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Dr. Claire Morgan and Dr. Daryl
Fernandes from Ludger discuss
how the glycan structures

of a therapeutic monoclonal
antibody can significantly
influence a product’s safety and
efficacy profiles

could be valuable for medicine and industrial use they

have become routinely used in research and diagnostic
laboratories and their potential as therapeutics has continued
to be explored at an exponential rate. MAbs now comprise
the fastest growing class of protein therapeutics and are
currently being used and developed primarily to treat cancers,
autoimmune diseases, infectious diseases and inflammatory
diseases. They represent some of the largest selling products
to emerge from the biotechnology industry - by 2008 the US
therapeutic antibody market was estimated to be worth around
USD 40bn - and antibodies are soon expected to outpace the
sales of the larger pharmaceutical markets.

MAbs have traditionally been produced in cell culture and
have been prohibitively expensive for most therapeutic uses. Over
the years, however, the cost has dropped and, as a result of new
technologies for their design and production, MAbs are now being
produced in cell culture for USD 200 to USD 1,000 per gram. There
is fierce competition to produce more effective, safer and less
expensive MAbs. Innovator and biosimilars companies can help
achieve these aims by optimising the glycosylation of their MAbs.

Since it was first noted that monoclonal antibodies (MAbs)

How do MAbs work?
Monoclonal antibodies are highly complex glycoproteins
composed of various polypeptide domains, some of which are



MAbE$ERYC v 2[X

SFEMFE

T GalB (1,4

MEE

BAFUAERNFCIIAEX BRN-RIESEREEIASN-297 . XFhEBAIEN Z 53 IN-
FER RN EAE (0, 4) BRERN—MROE%E. URGEEERE, ©F
SR FAMERE, ERBHTURF, XF BT DURE S FCkH iR
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Fc region of a single antibody heavy chain showing the N-glycan
attached to Asn-297. The glycan is a biantennary N-linked with a single
galactose (1,4) residue and a core fucose. If a sialic acid were present
it would be linked to the galactose residue. In the intact antibody this
fragment would be paired with an equivalent Fc fragment and this Fc
would have two Fab arms attached at the hinge region above
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glycosylated. These domains are grouped into two types of region -
Fab and Fc - which play different functional roles in the therapeutic.
Broadly speaking, the protein structures of the domains determine
the primary functional activities of these regions while the glycans
tune or modify the intensity of these activities.

The various modes of action of MAbs include neutralisation
of the target, complement dependent cytotoxicity (CDC) and
antibody dependent cellular cytotoxicity (ADCC).

Neutralising antibodies rely on binding of the Fab
(or variable) region to an epitope on the target to block
biomolecular interactions involved in disease development.

MAbs working via CDC and ADCC (so called "Fc effector
functions”) rely on two stages of action. The first stage -
antigen binding - involves binding of the antibody Fab region
to a specific epitope on the target cell (e.g. the CD20 receptor
on the surface of cancer cells). During the following effector
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A 161 EEMabs, FEEEEM N FADCC. COCUUR BERIFSH
TERERNMSMYEEMERATATE . FegEXETS
BRZ R (FoyRs) SUE MR S #EE/ER, #Emffi & ADCCFACDCAE
A. XEHRKHE—FcIIfE X EH EEAsn-297 L F7E H N-F
M- EAREE. EAEICIH, XEBRERRK—EHERE
GERAN “RUEERE" (— N EREEEEEXLRERIEN
GloNAcHRE ) . HIEAM, BIIMEEERERELKTE, XXt
HANETT 1 G1BIMAbs BJADCCIE M. HAFIRIME T 5XLEREE
PEMADEETZ BIFcR I | laBI 5 S HEH . BRI, XMREREHIEMLR
REZBNEF, BIEBESFRI N aBIESEEN, EEN8ETE
FEAF M g6 (HFERREELMSFR | HEKRELS) ADCCIE /Y
MEMER. HEREMIERBSMEFMRMIIEE, M Fin-cD20
RituximabZ F LSBT K, BIRERT, FeRib LMGalB (1, 4)
TREA LI 501984 & F iU CDCE % -
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IgG showing N-glycans in the Fc region
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stage, various types of immune system receptors can attach
to the Fec (or constant) region of the antigen-bound antibody
to initiate recruitment of "effector” cells from the immune
system. These start a series of events that lead to destruction of
the target cell to which the antibody is bound. CDC and ADCC
involve different receptors, effector cells and mode of target
killing but both are greatly affected by the type of glycans in
the Fc region of the antibody.

Improving safety and efficacy profiles

Knowledge of the structure-function relationships between
Fc glycans and effector functions such as ADCC and CDC allows
companies to design new antibody therapeutics with optimised
glycosylation to greatly improve the potency over existing drugs.
Glycosylation can also influence the safety profile of MAbs. In
particular, non-human glycans are potentially immunogenic.
Furthermore, glycans found on the Fab region can influence
both safety and efficacy profiles of the drug.

