘ Loss of Fe-S cluster protein
g0 R (—
L] ‘ ‘
i 1
g I
i 1
I I \
1

DLAT
DLAT "™*

AY
&Mitochondria N

DLAT 11as

PHFIR Z(ESy R Cu iz i BIATIL A, Cu* FEFDX I R #08 N Cu', S B ¥ Cu' 5 AR BEAL K2R (R 28 UM S 7, BB =R RRAEA, T E2m it
JETZ. FDX1: BRIEHE F 1; DLAT: 200 M CIEFENE; LIAS: B0 5 Al
ES (elesclomol) tranships Cu** into the cell, Cu*" is reduced to Cu” under the action of FDX1, and excess Cu’ binds to fatty acylated mitochondrial proteins,

blocking the TCA (tricarboxylic acid) cycle and causing cuproptosis. FDX1: ferredoxin 1; DLAT: dihydrolipoic acid transacetylase; LIAS: lipoic acid synthase.
E2 $EE TR FHLE

Fig.2 Molecular mechanism diagram of cuproptosis
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i ATP7A/BHE F I 2RI 45 75 sUIR m 4 A Cu ik
W] 5 AR AL T

3 AT SRR
3.1 fARTERMMEENAE AR

W7E HCCHI AR B R S rh BA P — 51,
il o 22 Bl AR R AE LA, 20 B AN R R IR
FEiE 75 MY C/CTR Ui e it HCCA MR AR G 3T
T AR 22 U8 G I CTR 1 B8 FH 85 45 771 e ek 2> #f
1% Al R BHAS HCCHY AR A, 2R WY AR BE A% DL S 0B A 5
4 A2 1K) 77 2R A T JH e g U0 — TR S BGE
H1, SOD I3 [K] g B (4 /0 B e BT 4 1 S A 43
M-SFEHCCHY R A2 T, T I H T v A AR
TROS™ A= I T 164 it JFF20 i ) S 42 4%3 , s il ]
AEIE I ROSH M LI L HCC & 42 B HCC
1) R A R R 3 ARG T P A LA R AR 11 e B AR
R, WFiE 5 A CTRUE BE ML A A KR 732 4k 2
4 (vascular endothelial growth factor receptor type 2,
VEGFR2){f5 S5, ATPTAIRH| VEGFR2 AR, M
TR 7 HCCHHT LA AR il )k i B2, S5
“F-la(hypoxia inducible factor-1a, HIF-10)) 5 HCCHJ
FORMLEIAR S, HCC A I IMLE HIF-1a7K 7 5 47K
T E, B 2 IEA G, i i %20 HIF-1a
(W2 IE 1 — Bk HCC R IS A i, [RIFE, 4 E 7R
o S5 PR PP TR R I T R I A A Y
bt Cu* /I CD147H) B 45 G0 1 PIBK/AKtE 5
M, IEHG5E  HCCHH M BRI 1 F 2T 4 4 g 2
J5 4 J@ A E B2 (matrix metalloproteinase 2, MMP-2)3

ILIRE T, B0 T HCCA v = 28 14, AT {2 sd: 1
I8 1A e A% 0, iR PN i 7K 1 2 5 e i 4 A v R 1
HET-—FCAA 1(programmed cell death-ligand 1, PD-L1)
Fak, A7 AT DAKE S iR 4 PD-L1 30, Fi
T PD-L 1K) (1) e e e ik i () G B 5k 01, A
MAE ke ki®k . 53— 71, 28 FF 2R 22 g AL
AN 52 BB, AT R B st T, fdE
YURRIETS . TS, BT RARBE TSR, T A S
AR B0 47K B i SR UE S ] DA e
()R A AR B I SR A% AR M B HCC R i R 1
IR AR A B 2 G I AL B I RIEHE R
W1, HCC &2 (1) L5 8 7K1 B 2y 18 e I R R,
LR P 5 0 PR J R RO Za A DG B i TR I,
i85 4 ATPTA/B. SLC31A 1R SLC31A2MF ik
FENPEREA A B, 5 HCCAHLI i 4
KT A R U, I B B R B AR A7 ZR AR R
Z, IR LY R R HCCI A WL rT e B AT
FEIEHGRD.
3.2 AT SATARAERERYIETT

