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MXenes, a novel family of 2D nanomaterials, are gaining attention for their biocompatibility, 
antimicrobial properties, and applications in cancer therapy, diagnostics, and tissue engineering [1-3]. However, 
their biological effects under microgravity conditions remain unexplored. Astronauts face compromised immune 
systems and impaired wound healing during spaceflight, largely due to the sensitivity of immune cells like 
peripheral blood mononuclear cells (PBMCs) to gravitational changes [4-6]. To address these challenges, we 
are investigating whether MXenes can modulate immune function and promote tissue repair under microgravity 
conditions. Based on the nanoimmunity-by-design approach [7], we assessed the impact of MXenes on PBMC 
populations in simulated microgravity using random positioning machine. Additionally, we explored MXenes’ 
potential to enhance skin regeneration, addressing critical health concerns for astronauts on long-duration 
space missions. Preliminary results from our analysis in simulated microgravity show that this environment does 
not affect the viability of PBMCs treated with MXenes. Monocytes and dendritic cells demonstrate significantly 
higher uptake of MXenes under microgravity conditions, indicating a gravity-dependent impact on cellular 
interaction. Furthermore, Nb4C3 MXene is non-irritating and non-toxic to skin cells, promoting regeneration in a 
dose dependent manner up to 200 μg/mL. Further data from parabolic flight experiments are currently under 
analysis to validate these results. This research could lead to novel strategies for enhancing astronaut health 
and open new biomedical applications for MXenes in both space and terrestrial environments.  
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