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ABSTRACT 

Despite the recent development of immunotherapy and targeted therapy, cytotoxic 

chemotherapeutics remain the main modality of treatment for most cancer. Drug 

responses to cytotoxic anticancer drugs are known to vary significantly not only 

between different cancers but also patients with the same disease. However, our 

understanding of chemoresistance is still limited, posing great challenges for effective 

anticancer treatment in the clinical context. Of the three classes of classic 

chemotherapeutics, the anti-metabolite, 5-Fluorouracil (5-FU), an analogue of uracil, is 

commonly employed to treat colorectal, gastric and breast cancer. Intracellular 

metabolites of 5-FU exert cytotoxicity via inhibiting thymidylate synthetase, or 

incorporating into RNA and/or DNA, which ultimately activate p53-dependent cell 

cycle arrest and apoptosis at least in p53-wildtype cancer cells. Although 5-FU leads to 

improved disease free and overall survival in some patients, resistance to 5-FU-based 

chemotherapy is a more common clinical outcome. To systematically study mechanism 

underlying variable sensitivity to 5-FU, in my PhD study I profiled a panel of cancer 

cell lines as well as 3D tumor organoids that showed highly variable sensitivity to 5-

FU, in particular 5-FU-induced cancer cell death. I found 5-FU exerts cytotoxicity 

primarily via triggering nucleolar stress, which subsequently upregulates p53 and the 

p53 signaling pathway in the p53-wildtype cells. Treatment of 5-FU also activated a 

broad spectrum of signaling kinases. Selective kinase inhibitors, such as Doramapimod 

and NU7026, significantly reduced 5-FU-induced cell death, and the effects appeared 

to be via the attenuation of multiple, rather than one dominant signaling kinase. Overall, 



this thesis presented new results regarding the mechanism underlying variable 

sensitivity to 5-FU and how p53 is differentially activated to regulate distinct 5-FU 

response dynamics in sensitive versus resistant cancer cells. 

 


