TMEREZFSE - $£07% - £108 - 2024 £ 10 8 DOL: https://doi.org/10.12345/yzlcyxzz.v7i10.21647

Overview of Molecular Mechanisms of Copper Metabolism
and Related Diseases

Hongyu Zhao Haoran Yu Wulong Jin

Inner Mongolia Medical University, Hohhot, Inner Mongolia, 010000, China

Abstract

Copper is an important redox-active metal that plays a key role in respiration, antioxidant, tissue integrity, and synaptic functions.
The copper content in the human body is in a dynamic balance, and changes in copper balance regulation may lead to the occurrence
of various diseases. Therefore, the transportation of copper and the copper content in cells are strictly regulated. The paper reviews
the existing knowledge on the mechanisms of cellular copper absorption, storage, and output, and also outlines two recognized

genetic copper metabolism disorders: Wilson’s disease and Menkes disease. Finally, it summarizes the current understanding of the
link between copper and tumors and explores how to use copper death to address challenges in related fields.

Keywords
copper metabolism; Wilson disease; Menkes disease; cancer; cuproptosis

S5 o F AL B A8 R B fm it i
B T SRk
WEEHEERRY:, HIE - NSEH FERITEAF 010000

m =

A —FERNERERERLE, £ R, AN, DR ZERFo RGP RELE LEER, AMRARG ST T—
Freh AT, AATFHRATHRE TS T ZFRBG L AL, FIAAGIEMAamie N 4485 3] BHa0RAE, B %R
T mAARBOK . Ak A Fe b AL G BLA Fein, MR AR AR AP AR AR A R R . R R AR AR T MR, e
BT BATx4R 5 b g Z 10 3% 2 a9 3L A TR T T 45T A 4R 56 T R AR 2 48 R AR A Dk,

XA
B RARENR; T m; Mg 4AstT

transmembrane epithelial antigen of prostate, STEAP1) £
+ B4l 3 B ( Duodenal cytochrome B, Dcyt B) AJ
¥ Cu” RIE Y Cu' JG48 CTRI ik 240, DMTI 7] is ki
DECu™, Cu” 4 CTRI RIS, HTEENE o Fibl
{42 ( ATPase copper transporting alpha polypeptide, ATP7A )

R T8k, g RIE A ER] S5 G, . A5
iz, BEEREAR. AEAMEHEER Y, CTRLENF ALY
AR ER ARG, IT4RIEN 2 o= dlnt e s 2= 1
i B FEHLIA ( ATPase copper transporting beta polypeptide,

ATP7B) DISEEITEA i AE T ¥, — s = Fhig (s
SR AN [E B9 E 2 B (cuproproteins, CuPrs) , 233l4: 4k

1 5]

T

iR NN — AT E R TR, S MERES)
WE5%, RIFLEERHRNE Y, NMANIER s
4 100~200mg™, H# & FRBAFZRFE T+ 5., 12
BB HEL G TR, DIFEREEN. KEHW
R A A IR h AR 0 0, (B R et
EEE 205N

2 fRi

NAENHERI ., i DR S E IR R R TR TS o
HiE ELE T N BRI, AR S R M (s T 51

(K 1 (copper transport protein 1, CTR1) FI_r&E%=
& (divalent metal transporter 1, DMT1 ) , B fi-F2E
PLZWIERAALE, BiSIBR S BEFS IR F R B (six-segment

[EEBT] BHE (1999-) , &, PERARGILERIE
N, ML, MBSPREIR.

Wik, ES/RIEAEAIIaE @, R A 17 (cyclooxygenase
17, COX17) 1ER TR AL A s 2 8, o f
L EduE 3 C g ( cytochrome c oxidase, CCO) .
FrEAL 7 1 8 £ {5 & B (antioxidant 1 copper chaperone,
ATOX1 ) H54fE % ATPTA F ATPTB. [ 1 /KB (A IR
4515 (trans-Golgi network, TGN ) | f{] ATP7A/B ¥z A4

