Specific Screening to Target and Control Optimal Glycan Profiles

Steven W. Mast, Bopha L. Sun, Michael J. Kimzey, Shiva Pourkaveh, Abdel Minalla, F. Ted Haxo, Craig Nishida, E. Jo Wegstein, ProZyme Inc. Hayward, CA 3832 Bay Center Place
Scott P. Fulton, BioSystem Development, LLC, Madison WiI Hayward, CA 94545-3619

USA

On the Path to Biobetter Therapeutic Glycoproteins: Simple and Rapid Domain- PR%W

AbStra Ct 1 2 3 4 5 6 7 8 (A) (A) (A) Total N-Glycans
' . Enbrel Lot Number
4 A60610 1023954 1014063
A strategy for “Target-directed Product Development” has been described,
. . Probable Glycan|Avg Area % | Std. Dev. |Avg Area % | Std. Dev. |Avg Area % | Std. Dev.
where multiple glycosylated forms of the protein were generated and G0 097 | 022 111 | 023 101 | 015
evaluated for Critical Quality Attributes!. In the cited case, a follow-on 76,600 e = 1235\ 025 1984 052, 2085 | 216
biological candidate was selected for further development, whose N-glycan - 49,500 G1F 1354 | 019 | 1294 | 007 | 1325 | 0.40
g p gy
profile demonstrated improved efficacy compared to the innovator product. - = P e e A A B
Subsequently this optimal profile was controlled within tight specifications p— (Unassigned) 376 | 0.16 432 | 010 | 456 | 017
h h 1 1 . 11 l . . . d f 1 . . / Al 14.16 0.38 13.45 0.19 14.32 0.41
throughout clone selection, cell-culture optimization and formulation in 28,500 P 203 | 03z | 190c | 005 | 2101 | oos
order to speed regulatory approval. Yet significant analytical challenges were ’ A2 382 | 0.22 497 | 014 | 400 | 0.06
A2F 9.66 0.21 11TF 0.26 9.81 0.23
reported due to the tedious, manual methods employed and the variability of S
the results, requiring a significant investment of resources to accomplish. / (B) (B) " B (s 3
e | c-aomailn N-alycans
Ii)"
Enbrel Lot Number
This poster presents methods for simple and rapid screening of N-glycan ! ARDEIE iad oA 1007 O
profiles suitable for every aspect of drug development and manufacturing, Probable Glycan|Avg Area % | Std. Dev. |Avg Area % Std. Dev. | Avg Area %| std. Dev.
. . . .1s . . . . Figure 2 - Digestion of Enbrel® into Fc and TNFR Fragments : : : - :
lnCIUdlng blocomparablhty Studles and blOfeaCtor monltorlng and COntrOI Description of Lanes: 1) High MW marker; 2) Enbrel lot 1023954, undigested; 3) Enbrel lot 1014063, | 22}: 4;_22 2_1: 52_(8): 2;; 52;; 1.99
(PAT). Use of the GlykoPrep™ platform to dramatically streamline glycoprotein undigested; 4) Enbrel lot A60610, undigested; 5) blank; 6) Enbrel lot 1023954, FabRICATOR digest; 7) : " _— Man5 3.77 0.13 3.68 0.15 2.18 0.35
] ) ] ] ] Enbrel lot 1014063, FabRICATOR digest; 8) Enbrel lot A60610, FabRICATOR digest; 9) FabRICATOR only; g I . p— - = 53 — p— — -
sample preparation, coupled with rapid analysis using a Waters® UPLC®, allows 10) Low MW marker - ppa T o ' ‘
the generation of up to 96, high-quality results overnight. o Jesa] G2F 534 | 0.9 581 | 013 | 405 | o041
e *—'—H(\’.: (Unassigned) 0.23 0.15 0.25 0.04
. . Al 1.57 0.08 0.94 0.09 0.90
For some glycoproteins, the information presented in the total N-glycan profile ] sialylated ] P o ALF 3.21 | 032 | 222 | o019 | 134 | 076
’ A2 0.12
may be insufficiently detailed for TElI’gCt—diI’CCth Product DCVClOmeHt. Here ﬂ . | | , | , | e B e A2F 1.13 0.10 1412 0.13 0.77
We ShOW a domain_specific analysis Of the N_glycans Of a Commercially available R T i i e n S T 50 GOF Mans G1F G2 Fc;;j;ns unassigne d Al ALF AZ AZF
Fc-fusion protein. Analysis of the individual glycosylation profiles may be a (C) (C) e (C)TNFR-domain N-Glycans
better indicator to investigate the role glycosylation plays in the efficacy of the e s s Enbrel Lot Number
proteln I A60610 1023954 1014063
' v I orobable Glveanla ; ; ;
e ~ \ P robable Glycan|Avg Area % | Std. Dev. |Avg Area %| Std. Dev. |Avg Area % | Std. Dev.
. . Mooont _ GO 0.48 0.15 0.63 0.19
I n 't rO d u Ctl O n ! | S|aIyIated | L S GOF 1.30 0.17 1.91 0.18 2.53 0.03
e A = J o G1F 1.72 0.22 1.79 0.50 2.87 0.47
Understanding the glycosylation of a therapeutic glycoprotein is important. o ] i G2 3.84 | 023 288 | 026 385 | 0.6
