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Introduction 3. Remove the Sialic Acid O-Acetyl Groups to Simplify the EPO Glycan Map (LB-NanNS-EPO)

Sialylaﬁon greatly inﬂuenc.es the clinical performance o.f erythropoietin (EPO) drugs, the ma.in .effect being on therapeutic efﬁcacy - primari.ly via modiﬁcaﬁon of The procainamide labelled N-glycans from each EPO variant were de-O-acetylated with sialate O-acetyl esterase (NanS) obtained from the oral pathogen Tannerella
serum half life. Consequently, biopharma companies producing EPO products must carefully optimise, accurately measure and tightly control sialylation throughout forsythia (Ludger Cat # LZ-ACASE-KIT). These were then analysed using the LB-ProcLCMSn-EPO protocol. The resulting LC-ES|-MS" orofiles were greatly simplified
the lifetime of their drug. compared to the untreated glycan samples. Detailed comparisons of the data from the three EPO variants (data not shown) indicated that a large proportion of the

Structure-function relationship (SAR) studies have shown that there are several aspects of glycan sialylation that impact the in vivo safety and efficacy profiles of differences between the N-glycan profiles of the drugs was due to variation in the sialic acid O-acetylation patterns.

EPO drugs. Clinically relevant glycosylation metrics relating to EPO sialic acids (also known as neuraminic acids) include the following:

e The overall degree of drug sialylation - typically measured as sialic acid residues per EPO molecule,

>

Figure 4: Comparison of native and de-O-
acetylated Eprex N-glycans

UHPLC-FD chromatograms of PROC labelled
N-glycans released from Eprex, before and after digestion
with an O-acetyl esterase (NanS enzyme), and run on a
Waters BEH glycan column on a Dionex UltiMate 3000
UHPLC. Top: Intact procainamide labelled N-glycans with
O-acetylated sialic acid structures, Bottom: procainamide
labelled N-glycans post O-acetyl esterase with O-acetyl
groups removed from sialic acid structures. The decrease
in N-glycan peaks following O-acetyl esterase incubation
shows a decrease in structural complexity leading to the
conclusion that the N-glycosylation of Eprex contains a
high amount of O-acetylated sialic acid structures.

e Molar distributions of glycans with different numbers of sialic acids, Proc-Eprex pre Nans enzyme

e Glycosidic linkage types (e.g. Siaa2,3 vs Siaa2,6), - With O-acetylated sialic acids

e The topologies (i.e. branching) of the sialic acid bearing glycans,

e The distribution of sialylated glycans over the various glycosylation sites, and

e The presence, number and patterns of acetyl and glycolyl moieties around the neuraminic acid ring. [Ref 1]

Aims

Sialic acid O-acetylation (SiaOAcet) is seen in recombinant EPO but, so far, has been relatively unexplored due to lack of suitable analysis tools. To address this
gap, we are developing a novel workflow (named LB-SiaOAcet-EPO) for studying the patterns of sialic acid O-acetylation in biologic drugs. This is part of Ludger’s
LongBow™ Glycomics system which is designed for reliable measurements of drug Glycosylation Critical Quality Attributes (GCQAs). LongBow glycomics technology
is now being used in preliminary testing of our GlycoShape™ programme. This implements Ludger’s QbD framework for realisation of glycoprotein drugs composed

of heterogeneous glycoforms with distinct safety-efficacy profiles. At present, our focus is use of GlycoShape to aid QbD development of biosimilars and biobetters
therapeutics for cancers and inflammatory diseases. However, the approach is valid for QbD based realisation of any glycoprotein drug. [Refs 2,3]
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LB-SiaOAcet-EPO is one of a range of LongBow workflows used within the GlycoShape programme. The current version (v1.3) is comprised of three orthogonal
glycoanalysis modules - LB-DMB-EPO, LB-ProcLCMSn-EPO, and LB-NaNS-EPO. Together, these provide detailed information on a range of clinically relevant glycometrics Glycan retention time on a HILIC UHPLC column
for EPO sialylation including the levels, types and patterns of neuraminic acid N- and O-acetylation and N-glycolylation.

