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Type 1 diabetes (T1D) is a metabolic disease caused by the autoimmune destruction of 

insulin-producing pancreatic beta-cells, which, to date, cannot be prevented or reverted. 

New and antigen-specific strategies are necessary to re-establish self-tolerance and allow 

target tissue regeneration. Relying on the tolerogenic potential of apoptotic cells, we 

demonstrated that liposomes mimicking apoptotic beta-cells can halt the autoimmune 

attack and prevent T1D in a mouse model of the disease through the generation of 

tolerogenic dendritic cells (DCs). These liposomes are rich in phosphatidylserine (PS) —a 

characteristic phospholipid of the apoptotic cell membrane— and contain beta-cell 

autoantigens. To validate the tolerogenic effect of apoptotic mimicry in human T1D, PS-

liposomes loaded with human insulin peptides as autoantigens were generated with 

optimum size and composition for phagocytosis. DCs were derived in vitro from peripheral 

blood monocytes isolated from patients with T1D and control age-related subjects, with 

similar yield, purity, viability and efficiency of differentiation. Human DCs from both groups 

rapidly and efficiently phagocyted PS-liposomes with identical phagocytosis kinetics. 

Engulfment of PS-liposomes induced a tolerogenic phenotype and functionality in DCs, 

which displayed low membrane expression of class I and II HLA, CD40, CD86 and CD25 

molecules and impaired capacity to induce autologous T cell proliferation. RNAsequencing 

was performed in DCs to detect changes after PS-liposomes phagocytosis, showing 233 

differentially expressed genes primarily taking part in immune response, cytokine signaling 

and vesicle transport. Genes involved in antigen presentation were downregulated 

whereas tolerogenic-related genes were mostly upregulated. In conclusion, PS-liposomes 

phagocytosis leads to phenotypic and functional changes in human DCs, analogous to 

those observed in mice and accountable for tolerance induction and autoimmunity 

blockade. These results reinforce the potential of this immunotherapy to re-establish 

immunological tolerance, opening the door to new approaches in autoimmunity. 
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