35



Tl REFRE - £ 07% - £ 104 - 2024 £ 10 A

BT 240 CuPrs |, [o#sh 2R e aminss el
ikt AaniE. EalErit, fAfEEE E (copper chaperone
for superoxide, CCS) -5l iy 25 = S S AL W5 AL B 1
('superoxide dismutase 1, SOD1) M9i#yE. 4N EED
S MRS EE Fa:, A aiB &8
T2 1 (metallothionein, MT ) FIAPEH K ( glutathione,
GSH) %5y Fles. MT A LIB NN EE 1
(AnfRFIEE ) SRIAES, RENSES A KBV, B amidii: v,
GSH & — i it b, e H B B A4 s 1ok
ZIPI R
3iFFIEER
3.1 CTR1
M SLC31A1 4w Y —Fiv& sk M D E . A
CTR1 A 190 MR FRL, Horh 60 S B R4 p A
HIg NN BesE i, =~E5HE( transmembrane , TM IE5E( TM1 |
TM2, T™M3) JER—FL, 4HINA —1> 46 DEAIRZAERL
PIENEERE TMIL AT TM2, B2)5 15 DR ZERRA A — MRA Y
AN C sk U, ThREMERIIR =R A A 9 CTRI i
FREpE E, HES— Mt cu’ Bl piEE ¥, CTRI1 7]
FEL PR ERR, EIERKEEM . B/NE | IS5
CTRI [FER DI R TT, 4 4nip s N s 2205
N, SRR B, ERE, g R TER
CTRI & FSe Gk, FEVNRAWTIRIZE T Ryt
SR BEAN, SERTi—TF R A, CTR1 ZEH FlJRmEres
S NSIRRERIAZET ", TSk, 2R CTRI1
S M mgamtza < U, BTk, $EA CTR1 A]RE
SEHE IR O — P A SR
3.2 ATP7A/B
ATP7A i1 T 4% 8 {k Xq21.1. ATP7B fi T 4% {1 {4k

13q14.3 . fb{1ET P ATP B3R, FIH ATP /KAR Y
RIS IRAGTE . ATPTA TERZEUELIR RIR, (HETE
JFFIERRSN . ATPTB EZEZALERFAEF . ATP7A/B N U5y
17 6 1~ MBD, Fifi /2 8 NS RA5#44, P-domain . A-domain
A1 N-domain & P 7 ATP BEEDRERIIL D AEELREIRERS
TGN & ATP7A/B & (AIIRER EZAS, TEmAdifsEt,
ATP7A/B B JF TGN SENL THEA, THERA S RS,
XIS ATPTA/B Frz W AEfa S L E R 1w ls
FORERAENR 2 E W MRS ATPTA/B 5848 S 8st G RS 5
Fil. ATP7A/B SR 25 2 [0 & & EF 5T i — 34
[TiE,

4 $RR 51 KR TR
4.1 Bi/REMR

A /RN (wilson disease, WD ) MRRIFEORAZARM:
& — P e AR IR (G5, DL ATPTB ZE R ) 2 Fpoe 4n
IR, BT Loik, —ERERLE 5~35 % Zl,

36

ATP7B ZE[N 2825 SECAF A N i R AR, WD FFIRS 28 81
MICTER A ACEF SRR A T RIS . 8 ASUEIRTE
RN, (B)LE RER e, gk EMp
B S RE . EMSmER s Pk ke, B8
SR B &S . WD EEIREATIL Kayser-Fleischer
R, IR FIANSYT A TR A E RS — B a
W& SR HIER, 90% DL - AR AR 25 77 7E K-F IR, ®]iA
A5 WD — AN EZEISWr PR, R E Rt S M T Hr X e
KRGEZ RGN, KEHEEELROIERERER. Hi
FIAFESIE . CME . WIPYBBERIN s IRARIZHr A
FEVEARANE SEFODUITHE | 028 A GERIRE 1 A58 4 B A A AR
KA o SO 2 PEAS AR T AR A= AR 75 S 1S 2 /KR & 24
INIEECAR PR R . SRR E (R A et TR T S T
FUKEE B L RS SRR ARG T FZI A FE s
T TAM. BEEERZE . BRI TR 2 SES, 48 14%
A KRS R, HAIE S Th il B
&AL R SERDIZI WD, TR E Fh A= bR
BB EN G . WAL ATPTB k% WD 2T
ARSI BURIE R R . WD /AT TR F—,
HAREE &5, d- HEROVIGIT WD LREE A, WG %
HTHET, BEERT d- BERAMNZE . XBEA ]
W SRR A R HE AR d- HEES
BRMERAGE . 5. ASHABHRIENING. £,
FHRIGIT o FrEREE R DIE RO . B R
BT ILEIER, B=, EaEASESNaEY. B
U, S THRESZ AT R S T T hRE R R, ]LL
T, TiefEAI2ey, KIHRRRAT REEN,
RIA RFF 200 aTT R AR AL, B A
AIEH . TTREREE T, BRPERARZ A DI S e R AN
FFohRETE
4.2 "IEHT R