This poster gives an overview of the three modules of the LB-SiaOAcet-EPO workflow applied to a preliminary comparability study of the sialylation of three EPO

therapeutics - Eprex, Binocrit and CIGB-EPO (an EPO biosimilar). Table 2: Example Glycan Structures Table 3: Summary Glycan Structure Assignments and Quantitation for Eprex
This shows tentative structures for This information was obtained from the results of the LB-ProcLCMSn-EPO glycoanalysis module. The structure
1 LB_DM B_EPO- Quanﬁtate the SiaIiC ACid Va ria nts glycans identified from the MS and MSP information was derived from the MS and MSn data while the FL-HILIC profiles furnished relative molar abundances
fragmentation data of the LB-ProcLCMSn-EPO of the glycan species.

The LB-DMB-EPO module gives the relative levels of the N-acetyl, N-glycolyl and O-acetyl sialic acid variants in each EPO glycoprotein sample. This provides glycoanalysis module. We counsel caution T o
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abundance levels as a metric for non-human (Neu5Gc) vs human (Neu5Ac) sialylation (the 5 position being a neuraminic acid ring nitrogen). Neu5Gc:Neu5Ac metric best estimates of structures consistent with onpL | repleates) e replcates)
is important because a high value could correlate with (a) reduction of efficacy due to rapid clearance of NeuGc bearing EPO by endogenous anti-NeuGc antibodies the experimental data. Refinement of the 15 | au | % [reo e v — W}:‘mw;mh T o [ o | o | sones |
(levels of which are vary greatly between individuals) and (b) safety issues (NeuGc is potentially immunogenic and has been implicated in the development of certain structures and anincrease in our confidence of e [T ™ ™ oone 10ac |20k | G | cseusta | obsened | cacustea | obseried | cauited | obseried | cauate | obseried | causted | obsenec
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The data from LB-DMB-EPO also allows calculation of the SiaOAcet level - another important glycometric indicating the relative abundance of O-acetylated vs orthogonal glycoanalyses. 2 |663|002(67.10|  FA2G2S2Ac2 s | 4 | 1 |1 [o|1]| o - - | 13702 | nd | sor6o | sot41 | - - : - | 013 |44
non-0-acetylated sialic acid residues. We propose that SiaOAcet should be: (a) carefully monitored carefully throughout the lifetime of an EPO drug and (b) considered = o e s | 2 1 o lol ol ol 1 |issasr | 15360 | 76770 | 76742 | 1210 | st1e2 | - _ _ | oo |52
in comparability studies of EPO variants (e.g. innovator drug vs an EPO biosimilar). The reason may be that O-acetylation reduces the kinetics of sialidase catalysed Notation Proposed structure
glycan desialylation - and therefore changes in SiaOAcet could lead to alterations in EPO serum half life and therefore clinical efficacy. FA2G2S2 S i I S I I I T N LR T ' R RO P
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3 100.0% DMB-GPEP-A2G252 standard patterns. The keto groups of the free sialic acids were derivatised with O I 10,11\ 775 | 078 | 703 022|325
. . . . | FA4G4S4ACE T 6 1 0 2 2 0 1385.18 | 1385.05 | 1039.14 | 1039.21 - -
§ /L 1,2-diamino-4,5-methylendioxybenzene (DMB) using the LudgerTag'" DMB ’_\; N
% 83.7% o 7o oM Epren Analysis Kit (Cat H LT_KDMB_A]_). T FA2G2S2Ac 5 4 1 1 1 0 0 - - 1316.02 nd 877.68 | 877.44 - - - - 017 | 247
= % 0% 8% | % o : FA4GA4S4Ac4 o (O m. 784,
5 | 1::’ J \I w 2.6% DMB labelled sialic acids were analysed by uHPLC Chromatography ¢ < |o - _ I 12,13 | 720% [ 1.30 | 5.81 FA3G3S3AC3 6 5 1 1 1 1 0 112443 | 112378 | 84358 | 84346 | 657.06 nd
§ 90.7% using a LudgerSep uR2 UHPLC column (isocratic elution, solvent ) |U o FA2G2S1 5 4 1 1 0o | o 0 - - 1149.47 | 1149.02 | 766.65 | 766.13 - - - 0.35 |2.56
’ DMB-Binocri o . . . r LY.
v i t methanol:acetonitrile:water 7:9:84 v/v) with fluorescence detection (A ¢
& 0.6% 1.3% 0.9% 5.5% 0.9% €x N 14 |8.11[157[730|  FA4G4SaAce 7 | 6 | 1 | o | 2|2 0 1385.18 | 138522 | 1039.14 | 1039.21 - 0.53 |[1.22
GEJ - B A2 N | =373nm, Aem=448nm). FA4G4S3(LacNac)2 o ° : I
2 92 0% . . ] . | “” = FA2G2S2 5 4 1 2 0 0 0 - - 1295.01 1294.05 863.68 863.17 - - 3.05 1.44
= . 5.2% - The DMB profile for the sialic acid reference panel (SRP, Ludger Cat # *¢—|O— ., 15 |41 433|504
~ J 0-7% 0.9% 0.1% CM-SRP-01) is shown at the top together with assighments and quantities denttyinigoun bl I 06 |28
— — - for the different sialic acid variants. The peak at 5.1 minutes is dye-related. e e 7 B A e 2 | @ : : : 126015 | 126017 | 94536 | 94550 | 75649 | nd | 124|279
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Retention Time (mm] 16 | 857 |2.78 | 563 FA3G3S3Ac2 6 5 1 1 0 1 0 111043 | 1109.81 | 833.07 | 832.87 - 147 |1.87
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Relative sialic acid abundance (%) + CVs Table 1: Relative molar abundances of the sialic acid variants
Ep rex BI nc}crit C | G B FA3G353Ac (5] 5 1 2 1 0 0 - - 1644.13 nd 1096.42 1096.52 822.57 822.51 - 1.68 2.15
——— —— —— —— for the three EPO drugs

