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Characterization of N-glycosylation in an anti-EGFR
monoclonal antibody produced by different expression
systems

Chong Wangl, and Huaizu Guo®
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Abstract: The use of mammalian expression systems results in a remarkable heterogeneity of mAb products, generally
due to post-translational modifications, and glycosylation is a critical post-translation modification because it has a
profound impact on the safety and efficacy of mAbs. The present study was designed to explore the impact of a different
expression system on mAb N-glycosylation. The detailed structures of individual glycans between anti-EGFR monoclonal
antibodies produced by different expression systems were successfully characterized at the level of free oligosaccharides
using liquid chromatography electrospray ionization quadrupole time-of-fight mass spectrometry (LC-ESI-QTof MS). An
alternating low and elevated collision energy scan, in source collision-induced dissociation and MS/MS in combination
with exoglycosidase digestion method was also adopted. The combined data revealed that the Fab region of anti-EGFR
antibody produced by CHO cell expression system had a pattern of glycosylation differing from that of the SP2/0 cell
expression system whereas the Fc region remained basically unchanged. We confirmed that anti-EGFR antibody produced
by SP2/0 cell expression system had a much more diverse mixture of glycans with a-Gal and an undesired, aberrant form of
sialylation N-glycolylneuraminic acid (NGNA). The a-Gal was absent in mAb produced by CHO cell expression system
containing sialic acid predominantly N-acetyl neuraminic acid (NANA) which is the desired, normal human-type
sialylation. This study theoretically predicts that anti-EGFR antibody produced by CHO cell expression system may show
better clinical tolerance, and very low potential for active hypersensitivity reactions, CHO cell lines can be the preferred

expression system for producing anti-EGFR biobetter.

Keywords: cell expression system, glycosylation, a-Gal, immunogenicity
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Fig. 1

Comparison of LC-fluorescence and LC/MS profiling of labeled free glycans released from the Fc of

cetuximab-SP2/0 (top) and cetuximab-CHO (bottom) heavy chain.
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Fig. 2 Comparison of LC-fluorescence and LC/MS profiling of labeled free glycans released from the Fab of
cetuximab-SP2/0 (top) and cetuximab-CHO (bottom) heavy chain.
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Fig. 4 Comparision of relative contents of glycans in
the Fab of cetuximab-SP2/0 (before and after
a-galactosidase treatment) quantified by integrated
peak area of LC-fluorescence chromatograms.

FtLE 434 Cetuximab-SP2/0
o F I FEE IR FE HUHE

o Cetuximab-CHO
Fab 5

Cetuximab-CHO Fab o

http://journals.im.ac.cn/cjben

¢ (min)

Cetuximab-SP2/0 B 1 E % Fab & F IS HE
Glycans released from the Fab of Cetuximab-SP2/0 (bottom) are treated with a-galactosidase (top):
comparison of LC/MS profiling of 2-AB labeled glycans.

( 6 Cetuximab-CHO
o-Gal
o
Cetuximab-CHO Fab
a-Gal Cetuximab-SP2/0 Fab
o-Gal
3 Wi
ESI-MS MALDI-MS
UPLC HPLC
CE (21
MS/MS
[22-23]
LC/MS
EGFR Fc
Fab
Fc Fab



T B FRBMREANR EGFR LRAMRASEN LR

30 000 000.000
. 25000 000.000
= 20 000 000.000
5 15 000 000.000 "o "o

éii(F)

= e
. en ] ‘

LG2APFNANA |

e
a-e

| G2(F)*NANA2

»..

‘l > L B

=10 000 000.000 GOE) Gi® ;‘ | |
5000 000.000 f Ml ‘ | I

0.000 L L i\ Al Y A N .Y 1 S W | tond A 1o L L L L
9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.0020.00 21.00 22.0023.00
¢t (min)
: : - . me ng(F)TNANA oae L o
6000 000.500 GO : @E
= 5000 000.500 | o ® ' G2(F)+NANA2 e wa
= [ ‘ . -
~ 4000 000.250 \ G1(F) t
5 3000 000.250 \ 1 i !
@ 2000 000.125 \ \ | !
1000 000.063 I I I ( I
000 L—ere |, A S L W S S
9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00

t (min)

Bl 5 LC/MS XD HE o FHAEHEYIAIE Cetuximab-CHO B EHE Fab Bt I FHE
Fig. 5 Glycans released from the Fab of cetuximab-CHO (bottom) are treated with a-galactosidase (top):
comparison of LC/MS profiling of 2-AB labeled glycans.

