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（続紙  １  ）                             

京都大学  博士（生命科学）  氏名  Haruko Miura 

論文題目  
 
Live-Cell Imaging of Stress Signaling Dynamics in a Cell Fate Decision 
 

（論文内容の要旨）  
 

Cells in the human body are frequently challenged with a wide range of stresses, 
including inflammation, oxidative stress, and UV light. In order to adapt to such 
stresses, multiple signaling pathways have evolved to repair the stress-induced 
damage or eliminate severely damaged cells through induction of apoptosis. Such 
crucial cell fate decisions between cell survival and death are, at least in part, 
mediated by the stress activated protein kinases (SAPKs), c-Jun N-terminal 
kinase (JNK) and p38. Increasing evidence suggests that crosstalk signaling 
between JNK and p38 pathways is an important regulatory mechanism in the 
inflammatory and stress responses. Specifically, suppression of JNK signaling by 
p38 and its physiological relevance have been documented in cell lines and animal 
models. However, the effects of this cross-inhibition of JNK by p38 on the precise 
signaling dynamics, cell-to-cell variation, and cell fate decisions at the single-cell 
level remain unknown. To address these questions, I established a multiplexed 
live-cell imaging system based on kinase translocation reporters and 
simultaneously monitored p38 and JNK activities with high sensitivity and 
specificity at single-cell resolution. The imaging system enabled visualization of 
various JNK and p38 activity dynamics in response to different stresses, such as 
anisomycin, osmotic stress, UV light, and pro-inflammatory cytokines. Under all 
stress conditions, p38 suppressed JNK activity in a cross-inhibitory manner. 
Quantitative experimental analysis revealed that p38 antagonized JNK through 
both post-translational and transcriptional mechanisms, and that the relative 
strength of these cross-inhibition mechanisms was dependent on the stimulant. 
Phosphorylation of TGF-β activated kinase 1 binding protein (TAB1) and induction 
of dual specificity phosphatase 1 (DUSP1) were confirmed to be involved in post-
translational and transcriptional cross-inhibition of JNK, respectively. Strikingly, 
inhibition of JNK by p38 reduced the cell-to-cell variation of JNK activity after 
stress exposure, suggesting that cross-inhibition of JNK by p38 generated cellular 
heterogeneity in JNK activity. Single cell analysis of endogenous DUSP1 protein 
levels revealed that the cell-to-cell variation in JNK activity arose from 
heterogeneous DUSP1 induction after UV exposure. Strikingly, this heterogeneity 
in JNK activity was associated with cell survival and death in response to UV 
stress. These data indicate that cell-to-cell variation in JNK activity leads to 
fractional killing in response to UV stress. 

 
 
 
 



（続紙  ２  ）                            
 
（論文審査の結果の要旨）  

To be or not to be is a serious question not only for a man but also for a cell. 

However, the mechanism underlying stochastic cell death after exposure to severe 

stresses is still elusive. The applicant challenged this question. To survive the 

environment with various stresses including UV light, organisms have developed 

multiple signaling pathways to repair the stress-induced damage or eliminate 

severely affected cells through induction of apoptosis. Among them, the pathways 

governed by the stress activated protein kinases (SAPKs), c-Jun N-terminal kinase 

(JNK) and p38, are known to play pivotal roles. Interestingly, crosstalk between 

JNK and p38 pathways is found to be an important regulatory mechanism in the 

stress responses. To study the role of this crosstalk, the applicant established a 

multiplexed live-cell imaging system based on kinase translocation reporters and 

monitored JNK and p38 activities simultaneously at single-cell resolution. With this 

system in hand, the applicant showed that p38 suppressed JNK activity by both 

transcriptional and post-translational mechanisms. Of note, the applicant found that 

the p38-mediated cross-inhibition generated cellular heterogeneity in JNK activity. 

Furthermore, it was shown that the cell-to-cell variability in JNK activity arose 

from heterogeneous DUSP1 levels and that this heterogeneity in JNK activity was 

associated with cell survival and death after exposure to UV stress. With these data, 

the applicant concluded that p38-mediated cell-to-cell variation in JNK activity 

levels leads to fractional killing in response to UV stress.  

 

The thesis is written in an organized way and the conclusions are logically deduced 

by the observations obtained with the cutting-edge technologies of bioimaging. The 

introduction and discussion sections show the applicant’s wide knowledge of cell 

biology. Last but not the least, the discovery reported in this thesis contributes 

greatly to untangle the mechanisms underlying the heterogeneity of cellular 

responses to stresses.  

 

The defense was held on October 25th, 2018. The applicant presented her data with 

clear and organized way. The discussion with the reviewing committee satisfactory 

showed the applicant’s competence for science. In conclusion, the committee 

admitted that this thesis satisfies the requirements for the degree of Doctor of 

Philosophy in Life Sciences, Kyoto University. 
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