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Introduction

* Therapeutic protein fragmentation is a critical quality attribute

e SEC s traditionally used to monitor aggregates, while CE-SDS is used to monitor
fragments

* |gG1 HC CDR fragments typically appear as shoulder peaks in CE-SDS

* RPLC, intact mass, and top-down MS2 provide fundamental intrachain cysteine bonds in
antibody folding domains, including the C,,2 domain and possible intrachain disulfide
bond clippings

* |In our study, we identify a non-reduced CE-SDS shoulder peak appearing in a bispecific
antibody (bsAb-A) after heat stress

* Our study suggests that host cell proteases are the cause of C,2 clipping in both mAb
and bsAbs



Figure 1. Comparison of non-reduced and reduced CE-SDS profiles and degradation rates of three bsAb-A drug substance
lots under accelerated stress conditions at 40°C up to three months. (A) nrCE-SDS overlay of heat-stressed Lot A, Lot B and
Lot C; (B) rCE-SDS overlay of heat-stressed Lot A, Lot B and Lot C; (C) % purity of Lot A, Lot B and Lot C by nrCE-SDS; (D) %
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Figure 2 nrCE-SDS profiles of HIC fractions from 40°C 1 mon heat-stressed bsAb-A, in which size variant peaks are labeled from 1
to 11 (A) nrCE-SDS profiles of HIC prepeaks and main peak; (B) nrCE-SDS profiles of HIC post peaks.
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Figure 2 nrCE-SDS profiles of HIC fractions from 40°C 1 mon heat-stressed bsAb-A, in which size variant peaks are labeled from 1
to 11 (A) nrCE-SDS profiles of HIC prepeaks and main peak; (B) nrCE-SDS profiles of HIC post peaks.
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Table 1. nrCE-SDS peak assignment based on HIC fractionation study and partial reduction study (for peak 10 assighment)
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Figure 3. CE-SDS profiles of bsAb-A non-stressed control and 40°C stressed Lot A at 1, 2 and 3 mon.
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Figure 4. RP-LC UV profiles of denatured and reduced bsAb-A at 40C 3 month (A), zoom-in of RP-LC UV profiles of
denatured and reduced bsAb-A at 40C 3 mon. (B); and deconvoluted spectra of CH2 and CH1 clipped reduced fragments
(C to G). Red: Lot A; Blue: Lot B; Green: Lot C.
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Figure 5. Tandem mass (MS/MS) spectra of peptides (L)TVLHQDWLNGK resulting from CH2 clipping at L306 (top) and
(L)JHQDWLNGK resulting from CH2 clipping at L309.

| 5can 6356,z=2
£, 000 +4 —
: Db a
. M (L306) TVLHODWLNGK
40008 +4 —] 1777d¢ 77 aud
N v+
] az
. bz
= 2000e+4 —
5 ]
& ~ irmr_H v
1M 5
2000e+4 — o ¥ ¥8
1 ik
| = 1 5 u ]
1.000e+4 — ' o1 ¥l Yqh ¥ y7-17)b7 -
N ' b M L7 b5 MR ¥
R i T W \ b
000040 ] I||| I|I||I ll.l ||| | II| I||Il ||||:| I.l | 'Hl | |||
200 400 m/z &00 suu 1000
7.000e+4 — Scan 4108,2=2
] GF RS 4321
E.000e+4 -] imr|-_|_H (L309) rQ;}r r r_IE;i{
] 1744475
£.0002 +4 —|
= 4000e+d —
z N
E ] "l
2000 +4 —]
2.0008+4 — vz
. rrirn_k bz Y3
. ; 0 b3 B
LonDe+d — nEW ya-_ln . be 45 bs v v
. ;’ 0 tﬂg l 318 ~..f4 1? 4 IV‘I—IH a4 l V51T \ \ ke y7-17F
10 0.000e+0 — | w1 |7\[M| L1k | L ] l ] ] 7ll il | ] l I

T T T T T T T T T T T T T T
200 4::u:| rfz £00 800



lon intensity

Figure 6. Deconvoluted mass spectra of Fc in bsAb-A 40°C 3 mon heat-stressed Lot A, Lot B and Lot C and unstressed
control (top), and deconvoluted mass spectra of deglycosylated Fc in bsAb-A 40°C 3 mon heat-stressed Lot A, Lot B and
Lot C and unstressed Control (bottom).
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Figure 7. Deconvoluted mass spectra of Oxi-Fc and Fc in bsAb-A 40°C 3 mon heat-stressed Lot A (top), and RP-LC UV
profile of bsAb-A subunits of heat-stressed Lot A at 40°C 3mon (bottom).
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Figure 8. Deconvoluted mass spectra of Fab 1 and Fab 2 in bsAb-A 40°C 3 mon heat-stressed Lot A, Lot B and Lot C and
unstressed Control. Top: Knob % Ab Fab; bottom: Hole 2 Ab Fab
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Figure 9. nrCE-SDS and reduced RP-LC UV overlay of SEC fractions from 40C 1mon heat-stressed bsAb-A and relative
amount of the CH2 clippings at L306, L309 or D270 in SEC fractions. A: nrCE-SDS overlay; B: Reduced RP-LC UV overlay; C:
Relative amount of the CH2 clippings at L306, L309 or D270 in SEC fractions.
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Table 2.

Sequences in the vicinity of CH2 cleavage sites L306 and L309

EU# | 301 | 302 | 303 | 304 | 305 | 306 | 307 | 308 | 2309 | 310 | 311 | 312 | 313 | 314 | 315 | 316 | 317
lgG1 R v v 5 v L T v L H Q D W L N G K
lgG2 | R v V 5 v L T v v H Q D W L N G K
lgG4d | R v v 5 v L T v L H Q D W L N G K




Figure 10. Overlays of nrCE-SDS (A), rCE-SDS (B) and reduced RP-LCUV (C) and zoom-in overlay of reduced RP-LC UV (D) of 40°C
1Mon bsAb-A Lot A incubated with protease inhibitors and without protease inhibitors.
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Discussion

* Shoulder peak is related to protease activity in mAbs and bsAbs, and can be separated
from the previously reported IgG missing HC N-terminal 100 amino acids

* C,2 clipping can be resolved in non-reduced CE-SDS profiles as a shoulder peak on the
intact 1gG

* The C,,2 domain of IgGs is the most cleaved region and understanding these cleavages
could help us better understand cleavages in other subclasses

* |dentification of these clipping sites can lead to improve manufacturing and cell culture
practices
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