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Glycans that decorate cell surfaces and soluble macromolecules play key roles in biological therapies, particularly through their terminal sialic acid (Sia) caps. This PhD thesis presents an integrated view of glycosylation in biological therapies, focusing on sialylated glycans, which are both potential therapeutic targets on diseased cells and critical attributes of therapeutic agents, including therapeutic anti-TNFα monoclonal antibodies. Anti-TNFα antibodies are widely used to treat Inflammatory Bowel Disease (IBD), but some patients do not respond to such drugs or lose response over time. These drugs are glycosylated monoclonal antibodies, and their glycosylation can vary by the production system; drugs that are produced in non-human mammalian systems may carry the non-human sialic acid (Sia) Nglycolylneuraminic acid (Neu5Gc), against which all humans produce circulating polyclonal antibodies. We hypothesized that Neu5Gc on anti-TNFα drugs could be recognized by circulating anti-Neu5Gc antibodies, forming immune complexes that accelerate drug clearance and reduce treatment efficacy in IBD. We found that Infliximab (IFX), a common anti-TNFα drug from murine myeloma cells, contains Neu5Gc. In a pilot study involving adult IBD patients (n = 25) treated with IFX for more than 6 months, we found a trend of higher anti-Neu5Gc IgG in patients who did not respond compared to those who responded well to therapy. In a larger cohort of pediatric IBD patients (n = 107), anti-Neu5Gc IgA levels at diagnosis were higher in IBD patients than in non-IBD control patients (n = 299). Mixing sera from these IBD patients with IFX resulted in formation of IFXantibodies immune complexes. Similarly, affinity-purified human anti-Neu5Gc IgG also formed complexes with IFX, highlighting Neu5Gc as a key component of the IFXantibodies interaction. Longitudinal tracking of these IBD patients under three years of IFX revealed increasing anti-Neu5Gc IgG, IgA, and IgM in patients who initially had low anti-Neu5Gc IgG, suggesting that Neu5Gc-glycosylated IFX may potentially further enhance the immune response against Neu5Gc. In human-like Neu5Gc-deficient mice, anti-Neu5Gc antibodies accelerated IFX clearance compared to naïve mice lacking these antibodies. As a potential solution, we glycoengineered IFX with Nacetylneuraminic acid (Neu5Ac), the human Sia, instead of Neu5Gc. Neu5Ac-IFX exhibited improved serum stability compared to a non-sialylated counterpart in Neu5Gc-deficient mice and reduced immune complex formation when mixed with sera from IBD patients, suggesting reduced drug immunogenicity. Together, we identified Neu5Gc as a critical factor shaping the immunogenicity, clearance, and potentially therapeutic efficacy of anti-TNFα antibodies in IBD. We suggest optimal glycoengineering of biotherapeutics, with Neu5Ac instead of Neu5Gc, to reduce immunogenicity without compromising drug stability, potentially improving the efficacy in IBD patients.
