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Progress in copper homeostasis, cuproptosis, and
copper-related antitumor drugs
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Abstract: Copper is an essential trace metal element for human body. As a cofactor for numerous proteins and
enzymes in the organism, copper is involved in a variety of physiological activities. Copper also plays an important
role in the regulation of tumor homeostasis and progression. Copper overload and copper deficiency can lead to
many diseases, such as Menke’s disease and Wilson’s disease. Thus, copper is regulated by a network of copper-
related proteins, including copper enzymes, copper chaperonins, and membrane transport proteins. These proteins
maintain copper homeostasis by regulating copper intake, export and intracellular utilization. Cuproptosis is a novel
form of cell death induced by excessive copper ions in the mitochondria. It is characterized by the accumulation of
mitochondrial lipoacylated proteins and the loss of iron-sulfur cluster proteins. The discovery of cuproptosis
provides a new method for the treatment of diseases, including tumours. Targeting copper is one of the current
hotspots in tumor research, including the use of copper ionophores to increase intracellular copper content to induce
oxidative stress and cuproptosis, and the use of copper ion chelators to reduce the bioavailability of copper. In this
paper, we conducted a systematic review on copper homeostasis, cuproptosis and copper-related antitumor drugs, in
order to provide reference for the study of cancer treatment by targeting cuproptosis.

Key words: copper homeostasis; cuproptosis; cancer; copper ionophore; copper chelator



364 HESHA LR Vol. 36, No. 8

202448 A “hinese Bulletin of Life Sei Aug., 2024

WiS HHEA: 2024-03-11; &[E HHER: 2024-06-03
BEEWB: EEARFFIELTHE (82273577)
*BE1EE: E-mail: fansaijun@irm-cams.ac.cn; Tel: 022-85685301



81

Ao, 5. HfRds. HAET. S AR SCHUR R 25 Yt Tu it 1001

MRNRLFRFHETCER, EEEE Mk
IKIBN . HRAR A AR 2 B B RN RN 7, 25
PUEALBT I R G R B 2RI & R G2 Ty e
deRrsE Mo AR P SR TR AR,
WAL ' SRS, Bk, JrEEWBULL,
A A ERAR U RS 7T 51 K Menke’s 93 5 Wilson’s Ji 7.
PR ISR« HE H AN 2 P R 52 31 52 2% ) A A
REAMLEPT, FFERFAEMSTRERRE . 4
FET o — il Rk A I A 2 5 A, R =R
FRAGA RSB TR, DLAORL AR = B A B 2R
EMERBR R A ERNRE Y, TR IR
TR AE A iR T R B TR IR ST . BT
2 H AT BT TR 7 18 22—, B P A 1 3K
PR CQORER & A SEEE ) S G A AR
LU SR N S At T, U FEER
VUBREHIR 55 ) PRI AR L . A0 ERiR T
REA B HE T DA AR AR 2 5O 25 W0 41 5% ) i
Bk et e, DAY DU SET O #E 1 AR R T 1
%,

1 SETRAS SR

WE & T 2rmamed, wmahPmE. HEEE,
B RUL SR R, AR 7K 2 Ak Ay 40 ) B R
W, BRI RAG BB ERN 2~3 mg®. B
SR NAR 75 B 03, E R B AR AT 25 i
N (Cu” + H,0, — Cu™" + ‘'OH + OH) /7 4E ¥ H 4
(OH) , "OH & —Fh H ZIH L% (reactive oxygen
species, ROS), A[HEIR DNA. & F A AE B S5 2Em
FHIappEtE © . Rk, #1522k N R AR O
EE ML, BEEE. WEEE AR R
H&, XLt AL N HE A A
G N S IR Y S N N N N T S
B, ZHEd S EA RS TS, DS
HHE A S 5 A RN T

TN 2@ b AT, =38
R BEMIRSGHRA © . REE a2 AT
Cu 171E, (HEAGCu" v] AL SRR, R,
WE 1 PR, BAK Cu™ B m NS R L
PURB A IR AR b F8)R 0 RN
Cu', ML 28 1 (copper transporter 1,
CTR1) M3t Nig4if O, CTR1 A2 718 W 4R
MR EH T, FemtEmdsmiE CTR1 nrfish i a
ZIHIE = 'Y . CTR1 FRIAKFE5 AR 4 & = AH
XK, HIS R AT, HE = it KSR

MARHZER 2 (CTR2)™Y. M éEEiisEA
1 (DMT D)™ 2548 2 SR .

