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Abstract: The N-glycosylation of proteins is a typical post-translational modification. Com-

pared with other monoclonal antibodies, N-glycosylation modification in cetuximab is more
complicated. Because cetuximab contains two N-glycosylation sites, one is located on the anti-
gen-binding fragment (Fab) and the other is on the crystallizable fragment (Fc) of the heavy
chain (HC). Among the two, the glycosylation of the Fab segment is more complicated. As this
segment is located in the hypervariable region (VH) , it may affect the affinity of the antibody
antigen and cause other issues. Therefore, it is necessary to study glycosylation modification at
this site. This modification is particularly challenging, necessitating the development of specific
glycan cutting technology and a stable glycan ratio analysis method.

In this study, cetuximab expressed in Chinese hamster ovary ( CHO) cell was used as the
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experimental research object. Based on the digestion with endo-8-N-acetylglucosaminidase F?2
(Endo F2), an experimental method was developed that can quickly release Fab glycans. Qual-
itative and glycan ratio analyses were carried out by ultra performance liquid chromatography-
high resolution mass spectrometry ( UPLC-HRMS). The test was divided into two steps: in the
first step, a non-denaturing ( native state) glycosidase excision test was performed on the CHO-
cetuximab drug substance. The drug substance was diluted to 1.0 mg/mL by adding ultrapure
water, following which 1.0 pL of Endo F2 was directly added to 100 pL of the drug substance
for enzyme digestion at 37 C. Through HRMS, the data were deconvoluted to obtain the accu-
rate mass of the drug substance. The results showed that when the digestion time of Endo F2
was 5 min, the glycans in the Fab segment could be completely removed, whereas those in the
Fc segment were not affected. Rapid enzyme cutting of the Fab glycans was realized; simulta-
neously, it was concluded that this method was also very specific for the removal of Fab gly-
cans. In the second step, an accurate ratio analysis test was performed on Fab glycans excised
from CHO-cetuximab. The released Fab glycans were precipitated with ice ethanol, the super-
natant was centrifuged and spin-dried, and then labeled with para-aminobenzyl (2-AB). 2-AB
labeling could make glycans have fluorescent detectable signals, and after reconstitution in 70%
acetonitrile aqueous solution, was detected by UPLC coupled with a fluorescence detector
(FLR). Good chromatographic peak separation was obtained using a hydrophilic interaction
chromatography (HILIC) column. Thus, the test enabled stable glycan ratio analysis.

The molecular weight results for three independent Endo F2 digestion cycles for 5 min
showed that the masses after digestion were similar; subsequently, glycan ratio analysis was
performed based on HILIC. The results of three independent glycan ratio analysis experiments
were also similar, indicating that the rapid enzyme digestion of Endo F2 followed by glycan ratio
analysis after 5 min of digestion yielded good stability and reliability. Data obtained by measur-
ing the samples produced using two different processes employed by our company showed that
there were distinct differences in the glycan profiles of the two processes, especially in terms of
the sialic acid glycoforms. These results prove that the method developed in this study can
accurately analyze the ratio of glycans. Monitoring the antibody production process is important
and meaningful for the evaluation of the process.

Key words; ultra performance liquid chromatography (UPLC) ; high resolution mass spectrom-
etry (HRMS) ; glycosylation; glycosidase; cetuximab
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LC-MS ¥, # 4% 50 wL A 150 pL Hii vk 2,
i, T-20 CAM MU AT, L 13 000 r/min 2
L5 min J5HCE TR T RBERE P

PNGase F f] " B Hi & i H 8 mol/L
A PER R 1.0 mg/mL, SR J5 B 100 pL, il
A PNGase F 2.0 pL, JREIES)E T 37 CTHE 16
h, HA#AER Endo F2 B,
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WA B 4K B R 1.0 mg/mL, A5
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iR FH IE B AR, %5 B R 1Ol 3.8 KV,
BN INFEE 320 °C 4 B SEE 350 C L 53UE
77 40 arb, & B SE 7 10 arb, — 2% T3 B fr L
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3.2 WA TG 1 1 AT LS B AR B, m/ 2 A PR
78 [l . 2000 ~ 4 000; % 5T 4 53 [l . 130 000 ~
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1.2.4 UPLC-FLR % #7
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x2.1 mm, 1.7 pm), 7ishA A & 100 mmol/L H
PRECIA W (pH 4.5) , i s A B i O, T 0.5
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mL/min, #7760 T, #EERFE)T A 0~ 18 min,
206 A~22%A; 18~38 min, 22% A~44% A, 5K
W 838 %2 i 330 nm, 3200 K 420 nm.,
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4 ABEIALAL S, B AR BE Y Fab Bt Al Fe B4 A 1
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B 25 R A DG W It A 2F O 35 1 o7 5 B 75 22 S8 A
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Fig. 1 Structure of cetuximab and glycans released from antibody
CHO: Chinese hamster ovary.