Sialic acid derivative | % sialic acid CV % sialicacid CVv % sialicacid CV s oot 173 |s7s FA3GaSH O e P (P . _ > e | = | emen | e Il cmen || =

Neu5Gce 1.14 2.52 0.58 3.45 1.03 2.57 The data indicates the similarities and differences for the sialic acid

NeuSAc 83.59 0.12 90.77 0.06 92.16 0.14 acetylation and glycolylation patterns of the three EPO drugs. jancanal (AR (LN I L R B 195748 | nd | 101814 | HOTTT4 | S14T1 ) 81480

Neu5,7Ac2 1.47 22.11 1.09 16.13 0.61 10.07 48 1

Neus, 8AC2 175 2,06 0.97 2.49 0.85 18 Gchometrics derived from these data include NeuGc:NeuAc 19 |9.11|329 579 FA4GAS4ACa 7 6 1 2 0 2 0 1357.18 | 1357.88 | 1018.14 | 101848 | 81471 | 81483

Neu5,9Ac2 0.65 0.84 5.64 1.51 5.22 0.38 . . . FA3G3S2 6 5 1 2 | o | o 0 - ; 147758 nd 98539 | 98514 | 73929 | 739.85 085 |046

Neus,7 9AC3 2 v 0.96 267 014 10.66 Our .DI\/IB .analyses are typically done .on .a m|n|r.n'um of t.hree o lonolerelans

Non O-acetylated S0 73% O135% 93.19% glycoprotein replicates for each EPO sample. This gives sufficiently reliable FAIGASIACS 7 e | 1 2| 1]1] o 134317 | 134291 | 100763 | 100723 | 80631 | nd | 440 |192

O'HCEtYIatEd 15.27% = 8.66% = 6.82% = data for pre“mlnary StUdIeS. FA4G4S3Ac2 T 6 1 2 0 1 0 123214 | 123219 924.36 923.98 739.69 739.28

21 965 | 573|563 2.37 1.34
FA3G3S2 6 5 1 2 4] 0 0 - - 1477.58 nd 985.39 985.19 739.29 73945
FA3G353 (5] 5 1 3 0 0 0 - - 1623.13 nd 1082.42 1082.15 812.07 811.92 - 2.03 2.16
2. LB-ProcLCMSn-EPO: Detailed, Quantitative Structure Characterisation of EPO Glycans il At oo v s o i e T o T T o T 1
FA3G3IS3Ac(LacNAC) ' ' ' : ' : :