4 T VAL F R 3 L B R A i 3 RS A S £
ATP7A BN ), e, B/AhNa5HEA.
R RN R SRR AS A A, K S A R B
Hgia 1Y, BTk RS RS 2. A
MLidd CTRI AR, A 4 i A7 vk g 32 2
s M Wl 1 foR, EAiET, #nT 5 A RH
JIk (glutathione, GSH) % & 3 #H# 2 &R & H
(metallothionein, MT) #1, GSH 5 MT ¥J& &%,
DR A R R A A, BFEIE MT1 R MT2 24
MEEMAAA S Y. EEETRINE RGP RIEM
MT3 S 5HfaESET U . EFMBEN, Hihs
SEEEAMAR, 4568 A R AR L,
Hp 2R e AR TP S 5 A SR EE R
I U0, A P R A B IE R B R, RN R R
i ATP7B K4z EREYT, B Ja AE 8 iH A
N, faiid SRR AR sr, IR HEI L
HER A RS P g2 BT, REEMERARA
2 T I /) g R VACRR I HE SR R T, R R
WS/ T HE G i, B S5 = B U A A

TEAIP, BFEZEL Cu” BS54 RN,
CTRI eI SN ) F ZigAe P Wil 1 pow,
BENANL S, HITTSSA 2R TR, diE e
= C EALBEFHIFEAE 11/17 (cytochrome ¢ oxidase copper
chaperone 11/17, COX11/17) 5L B0 B i £
18 (copper chaperone for superoxide dismutase, CCS)+
PUEMEE 1 (antioxidant protein 1, ATOX1) 5%, i
T 45 33 36 2 Ry 8 1) B 1 Jo A i I = R AR .
ATOX1 R4 18 B T B I Ry /R &M (trans-golgi
network, TGN) 40 L) ATP7A/B®" . TGN H
] ATP7TA/B ] fie it #t Z Iot SAL AL I I TR g A
i B A A AR A SC A R 2o T 4 R L
ATP7A/B W B 57 K% 4 HF 40 . 72 20 1 A% o,
ATOX1 A 545 1M 78 ek A7, BB
Fis B, BZ ATOX1 2 b3k PR /)y B 2 PR 41 A
A KA AE AR T BY L A B 1
(superoxide dismutase 1, SOD1) X HEHR A £ A Ak
Yoot i, TREACE A H HEETE T (0,7) AR

AL ( e, 0, 25

RN ROS WAL, CCS fgf5 CTR1 F1 SODI1 44
S CTR1-CCS-SOD1 &1k, ZE & kA]
P2 SOD1 MTMEE SODT,  HE T i 17 41 A
WAL RN B, Bbak, HiE S 5 ERA NIt 2R
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MAAMICo* B & )@ I SR BR ) N Cu', S 1B 4452 85 A 1 (copper transporter 1, CTRI)ZEANZIIE. EANIA, ] di g7
T4 JBEE F1/2 (metallothionein 1/2, MT1/2)H, 85 2 Rl 71 A5 45 G 3k 1 12838 28 1 1) 2 19 ot o il X = R 434
ok A TS B B i #% 18 ATPESA/B (copper transporting ATPase 7A/B, ATPTA/B)HEH4iifl. GSH, &t H Ik CcCS, #
AN BALEEEE15; SODI, MEAEAEEL; COX17, MMERCAIMEFAFIEIE17; COXI1, iR CEAMERH 18
11; SCO1/2, AftaECAMBESBA1/2; CCO, IRt ECAE; ATOXI, MAMLEAL.

