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• Researches in this group focus on the bio-inorganic chemistry, 
more specifically, the structure of biological molecules and their 
interaction with inorganic compounds. 

•  Currently, research project in this group is about the interaction 
between anticancer drugs and DNA, in order to elucidate the 
mechanism of anticancer drugs, especially those unconventional 
platinum-based drugs. This study will help the design and 
synthesis of novel drugs. 
 



• Cisplatin delivery 
• Copper binding promotes the interaction of cisplatin with human copper 

chaperone Atox1 

• Cisplatin binds to human copper chaperone Cox17: the mechanistic 
implication of drug delivery to mitochondria 

      

• Novel drugs 
• Combating the Drug Resistance of Cisplatin Using a Platinum Prodrug 

Based Delivery System 

• The Ligation of Aspirin to Cisplatin Demonstrates Significantly Synergistic 
Effect to Tumor Cells 

 



Cisplatin delivery 





Background 
• Cisplatin is one of the most effective anticancer drugs for the treatment of several 

types of human malignancies. 

 

• The application of cisplatin is limited by the drug resistance. Tumor cells can 
acquire cisplatin resistance through several mechanisms, including reduced 
cellular drug uptake, drug deactivation in cells, as well as the increased DNA repair 
and drug efflux from the cells. 

 

• It has been proved that copper transport proteins are also involved in the influx 
and efflux of cisplatin and relevant to the drug. It has been reported that Atox1 is 
involved in cisplatin resistance and the loss of Atox1 decreased the cell sensitivity 
to cisplatin. 

 

• Copper binding increases the thermodynamic stability of Atox1 and results in 
detectable conformational averaging in the metal binding loop. Copper 
coordination significantly promotes the platinum binding to Atox1 

 

 

 

 

 



Using NMR  to elucidate 



Using ESI-MS  to confirm 



cisplatin binds to the copper 
coordination sites 





• Mitochondria play essential roles in regulating cell apoptosis via various signaling 
pathways, including the change in mitochondrial transmembrane potential, the 
release of pro-apoptotic proteins, changes in electron transport and the alteration 
of cellular redox potential. 

 

• It has been proposed that mitochondria are also associated with the mechanism 
of cisplatin, and the direct interaction of cisplatinwithmitochondria induces 
apoptosis. A recent study shows that the delivery of platinum drugs to 
mitochondria promotes the apoptosis of cancer cells. Indeed, platinum has been 
found to be highly accumulated in mitochondrial proteins. 

 

• However, it is unknown how cisplatin was delivered to mitochondria. The copper 
chaperone Cox17, which is associated with copper transfer to mitochondrial 
proteins, could also be involved in cisplatin transfer to mitochondria 

Background 



Correlation of the Cox17 with the platinum 
accumulation and the cytotoxicity 



Reaction of Cox17 with cisplatin 

Cox172S–S Cox173S–S 



The platination adducts of Cox17 
were characterized using ESI-MS 



The binding of cisplatin to the 
copper binding site 



Novel drugs 
 



• Drug delivery systems have drawn particular attention in recent years because 
they can facilitate the delivery of platinum-based drugs, thus enhancing drug 
efficacy.  

 

• They have reported that PEGylated gold nanorods (PEG-GNRs) can facilitate the 
delivery of platinum(IV) prodrugs and significantly enhance the cytotoxicity of 
these prodrugs in tumor cells. 

 

• This conjugate facilitates the delivery of the platinum-based drug into cells 
through endocytosis. Additionally, the platinum(IV) prodrug is less susceptible to 
deactivation by the detoxification protein MT and the peptide GSH, which were 
found in high concentrations in A549R cells 

 



The cytotoxicity assays of platinum 
complexes 



The platinum uptake in A549 and 
A549R cells 



Comparison of Ctr1 in A549 and 
A549R cells 



Platinum-based drug into cells 
through endocytosis 



Comparison of the MT level in 
A549 and A549R cells 



 GSH or MT less reactive with 
platinum prodrug  







• Aspirin, also known as acetylsalicylic acid, is one of the most widely used 
medicines in the world. It possesses antipyretic, analgesic and anti-inflammatory 
activities.  

 

•  The Pt(IV) prodrugs possess two additional axial ligands, which offer an unique 
approach for the drug design to modify the pharmacokinetic effects of prodrugs, 
including lipophilicity, redox potential and biological activity. 

 

• In this work, we designed an aspirin ligated Pt(IV) complex by tethering aspirin to 
oxoplatin to generate a satraplatin-like prodrug, asplatin. 

Background 



Inhibitory effect of asplatin on 
cancer cells 



Reactions of asplatin with DNA 
upon the reduction 



 Cellular Drug Uptake and DNA 
platination 



Quantification of apoptosis in HeLa cells 



In vivo antitumor activity of 
asplatin and cisplatin 
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