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T he efficacy of recombinant 
antibodies (rMAbs) results 
from their specificity for target 
antigens and the biological 

activities (effector functions) activated 
by the immune complexes formed. 
Numerous parameters influence the 
effector function profile (including 
antibody class, IgG subclass, and 
glycoform), and their definition offers 
opportunities for optimizing a 
recombinant MAb for a given disease 
indication. Five classes of human 
antibodies (immunoglobulins) are 
defined: IgM, IgG, IgA, IgD, and 
IgE; four subclasses of IgG and two of 
IgA are designated IgG1, IgG2, 
IgG3, or IgG4 and IgA1 or IgA2 
according to their relative 
concentrations in serum. 

Each antibody class and subclass 
expresses a unique profile of effector 
functions (1). All currently licensed 
rMAbs are of the IgG class, 
predominantly of the IgG1 subclass, 
and produced in Chinese hamster 
ovary (CHO), mouse NS0, or Sp2/0 
plasma cell lines.

The choice of IgG subclass is 
increasingly appreciated as a critical 
decision when developing a recombinant 
MAb therapeutic (2). In oncology it 
would seem beneficial to maximize the 
potential to induce antibody-dependent 
cellular cytotoxicity (ADCC) and 
complement-dependent cytotoxicity 
(CDC) to eliminate targeted cancer 
cells. However, in chronic diseases, 
neutralization of a soluble target (a 
cytokine, for example) may be the 
central objective, and excessive effector 
activity could be detrimental. One 
example is when a target is also 
expressed as a membrane protein on 
certain cells, such as targeting of TNFα 
by infliximab (Remicade, www.
centocor.com) in patients with 
rheumatoid arthritis. Consequently, 
IgG1 may not be the automatic choice, 
and the other IgG subclasses are now 
being evaluated, both in native and 
engineered forms. 

Some companies have selected IgG4 
as the preferred alternative subclass, 
and two IgG4 rMAbs are already 
licensed. However, recent studies 
suggest that IgG4 may not be the best 
alternative because it has been shown 
to activate inflammatory reactions 
through cellular IgG-Fc receptors  
(3–5). It should be noted that the 
“superagonistic” anti-CD28 antibody 
TGN 1412, which appears to have 
induced a “cytokine storm” in healthy 
volunteers, is a humanized IgG4 
recombinant antibody (6, 7). In addition 
IgG4 is secreted as a mixture of 
covalent and noncovalently assembled 
molecules; the latter dissociate to “half 

molecules” in nonreducing SDS gel 
electrophoresis (5, 8). 

The proportions of each molecular 
species vary between cell lines and 
clones, posing a problem for product 
consistency. A preferred alternative 
may be the IgG2 subclass because it is 
very stable, exhibits a minimum of 
IgG-Fc effector activities, and has a 
long serum half-life. Aglycosylated 
IgG may also be explored because it 
also exhibits minimal effector activity 
and retains the long catabolic half-life 
of glycosylated forms. 

THE STRUCTURE OF  
HUMAN IGG ANTIBODIES

The basic structure of an IgG molecule 
is of two light and two heavy chains 
(H2L2) in covalent and noncovalent 
association to form three independent 
protein moieties connected through a 
flexible linker (the hinge region, Figure 

Figure 1: The alpha backbone structure of 
human IgG indicating the approximate 
location of interaction site for antigen and 
effector ligands; light chain = green, heavy 
chains = orange
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1). In an individual antibody molecule, 
two of these moieties, Fab regions, are 
identical in structure, and each 
expresses a specific antigen-binding 
site. The third, the Fc, expresses 
interaction sites for ligands that activate 
clearance mechanisms. These effector 
ligands include three structurally 
homologous cellular Fc receptor types 
(FcγRI, FcγRII, and FcγRIII), the C1q 
complement component, and the 
neonatal Fc receptor (FcRn) (1, 8, 9). 
The Fc receptors are expressed 
constitutively but differentially on 
leukocytes, and their engagement 
results in cellular activation and 
mediation of ADCC, phagocytosis, 
enzyme release, and so on (10). 