[TJ5 155 (Menkes disease, MD ) X ¥R & LEG1E,
S PPN RIS X Qe A BaMERSRS, 2 ATP7A FEA
ZRARE [FRAE AR TR . WA AEER, KRR
ETTE 1/30 J7 o HUAFHE 2500070 SZ A LR R (il (1 o)
RERRRS . IfRPR R BB TR A NS A 4005 . R
HIBETE 3~6 N HRINgZWr ok, @ 3 2 ZHigEr . %
GRS MD SRR, A iifiZ 8 MD (I EFEF, RURGEE
LS, NAEFERTEGHTAE LI B2 Lt F i . MD 121
FEFIGRGEIR . Affebr, i h#fsis & Bk e KCE
FEf%. ATPTA (I E RN A B T REZE MD & 12, 2
MD 2 O b a3 s 57 RZ R AT 4 Ami v ] WL AT KR4
E AR iras -2 & VI =& PN N K= R [ e
E 80 MD j&IT L NSk SR SRR, fEgE ) LITFE
6T, AIL e RRRE LTS AER, MO, SR
R NSRS AR SSOR B E AT M4 IE ATPTA LR R IK7E



Tl REFRE - £ 07% - £ 104 - 2024 £ 10 A

MD /NEIEE A P R B B R R .
4.3 fhE

e, S —EREf IR EE, £
TR A B L R S5iE <. FUBE . TR, e K
18 A e 5 TR 2H 25 % R 1y R AR B e B R AR
2 B, NR R R S E R ST “*CuCl, JE Y PET ELBREDH
TREMARFE RO, AFELSE . BaFmE Y, Hit,
S Cu 7K B A IE AT T O S i AN fifa &
TG IR PR R R B S A S S TR A
IR AR N OSRTR s Mt S & IR R R AR PR ) i
WREE, GVURREEERER . d- HERANHETT . Wang SFIFSEN
B & RIS Faa e T 2R ] U R B PR 4R SRS
Zhang ZhfF 57 & B2 ES FIALE & R, ATLLA S 45190
YFET .

2022 4F Tsvetkov S5 & HL— PR AT SE T /5 X ——4A
FET. ESCIEE AT M 110 ES JoiEaris S4nly
FETS, FIAHE B C Rl zE T 5 H0H] ES-Cu B A4
MZE T BIARAER L. HARVE B IR b (AN 1 4T i
% ES-Cu BT 5 [ Anfa b T AU s s IRTE O = T
R, ZIEZ ES-Cu 4bHH 5 = FRERIE I AR & =g, &
PEIRBREREE AL =R ERIEIA. (EE TSR ST
KW 7N IEFEEER, GE. S E N (ferredoxinl,
FDXI) | fii~FRR & BBg S5 A 3 St f s A . FDX1 Al
B E MR 2 & T HRs S EsE T s E A 3,
FDX1 & & H RN L AT R . IEEbERIEF
T FLA AR N (X A BLPU R, G S E R L AL
( dihydrolipoamide S-acetyltransferase, DLAT ) 25, X Hjif
TR 2R A %Y. SEES DLAT 454, {Eitls
1k DLAT %%, FDX1 BRTEE:AEE LY DLAT R RN
B G OANIESE T RIS OTA o, S T E AR 5L
Fe-S fRE ML FDX1 (ki 77 ARk, HiESFEDIEE
W% 4 ERTR, FFETALEIR] DRSS IR EORE,
Fe-S fREIMIL, FEEORRENST, &aMistr,
5 RE

