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■ BACKGROUND

The influence of mechanical stimuli, such as gravity, on cellular behavior has been recognized, yet its impact on motor neuron 
(MN) differentiation and the role of three-dimensional (3D) genome architecture in this process remain underexplored. This 
study aimed to investigate how simulated microgravity (SMG) affects MN differentiation and to explore the role of chromosomal 
structural changes in this process.

■ METHODS

Motor neuron differentiation was induced in vitro, and the cells were exposed to SMG conditions. Immunofluorescence was 
used to detect markers related to proliferation and differentiation. High-resolution chromosome conformation capture (Hi-C) 
technology was used to analyze the alterations in chromosomal architecture.

■ RESULTS

Our results demonstrated that SMG inhibited the proliferation of MNPs while promoting their maturation at the biological level. 
Additionally, SMG exposure led to significant alterations in compartments, TADs and chromatin loops in MNs. Structural changes 
were observed in key genes, such as FOXP1, NRP1, and PIEZO2. These genes are involved in processes related to proliferation, 
differentiation, and mechanosensitive ion channel activity.

■ CONCLUSION

Gravity significantly influences the 3D chromosomal architecture and directs motor neuron differentiation. Structural alterations 
in chromatin, particularly in genes involved in differentiation and mechanosensitive signaling, emphasize the role of mechanical 
forces in cellular development. These insights into MN maturation could impact regenerative medicine and space exploration.
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