
By binding to receptors on immune cells, antibodies mediate immune responses 
ranging from neutralizing pathogens to suppressing inflammation. The Ravetch 
lab investigates the complex biology of these antibody-Fc receptor interactions, 
and their roles in normal immune function and disease. These studies are 
providing novel approaches to treating infectious and inflammatory diseases, 
as well as cancer. 

Pairs of activating and inhibitory molecules, known as Fc receptors, are found on the surface of nearly all 
immune cells. The Ravetch lab’s studies of Fc receptors have led to the discovery that, by binding to these 
receptors, antibodies coordinate the immune system’s effector responses. The lab continues to investigate the 
roles and mechanisms of Fc-mediated interactions, and applies its findings to improve treatments for disease.

By disrupting activating receptors, lab members found they could ablate antibody-dependent inflammatory 
reactions, such as those characteristic of lupus. Subsequent studies established Fc receptors’ pre-eminence 
in the pro-inflammatory activity of both protective and pathogenic immunoglobulin G (IgG) in vivo. Even the 
classical neutralizing antibodies for bacterial toxins and viruses require Fc receptor engagement, and ongoing 
studies are examining its role in the response to the Ebola virus. The lab also studies antibodies made 
by people who have been infected with SARS-CoV-2 to determine which Fc variants are best capable 
of eliminating virus.

Likewise, the lab’s work has shown that therapeutic anti-tumor antibodies, including rituximab, Herceptin, 
and others, achieve their effects through Fc receptor-dependent pathways. Fc receptor-mediated effector 
activity is now accepted as the dominant mechanism for anti-cancer antibodies in humans.

The lab has sought to enhance effector activity by engineering antibodies’ Fc domains, and a number of 
the modified antibodies developed by the group have been approved or are awaiting approval for clinical 
use against cancer. Lab members continue to dissect Fc interactions with the goal of enhancing antibodies’ 
ability to both kill tumors and activate a memory response to them.

Interactions with inhibitory Fc receptors, meanwhile, enable antibodies to mediate tolerance to harmless 
antigens. Experiments in animal models and human populations have shown that when this mechanism 
breaks down, autoimmunity ensues. This condition can be reversed, however, by restoring the inhibitory Fc 
receptor pathway. The lab has defined and is characterizing a family of Fc receptors, Type II FcRs, involved 
in immune suppression.

These inhibitory and activating mechanisms alone do not fully explain how antibodies mediate the full range 
of effector responses. The discovery that modifications to antibodies can alter Fc interactions has provided 
the final piece to the puzzle. When investigating the anti-inflammatory activity of high doses of IgG, the lab 
discovered that a fraction of it contained a specific modification: the addition of a sialic acid to an Fc domain 
glycan. Sialylation switches the binding specificity from the canonical activating Fc receptors to Type II FcRs.

The lab has since begun investigating the role of Fc domain modifications in responses to infection and 
vaccination, including those for flu, dengue, and malaria. Fc sialylation is correlated with the production of 
higher affinity antibodies after the flu vaccine, and is being studied as a mechanism for a “universal” flu 
vaccine. Meanwhile, Fc afucosylation appears to contribute to severe secondary dengue infections. The lab 
is currently dissecting its role in antibody-dependent enhancement in dengue and developing strategies to 
mitigate it.
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