This module is based on analysis of procainamide labelled EPO glycans by FL-HILIC-LC-MS". Analysis of procainamide labelled N-glycans has been shown to give 2 l101al 60z |aso | Fascassacs O e T ) ) ) 132017 | 132018 | 99713 | o723 | 7e701 | nd | ess |347
significantly better performance for detailed, quantitative glycan structure determination than methods based on analysis of 2-aminobenzamide (2-AB) labelled glycans
Commonly used |n the b|opharma Industry [Ref 4] FA4G4S4AcC Tif 6 1 3 1 0 0 131517 | 131523 986.63 986.76 789.50 nd 4.24 3.81

. FA4G453Ac2(LacNAC)

Fig 2 shows typical LC profiles from an automated LB-ProcLCMSn-EPO workflow. This achieves sample processing in 96-well microplates with a Hamilton Microlab N B b R e vl E B A I I I el I kel I Rt I
Starlet (and other standard lab robots). N-glycans were released using PNGase F (QABio Cat # E-PNGO1 or Ludger Cat # LZ-PNGASEF-96) with post-labelling clean-up odoaszor |7 | e | 1| 2|00 o 166015 | nd | 1107.10 | 1107.18 | 83058 | 83022
using a protein binding membrane plate (Cat # LC-PBM-96), procainamide labelling (Cat # LT-KPROC-VP24) and clean-up using a HILIC plate (# LC-PROC-96). Table 3 N R I O N R R I N P T e
shows the glycan structure assignments which were made from MS and MS" fragmentation data while relative quantitations were determined from integration of 685 | 101
peaks on the ﬂuorescence UHPLC proﬁles FA4G453 7 6 1 3 0 0 0 120413 | 1204.21 903.05 902.73

. 26 |11.13|4.33 | 5.52 | TA4G4SIAcLacNAcior | -~ 5 6 1 2 | 1] o 0 1339.85 nd 1005.14 | 100521 | 804.31 | 804.76