HBE T 3 BRAEAE R AR A A i B it
REIRRIANAE R, 11T Warburg 280N 52 FF9 kA K Fé
bR B, B AR S AR R N, Rt
SELAGRE i) 3 1) R T e AN A SR A B R A K 7 A T
B RE R, AT REAL BHRPTAR ZE T B RO B33,
pS3AE R A, RT DA Warburg 2808 FF7E 1
e 410 DX A T i 1) SR A R A PR A 4, RIS pS3
YA B A A A AN OB 2H 43 Fe- ST M A 2
EYIGSHI Al LEAR B8 1 (A R b R 45 4 FHPT,

®1 {AAEFERELELRPONEER

Table 1 The dual role of copper in the occurrence and development of hepatocellular carcinoma

ke HREER 775 S R
Function Related factors Approach References
Carcinogenic effect MYC/CTR1 Promote tumor growth, migration and invasion [18]
Carcinogenic effect CTR1 Inhibit glycolysis [19]
Carcinogenic effect ROS Lead to oxidative damage [20]
Carcinogenic effect VEGFR2 Promote angiogenesis [21-22]
Carcinogenic effect HIF-la Promote angiogenesis [23]
Carcinogenic effect PI3K/Akt Increase invasiveness [25]
Carcinogenic effect PD-L1 Promote immune escape [26]
Anticancer effect Apoptosis, pyroptosis, ferroptosis, cuproptosis Cause tumor cell death [5,27-29]

CTRI1: H¥i8®E A 1; ROS: i PE4; VEGFR2: I8 AN B AE KR 732 74K2 ) HIF-1a: S4TSR T-1a; PI3K/Akt: 5 kU3 -8l /48 1 1B,

PD-L1: FE M0 TR

CTRI1: copper transporter 1; ROS: reactive oxygen species; VEGFR2: vascular endothelial growth factor receptor type 2; HIF-1a: hypoxia inducible

factor-10; PI3K/Akt: phosphatidylinositol 3-kinase/protein kinase B; PD-L1: programmed cell death-ligand 1.
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FIH pS3 U RIS FHIAE T BV — B AT AR BR AT
e PR PR SRS, TRIERT , BIX 3 FFF 4 200 B R W R AR ) S A
TETRAL IR et S FC A A TR T B — T R i o

B JE T A0 R FE [ (cuprotoisis-related genes,
CRGS){fEHCCHZMMBEh A RERE, 25
HS i e B R AR , A kR Y, B RN
HCCHHRIZ W K016 7 ARG VEAR 1) 3 245 &
VIFLH BB S S . — DU SU R B, 7E 30 I IR
HCCHR A H il FE T A O FE K| PDXK IR IE 1, #i
Kk PDXKGE 11| 55 T 968 41 I 1 366 5 R 42 28 68 0, DUER
PDXK T 38 10 9 40 Ji Xt 4 26 T () U B 5
— B FT LT 3R AL T A R B Kl (GCSH . LIPTIHI
CDKN2A)# S T HCCTRJGHLAY, 38Uk | LIPTI{E i3
HCCHMM K REBAITH , Mk LIPTIHRIE
AT HC CAH MY ) 3 FEEAZ 10 UE B 7 #E ) 4 A T
IR RF W IINIT 2 —. Bhah, SstT Mgk
TR 7 2 AR SR 2L A BEAE FH 5B R, R
TP 2 R] T R I AR RN R 5% 4 T AL B0V e R
LG M HCCIR 7 SRR U1, BRIE T2 5 a1t
I FDX 1A B A 38 n 2 ks 4k 2 1 B HEmEAL. , 982D
41 B PN i B S IGSHIT A B, FE38 I i kA 2 i
T 5% M T R 4E PP 20 e R AR R AR T, BB T T 5
G 4 B T U R — M AT IHCCIR YT 7 £, [
I, TIF 50 R B Tl 25 7 I e A R o 2 PR B R A
W RE 38 I ik 200 9 T RNk BE T AR S AL ) R )
o 240 L A A 13 R R S A A e A T Kz )
00 B T A FH 375 5 e 98 400 B0 1 B 2 R B
I V5 B — Pl A I 51 SR