Glycosyation features that are particularly important for
MAb safety and efficacy include:

1. Core fucosylation and galactosylation

Human IgG1 isotype MAbs are commonly used as
therapeutics because of their ability to mediate multiple effector
functions including ADCC, CDC and direct apoptosis induction
- ADCC and CDC being triggered following the interaction
of the Fc region with either leukocyte receptors (FcyRs) or
complement components. These antibodies bear two N-linked
biantennary complex-type oligosaccharides at Asn-297 on
each of the Fc region heavy chains. In natural human IgG1 a
high proportion of these glycans bear so-called ‘core fucose' (a
fucose linked to the GlcNAc residue nearest the asparagine). It
is now well established that the ADCC activity of therapeutic
IgG1 type MAbs can be greatly increased by reducing the levels
of fucosylation. The mechanism is improved binding to FcyRllla
of the low fucose MAb glycoforms. Engineered antibodies with
low fucose are now being produced; their improved binding to
FeyRllla allows them to evade the inhibitory effect on ADCC
of plasma IgG (which is fucosylated and binds to FcyRllla with
lower strength). Other glycosylation features can also alter Fc
effector functions and for some therapeutic antibodies such
as the anti-CD20 Rituximab, GalB(1,4) residues at the termini
of the Fc glycans have been reported to influence C1q binding
and alter CDC activity.

2. Sialylation

The two main types of sialic acid residues found in MAbs
produced in mammalian expression systems are N-acetyl-
neuraminic acid (NeuAc) and N-glycolylneuraminic acid (NeuGc).
NeuAc is the desired, normal human-type sialylation, while
NeuGc is found in non-human glycoproteins and is considered
an undesired, aberrant form of sialylation for therapeutic
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3. Gal-u(1,3)-Gal

Gal-a(1,3)-Gal RB—MARAIEALNE, LAUGFEETHRLE
MAbEYEEHE L, 455 2L RIFMM A N RIEMIBLMabR . §+3F
Gal-a(1,3)-Gal IRER M SHFARBEPHALHRER, M
BEfRARBEEZU X B HENKAMEIZIRA . thi1ZTFLE
MEhFESK MGl -a(1,3)Gal  IgEflk, MBEHABHEH
&HGal-o(1,3)-Gal HITRIMALEITIATT, MEEM=ERIBER
FI. ERAE—LEMCetuximab XM UEAMATTHIBRE DL
M7 XLET RN, XMAAYRENRABPES, ERE
FERIFabER 5 BAsn-88 L EEHR R 5K FHGal-a (1, 3)-Gal .
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glycoproteins. Controlling the ratio of NeuAc to NeuGc is
important for biomanufacturers as (a) NeuGe may reduce drug
efficacy through neutralisation by anti-NeuGc antibodies found
in the serum of some patients and (b) NeuGc is thought to be
linked to chronic inflammation in some individuals.

Sialylation has also been shown to be responsible for the
anti-inflammatory effect of therapeutic 1gG obtained from
the heterogeneous intravenous immunoglobulin (IVIG) which
may explain why high doses of IVIG are required to treat
autoimmune diseases.

3. Gal- o(1,3)-Gal

Gal-0(1,3)-Gal is an undesirable non-human disaccharide
found on the glycans of some MAbs, particularly those
expressed in mouse-derived cell lines. Immune reactions
to Gal-c(1,3)-Gal are responsible for tissue rejection in
xenotransplantation and the disaccharide has been shown
to be directly recognised by NK cells. Anti-Gal-a(1,3)Gal IgE
antibodies are found in high levels in some individuals who
can show severe hypersensitivity reactions if treated with
MAbs containing Gal-a(1,3)-Gal units on their glycans. Such
anaphylactic reactions have been found in some patients
treated with a form of the anti-cancer drug Cetuximab that
was produced in a mouse cell and which contained high levels
of Gal-a(1,3)-Gal in the glycans on Asn-88 of the Fab portion
of the antibody heavy chain.

4. Other Glycan Features

Other glycan features may also affect the clinical
performance of a therapeutic antibody. These include
oligomannose structures which may alter the pharmacokinetics
of the drug and bisecting GlcNAc residues that correlate with
Fc effector functions.

Quality by design and glycoprofiling for MAbs

Given the importance of glycans for the therapeutic profiles
of antibodies it is essential for drug manufacturers to measure
and control glycosylation during production. This requires an
integrated system of glycoprofiling modules to determine
the batch-to-batch consistency of glycosylation critical
quality attributes for the drug. Furthermore, optimisation of
glycosylation during drug design and development can help
to increase drug potency significantly and reduce the risk of
safety issues in the clinic.

MAb glycosylation is complex and the use of quality by
design (QbD) principles is advised to aid interpretation of
data on drug glycans and simplify comparability studies of
glycosylation throughout the drug life cycle. A sound QbD
system coupled with a suitable glycoprofiling scheme will allow
companies to design and manufacture therapeutic antibodies
with consistent, optimised glycosylation and reliable safety and
efficacy profiles. m
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