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Introduction
An appropriate biopharmaceutical CMC control strategy that connects 
critical quality attributes (CQAs) with mechanism of action (MOA) can 
enable product assessment at an early stage of development and 
mitigate risk. An analytical workflow is demonstrated here using 
trastuzumab, combining a middle-up IdeS (immunoglobulin-degrading 
enzyme from Streptococcus pyogenes) digestion with 
endoglycosidases Endo S and Endo S2 (also S. pyogenes). 
Enzymatic cleavage between the two N-acetyl glucosamine residues 
of the chitobiose core of N-glycans simplifies the oligosaccharide 
population such that upon LC-MS analysis, the resulting Fc/2 subunit 
is detected with either GlcNAc or GlcNAc with core fucose attached. 
This facilitates quantitative determination of total Fc-glycan core-
afucosylation, which can be correlated with receptor binding affinity by 
surface plasmon resonance (SPR) and with in vitro ADCC potency by 
cell based bioassay. 

Methods
Antibody subunits of EU and US lots of Herceptin® [Genentech] and a 
research grade trastuzumab product [LGM Pharma, UK] were 
generated by digestion with IdeS [FabRICATOR®, Genovis, Sweden] 
Endoglycosidase digestion was performed by co-incubation of 
products with IdeS and Endo S2 and/ or Endo S [Glycinator® and IgG 
ZEROTM, Genovis, Sweden] at 37°C under optimised conditions. LC-
MS data were acquired with an Acquity H-Class UPLC® with UV (280 
nm) and Xevo G2-S® Q-ToF mass spectrometer [Waters, Milford, 
MA]. Instrument control, data acquisition and MaxEnt1 deconvolution 
was performed using UNIFI v1.6.1. A Waters MassPREPTM cartridge 
and reversed phase gradient served to concentrate, desalt and co-
elute Fc/2 and F(ab’)2 subunits into the source of the mass 
spectrometer. The products were also subjected to surface-plasmon
resonance (SPR) [Biacore T200, GE Healthcare, UK] and cell-based 
assay tests to evaluate Fc-receptor binding and cell proliferation and 
antibody-dependent cellular cytotoxicity (ADCC) potency.

Summary
The demonstrated LC-MS workflow offers a robust visual comparison of Fc-glycan populations. A combination of IdeS and EndoS2 offers a means to simplify glycan 
profiles for quantitative determination of total Fc-glycan core afucosylation. Variation in this CQA for Herceptin® has been linked to the mechanism of action for a 
model biosimilar, showing effects on FcγRIII binding affinity and ADCC bioassay potency. Inclusion of EndoS in the analytical workflow also permits estimation of total 
high mannose and hybrid Fc-glycan levels, which is also considered an important CQA for biotherapeutics affected by cell lines production parameters.

Figure 2. Deconvoluted MS data for Fc/2 subunits of Research grade trastuzumab 
(A) and EU Herceptin® (B) following combined IdeS and endoglycosidase digestion 
for quantification of Fc-glycan core afucosylation and glycosylation site 
occupancy. Endo S (without Endo S2) permits estimation of high-mannose (C).

Figure 1. Deconvoluted MS data for the Fc/2 subunits of (A) US Herceptin® , (B) EU 
Herceptin and (C) Research grade trastuzumab following IdeS digestion. Data 
offers a comparison of Fc-glycan profiles. LC-MS data also confirmed similarity in 
F(ab’)2 subunits between products (not shown).

▶ Endo S2 simplifies heterogeneous Fc-glycan profiles such 
that low abundance glycan variants (not otherwise  
detectable as individual species) contribute to either 
Fc/2+GlcNAc or Fc/2+GlcNAc+Fucose signals

▶ An estimate  of total high mannose and  hybrid glycan 
abundance  can be made by measuring the change in the 
relative abundance of Fc/2+GlcNAc species following 
sequential application of Endo S and Endo S2

▶ Data deconvolution in 25 kDa range following IdeS digestion 
can be performed using default software parameters

▶ LC-MS data confirmed similarity in F(ab’)2 subunits between 
products (not shown)
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▶ Lack of Fucose on Human  IgG1
N-Linked oligosaccharide improves 
Binding to Human FcγRIII and 
Antibody-dependent Cellular 
Cytotoxicity (ADCC) 
Shields, RL et al, J Biol Chem 2002; 277: 26733-40

▶ IdeS protease cleaves below  the hinge 
region between two glycine residues 
(…C-P-A-P-P-E-L-L-G/G-P-S-V-F… in 
IgG1) to generate Fc/2 and F(ab’)2 
subunits

▶ Endo S and Endo S2 endoglycosidases 
cleave the chitobiose core of N-linked 
glycans

▶ Endo S2 offers broader specificity also 
cleaving high mannose  and hybrid N-
glycans

▶ Middle-up LC-MS, endoglycosidase 
strategy facilitates quantitative 
determination of total Fc-glycan core-
afucosylation

ADCC: NK cell binding to Herceptin® Fc via 
FcγRIII triggers degranulation and cell death

Herceptin® binds to HER2 receptor on target cell surface via Fab region and 
inhibits cell proliferation by blocking receptor dimerisation and hence 
downsteam signaling

Figure 3. SPR binding comparison of EU Herceptin® (A) and research grade 
trastuzumab (B) to FcγRIIIa – Val (mAb concentrations 3.9-500nM). Both association  
and dissociation rates are faster for the research grade material, which is 
consistent with determined Fc-glycan core afucosylation levels (Table 1).

Figure 4. Relative potency assessment of Research grade trastuzumab versus 
authentic EU and US lots of Herceptin® in Proliferation inhibition (Fab activity) (A) 
and ADCC Fc effector function (B). Lower relative ADCC potency observed for the 
research grade product (45%) with <4.5% Fc-glycan core afucosylation (Table 1).

Table 1. A summary of mean LC-MS results for 6 replicate digestions performed 
over two weeks, involving incubation of antibody samples with IdeS, Endo S and 
Endo S2. Relative MS response in deconvoluted mass spectra permits 
estimation of Fc-glycan occupancy and total Fc-glycan core afucosylation.
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