HRAE AR AR R -, W AR AT D
KAEETWER . SRR, 3 Ah . FIRAHEHEEER . 42
AR ACE: B2 B MR, FFRAS SR 5 SRS
AR, TP ERRIEHESC B B s B T A RIAIR
AT, EAERE . YT, RIAABLL RN
H PR . Or]REFAEMIAR A ISE TR E
Qx5 &I HIFE T AH = 8 O 9 n] LUB BT 280 5
@R EMARE W AR LB, 558 ES-Cu LUIMBFRT5 AR 5
VBN EEEAE, BoT RERENEIER,; @S
LI, BRanfaiieamZs S imE i S 2 m MR E E A
ATP7A/B %, FAFET IR I A5 AESCE e 4R T

BB ACE B E TG, ERRIR.
S 3k

(1]

(2]

[3]

(4]

[3]

(6]

(7]

[8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

Tsang T, Davis C I, Brady D C. Copper biology[J]. Current
Biology, 2021,31(9):R421-R427.

Festa R A, Thiele D J. Copper: An essential metal in biology[J].
Current Biology, 2011, 21(21):R877-R883.

Ge EJ, Bush Al Casini A, et al. Connecting copper and cancer:
from transition metal signalling to metalloplasia[J]. Nat Rev
Cancer, 2022,22(2):102-113.

ST BT FEAHR, S SRS A S B R S R AR AR
WFFT st R[] RS NEEA S IR AR, 2023,30(9): 1146-1152.
FERIEMN e, 7 R, 5 SRAISRROC B 1 M ORI
D] AREEE RIS 54412,2022,56(1):82-87.

Chen J, Jiang Y, Shi H, et al. The molecular mechanisms of copper
metabolism and its roles in human diseases[J]. Pflugers Arch,
2020,472(10):1415-1429.

Walke G, Aupi¢ J, Kashoua H, et al. Dynamical interplay between
the human high-affinity copper transporter hCtrl and its cognate
metal ion[J]. Biophys J,2022,121(7):1194-1204.

Haberkiewicz O, Lipin ski P, Starzy n ski RR, et al. Decreased
Expression of the Slc31/al Gene and Cytoplasmic Relocalization
of Membrane CTR1 Protein in Renal Epithelial Cells: A Potent
Protective Mechanism against Copper Nephrotoxicity in a Mouse
Model of Menkes Disease[J]. Int J] Mol Sc¢i,2022,23(19):11441.
Liu T, Liu Y, Zhang F, et al. Copper homeostasis dysregulation
promoting cell damage and the association with liver diseases[J].
Chin Med J (Engl), 2023,136(14):1653-1662.

Guo S, Chen Z, Dong Y, et al. Chronic Corticosterone Exposure
Suppresses Copper Transport through GR-Mediated Intestinal
CTRI1 Pathway in Mice[J]. Biology (Basel),2023,12(2):197.

Yong L, Shi Y, Wu HL, et al. p53 inhibits CTR1-mediated
cisplatin absorption by suppressing SP1 nuclear translocation in
osteosarcomalJ]. Front Oncol, 2023,12:1047194.

Wang X, Lou Q, Fan T, et al. Copper transporter Ctrl contributes to
enhancement of the sensitivity of cisplatin in esophageal squamous
cell carcinoma[J]. Transl Oncol, 2023,29:101626.

Zhou Y, Zhang L. The interplay between copper metabolism
and microbes: in perspective of host copper-dependent ATPases
ATP7A/BJ[J]. Front Cell Infect Microbiol,2023,13:1267931.
Dmitriev OY, Patry J. Structure and mechanism of the human
copper transporting ATPases: Fitting the pieces into a moving
puzzle[J]. Biochim Biophys Acta Biomembr, 2024,1866(4):184306.
Ruturaj, Mishra M, Saha S, et al. Regulation of the apico-
basolateral trafficking polarity of the homologous copper-ATPases
ATP7A and ATP7BJ[J]. J Cell Sci, 2024,137(5):jcs261258.

37



