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Introduction

Glycosylation is known to greatly affect pharmacological properties of the protein therapeutic, impacting clinical safety and efficacy profile of the drug. Alterations in cell expression systems, extracellular environment and downstream purification
strategies can influence the glycosylation of the glycoprotein, changing its pharmacodynamic profile or even introducing the immunogenic epitopes (such as al-3-linked galactose or N-glycocylneuraminic acid). Given this, consistent and human-
compatible glycosylation is required for the development of safe biopharmaceuticals and the Glycosylation Critical Quality Attributes (GCQASs) of each glycoprotein drug must be identified and validated to satisfy growing regulatory requirements.

Macro- and micro heterogeneity introduced by glycosylation present many challenges to the analytical characterisation of the glycoprotein drug and its quality control. Therefore, robust analytical strategies are required to accurately and reliably
characterize glycosylation. At Ludger we follow optimized approach based on liquid chromatography coupled to mass spectrometry (LC-MS) analysis to study the N-glycome of biopharmaceuticals. This workflow, applied to fully characterise and quantify

GCQAs from IgG1 monoclonal antibody (mAb) is presented below.

Workflow

Here, we present a combination of two complementary LC-MS based techniques for simultaneous detection, identification and relative quantitation of N-glycan species:
1) LC-ESI-MS/MS analysis of released, procainamide labelled N-glycans supported by knowledgeable use of process and system suitability controls — allowing structure detection and identification

2) Panel of exoglycosidase digestions — for additional structure and linkage confirmation.
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Figure 1. Workflow for LC-MS analysis of N-glycans released from IgG1 monoclonal antibody. Procainamide labelled glycan standards common to mAb samples [CPROC-X-01] LC-ESI-MS/MS

ldentification of GCQAs Results

Glycan analysis presents several challenges due to the heterogeneous character of these biomolecules. 1gG1 contains
complex mixture of neutral and sialylated glycan species, several of which co-elute in HILIC LC and/ or have identical MS
mass composition. Therefore, three orthogonal methods were adopted to assign glycan structures with high degree of
confidence. As a result, a total of 31 distinct structures were identified and quantified. Analysis strategy based on these

Glycosylation Critical Quality Attributes are those glycosylation features that impact pharmacokinetics and
pharmacodynamics of the glycoprotein. They include antigen binding properties, antibody-dependent cell-mediated
cytotoxicity (ADCC), complement-dependent cytotoxicity (CDC), immunogenicity and serum half-life. FDA, EMA and ICH
Q6B guidelines specify the GCQAs that must be demonstrated to ensure the safety and potency of commercial drugs

before regulatory approval, and those that must become an essential part of a systematic quality control strategy. Below complementary techniques is presented below.
scheme illustrates the most common GCQAs found on glycoprotein therapeutics. ;
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Figure 2. Common Glycosylation Critical Quality Attributes (GCQAs) recognised by the regulators. Immunogenic epitopes shown in red.
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Process controls and system suitability checks

A key component in a well-designed analytical strategy is the inclusion of standards. Well selected process controls and
system suitability checks allow not only to assess the functionality of the analytical system and gain confidence in the

Figure 5. HILIC-UPLC profile of N-glycans released from IgG1 monoclonal antibody and labelled with procainamide.
All detected glycan peaks were assigned with a proposed structure.

