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The aim of this study was to develop a novel glycoproteomic technology for rapid and

sensitive quantification of glycoforms on any glycoproteins

For that purpose, here we integrated our patented mass spectrometric application Erexim
(Energy-resolved oxonium ion monitoring) (Haga Y, Anal Chem, 2019) with the supercritical
fluid chromatography mass spectrometry (SFC-MS) and achieved establishment of a rapid
glycoform profiling technology (SFC-Erexim) with the highest sensitivity ever reported
Indeed, from the 8-minute SFC-Erexim analysis of bevacizumab, nivolumab, ramucirumab,
rituximab, and trastuzumab detected 102 glycoforms in total with the lower limit of detection
of 5 attomole. The dynamic range of glycan abundance was over 6 orders of magnitude in the
analysis of bevacizumab by SFC-Erexim, while the conventional fluorescence HPLC analysis
covered 3 orders of magnitude. Through the lot—to—lot evaluation of these mAbs by SFC-Erexim
analysis, a series of structural fluctuations were found in pharmacologically important
glycan structures. By collaborating with Shimadzu Corporation, the Erexim Application Suite
software package was commercialized, which enabled automated construction of mass
spectrometric parameters for Erexim analysis and also sophisticated illustration of analysis

results.

Next, we applied this technology to exploration of glycan structures on PD-L1 protein,
which critically affect the affinity of anti—-POD-L1 therapeutic antibodies. We optimized the
protocol for isolation of PD-L1 from total cell lysates and the mass spectrometric parameters
for Erexim analysis of PD-Ll-derived glycopeptides. Then 15 lung cancer cell lines (5
adenocarcinoma, 5 squamous cell carcinoma, 4 small cell lung cancer, and 1 large cell lung
cancer) were subjected to the Erexim-based comprehensive glycoform quantification analysis
In this analysis the quantitative glycoform profiles were acquired for each glycosylation
sites on PD-L1 (Asn35, Asnl92, Asn200, Asn219). Simultaneously, the EC50 values of these 15
cell lines against a couple of clinically—available anti-PD-L1 antibodies were calculated by
flow cytometry analysis. From the statistical comparison of glycoform profiles on PD-L1 with
EC50 values of antibody drugs, we successfully found that the specific glycan structures on
one of the glycosylation sites of PD-L1 had significant inhibitory effect to the affinity of
the anti—-PD-L1 antibody drug.

Thus, our glycoform profiling method could provide an ideal platform for in—depth analysis
of precise glycan structures for drug design, process optimization, manufacturing, and quality

control of therapeutic drugs