Engagement and activation of the 
C1q molecule of the complement C1 
component results in the classical 
complement cascade, culminating in 
CDC and generation of inflammatory 
and immunoregulatory molecules. The 
FcRn receptor controls the catabolic 
half-life of the IgG molecule and has 
a role in placental transport from 
mother to fetus (9, 11). The four 
subclasses of human IgG are 
structurally homologous (>95% 
primary sequence homology), but each 
has a unique effector function profile, 
Table 1.

IGG-FC GLYCOSYLATION

The IgG-Fc region is a homodimer 
comprising covalent inter–heavy-chain 
disulphide-bonded hinge regions and 
noncovalently paired CH3 domains. 
The CH2 domains are not paired, and 
the exposed hydrophobic surface is 
“overlaid” by oligosaccharide moieties 
covalently attached at asparagine 297 
(Asn-297). X-ray crystallographic 
analysis reveals discreet structure for 
the oligosaccharide that is integral to 
the IgG-Fc structure because of 
multiple noncovalent interactions of the 
oligosaccharide with the protein 
surface. Thus the protein and 
oligosaccharide exert reciprocal 
influences on each other’s conformation 
(12). Effector mechanisms mediated 
through FcγRI, FcγRII, FcγRIII, and 
C1q are severely compromised or 
ablated for aglycosylated or 
deglycosylated forms of IgG (8). 

The oligosaccharide of normal 
polyclonal human IgG-Fc is of the 

diantennary complex type and shows 
considerable heterogeneity. A “core” 
heptasaccharide can be defined with 
variable addition of outer arm sugar 
residues (Figure 2). Analysis shows a 
paucity of sialylation (<10%): Only 
twelve of the possible sixteen neutral 
oligosaccharides are present (Figure 
3), providing the potential to generate 
a total of 72 glycoforms. Because 
glycosylation is essential for expression 
of effector functions, efficacy may vary 
between glycoforms. 

The IgG-Fc glycoform profile of 
currently licensed therapeutic rMAbs 
(produced in CHO, NS0, or Sp2/0 
cells) predominantly comprises core 
fucosylated structures with low levels 
of galactosylation. These cell lines do 
not express the GnTIII transferase 
that adds the bisecting 
N-acetylglucosamine sugar residue. 
Although these antibodies are 
functionally active, it has been shown 
that effector activities can be enhanced 
by manipulation of antibody glycoform 
through cell engineering (8, 13–17). 

IGG GLYCOFORMS AND  
FC EFFECTOR FUNCTIONS

IgG-Fc glycosylation is therefore 
essential for expression of biological 
activities mediated through FcγRI, 
FcγRII, FcγRIII, and the C1q 
complement component. But present 
evidence suggests that it does not 
influence interactions with FcRn and, 
consequently, the catabolic half-life or 
interactions with bacterial IgG-Fc 
binding proteins such as SpA and 
SpG (1, 8, 9). The influence on 
placental transport has not been 
reported, but evidence suggests that 
galactose-bearing IgG-Fc 
oligosaccharides enhance placental 

transport (11). Interaction sites for 
FcγRI, FcγRII, FcγRIII, and C1q 
have been “mapped” to the hinge 
proximal and lower hinge region of 
the CH2 domain (Figure 1) (8). 
Cumulative evidence suggests that 
interaction sites on IgG-Fc for FcγR 
and C1q effector ligands contain the 
protein moiety only; however, the 
required protein conformation 
depends on the presence of the 
oligosaccharide (8, 18, 19). 

Some evidence points to NK (natural 
killer) cell–mediated ADCC as a major 
mechanism recruited to the killing of 
cancer cells by rMAb (2). Because NK 
cells express only FcγRIII, it would 
seem that maximizing this activity 
might enhance ADCC and hence 
therapeutic efficacy. NK-cell activity can 
be enhanced by orders of magnitude for 
IgG1 rMAb bearing nonfucosylated 
oligosaccharides. This has been achieved 
by transfecting CHO cells with the 
GnTIII transferase that adds bisecting 
N-acetylglucosamine to the 
oligosaccharide, consequently inhibiting 
addition of fucose; or by the alternative 
strategy of “knocking-out” the α1-6 
fucosyl transferase from CHO cells (13–
17). Importantly, it has been shown that 
FcγRIII- mediated ADCC is enhanced 
for nonfucosylated forms of IgG3 and 
IgG4 also; at high levels of target cell 
sensitization, some activity for IgG2 was 
observed (3). We wait to see whether the 

Table 1: The ligand binding and activation 
properties of the human IgG

Isotype IgG1 IgG2 IgG3 IgG4

C11 ++ – +++ –

FcγRI +++ – +++ ++

FcγRII + ±2 + ?

