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Development of Chelating-based Chemical Tools for Cancer Therapy:
Quantification and Regulation of Subcellular Copper lons
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Copper is an essential metal element for living systems; however, dysregulation of copper ion (Cu) stores can induce
oxidative stress and cytotoxicity. There is increasing recognition of the link between copper and cancer, as tumor growth
and metastasis are driven by this metal nutrient, promoting copper-dependent cell growth and proliferation—recently
termed cuproplasia—which parallels a newly identified form of copper-dependent cell death known as cuproptosis.
Therefore, elucidating the relationship between Cu levels and cancer provides valuable insights into cancer pathogenesis
and offers opportunities to exploit copper-related vulnerabilities as therapeutic targets. To enable precise analysis of
copper-dependent cellular mechanisms, chelator-based molecular tools have been developed for the quantification and
manipulation of intracellular copper levels. Sensitive and selective detection of copper dynamics has been achieved using
stimulated Raman scattering (SRS) and ratiometric fluorescent probes. Concurrently, polydopamine-based chelating
nanoparticles have been employed to modulate intracellular copper concentrations. These approaches have clarified the
effects of copper on cell death and metabolic responses, enhancing understanding of copper-dependent regulatory
pathways in cancer. The integration of quantitative imaging and copper-control systems is expected to facilitate

mechanistic studies and support the development of copper-targeted therapeutic strategies.
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