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Introduction

Human IgG1 is the most prevalent isotype of therapeutic anti-
bodies approved or in clinical trials.1 Thus, the majority of our 
clinical knowledge has been obtained with IgG1 antibodies, with 
less contributed by evaluations of IgG2 and IgG4. This preferen-
tial use of IgG antibodies is likely caused by well-established pro-
duction and purification technologies and knowledge about the 
relevant safety issues assessable for regulatory agencies.2 Another 
benefit of their use includes an elongated serum half-life caused 
by the interaction of IgG antibodies with the neonatal Fc recep-
tor (FcRn) in vivo.3 Furthermore, IgG1 antibodies effectively 
recruit NK cells, macrophages and complement for tumor cell 
killing.4,5 There is also an increasing amount of data from ani-
mal and clinical trials that underlies the importance of fragment 
crystallizable (Fc)-mediated effector mechanisms of monoclonal 

Antibodies of human IgA isotype are critical components of the mucosal immune system, but little is known about their 
immunotherapeutic potential. Compared with IgG antibodies, IgA molecules carry a C-terminal tail piece extension of 
18 amino acids with a free cysteine at position 471. This cysteine is required for the formation of dimeric IgA antibodies, 
but may impair molecular characteristics of monomeric IgA antibodies as therapeutic reagents. Thus, we generated 
and characterized a d471-mutated antibody against the epidermal growth factor receptor (EGFR) and compared it to its 
respective IgA2m(1) wild type antibody. Both wild type and mutated IgA antibodies demonstrated similar EGFR binding 
and were similarly efficient in inhibiting EGF binding and in blocking EGF-mediated cell proliferation. Recruitment of 
Fc-mediated effector functions like antibody-dependent cell-mediated cytotoxicity by monocytes, macrophages 
or PMN was similar, but the d471-mutated IgA exhibited different biochemical properties compared with wild type 
antibody. As expected, mutated IgA did not form stable dimers in the presence of human joining (J)-chain, but we also 
observed reduced levels of dimeric aggregates in the absence of J-chain. Furthermore, glycoprofiling revealed different 
glycosylation patterns for both antibodies, including considerably less mannosylation of d471-mutated antibodies. 
Overall, our results demonstrate that the deletion of the C-terminal cysteine of IgA2 did not affect the investigated 
effector functions compared with wild type antibody, but it improved biochemical properties of an IgA2m(1) antibody 
against EGFR, and may thereby assist in exploring the immunotherapeutic potential of recombinant IgA antibodies.
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antibodies.6-8 Since therapies with monoclonal antibodies are not 
curative in most patients and are accompanied by unwanted side 
effects, a number of strategies have been investigated to enhance 
and optimize Fc-mediated effector mechanisms, for example 
protein- or glycoengineering the IgG1-Fc domain9,10 or switching 
to alternative isotypes, like IgG2.11 Although IgG2 antibodies 
effectively recruit myeloid effector cells for ADCC, the cytotoxic 
potential of monocytes, macrophages and granulocytes in partic-
ular are recruited and activated by antibodies of the human IgA 
isotype.12-14 To investigate the immunotherapeutic activity of IgA 
antibodies, we established production and purification protocols 
similar to those used for IgG1 antibodies.12,15 Furthermore, it has 
been demonstrated that IgA antibodies are as effective in activat-
ing fragment antigen binding (Fab)-mediated effect mechanisms 
like growth inhibition, blocking ligands and induction of apop-
tosis as IgG, but are particularly effective in recruiting myeloid 
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Fc receptor, FcαRI, because residues responsible for this interac-
tion have been identified exclusively in the Cα2-Cα3 interface 
and deletion of the entire tail piece did not affect binding of 
human IgA1 to the receptor.32-37 Binding of IgA to FcαRI medi-
ates effector functions, such as phagocytosis, oxidative burst, 
cytokine release, antigen presentation and ADCC.34 FcαRI is 
expressed in monocytes/macrophages, granulocytes, subsets of 
dendritic cells and Kupffer cells and binds both mIgA and dIgA 
antibodies with intermediate affinity; however, mIgA seems 
to dissociate from FcαRI more rapidly than dIgA.37 The main 
functions of mIgA and FcαRI appear to consist of neutralizing 
pathogens that pass through the mucosal barrier, thus providing 
a second line of natural defense.38