FcγRIIIa/b + – + ±2, 3

FcRn + + + +

1  Immune complexes may also activate the 
alternative pathway
2 Dependent on FcgR polymorphisms
3 Dependent on glycoform

Figure 2: The structures of the possible 
diantennary oligosaccharide structure attached 
to IgG-Fc at asparagine 297 (Asn297). The “core” 
heptasaccharide present in normal human IgG 
is shown in blue. Additional sugar residues that 
may be attached to the “core” are shown in red; 
GlcNAc = N-acetylglucosamine; Man = 
mannose; Fuc = fucose; Gal = galactose; 
Neu5Ac = N-acetylneuraminic acid.
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dramatic impact on ADCC revealed by 
in vitro assays translates into in vivo 
therapeutic benefit. 

INFLUENCE OF PRODUCTION VEHICLE 
ON PRODUCT FIDELITY

Production vehicles and processes 
affect glycosylation and other 
posttranslational modifications 
(PTMs) of protein therapeutics (20). 
The ideal is for a recombinant product 
to have structural fidelity with the 
“natural” protein. One particular 
concern is that proteins lacking such 
structural fidelity may provoke an 
immune response that affects 
therapeutic efficacy and may 
precipitate adverse reactions. 

It is important to recognize, however, 
that the structure assigned to a “natural” 
protein is determined for molecules that 
have been subject to residence in body 
fluid(s) before isolation and purification 
using multiple protocols. Similarly, 
recombinant proteins are synthesized in 
an “alien” tissue (such as CHO or NS0 
cells), exposed to a culture medium and 
products of a producer cell line, and 
subjected to rigorous downstream 
processes. One example is production of 
an endogenous carboxypeptidase by 
CHO, NS0, and Sp2/0 cell lines. This 
results in cleavage of C-terminal lysine 
residues from antibody heavy chains 
generating structural and charge 

heterogeneity. Cell culture conditions 
may be manipulated to influence 
productivity and PTMs — conditions 
such as temperature, growth rate, and 
media composition. 

Considerable success has been 
reported for increased productivity of 
antibodies in CHO cell lines by 
repeated rounds of clonal selection, 
achieving levels of 5 g/L and setting 
10 g/L as a goal (21). However, high 
production levels may compromise the 
PTM machinery to yield poor product 
quality. It is therefore essential to 
apply qualitative as well as quantitative 
criteria at an early stage in clone 
selection. Downstream processing also 
can compromise product fidelity if it 

allows selective purification or 
enrichment of PTM products. 

Engineering of mammalian cells to 
maximize production of selected 
antibody glycoforms has been referred 
to above. Similarly, yeast (Pichia 
pastoris) has been engineered to 
produce selected antibody glycoforms 
(22), and an aquatic plant (Lemna) has 
been engineered to produce selected, 
homogeneous glycoforms of antibody 
products while simultaneously 
suppressing expression of glycosyl 
transferases that add the immunogenic 
α1-3 fucose and β1-3 xylose sugars (23). 
Production in prokaryotic systems such 
as Escherichia coli result in production of 
an aglycosylated protein; however, an 
N-linked glycosylation machinery is 
expressed in some bacteria species (e.g., 
Campylobacter jejuni), and this 
machinery has been successfully 
transferred and expressed in E. coli (24). 

In summary, the presence of “core” 
oligosaccharide is essential for 
expression of IgG-Fc effector functions, 
and addition of outer arm sugar residues 
has a variable influence on efficacy of 
specific functions. Thus, informed 
choice of IgG subclass and glycoform is 
a step toward optimization of rMAb for 
given disease indications. It is important 
to note that the generalizations given 
here are for guidance only. You need to 
consider each antibody molecule, its 
target, and the disease indication case-
by-case. Control of glycosylation offers a 
challenge and opportunity to the 
biopharmaceutical industry for 
production of improved and consistent 
products.
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