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Metal Homeostasis & Pathological Implications
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Fe 3-4 g

Zn 2-3 g

Cu 80-150 mg

I 15-20 mg

Se 13-20 mg

Mn 12-20 mg

Trace elements
(＜0.01% body weight):  iron-deficiency anemia

degeneration of posterior cord

 hemochromatosis

 midgetism  Neurological diseases

Wilson’s Disease
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Evolution of Metal Chelation Therapy

1920-1950 1990-2020

1950-1990 2020-now

The birth of the antidote

Nano-ChelatorsTreatment of Wilson's disease

Anti-angiogenesis
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dimercaprol 
(BAL)

Penicillamine



Metabolic Vulnerabilities of Triple-Negative Breast Cancer
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• Ineffective to endocrine or HER2-
targeted therapies

• Tumor heterogeneity 
• Metastasis and chemoresistance

Copper depletion represents a promising therapeutic strategy

Triple-Negative Breast Cancer
 (TNBC, ER-/PR-/HER2-)

• Metabolic preference for OXPHOS
• Upregulation in mitochondrial 

copper enzyme (e.g., COX, SOD1)

Metabolic Vulnerabilities



TPA: Dual Cu2+/Zn2+ Chelator 

Ligand Target ion Cu²⁺ log K Zn²⁺ log K Solubility

TM Cu²⁺ 15 ＜1 hydrophilic

DP Cu²⁺ ＞ Zn²⁺ 16.5 10.2 hydrophilic

TPA Cu²⁺ ＞ Zn²⁺ 20.3 10.5 lipophilic

TPEN Zn²⁺＞ Cu²⁺ 20.4 15.4 lipophilic

TPA Chelating capacity: Cu²⁺ > Zn²⁺

         Copper Ions (Cu²⁺)              Zinc Ions (Zn²⁺)

Participates in 
mitochondrial energy 

metabolism

Stabilizes DNA, zinc 
finger protein-mediated 

gene regulation

Metabolic Impact DNA Stability
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Cu²⁺/ Zn²⁺ Coordination =  1 : 1
 tris(2-pyridylmethyl)amine 



 Zn2+ Chelation Impaired DNA Repair

    Zn2+ chelation 
DNA repair inhibition

Closing Chromatin

GSH comsuption

ROS sensitive

DNA
damage
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TPA

Maleimide 
(MA)



Cu2+ Depletion Amplifies Mitochondrial Dysfunction

Cu²⁺ chelation 
 mitochondrial respiration inhibition 

Relieve hypoxia

Mitochondrial-
Targeting PDT 

ROS

Mitochondrial 
damage
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TPA
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Nano-Engineered Tumor-Specific Delivery

HA@MTL

MA

TPA HA@TTP

DHTVP

TPP

ApoptpsisDNA damage Mitochondrial damage

MA/TPA co-loaed 
Liposome (MTL)

TPP-targeting and 
TVP-conjugated 
Polymer (TTP)
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Physicochemical Characterization of HA@MTL ＆ HA@TTP

Aggregation-Induced 
Emission (AIE) 

HA@TTP

Stability

Particle size and Zeta potential
FT-IR
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HA Coating Facilitated Tumor Uptake of Nanoformulations 
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Nano-TPA Combined with PDT Induced TNBC Cell Death   

Nano-TPA combined with PDT efficiently induced TNBC cell death through apoptosis
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Nano-TPA Combined with PDT Inhibited TNBC Tumor Growth   

I.V. every four day for a total of 5 doses
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Biosafety Profile 
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Nano-TPA Combined with PDT Inhibited TNBC Metastasis  
b

c

d

Cu2+ VEGF metastasis
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Summary 

1. Targeted nano-delivery of dual Zn²⁺/Cu²⁺ chelator TPA disrupted DNA repair 
and mitochondrial metabolism in TNBC.

2. Nano-TPA in conjugation with PDT achieved potent tumor suppression and 
metastasis inhibition in vitro and in vivo. 

3. This platform is potentially adaptable to radiotherapy/DNA-damaging chemo 
combinations.
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