Bl AR R EE

C A ALEE (cytochrome ¢ oxidase, CCO) & . TE
NFEr, CCO B M MZ LI COX1 A COX2
(cytochrome ¢ oxidase subunit 1/2), ‘EA15H7E Cug
N Cu, ALt HHLEE P, COX17 K4 M GH i i %
18 B RAREL R BR BS, B A T i L R C R
A R 1/2 (synthesis of cytochrome ¢ oxidase 1/2,
SCO1/2) ## %] COX2 W3, i@ COXI11 ¥
F| COX1 WAL 230 it iy 2 5P e f % 18 5 44
IR fE . COX17. SCO1/2 RAESGE CCO
TGV BRI R A LA e AR B

WE 1 Fias, ATPTA/B 244k 40 oy 3= 3
Hiafk, HEMMUgesTais Rz H B gl
JH PN 4 25 7 Ab T AE BRI, XSS AR AT T TGN
o AR BTN ZEAN TGN BB 5 448
JHL P BRI, X LSRN TGN B8 31 i L
HETE AR 400 . ATP7A A1 ATP7B B A
FKIABA, FrEE RS HALARS TR RE, G
HEBEIERE P, g L gt Rz ATPTB,
FEM TR A IR PG AR, DAYERR A A N
FAfazs B9 Lt B aEE NITA LR, ATP7B
AT\ TGN ¥ 5% 21375 B A4 2t 1 a0 ook Ji i ) N JE

B A, ERS R TR ) ATPTB i R] B
BAHEANBH B9, [Ft, ATP7A 1 ATP7B %45 5
SEHAAWREL, FREAEMBEANER, NS
Menke’s 5 Al Wilson’s J [ 5 4= B,

2 AT R EANE

A BT 2 $5 T B — o ] A5 P 4 BB T TR
Ao HIEFREILI T, Caspase JEMAPELIIET
AR, BMEFERIET SRR S AT BT
2022 4, Science ZREARIE, AN BRI ST
FG T AeRrATEA RETE, DA R B
W A R BR AR B 1 25 R 9 REAE e

Tsvetkov %5 ) B, i & AR5 R A 32
(elesclomol, ES) Bt& Cu™ W42 mr 4 i 4 140 25 17K
SEHE FARAET, MR BS A R
ES-Cu 75T HI4HMIET- AW KT FRES) Caspase-3
OB EEOE, MRTE TS R BAX Al BAKI
sOE I AR MR TS IR AR (R AR R
T\ BRAE TS AN B ) SR BESE M ES-Cu 155
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T2, RPHIFET AT O A0 fhgn st W,
REAEA FUR B, ] i i i S G A i
BIEIR = RERTEHA (tricarboxylic acid cycle, TCA cycle)
AHSCEREE T S EAN At ™, (HEARBLHI AR B .
5224, Tsvetkov 25 W RHL « @ FEAKH LR bl AR I
WG FR) £ L of 4060 5 5 FD A L 26 T SE N BURK, BRAEFA
B AR R B S A A R R R R A )
TRV B AL A Ty e 4 ] 1) 350 AT 2 Al 4 15 5 1) 4 B A
T s AR EFRNDESS BT/ ES-Cu SR H
WP RE D B RS, TERERPIR S ATP AHOCHFIR I
AUk, UEWIH EEEAE T TCA a3 m A2
R AL EEEL ATP & . LN, £ ES-Cu AbFE)
Y, FTCA JEIAHRAB =Y & B K AV R,
bR HEIET 5 TCA fEIARE A W,

b8 J5, Tsvetkov & ™ @it 4> 5K 41 CRISPR-
Cas9 it e TSR T T7 A CBEE A, 3k
1 fizx, 43 FDX1. LIAS. LIPT1. DLAT. DLD.
PDHAI1 1 PDHB, 1% %6 JE A3 5 i < e i A4 %,
Z 5L RRE AR L RE Y . BReE R
WS 2 M2 RARR 2 &R P 75 1, Wi 2 B,
NENTRFEIR I ED A RS ZAPIR o BEIREUA
H A (acyl-carrier protein, ACP) _I ] i 3 5% 1 i 4E
fifl s BRI FRA R RE ACP 5 iSRRI N
2 (lipolytransferase 2, LIPT2) ¥ 3 I 5 5 73 M ACP