35.00+
30.00
25.00 ¢

Fab
a-Gal
SP2/0

o Before @ After

%0)

<~

NGNA
CHO
NGNA

Y
<
=
S

15.00 ¢ a-Gal

Percentage

NANA

=

Q, g
e’/I/OQ?/

I |

=

IgG
o-Gal

= :
v

\g \%

(] = —

*705

%

5

@.

2
¢

Q
S
QQ>®

v.

&,
/I:‘Y F
Y.

Q!

>
%
G,

X
7
X

oleh
\C}O E

7,

L SO =

=S ==

C‘}o S S S
(&

Q2
A

S %
‘/I}_
/!»%_
/l/\

o,

8
22

X

C;»@W

X

o
e/

[24]

@
2,

7,
2,
7
7

X,
(e

e
72
@J
C}ex
G
)

NGNA
NANA

NANA NGNA
NGNA 1
B 6 RABIEERDEZEEN LS Cetuximab-CHO NGNA
Eif Fab R FRIBER o FFAEEHELER/FAE
X bt 45
Fig. 6 Comparision of relative contents of glycans in
the Fab of cetuximab-CHO (before and after treatment
with a-galactosidase) quantified by integrated peak
area of LC-fluorescence chromatograms.

[25]

NGNA

SP2/0

NGNA CHO

NANA

(SP2/0  CHO) EGFR  Fc SP2/0

& 010-64807509

K cjb@im.ac.cn



1026 ISSN 1000-3061 CN 11-1998/Q Chin J Biotech June 25,2017 Vol.33 No.6

EGFR Qian oMALDI
Qgq-TOF MS Erbitux®

NGNA a-Gall?

Ghaderi NGNA
NGNA
NGNA
NGNA
NGNA NGNA
Yang
NGNA o-Gal
SP2/0
EGFR
LC/MS
Fc Fab
CHO EGFR
Fc SP2/0
Fab
a-Gal
NANA
CHO Fab
( )
CHO

http://journals.im.ac.cn/cjben

Cetuximab-CHO
CHO

REFERENCES

[1]

Zhang PQ, Woen S, Wang TH, et al. Challenges of
glycosylation analysis and control: an integrated
approach to producing optimal and consistent
therapeutic drugs. Drug Discov Today, 2016, 21(5):
740-765.

Higel F, Seidl A, Sorgel F. N-glycosylation
heterogeneity and the influence on structure,
function and pharmacokinetics of monoclonal
antibodies and Fc fusion proteins. Eur J Pharm
Biopharm, 2016, 100: 94-100.

Batra J, Rathore AS. Glycosylation of monoclonal
antibody products: current status and future
prospects.  Biotechnol Prog, 2016, 32(5):
1091-1102.

Courtois F, Agrawal NJ, Lauer TM, et al. Rational
design of therapeutic mAbs against aggregation
through protein engineering and incorporation of
glycosylation motifs applied to bevacizumab.
MAbs, 2016, 8(1): 99-112.

Zhu JW. Mammalian cell protein expression for
biopharmaceutical production. Biotechnol Adv,
2012, 30(5): 1158-1170.

Pacis E, Yu M, Autsen J, et al. Effects of cell
culture  conditions on antibody  N-linked
glycosylation-what affects high mannose 5
glycoform. Biotechnol Bioeng, 2011, 108(10):
2348-2358.

Hossler P, Khattak SF, Li ZJ. Optimal and
consistent protein glycosylation in mammalian cell
culture. Glycobiology, 2009, 19(9): 936-949.

Beck A, Wagner-Rousset E, Bussat MC, et al.
Trends in glycosylation, glycoanalysis and
glycoengineering of therapeutic antibodies and
Fc-fusion proteins. Curr Pharm Biotechnol, 2008,
9(6): 482-501.



Erh F/ARAMIBEARERT EGFR BHERLEMIT LI 1027

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Kunert R, Reinhart D. Advances in recombinant
antibody manufacturing. Appl Microbiol
Biotechnol, 2016, 100(8): 3451-3461.

