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Abstract  
Macrophages are innate immune cells with varying phenotypes and functions that are influenced by their 
microenvironment. The distinction between the classical M1 and M2 phenotypes, even if with limitations, has 
been crucial in understanding their involvement in inflammation1. Recently, single-cell technologies have 
revealed a complex range of macrophage activation states, each contributing differently to maintaining 
physiological balance and affecting the development and progression of diseases. Identifying the origins and 
function of these macrophage subsets and effectively modulating their phenotype remains a complex challenge. 
MXenes, a new category of two-dimensional transition metal carbides and nitrides, show promise in the 
biomedical field owing to their notable features, such as biocompatibility 2. MXenes' unique chemical properties 
allow for their detection at the single-cell and tissue level using mass cytometry (CyTOF), which shows great 
promise for biomedical applications3. We found that MXenes can be internalized by myeloid cell precursors, 
monocytes, and macrophages without affecting their survival or differentiation. Early evaluations of MXenes 
uptake by monocytes have shown their detectability even after 30 minutes of incubation, which is partially driven 
by Clathrin-mediated endocytosis. RNA sequencing and CyTOF analysis also found that MXenes can modulate 
both monocytes and macrophage phenotype, driving an anti-inflammatory M2-like response by reducing 
proinflammatory markers expression (Figure 1) and driving anti-inflammatory markers like CD284. In vivo, 
peritoneal macrophages exhibit similar phenotype shifts upon MXenes uptake. These findings position MXenes 
as exciting new tools for detecting and regulating macrophage function, with promising implications for future 
biomedical applications. 
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Figure 1: MXenes inhibit the activation of bone marrow-derived macrophages treated with LPS 
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