@A@

COCOOPOTOOCDTOL

HREAHE REMAS H HHE (glycine cleavage
system H protein, GCSH) I ; LIAS @il yH#E S- i
HHRZR (S-adenosyl methionine, SAM), 7E [
B 6 S 8 Sk FARABIE T, #fi5E GCSH
FRFERMIER 5 &5, LIPT1 K6 B
GCSH #5405 (1( 40 DLAT . DLST % ) E,
1M 56 BRZR R AR B AR F BE 4k B2 o i FLsh 4
HL P E R BLIIR SF TR AL R R 2 S TCA JBFRAHIM,
bR FDX1 BY LIAS 7] 22f#% ES-Cu %S #41
FAZET:, T FDX1 5 A M8 A 0B - Bk B A
AKFE R, 3 H FDX1 MiBhkaSIE AR
FEALI e 4k, Kk, FDX1 AT RE2 i e Bk
1 EW AT Y. RS FTIESE, FDX1 EiEd:
& LIAS, JHENHBFiHE, 25 LIAS MSHEA
R B R N, FDX1 2 ES 15 A i B0
A ES #ATH) Cut RN Cu', Cu' B EBES
f-FMEIL) DLAT 454, ‘530 DLAT [EREMI)EE
%9% [4,43]c

TSET I e SRR AR % A A . BRI
AL LA VAR I I ) B A DR 1, ) R
(RITE R B Lo A ek % 2 1 2L 9 ZERRA
WeRErh, B SRR LR R BRI SR B 1 Yahl
(] Fe-S St ), SEEEGERRAE IR LD
MR RIT KRG M, BE PLASBRELAR & . 2k

Culh ®
® cul) ® ¥R

BOCOOOODDOG

———————————

EASPRTRE i

A,
o e

___________________________

G 3 PR Cu NGB R AR N, B J5 Cu™ B R R &R 11 (ferredoxin 1, FDX1)i& 5 ~NCu”,
ES, $HF|7 3L, DSF, XHit: ACP, BiIE#ifkEA; LIPT2, Hi¥REFE2;

BiFBEAL R A R, TS R AET .

T

737N 3 S PAS

ST

BB R B R AR

@ ‘DLAT @
> @ pLar ®

= A

FRkiiikEAERE

GCSH, HHE MM AGHEH: LIAS, Birmo il SAM, S-REWHENR: LIPTL, LBl DLAT, —4%J§

Bl S- I I AL i -

E2 AT RERE



1004 & EXp

3645

R1 {RHETE TRIMECER"

HE A B PRl AR

T

FDXI ferredoxin 1 BEI R E A KCu B oNCu s Z 5 E A i R 2
LIPTI lipolytransferase 1 T S B FE T 1 Z 5 & A i e BT AR

LIAS lipoyl synthase T SE IR A R

DLD dihydrolipoamide dehydrogenase Y e 7 e TR i S Bl 2 5 Ak 2L 4

PDHAl  pyruvate dehydrogenase E1 subunit al P4 RIS BEE 1T Aol

PDHB  pyruvate dehydrogenase El subunit B PAHARR T ZUEEE 1 FA7B

DLAT  dihydrolipoamide S-acetyltransferase G IES- 2. 0k 3 55 15 iy

Fifk ABC #5128 A ATMI 5% AE 3G 55 8 5 2k it 7%
HEIGPIHIVER ¥ Tsvetkov 45 ¥ R IL, 4L
BT AR S FIFE I T B AR A IR . Bk
TR S &b R R A E Bt R IR, e
R A RIS P TR OBR 75 5 LIAS OBRRRARSR AL, Bk
FEEIAREIR AT e SR B A T E B i ™ 5 b
Frik, Wil 2 Frox, HAET ] g A i vy g =
) 5 75 T R AT S T A B 1 (1) SR AR AN Bk A B
FIRER, fillg 8 A BN O I 4 S B st T,

3 {EEXMAEZY

A E R R A TR 1T A g ik e b R 4% LA
M, SIEEHSUEL, MR @ERE R ", Ik
IRBFC N, AT RN, Jahe B ) I3 Bl
Jig A A K B e, BE A K
SRR ZE IR IR /- BA e Tt fs %0 o i mT 5
FENAARF e ek i A oA ERIE RS 5
R, HETG R MR R AR 2R S P AR
AR T e )38 S R, (R R B4 S SR
AF e i O T BCAE A SAR R AR R dH BAE T,
SO R IR FE T A 9 IR v T B4 TR R e
Mo A SSHUMRI 252 B AR L R —,
B o A P iR VR 9T 7 S A5 FH 4 25 B S R PRI
] (4 AR AR S A P R B A v R 4 P
P IRR & &

3.1 fEEFEAE

WA R —FREE ST, 5 Co’ Al
it WIBEEBEHEE T, TR RIE T EE
ER, BB N PR 25 T IR RIE ST .
XU (disulfiram, DSF) 55 & 2L (ES) /& H At