qualilty of produ.ced (.Jlata, but can also help Wlth analysis and interpretation of chromatographic results. Fluorescence 1. Analysis based on GU allocation and profile comparison with reference standards
profiles of procainamide labelled standards used in the workflow are presented below. GHP derived GU values provide preliminary glycan assignments by comparison with the reference standards (see Figure
I o o 3) and reported GU values for procainamide labelled glycans in the literature and databases.
“O-m-mPROC
i g g . Human IgG glycoprotein 2. MS and MS/MS analysis
e oae A [GCP-IGG-100U] . Y
i . i °. Well characterized glycoprotein is used as a Electrospray ionisation (ESI) MS analysis is a powerful tool allowing for compositional analysis of dozens of glycan in a
5 oh & 9 o mmeros positive process control for release, labelling single run, thanks to derivatisation with procainamide (MS-sensitive tag). Furthermore, sequential MS/MS fragmentation
o Roc e RoC 9 ., - 1 . . . . . . . . . . .
° ¢ 6 x z.o—g—m: and clean-up steps alongside the test samples. enables to gain insights into some three-dimensional features lacking, however, the capacity to identify glycan linkages
| T 4 o N-glycan profile can also be used as a reference :
- S RN e o5 o . . : and monosaccharide type.
o - S S { o m-mPROC for preliminary assignment and confirmation of o
" i menoc | ol lycan structures in the sample. om0 OB
\\ | O'i O-E &Y _ P _ Figure 6. Example of MS/MS fragmentation . :jgﬁrwc i %J@ll
i | 0_2 o QC check: Final N-glycan profile matches the patterns of procainamide labelled N-glycan G - Ql'm‘pﬁ‘}m =
; O_i / / Inteni. : i J Yol ’ Q/O_J 1 ,' ol
j j ) X I
| s’ﬁr ,’; *.O_i'.'."o—.—.-PROC ES'-MS/ MS of m/ r4 103‘- Q/O_._“ 17 %ﬁl..ppoc %_“ I Jy l' HQ\O—J FGO\O—&I—WOC
j O_i...‘ 9 ,"""J " o [777.93]3+ 1 o o WO y e II ] 05 == : Om E—Q"
hﬁ "~°"“'*’R°° 0'2 40—2 ] | R ! / Dm! SO, /
H M S WO-B-WPROC O_g @\\ 2 1 3 O \ I II pa ,: v oy
| | ()_E / " ()i O O-HI-eroc ] 366.14 e, 9 ‘82?26 Loy o , O K
H\ / ) 4 O—g 1 OO\_J &pm F*[“’ROC 6‘;023723'90 : 932.30 : : " 1276.52 ’
s' | ;"‘; 0—2 0. rod 40_2 9. ] ' : \ v ¢ 113048 '
1: | ‘ L%, O—E-EPROC ¢ . 325.12 v 587.22 852.30 2855 1055.291114.
i »« My T | N | 1 i Al [
“ \ j 0_2 40_2 0 1h o b | | N | ' : | I 1l
| | “\ : wim_ﬁﬂm 400 600 800 1000 1200 m/z
T o 3 | P P / .
: T ST
o-m-meroc o | I P N Y 3. Exo glyc05|dase sequencing
i ) I ] BD--meroc
| | I o, ) % g Exoglycosidases are enzymes that remove terminal monosaccharides from the non-reducing end of a glycan in a highly
R U A U AV R RV VNN AU S W AW is specific manner. Use of array of exoglycosidases, supported with LC analysis provides further insights into
monosaccharide composition and glycan structure/ linkages, and is often used as an identification technique in its own
right.
Selected procainamide labelled glycans are run
A2 & A3 Labelled Glycan Mix C in a sequence with test samples as analytical Figure 7. Example of exoglycosidase
[CPROC-X] 3 o system suitability check and for further sequencing performed on IgG1 mAb N-glycans,
g Mix of complex non-fucosylated standards specific to antibodies. structural confirmation (reference standard). for confirmation of Gala(1-3)Gal structures. ‘ a(1-3,6,8,9) sialidase
;()—.—.-PROC . ) . . . . . .
0_2 QC check: Good chromatographic resolution Shifts in GU and r?tentlon t{mes ln(#.cate where
{ AmeROC | structures were digested with specific enzymes.
(}2- and MS response ‘
0_3.‘.::0—.-I'PROC ‘*-."-0_2....'::0—.-I-PROC
' e ‘ o(1-6) fucosidase

‘ @ B(1-4) galactosidase

Ju Kk e
X
0_2 L B-PROC ), A : ‘, y( o
S s ¢

‘ ‘ a(1-3,6) galactosidase

I I I I I I I I I I I I I I I I
6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00 36.00
Minutes

FA2 Labelled Glycan Mix
[CPROC-X]

Mix of complex fucosylated standards
specific to antibodies.

Table 1 shows how the data obtained using the three orthogonal techniques was summarised for a FA2G2Ga2 glycan.
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Table 1. Example summary of UPLC, MS, MS/MS and exoglycosidase sequencing data that allowed for identification of FA2G2Ga2 glycan.
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Figure 4. HILIC LC profiles of process control and system suitability/ reference standards used in the N-glycan profiling workflow.
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