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A focus on copper depletion-induced cuproptosis
for cancer therapy

Copper has emerged as a promising target for cancer therapy, with extensive studies on copper

accumulation-induced cuproptosis. However, the potential of copper depletion-induced cuproptosis

remains largely unexplored. Recently, Zhou et al. (M. Zhou, F. Muhammad, Y. Zhang, T. Li, J. Feng, J.
Zhao and H. Wei, Chem. Sci.,, 2025, https://doi.org/10.1039/D4SC04712E) reported an innovative
strategy for copper depletion-based cuproptosis. Notably, this approach leverages the solubility product
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essential trace element, is
various cellular processes,
embryonic  development,
erythrocyte formation, mitochondrial
respiration, intracellular redox balance,
and biosynthesis of neurotransmitters as
cofactors  for cellular enzymes."*
However, copper imbalance can cause
diseases such as Menkes disease (caused
by copper deficiency), Wilson’s disease
(caused by copper accumulation), and is
even associated with cancer.>* In partic-
ular, tumor cells typically need a higher
copper content to maintain mitochon-
drial respiration, redox homeostasis, and
kinase signaling.>® At the same time,
they must strictly regulate copper content
to prevent copper accumulation-induced
cell death. Consequently, targeting
cellular copper has emerged as a novel
strategy for cancer therapy, focusing
either on copper depletion or
accumulation.>?

The team of Zhou et al. has developed
an innovative strategy for copper
depletion-induced cuproptosis (https://
doi.org/10.1039/D4SC04712E)."* Copper
depletion in this approach is based on
the  solubility = product principle,

Copper, an
crucial for
including
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the disruption of copper homeostasis.

a concept not previously explored. They
chose ZnS nanoparticles as a copper
chelator, leveraging a cation exchange
reaction between Zn** and Cu®'. This
cation exchange reaction is driven by
the large difference in solubility product
constants (K,p) between ZnS and CusS.
Moreover, they modified ZnS with
a core-shell structure to facilitate
normal tissue protection and
functionalization. Using a tumor-
bearing mouse model, they demon-
strated inhibition of both primary and
metastatic tumors via copper depletion-
promoted tumor therapy. Additionally,
the mechanism of copper depletion was
proposed, which was primarily associ-
ated with the dysfunction of cellular
copper-containing enzymes, in contrast
to the aggregation mechanism of copper

accumulation-induced cuproptosis
(Fig. 1)."
The mechanism of copper

accumulation-induced cuproptosis was
elaborated on in 2022. It was revealed
that excessively accumulated copper ions
bind to the lipoylated proteins, such as
dihydrolipoamide S-acetyltransferase

principle, a mechanism not previously addressed in studies, to achieve effective tumor therapy through

(DLAT) in the tricarboxylic acid (TCA)
cycle of the mitochondrial respiratory
chain, leading to the aggregation of lip-
oylated proteins, down-regulation of
iron-sulfur cluster proteins, and eventual
cell death." However, copper
accumulation-based cuproptosis requires
the supplementation of copper ions,
which inevitably cause toxic side effects
to normal tissues or cells. Notably, the
current copper depletion strategy
provides an opposite but complementary
cuproptosis for effective tumor therapy.

While copper-based molecular drugs
are in preclinical or clinical phases,***™*
their application in tumor therapy
remains ambiguous. This study creatively
designed a new strategy for copper
depletion-induced cuproptosis utilizing
nanotechnology, which circumvents the
limitation of molecular drugs. However,
further studies should be followed to
clarify the precise mechanism of copper
depletion and to enhance copper-based
tumor therapy.
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Fig.1 Schematic description of copper-based cell death. (Left) Copper depletion induced-cuproptosis.* (Right) Copper accumulation induced-
cuproptosis.**

M. ]. Petris, B.-E. Kim, V. M. Gohil and
J. C. Sacchettini, Elesclomol alleviates

10 M. Zhou, F. Muhammad, Y. Zhang,
T. Li, J. Feng, J. Zhao and H. Wei,

Author contributions

Hongjie Zhang: writing the commentary, Menkes pathology and mortality by Copper  depletion-induced  tumor
and funding acquisition. escorting Cu to cuproenzymes in mice, cuproptosis, Chem. Sci., 2025, DOL:
Science, 2020, 368, 620. 10.1039/D4SC04712E.
: . 4 D. Ramchandani, M. Berisa, 11 P. Tsvetkov, S. Coy, B. Petrova,
Conflicts of interest . ) . ’ Y
D. A. Tavarez, Z. Li, M. Miele, Y. Bai, M. Dreishpoon, A. Verma,

S. B. Lee, Y. Ban, N. Dephoure,
R. C. Hendrickson, S. M. Cloonan,
D. Gao, J. R. Cross, L. T. Vahdat and

M. Abdusamad, J. Rossen, L. Joesch-
Cohen, R. Humeidi, D. Spangler Ryan,
K. Eaton John, E. Frenkel, M. Kocak,

There are no conflicts to declare.

Acknowledgements V. Mittal, Copper depletion modulates M. Corsello Steven, S. Lutsenko,
This work was supported by financial aid mitochondrial oxidative N. Kanarek, S. Santagata and R. Golub
from the Basic Science Center Project of phosphorylation to impair triple Todd, Copper induces cell death by

negative breast cancer metastasis, Nat.
Commun., 2021, 12, 7311.
5 D. Denoyer, S. Masaldan, S. La Fontaine

targeting  lipoylated = TCA
proteins, Science, 2022, 375, 1254.
12 O. Bandmann, K. H. Weiss and

the National Natural Science Foundation cycle

of China (22388101).