FLEONIRN I AR 257 ki, Al Cu” Hig s
A B R4 N L AR O K A AE T
311 Wt

KU & —Fh LI M = (acetaldehyde dehydro-
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genase, ALDH) #|7#], T Ethal#i3cE FDA #t
TR RS B, 298 1t it iz, kg
iKh B BA R et S5z ™ . DSF e/
AR R AR RN (diethyl-
dithiocarbamate, DTC), f£4 DSF HiE#EE\, DTC
s cu EETEREEY) CuET (DSF-copper complex)
sk EPURER B . DSF BCEH AL 2 Mugis
RIFPUMBEENE, BFMHZ R - EOEERS
(ubiquitin proteasome pathway, UPS). 75 #%KT--«xB
(nuclear factor kappa-B, NF-xB) i@, it ROS
R HE R T2 BRI BRI AR AR T 5

DSF-Cu  AJ 3 4l 25 19 Wl A0 0 A1 3k T A % 7
JE/EH . p97/VCP (valosin-containing protein) & UPS
M EE NG, Skrott 55 P JEBH, DSF-Cu R[]
p97/VCP B L EAZ ENMNE A 4 (nuclear
protein localization protein 4, NPL4) J{if5 T H 54,
BEMT TG p97-NPL4-UFD1 @K, THiHE A b bR
BUH, 51 R AR TS S S AT IET . 3 F AL 7T
WESZ, DSF-Cu @il p97-NPL4-UFD1 &K
gz s UPS Thag B,

98 J5 sh 4B (tumor-initiating cell, TIC) B
JE TP (cancer stem cell, CSC) WIS 185 &1k
JYmt 2y, RS S MR E R EE RN R K
I, DSF-Cu ml@it#i] UPS &, WSS FH
NF-«kB ik B, SEm#ps] Rt ERBB2.
SOX9 H MYC 3Rk, PHAGHE S F 1A E T
40l (breast cancer stem cell, BCSC) JERKL P, 1h4h,
DSF-Cu &A@ 0% IREla-XBP1 i 5 14 o 4 5
FEIM R EM AL ¥, 5 BCSC  I4ESHE
. Liu 2 B KB, DSF-Cu AJVH 7L AR i 24
A AR MDA-MB-231pscio 1 CSC Hitk, 1EXS T
i 968 24 1) 55 A2 BE R AR () e, $ v AT T R
DSF-Cu 5PI3K 7] BKMI120 k& fii I AT FEAK
FLEE M ALDH™ F1 CD447/CD24 TIC & 3F
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PE TIC WP TKE B, ALDH 357+ & /2 CSC
fbrEz—, Kt DSF-Cu FIHUE & T8 0 F T
X} ALDH {40 . 8Rifi, 2019 A A RN,
DSF-Cu FIiE P CuET FEARESMH| ALDH 3514,
MM ALDH A2 520 g g vg g 0, X
SO F A5 10 1 25 RA Rt — IR AR R

Bx{EHF TIC 5CSC 4k, DSF-Cu it n] @it i
HE ROS #7 2 sl 4 g i I BE s ML R FE DU AR F
DSF-Cu B it 2 5 ROS /K-F3E i #3% MAPK {5
S SRS EAFE T, pS3 NS
Z 5 191 DSF-Cu tH 7] @ i #3% ROS-INK 8@
P& DL K 4] NF-xB A1 Nrf2 38 5% i3k 11 & 3% 51 A 5%
YER 11, BbAh, DSF-Cu A4t 9 5 [ PTEN Al
FoxOs [MFRIEFEHMHIEZER MYC 1IRIE, #imis
T PEBEAE M I U Gy G, JARE A AT T
DSF-Cu L RERIA DNA 25 i@fe, HisibsT 248
BRI RN y 8 SRR IR S5 B2 R R T AR e Il
RWFFE R W], DSF-Cu BXA # BEMe g mT $12 & i i J8g
BE TR . SHiSERE G 1% DSF
e Z AL, 4kZ2HRT DSF B EEsET- R i
R B,

