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PC3 prostate cancer cells require VCP relocalization to adapt to starvation
 stress, via regulation of mitochondrial activity. 
 

(Thesis Summary) 
 
The laboratory to which Mr. Promise Ogor (the Ph.D. applicant) belongs, has reported 

diverse roles of Valosin-Containing Protein (VCP) as an intracellular energy regulator 

that mediates several cellular responses in physiological as well as pathological 

conditions. In his research, the applicant analyzed how VCP contributes to the 

adaptation of PC3 prostate cancer cells to starvation. The applicant discovered a 

unique phenomenon. Namely, VCP, which normally distributes uniformly in PC3 cells 

(referred to as “free VCP”), relocalizes and forms aggregate-like structures at 

perinuclear regions during nutrient starvation. The applicant revealed that VCP 

apparently senses amino acid depletion, particularly glutamine depletion, and then 

relocalizes. Moreover, the addition of glutamine to the starvation medium prevented 

this adaptive response, leading to rapid cell death. Interestingly, the presence of 

glutamine in the starvation medium not only blunted VCP relocalization but also  

provoked a sequence of events indicative of an underlying metabolic dysregulation. 

Reactive oxygen species levels were significantly elevated due to sustained 

mitochondrial activity, while glutathione (GSH) levels were lowered, resulting in 

ferroptosis. Likewise, expression of GFP-fused VCP proteins, irrespective of the 

ATPase activity of VCP, displayed a “free VCP” uniform distribution, and triggered 

feroptotic cell death during starvation. These results indicate that VCP relocalization 

is necessary for cell protection in the starvation condition in PC3 cells. Thus, nutrient 

deprivation in PC3 cells stimulates a VCP-mediated nutrient sensing and 

relocalization system, and suppresses mitochondrial activity to protect PC3 cells. 
 
 
 
 
 
 
 
 
 



  (Form 2)
（Thesis Evaluation Summary）  
For organisms, as well as cells, adaptation to environmental changes is very 
important for their survival. Starvation may be one of the most common 
environmental changes they face. However, there remain some fundamental 
questions regarding how they sense and adapt to starvation. In this thesis, Mr. 
Ogor performed extensive analyses to clarify such questions, using a 
combination of analytical methods of cell biology and molecular biology. 
Throughout the thesis, all experiments were well designed and appropriately 
carried out, and the data were quantitatively evaluated using appropriate 
statistical analyses.  

Mr. Ogor first demonstrated that PC3 cells cultured in standard DMEM 
showed a uniform intracellular VCP distribution (referred to as “free VCP”), 
but when cultured in starvation media, VCP changed its intracellular 
localization to form aggregate-like structures at perinuclear regions. He then 
established that this phenomenon is due to the lack of a specific amino acid, 
glutamine, suggesting that VCP senses intracellular levels of glutamine or its 
metabolites. Addition of glutamine to the starvation media not only blocked 
the VCP relocalization, but also induced rapid cell death. He clarified that the 
particular type of cell death was ferroptosis and that this ferroptosis was 
prevented by the presence of cystine, another amino acid in normal media. 
Cystine is converted to GSH in cells and functions to reduce reactive oxygen 
species (ROSs). Indeed, in the glutamine-treated cells undergoing ferroptotic 
cell death, GSH levels decreased and ROS levels increased. Intriguingly, 
mitochondrial activity was maintained, and is most likely the source of 
elevated ROS in the dying cells. Addition of CB-5083, a specific VCP 
inhibitor, also blocked the VCP relocalization and induced ferroptotic cell 
death. Finally, he showed that exogenous GFP-fused VCP proteins, 
irrespective of their ATPase activities, were constitutively distributed as “free 
VCP” and triggered ferroptotic cell death during starvation.  

These results clarified several key molecular mechanisms, especially 
crucial roles of VCP, which underlies the adaptation to starvation conditions 
in PC3 prostate cancer cells. This mechanism currently appears to be specific 
to prostate cancer cells, but points to a more general concept that “free VCP” 
is necessary to maintain mitochondrial activity in cells. Thus, this thesis 
evaluation committee estimated that this thesis contributes substantially to a 
more complete understanding of adaptation mechanisms for starvation. The 
thesis also demonstrates the wide range of his knowledge about issues related 
to the subject and his research competency. The Ph.D. thesis defense was held 
on August 12 th, 2021. In the thesis defense, Mr. Ogor gave an oral presentation 
of his own research, and then the committee members discussed in 
deliberation and reached the conclusion that Mr. Promise Ogor passed the 
examination. In conclusion, the thesis evaluation committee agreed that this 
thesis satisfies the requirements for the degree of Doctor of Philosophy in 
Life Sciences, Kyoto University. 