P AF 55 A B-N- £ Tt 2 S5 0 7 W T DAk e D10 20 o 1 € LD SR 24

w2 M KT Z S B 4S 5 DX 1 BB L $179 -
1 2.96¢8 1
100 3231 1001 145277.66
© ] | i © ]
s 80 g 80
§ 60—: § 60—:
= ] = ]
£ 40 £ 40
Z 20-3 Z 20-3
0: T T T T 0:""|‘L"‘\""\"“
44 46 48 50 58 6.0 144000 145000 146000 147000 148000
m/z
1 4.26¢8 1
b 100 100 ] 146672.05
X ] X ] Fab: GnF, GnF
§ 80—: § 80—: Fc: GnF, GnF
§ 60—: § 60—:
= ] = ]
£ 40 £ 40
o 20-3 o 20-3
0:"‘|"'|"'\""““'"‘\"‘ 0:""|""\""\"“
44 46 48 50 52 54 56 58 6.0 144000 145000 146000 147000 148000
t/ min m/z
B 2 #EHEEALE 16 h 5K TIC BiEEMEERILE
Fig. 2 TIC chromatograms and deconvoluted mass spectra after glycosylation 16 h
a. PNGase F; b. Endo F2.
_ BRIFHIE T GnF, i Fe BB A | Mg T
100 G2t G1-GN ,GOF \GI1F G2F, Ui Wl Ul B ] 2 30 min
50 [N, 45— BB AHUMR ) Fe Brrb 1AM b i BB F 4G
o] WEVIBRT o 3 — PR KA DI ] 3 300 min J5 (1
. Bl 4c) , mTLVERIA T I B d, M 2Epa gk
3 B KBTI Fab B 2 MR Fe B 2 A3
£ 20 BAIBR 4 DAL IR T GuE A6 4 4
=1
E 4 146 670. 08, 151 Endo F2 X} Fe Bt EHEIIS0R
= N e . . s N N e
= G2(F)SI AEXT A, B Y] 300 min J5 ARG Z Fe BHER5E
2 80 \ e ; =
; Gy | GRS SYIBR MBI, 552 VIR Fo B RO 5
60 S AN TE], AR S25 R Y 16 b,
40] BUARZGYIIA P T 2R R 2 2% i HA R Rl Y 5T
20] R RE A — L0k 8, U R R T T, X P %
e R U SRR L LA RO 254 ST 4
¢/ min REROBEREAL AR NS, ARSI A R,

B 3 BE#EM TIC &ikE
Fig. 3 TIC chromatograms of glycans
a. PNGase F; b. Endo F2.

WA TR ULE 4b), T 285 500 7
LA/ Fab BE 2 MBI HIIER A Fe BE 1Mz s
VIBR : Fab BZf 2 M Fe BEy 1M g

fifiFl Endo F2 BV 5 min, FiiAHK) Fab Bt 2 M7 )
BB W, UEIZ AT AT D& — M D] B
Fab B i3 1 SR , AR S50, D] oA A 5 g6 it 7] s
Bl % 25, HiiAZ Endo F2 WY )5, 5 2] L it
UPLC-FLR 5387 Fab Befi a5 L ZRME L], Xt
A T2 AR N E X,



i

540 45

- 180 - @
160 I
| [*))
] a At Fab: GnF, GnF
1407 o2 Fc: GOF, GOF
120 3 £§ Fab: GuF, GoF
100 3 :j; Fc: GOF, G1F
1 & Fab: GnF, GnF
80 4 o Fc: GIF, GIF
| -+
60 3 T2 Fab: GnF, GnF
] %} Fc: GIF, G2F
409 2
E &,
20 J\
0 : ¥ T X ‘ T J ! i v T 2 ¥ J y N v K 2 T T i K : T
1 b Fab: GnF, GnF
:c? 80 Fc: GnF, G2F
3 1 I Fab: GnF, GnF
5 60 ] Fc: GnF, GIF
S 60 I
=1 1 L=
=1 B e
2 0] -
4 40 e o & Fab: GnF, GnF
E= 1 o n S g Fe GnF, GI-GN
~ 20 el 1z & Fab: GnF, GnF
] =01z ¥ Fc' G2F. G2F
0 JULL UL
T T T L B B AL
] ¢ Fab: GnF, GnF
80 5 Fc: GnF, GnF
] <
] S
60 g
] =
40
20 JL
0t T J |A‘ U A T T T T
146000 147000 148000 149000 150000 151000

miz

4 Endo F2 F[EEVIA 8 # RiL E

2.3 UPLC-FLR *t Fab EXZEHERILL 51447

MO B R 28 2-AB T A Ak 1l
FH HILIC {53% 43 7¢ UPLC-FLR |- A] ) 52 3 58 )
i 53#Hr . CHO-PY 2 et iA % Endo F2 i)
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Fig. 5 Glycan profiles of CHO-cetuximab antibody Fab segments from

different production processes

G2(F)SI terminal sialic acid has two linkages, labeled as G2(F)S(2,3)1 and G2(F)S(2,6)1. G2(F)S2 terminal sialic acid also has

two linkages, labeled as G2(F)S(2,3)2 and G2(F)S(2,6)2.
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