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Abstract  

Cells undergo continual transformations, never retaining their original state. Hematopoietic stem cells 

(HSCs), at the apex of the hematopoietic hierarchy, are not exempt from this dynamic process. Foundational 

research on HSCs has progressed in tandem with the development of innovative identification technologies. 

Given that the functional quality of HSCs is critically linked to the safety and efficacy of stem cell therapies, 

there is a pressing need to accurately identify high-quality HSCs. However, conventional approaches 

predominantly relied on snapshot evaluations at single time points, thereby overlooking the inherent temporal 

variability of these dynamic cells. In this study, we integrated an ex vivo HSC expansion system with 

quantitative phase imaging (QPI) and machine learning to noninvasively predict the functional quality of 

murine HSCs. Single-cell QPI tracking during culture revealed diverse HSC dynamics that were undetectable 

using conventional snapshot analysis. By performing multidimensional analyses of cellular features extracted 

from QPI data, we achieved accurate prediction of HSC functional quality. Moreover, incorporating time 

information from continuous QPI datasets into machine learning models significantly enhanced predictive 

accuracy. Observations of similar dynamic behavior in human HSCs further support the potential of this new 

framework for functionally predicting HSC quality based on temporal dynamics. 
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