AT AR TT S TR 1A, SR AT
Fu R I DSF-Cu W] 53 2 Fh s Kk AR A SE T 1708,
DSF-Cu 4= 5 25 25 ] REXT 1E 7 A L pledni s, R,
ey 3G 5 FC A R V2 H AT 7T A (. Zhou 5§ [
gtk K & Au@MSN-Cu/PEG/
DSF, ¥ DSF 5 Cu® ¥R[aifik g, Bl
Ja HEN G A IR Cu, (R
P b 26 b A B RIS SR A6 TS . DSF-
Cu 2> 34 b fbyeg i A2 P AL T2 BiC4& 1 (programmed
cell death 1 ligand 1, PD-L1) [k, %38 4ni
Ho ki, [RILEEA PD-L1 7 ] #4558 DSF-Cu
IR SE T U . Liu 2 UV Mg T Fb
CuX-P R, ZMhARP T RIAFEFHEITZE 11
T g, M 7% DSF-Cu i) MXene 29K F o
CuX-P W FHRE T Mg 4n iR i i PD-L1, BHJS
PR AN N A, N4 N DSF-Cu & & FE (et
PD-L1 ®ik, fEMUBRMAMAH) PD-L1 FREE S I
WAL CuX-P, AWrHAFEMIRE R PD-L1 it
CuX-P 7EMIRE A B HE, AT A [ 1755 7 s 24
LT

3.1.2  HHRE]Z(ES)

ES &R s 73k LA iRy,
ES Al 5 Cu* # 1:1 WHISS SIS0 . %%

HEUH Cu’T g B RA N, JRIE Cu¥ # FDX1
EJFA Cu' JERE Cu, Ffif5 BS MM HEH I 4k
Geic Cu” BLRMAN, AFT DSF, ES X4k
R EA m R

ES S WA R 30T T 38 5 5862 B (1) B ek e v
PR BRI A T SRR IV B R P A
FRBEWITRC T . KIALIK, ES BIPUE/E B
NS LR R A A DG . Nagai % 7 KIL, ES
B s i B AR A R dE ROS FRER, ki 411
PR SE . AE N IR K562 4ifarf, 4B 7 nl
ES HizZ4MA, AP mEEit 5T S E R
N R ROSTY 5 A, ES-Cu i RKE4H i & 3
PHMEZE G, #1, 45115 DNA FEREIRZ kA s fr, 3k
AR IEM AR EEE R U7, 6 4 e B =R e — R 7l
JERZENEYERR PR, LL GNAQ A1 GNAT1 FE[A
RAZARHE, ES-Cu Al 55 ROS =4, @EH
PEBGE KBRS A S 1, ek Yes AHOCHE AMERR
WHANEIIAZ N R, FEUEIEF SNALR Rk T,
M HIH] GNAQ/11 A ML ZR AN AR K 5
L2 N

CSC 5 TIC [FI#fAE ES-Cu HIFEIE S . Buccarelli
S U9 R, BS-Cu AT i 5 it SRR 4 8 40 A
YRR AL N ROS [P AR 22 915 S 41 R se T,
T % SR R AR N A5 P . Harrington 25 ™ & 3,
ES-Cu "¢ #F TIC # ROS 8 315 T E AL N3,
BT 2R BUM RS, RN SRR K.
B INN, ES-Cu 5 S IROS 74 Fl 41 iy 5
PETT B 53 VA R T GRS A IR A 1) e R R B F
TAGREEEVE RO B . ES-Cu FIPUEALA I 1
BRBET., Gao % ™ KI, ES nl{idksh B ke 40 i
HOATPTA WIBEME, DRI Ze PRI AR B T i, i
T ROS AR EHANIE s Ik4h, ES denli@Et it
WIREARF M 7 bt 11 (SLCTALL) [ Ff@sk ]
GSH &%, MIii% St .

2022 &, Tsvetkov &5 ™ {ERH ES-Cu % 5 14
FET R —Fh A st o, dt— ST
ES MPUEslEl. B R R L EE AT (MELK)
T EOE PI3K/mTOR 15 Zi#ig, &5 DLAT Kik
K, IR 4R g, ES-Cu nliif4iX —id 2,
TSR AL . M5 RNA &%)
FHOG, Sun & ™ ORI, HIEEHEEEFE I 16 (methy-
Itransferase-like protein 16, METTL16) iHid %} FDX1
mRNA ] m°A FIAALEHRN S ES-Cu FFHHE
JEA A SET:, METTL16 LAk /KT T+ v o] il
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