Open Access Article. Published on 18 February 2025. Downloaded on 2/6/2026 12:37:14 AM.

(cc)

References

1 B.-E. Kim, T. Nevitt and D. J. Thiele,

and M. A. Cater, Targeting copper in
cancer therapy: ‘Copper That Cancer’,
Metallomics, 2015, 7, 1459.

S. G. Kaler, Wilson’s disease and other
neurological copper disorders, Lancet
Neurol., 2015, 14, 103.

. ‘o 6 L. Chen, J. Min and F. Wang, Copper 13 K. H. Weiss, F. K. Askari,
Mechanisms for copper acquisition, . o .
PP . homeostasis and cuproptosis in health A. Czlonkowska, P. Ferenci,
distribution and regulation, Nat. ; ] ; : :
Chem. Biol., 2008, 4, 176. and disease, Signal Transduction J. M. Bronstein, D. Bega, A. Ala,

E. J. Ge, A. 1. Bush, A. Casini,
P. A. Cobine, J. R. Cross,
G. M. DeNicola, Q. P. Dou, K. J. Franz,
V. M. Gohil, S. Gupta, S. G. Kaler,
S. Lutsenko, V. Mittal, M. J. Petris,
R. Polishchuk, M. Ralle,
M. L. Schilsky, N. K. Tonks,
L. T. Vahdat, L. Van Aelst, D. Xi,
P. Yuan, D. C. Brady and C. ]J. Chang,
Connecting copper and cancer: from
transition = metal  signalling to
metalloplasia, Nat. Rev. Cancer, 2022,
22, 102.

L. M. Guthrie, S. Soma, S. Yuan, A. Silva,
M. Zulkifli, T. C. Snavely, H. F. Greene,
E. Nunez, B. Lynch, C. De Ville,
V. Shanbhag, F. R. Lopez, A. Acharya,

7

8

9

Targeted Ther., 2022, 7, 378.

S. Blockhuys, E. Celauro, C. Hildes;jo,
A. Feizi, O. Stal, J. C. Fierro-Gonzalez
and P. Wittung-Stafshede, Defining
the human copper proteome and
analysis of its expression variation in
cancerst, Metallomics, 2017, 9, 112.

A. Gupte and R. ]J. Mumper, Elevated
copper and oxidative stress in cancer
cells as a target for cancer treatment,
Cancer Treat. Rev., 2009, 35, 32.

S. R. Li, L. L. Bu and L. L. Cai,
Cuproptosis: lipoylated TCA cycle
proteins-mediated novel cell death
pathway, Signal Transduction Targeted
Ther., 2022, 7, 158.

© 2025 The Author(s). Published by the Royal Society of Chemistry

14

15

D. Nicholl, S. Flint, L. Olsson, T. Plitz,
C. Bjartmar and M. L. Schilsky, Bis-
choline tetrathiomolybdate in patients
with Wilson’s disease: an open-label,
multicentre, phase 2 study, Lancet
Gastroenterol. Hepatol., 2017, 2, 869.

S. Shao, Q. Zhou, J. Si, J. Tang, X. Liu,
M. Wang, J. Gao, K. Wang, R. Xu and
Y. Shen, A non-cytotoxic dendrimer
with innate and potent anticancer and
anti-metastatic activities, Nat. Biomed.
Eng., 2017, 1, 745.

L. Cui, A. M. Gouw, E. L. LaGory, S. Guo,
N. Attarwala, Y. Tang, J. Qi, Y.-S. Chen,
Z. Gao, K. M. Casey, A. A. Bazhin,
M. Chen, L. Hu, J. Xie, M. Fang,
C. Zhang, Q. Zhu, Z. Wang,

Chem. Sci., 2025, 16, 4192-4194 | 4193


https://doi.org/10.1039/D4SC04712E
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d5sc90034d

Open Access Article. Published on 18 February 2025. Downloaded on 2/6/2026 12:37:14 AM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

Chemical Science

A. ]. Giaccia, S. S. Gambhir, W. Zhu,
D. W. Felsher, M. D. Pegram,
E. A. Goun, A. Le and ]. Rao,
Mitochondrial ~ copper  depletion
suppresses triple-negative  breast

4194 | Chem. Sci., 2025, 16, 4192-4194

cancer in mice, Nat. Biotechnol., 2021,
39, 357.

16 J. Wang, C. Luo, C. Shan, Q. You, J. Lu,

S.Elf, Y. Zhou, Y. Wen, J. L. Vinkenborg,
J. Fan, H. Kang, R. Lin, D. Han, Y. Xie,
J. Karpus, S. Chen, S. Ouyang,

View Article Online

Commentary

C. Luan, N. Zhang, H. Ding, M. Merkx,
H. Liu, J. Chen, H. Jiang and C. He,
Inhibition = of  human  copper
trafficking by a small molecule
significantly attenuates cancer cell
proliferation, Nat. Chem., 2015, 7, 968.

© 2025 The Author(s). Published by the Royal Society of Chemistry


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d5sc90034d

	A focus on copper depletion-induced cuproptosis for cancer therapy
	A focus on copper depletion-induced cuproptosis for cancer therapy
	A focus on copper depletion-induced cuproptosis for cancer therapy
	A focus on copper depletion-induced cuproptosis for cancer therapy


