Mass spectrometry-based analysis of biotransformation in therapeutic antibodies
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Introduction. Protein biotherapeutics can undergo structural alternation in the body, which is called biotransformation. Traditional analytical tools like the ligand-binding assay (LBA) are unable to provide specific structural information on these changes. This study used mass spectrometry (MS)-based approaches to overcome this limitation and provide a more detailed view of structural changes in therapeutic antibodies.
Aims. This study aimed to develop an analytical method for monitoring the biotransformation of therapeutic antibodies, focusing on identifying and quantifying subtle chemical modifications and truncations that occur in vivo.
Methods. Targeted peptide monitoring was performed using a triple quadrupole LCMS-8060. For comprehensive characterization, an Orbitrap Fusion Lumos Tribrid MS was used to detect the majority of peptide constituents and their associated modifications. LBA was also conducted for comparison. This study was approved by the Medical Ethics Committees of Kyoto University Graduate School and Faculty of Medicine (approval No. R0357 and R2643) and Keio University Faculty of Pharmacy (approval No. 230920-2).
Results. Targeted peptide monitoring of infliximab revealed that Peptide X (SINSATHYAESVK) yielded a quantitative value 40% lower than that of Peptide Y (ASQFVGSSIHWYQQR), and the Peptide Y data were comparable to LBA results. Comprehensive MS analysis of bevacizumab, isolated from human serum, identified various chemical modifications across several peptides. The study also demonstrated the N-terminal truncation of etanercept in the body, which was mediated by dipeptidyl peptidase-4. This specific biotransformation did not affect the drug's binding ability.
Discussion. The developed MS-based method successfully detected biotransformations like deamidation and truncation, which are not visible with LBA alone. By combining MS with LBA, the levels of the active form of protein biotherapeutics can be accurately measured. These findings indicate that biotransformation is a widespread phenomenon across diverse therapeutic antibodies. MS is a valuable tool for quantitatively detecting and exploring these critical structural changes.