. . . . . . . v :;,H e vou G2F 5.31 0.25 4.31 0.07 5.39 0.39
For example, in antibodies, Fc glycosylation is known to modify antibody - .?_ ; - . y— i || it FYTN e e o | 0
cytotoxicity (CDC) where the lack of fucose or the addition of a bisecting | ' ' ' ' ' = ' ii M_Hﬂ i‘ A2 614 |  0.09 806 | 0.06 635 | 0.8
GIcNAc increases ADCC potency of IgG>3. Another example of the relevance ibistes 2 3 S 6 F S °'ﬂﬂ ﬂ ............ e e s = . === _ -
of glycosylation is shown by Er Ythl‘ op oietin, where aCtiVity and r cceptor Figure 4 - Total and Domain-specific N-Glycan Profiles of a Representative Lot of Enbrel® Figure 5 - Total and Domain- specn"lc Enbrel® N-Glycan Peak Areas (%) Table 1 - Total and Domain-specific N-Glycan Profile Results
blndlng ablhty haS been ShOWﬂ to be dependent on the degfee Of SiﬁlYlatiOIl4. Figure 3 - Comparison of InstantAB™ Enbrel® N-Glycan Labeling (red trace) and Standard 2-AB Labeling (A) Profile of Enbrel eluted from the PA Cartridge. No N-glycans were found in the Flow-through Samples (data not (A) Total Enbrel N-glycan Peak Areas; (B) Fc-domain N-glycan Peak Areas; (C) TNFR-domain Note: Standard deviation not obtained for some of the minor peaks because these
(blue trace) by Reductive Amination shown) suggesting no breakthrough of Enbrel on the PA Cartridge. (B) Profile of Fc-fragment N-glycans eluted from N-glycan Peak Areas peaks were not found in all replicates.
the PA Cartridge. (C) Profile of TNFR-domain N-glycans from PA Cartridge Flow-through.
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the GlykoPre}If) Rapid N-Glycan %’Zepargti on System folIl) owed by rapid analys%s A 10-minute UPLC method was developed in order to match the throughput of Figure 4 shows the normalized chromatograms of InstantAB-labeled Enbrel onciusion
on the Waters UPLC using a2 BEH Glycan column ail owing us to compare the the GlykoPrep sample preparation. The observed N-glycan sample separation N-glycans. Fifteen ug of each lot of Enbrel was digested with FabRICATOR for 1. The GlykoPrep standard N-Glycan protocol coupled with a rapid LC
. : . ’ suggests shorter methods could be tested for even higher throughput. one hour, then purified on the PA Cartridge by specific binding to Protein A method successfully allows preparation of samples in a single 8-hour day,
N-glycosylation profile for the entire molecule as well as the state of each . . . . , , , , -
domain (Figure 1) (one undigested sample, incubated without FabRICATOR); the portion of the and generation of up to 96 high-quality results overnight. The additional
' Three lots of Enbrel (Lots A60610, 1014063, 1023954) were purchased digest that did not bind to the PA Cartridge (flow-through) was collected. The steps for the domain-specific sample preparation were easily
commercially under prescription. Enbrel is a dimeric fusion protein with eluates and the flow-throughs were processed using the GlykoPrep protocol accommodated in the standard GlykoPrep protocol.
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an apparent MW of ~ 150 kDa; it contains the Fc Domain of hIgG and the (deglycosylation and separation of N-glycans (30-minute incubation at 50°C);
p75 TNFR Domain. Digestion with labeling with InstantAB; and cleanup and desalting). Chromatography was 2. Analysis of N-glycan profiles of the two major domains of Enbrel
- FabRICATOR enzyme separates these performed as described in the previous paragraph; a representative profile of demonstrate substantial domain-specific differences in N-glycans. These
@Vﬂ__, domains by cleaving in the hinge each Enbrel lot is shown in Figure 4. differences are consistent across all lots tested.
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8 b dimer, represented by the ~ 75 kDa essentially the same must be answered based on both the statistical significance GlykoPrep platform now makes such an analysis possible with a reasonable
) band, Lanes 2-4. After digestion with of lot-to-lot differences in the profiles, and on the roles of the specific N-glycans investment in resources.
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