e - FA3G353AcLacNAc2
Flgu re 2- LC MS FA4GA4S4Ac2(LacNAC)1
or 7 6 1 2 2 0 0 1450.88 nd 1088.41 1087.74 870.93 nd 2.86 0.52
. Top trace: UHPLC-FD chromatogram of procainamide FA3G3SaAC2 (LacNAC)2
: (PROC) labelled N-glycans released from Eprexand run on a Waters P norsa | T |8 1 a0 ol o : : : - | 130116 | 130047 | 97620 | 97630 | - 1420|048
5 ; BEH glycan column on a Dionex UltiMate 3000 UHPLC. 37 |11a1 1046|308 | 1cemity oo _ _ _ _ 021 7
£ ; 2. ; Proc-Eprex-FD Bottom trace: MS-MS CID chromatogram of PROC labelled rpassswtasenal o | o |y |5 |4 | o | o vasess | ma | 10701 | 107768 | sezss | na | ouz love
S 9 ) I i3 H|EE 3 N-glycans released from Eprex run on a Waters BEH glycan column
= TT £ @ 132 a2[85z 5 . . 28 [12.00|6.06 | 9.79 | FA4G4S3(LacNAc)1 - - - - n : :
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%” : % 5§ E% 33¥i3 g gERE 4% =353 3 3 3 LC-MS conditions: Dionex Ultimate 3000 UHPLC using 30 |1241|715 |854 | Fa4casalacNacy | 8 7 1 | 4| 0| 0 0 . i . . 142287 | nd | 106741 | 106755 | 85413 | asa56 | 825 |2.55
= Sy wa¥ioe § % |gidzaz g 3 gllt3 = % 3
o 3. 53723 3 EEEE A 3|z ¢ : 2 a BEH-Glycan 1.7 um, 2.1 x 150 mm column. Solvents for both A O DY O e
) FER IS - : ; UHPLC and LC-MS: Solvent A: 50 mM ammonium formate pH 4.4 =
A made from LUdger buﬁer Concentrate [LS'N‘BUFFX40], Solvent 32,33 . 224 |17.06| FA4G453(LacNAc)2 9 8 1 3 0 0 0 1447 .45 nd 1085.92 | 1028.72 868.93 nd 2.15 5.27
}h . . .
i B: acetonitrile. 70 minute run. Agy=310nm, Aem=370nm. Mass s [1357| 298 1650| Fadcassacnace | o | 8 | 1 | 4| o |0 | o : : : . | 1saas8 | na | 115869 | 115853 | s2ras | o728 | a5 628
E l| Proc-Eprex-M5S spectrometry analySiS was performed by a Bruker AmaZon Speed el bk s | o | e 1 3 | 0 | o 0 - i - - 1569.26 | nd | 1177.20 | 1177.13 | 941.96 nd 0.54 | 2.30
2 | ‘ ETD electrospray mass spectrometer coupled directly after the |rao2| | | | | | |
@ [ | ‘ | | | H | UHPLC fluorescence detector without splitting. The instrument 37 (1431052 (2153 FA4G4S4(LecNac3 | 10 | 9 | 1 | 4 | 0 [ 0| O : : : ' ' - | 14987 nd ] 100020 | 100024 | 054 616
< | ‘ l ‘ | ', ,i‘- M l‘ i \q | | \ ‘ H' | } scanned samples in maximum resolution mode, positive ion
: Il - - ' . . °
S - " B j !Il M‘ \’:-'““ﬁuﬂ' .M:J_ ~I[‘”|[|‘*Mf"m}’ "'J’IHLJ M"L l,""d'rl‘ J{I’IWIJ d setting, MS scan + three MS/MS scans, nebuliser pressure 14.5 COhClUSlOnS
",l.lL.f',L_.\.'-.J',.*k‘.u,]ﬂl”',,:l,.'.“Iw:,'u,"','.?‘.,-.I',,u,‘r-.L,.Llafr'Jl;,'F_._llhlr,','..',.'.JI,.-'L P,'fah‘r-,.\q.g}".ﬂ .k"."‘".h','ull].. oy LT LA e LA 10 'I|‘ LU LR 'II ||I.,-' L f‘r‘,ﬁ*rh.-hr'I.Jm;'lh,‘-rq.'.-'w_i;,,fr.w,u_-wlr’c._d_m't.'pI.',.,JJ..Hn'c,w.ﬂ,fh : H H 1 1
si, nitrogen flow 10 litres/min, capillary voltage 4500 Volts. MS , _ , , , , , ,
. . 5 / : . priary 5 : .. / The sialylation patterns of three EPO drugs - Eprex, Binocrit and CIGB - were characterised using Ludger’s LB-SiaOAcet-EPO workflow. This uses three orthogonal
Glycan retention on HILIC UHPLC column MS was performed on three ions in each scan sweep with a mixing , , , _ . , ,
fme of 40 ms glycoanalysis modules with automated sample prep. Eprex contained the greatest relative abundance of O-acetylated derivatives, mainly due to high levels of Neu5,9Ac2
' and Neu5,7,9Ac3. Binocrit had the lowest levels of Neu5Gc, a sialic acid known to evoke an immune response in humans. High levels of O-acetylation, with up to six
sialic acids on one glycan structure were seen in CIGB.

Figure 3 shows fluorescence HILIC profiles of procainamide labelled N-glycans from the three EPO variants using the LB-ProcLCMSn-EPO workflow. The glycan We plan to extend the LB-SiaOAcet-EPO workflow to provide even more refined details of the glycan structures and to use it in collaborations to develop (a)
structure assignments and relative molar abundances determined from the full LC-MSn analyses are given in Table 3. Table 2 shows example glycan structure topologies biosimilars that more closely match the originator’s drug and (b) biobetters with significantly improved serum half lives and, consequently, superior clinical efficacy. The
that are consistent with the MS and MS" fragmentation data. However, these must be considered as tentative - further analyses (e.g. exoglycosidase sequencing plus component glycoanalysis modules of LB-SiaOAcet-EPO as well as the complete workflow are being standardised and will be formally validated to GMP level. We are
MS" fragmentation of permethylated glycans) would be needed to increase confidence in the detailed structures proposed. scheduled to incorporate this workflow into our GlycoShape programme to support QbD-based realisation and regulatory submissions for glycoprotein therapeutics.
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