W R NE AT D E TR —, BRTERN
5 B R - 24 R 200 L P L D B DA B TR A P P R R AR
S FEEICTLISL, 555 5 A A A R 2
7% R B A AR IR T AR . ldn, dh e T
(troxerutin, TXER) 504 FH X FF- 4 i Huh-740 i %
HEEMPUE e, T TXER S4B & G884 H
5 S Huh-720 0 2 i st T, HLG IE 3 (0 i
Y MO BEPEAE T M U B A (DSF/Cu) i)
T PD-L1ZR3E R AT 51 A2 i Sz i i 52 i 7 9t
PRET R, AT AN HCCA R IR RS « R 22 RN
AR ™), DSF/Cuss it R R Fass 5 8anfu gk s,
190 HCCHH M %t DSF/Cuids SISk FE T SR
[E]ff, DSF/Cur] AP A 22 bz Je JL R R FE 4 i 21
FAL BRIE R A Ko A, 4B 770 i b 4

PR P8 ] ) FE A A 00 #1) HC.C ) 186 B0 0 I 28 4 ok, 9
ith BBV T i e/ [ 4 L/ 3R -8(interleukin-8, TL-8) ) 73
A BEL LA A B DR 0 A R R A FE 9, A
TP/ T I PR A i, BELRSRE 32 FE o X 3R WA
B LA AR BB R HCCI A BUTIEZ .

3.3 AT SRFARERNTR

LT HH G HE R (MR8 5 HCCH Tl J5 % V) A
WA A B TR ESHl I (L 3k DLATIN B K% &
HABET-AE NP 25, DLATI & %A L% PD-L1
PRI, 54 RS K R DLATH#RIA
A R AN HFET: , DLAT S5 HCC I R 23 30 A 4y
2 IEMISE, HAFHCCH L hmgkik, m LA B &
s TS , A BT TUEAR B Y. — T 5T
P % T AR AL T AH G BE K| CDKN2A DLAT. DLST,
GLSHI PDHA1ZH J 0 1 Ja 155 2 | 45 8 A 1 Fi
HCC B3 WA A7 T getE, fEHCCA MY R Hax sFh 5 it
Ja RIFFE R (1) R 2 B E T, STE A RA R,
K AR T AR A AL J 3 34TV, R I fa 4l
AR B E G HILE 2 ZE 5, RIETR
AR TR 23 1] AR A HCC B3 ST TS A= s &
W, kAN, WEISE BT 78 % 0 IRSp53 5 1 i i1
BAIAP2L2% £ HCCH It ik, FE{2 ik HCCAt MY
HHRZET R, A AHCCTG br &4, vl e (e
(VR IT B R, 30 T R AR TR S M HCC I TS o
I F A B 1A 2 35 DR AL S HCC T A B 2 VP A TS
PIRIAT B, AP0 T R HAH G EE R 5 HCCI B R i
%, FEARNLE 07— K.

K55 9E %% RNA(long non-coding RNA, In-
cRNA )i i 1 715 %8 40 Jf (1) AR P 2247 N 2 5 HCCIY
RAERRERE SRR FE TR S Inc RN AR I PR =
XEATERE . BT 4NZ 5HTR B UG Rk
IncRNA(AL590705.3. LINC02870. KDM4A-AS1#ll
MKLN 1-AS)F AR | FAH XU PE43 734, K fE 4 A
EEHZ A 1L 3. STEAEAER MR, HAE Sy
JHL TP AR G P AL A i s TR ) 3R 08 6 T 3B A7 .
ZE 5t B BA AN S AL 1A R G
7, BT T AR C I IncRNAKYZE ) HCCTH
SRR R T R AR, REUH T IR HCCH
WS BIRE 1Y, ] B TS T AN G VA, At
PEIRITIRHES B, HAET M 51 IncRNAS HCCIY)
PR G e A B . TR G B VR T T R DA S O B
PR S RRIA A O, I H AT LTI R e 167 1
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S LA Bl 126 HCCRATEAE BB 25 1 R T4 AL
LA SR IncRNA BV REFAEE H SEA T (R T PP Al A Y
HEBNIR RSB ST IR o

4 BEERE

NP SRS A th S AN BB, B A
[ SR8 5 TR A R SRR O R 2 o HBE T 5 T
R A R R LA AT« TR VI OE, HE B BE T
AR TR R R A WO R BTR R, 5 A
ST 2500 1 P L2 B R R RA BL A BT 2,
1 S 2550 . FATHCCIGST O 2 A T
R BT LIRS 75, BB WS A A
R R ARAD B B . HPETEHCCH IR 5
AT , AR FT 5% Tk S 06 At ] LA e
W F 3T R AR | T R 200 o e O A A 264
DA H MR ARG I 5, BRERR AR ST T
HCCZ I R AR, 2 HMIBAE 150 THUR, 9
LHCCHE W R
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