Chung CH, Mirakhur B, Chan E, et al.
Cetuximab-induced anaphylaxis and IgE specific
for galactose-a-1,3-galactose. N Eng J Med, 2008,
358(11): 1109-1117.

Galili U. The a-gal (Galal-3
GalB1-4GIcNAc-R) in xenotransplantation.
Biochimie, 2001, 83(7): 557-563.

Dor FIMF, Cheng J, Alt A, et al. Galal,3Gal
expression on porcine pancreatic islets, testis,

epitope

spleen, and thymus. Xenotransplantation, 2004,
11(1): 101-106.

Magnusson S, Mansson JE, Strokan V, et al.
Release of pig leukocytes during pig kidney
perfusion and characterization of pig lymphocyte
carbohydrate xenoantigens.
2003, 10(5): 432-445.
Jenkins N, Parekh RB, James DC. Getting the
right:

Xenotransplantation,

implications  for  the
1996,

glycosylation
biotechnology industry. Nat Biotechnol,
14(8): 975-981.

Bosques CJ, Collins BE, Meador JW, et al. Chinese
hamster ovary cells can produce galactose-a-1,3-
galactose antigens on proteins. Nat Biotechnol,
2010, 28(11): 1153-1156.

Potvin B, Kumar R, Howard DR, et al. Transfection
of a human alpha-(1,3)fucosyltransferase gene into
Chinese hamster ovary cells. Complications arise
from activation of endogenous alpha-(1,
3)fucosyltransferases. J Biol Chem, 1990, 265(3):
1615-1622.

Reusch D, Haberger M, Maier B, et al. Comparison
of methods for the analysis of therapeutic
immunoglobulin G Fc-glycosylation profiles-part
1: separation-based methods. mAbs, 2015, 7(1):
167-179.

Abeés R, Teillaud JL. Impact of glycosylation on
therapeutic IgG.

effector functions of

& 010-64807509

[19]

[20]

(21]

[22]

(23]

(24]

[25]

[26]

Pharmaceuticals, 2010, 3(1): 146—157.

Jefferis R. Glycosylation of recombinant antibody
therapeutics. Biotechnol Prog, 2005, 21(1): 11-16.
Lammerts van Bueren JJ, Rispens T, Verploegen S,
et al. Anti-galactose-a-1,3-galactose IgE from
allergic patients does not bind a-galactosylated
glycans on intact therapeutic antibody Fc domains.
Nat Biotechnol, 2011, 29(7): 574-576.

Ruhaak LR, Zauner G, Huhn C, et al. Glycan
labeling strategies and their use in identification
and quantification. Anal Bioanal Chem, 2010,
397(8): 3457-3481.

Kamoda S, Ishikawa R, Kakehi K. Capillary
electrophoresis with laser-induced fluorescence
detailed on N-linked
oligosaccharide profile of therapeutic recombinant

detection  for studies
monoclonal antibodies. J Chromatogr A, 2006,
1133(1/2): 332-339.

Fernandez LEM, Kalume DE, Calvo L, et al
Characterization of a recombinant monoclonal
antibody by mass spectrometry combined with
liquid chromatography. J Chromatogr B, 2001,
752(2): 247-261.

Sheeley DM, Merrill

Characterization of

BM,

monoclonal

LCE.
antibody

Taylor

glycosylation: comparison of expression systems
and identification of terminal a-linked galactose.
Anal Biochem, 1997, 247(1): 102-110.
Tangvoranuntakul P, Gagneux P, Diaz S, et al.
Human uptake and incorporation of an
immunogenic nonhuman dietary sialic acid. Proc
Natl Acad Sci USA, 2003, 100(21): 12045-12050.
Qian J, Liu T, Yang L, et al

characterization of N-linked oligosaccharides on

Structural

monoclonal  antibody  cetuximab by the
combination of orthogonal matrix-assisted laser
desorption/ionization hybrid quadrupole-quadrupole
time-of-flight
sequential enzymatic digestion. Anal Biochem,

2007, 364(1): 8-18.

tandem mass spectrometry and

(AR3Coi4 M)

K cjb@im.ac.cn



