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 Adjuvants play a pivotal role in bolstering the immune response to antigens within a 

vaccine. While the majority of vaccines use aluminum-based adjuvants, like Alhydrogel (AH) 

and Adju-Phos (AP), oil-in-water emulsions like MF59 are becoming more common. Despite 

their prevalence, we do not precisely understand various adjuvants’ mechanism of action. 

Recent studies have suggested the dendritic cell (DC) reaction to an adjuvant can be influenced 

by its interaction with the cell membrane. To study the membrane-adjuvant interaction we used 

a model lipid monolayer and exposed it to AH and AP, as well as two oil-in-water emulsions, 

MF59 and Incomplete Freund’s Adjuvant (IFA). Studies performed in a Langmuir trough 

revealed both AH and AP inserted into the monolayer and greatly altered lipid domain 

organization and the structural integrity of the membrane, although they did so differently, likely 

due to differences in charge. The MF59 also inserted into the monolayer; however, surfactants 

in MF59 promoted continuous contact, making the membrane very fluid and compressible 

without visibly disrupting the lipid domains. To see how these results translated in cells, we 

tested the adjuvants in a model DC line and observed cytokine release and cell morphology. 

The highly membrane-disruptive aluminum adjuvants, particularly AP, caused the DCs to 

produce significantly more TNFthan the untreated controls, and the AH- and AP- treated cells 

adopted a highly activated morphology. Contrarily, DCs treated with MF59 and IFA did not 

secret significantly more TNFthan the controls and appeared less activated than the 

aluminum-treated cells, despite visible emulsion droplets on the cell surface. Therefore, the 

physiochemical properties of an adjuvant greatly impact how it amplifies an immune response. 

A better understanding of how adjuvant properties can dictate their activity will be invaluable in 

expanding the utility of current adjuvants, and in creating novel adjuvants and better vaccine 

formulations.  