The importance of the tail piece for the assembly and func-
tion of dIgA is well-understood, but its relevance for mIgA is still 
unclear.39 Considering monomeric IgA as a therapeutic reagent, 
the free Cys-471 represents an exposed free sulfhydryl group, 
a reactive residue that could impair the structure, stability and 
biological function of this molecule.40 Free thiol groups may 
catalyze degradation of proteins by chemical or physical reac-
tions, e.g., in reducing their thermal stability.41,42 Additionally, 
free cysteines enable the formation of non-native intermolecu-
lar disulphide bonds.43 Indeed, IgA appears to form complexes 
with human serum albumin, α1 anti-trypsin, α1-microglobulin 
and C3d, which may involve the penultimate cysteine.44-47 Both 
a lower thermal stability and the risk of aberrant linkage prob-
ably enhance the risk for immunogenic responses in vivo.48,49 
Thus, deletion of the C-terminal cysteine may enhance stability, 
reduce formation of non-native aggregates and change intracel-
lular routes. In the present study, we investigated the effect of 
a Cys-471 deletion on the productivity, assembly, glycosylation 
and functionality of an IgA2m(1) antibody directed against the 
epidermal growth factor receptor (EGFR), a relevant target in 
tumor immunotherapy.50

Results

Biochemistry and glycosylation of 225-IgA2-d471. Antibody-
containing supernatants from CHO-K1 cell cultures were har-
vested weekly. IgA concentrations in supernatants were analyzed 
by Sandwich-ELISA and specific production rates (SPR) were 
calculated to estimate the productivity at cellular levels. For both 
wild type and d471-mutated IgA2m(1) antibodies, similar SPRs 
were calculated and similar amounts of antibodies were produced 
(Fig. 1A). Affinity-purified antibodies were loaded onto size 
exclusion columns to separate monomeric antibodies from aggre-
gates. In the case of the 225-IgA2-d471, less spontaneous dimeric 
antibodies were detected than for wild type IgA2 (Fig. 1B). The 
relative amount of dIgA compared with mIgA was determined by 
calculating the areas under the curves resulting in 25.5 ± 2.2% and 
16.6 ± 1.6% for wild type and mutated IgA2, respectively. Purity 
of antibody preparations was demonstrated by denaturing SDS-
PAGE followed by silver staining (Fig. 1C1). Both, 225-IgA2-wt 
and –d471 displayed complete monomeric antibodies (170 kDa) 
and dissociated molecules consisting of homodimers of heavy 
(100 kDa) and light (50 kDa) chains. Separating antibodies under 

effector cells by inducing degranulation, “oxidative burst,” and 
ADCC.11,12,15,16 Thus, antibodies of IgA isotype represent an 
interesting and potent isotype for potential therapeutic mono-
clonal antibodies.

Among the different classes of immunoglobulins, IgA is 
the most abundantly produced antibody isotype in humans.17 
Although IgG1 and IgA antibodies share a similar structural 
composition of light and heavy chains, some structural details 
are unique for IgA.18 For example, IgA antibodies are more heav-
ily and heterogeneously glycosylated than IgG with glycans con-
tributing significantly to the molecular mass.17 Additionally, the 
CH2/CH3 interface in IgA is critical for binding to the myeloid 
IgA receptor (FcαRI, CD89), and does not contain a FcRn bind-
ing site. Two different isotypes of IgA, named IgA1 and IgA2, 
can be distinguished and different IgA2 allotypes are found in 
Caucasian (IgA2m[1]) or African and Asian (IgA2m[2]) popula-
tions.17,19 Compared with IgA2, IgA1 antibodies are character-
ized by an extended hinge region with an additional sequence 
of 16 amino acids and up to six O-glycosylation sites.20,21 This 
elongated hinge region is more susceptible to bacterial proteases, 
possibly causing stability issues in vivo, in particular at bacte-
rially-colonized sites. Furthermore, aberrantly O-glycosylated 
IgA1 antibodies are critically involved in the development of 
IgA nephropathy, a common glomerulonephritis often leading to 
renal failure. This O-glycosylation is usually diverse and difficult 
to control during biomolecule production, which limits regula-
tory and safety experience.2 IgA2 antibodies lack this elongated 
hinge region. Importantly, IgA2 antibodies have proved to be 
more effective than IgA1 in preclinical models.

These points comprise the major reasons why we selected the 
IgA2 isotype to develop a therapeutic monoclonal antibody.22,23 
The differently constituted hinge and chain linkage might influ-
ence the Fab arm orientation which may explain the increased 
efficiency of IgA2 antibodies to recruit granulocytes.13,24 Whereas 
the heavy and light chain disulfide bonds in IgA2m(2) are simi-
lar to those in IgA1 and IgG1, the Caucasian IgA2m(1) allotype 
possesses a unique heavy and light chain linkage, with disulfide 
bonds formed between the light and heavy chain homodimers, 
respectively, but not between the heavy and light chains.17 Usual 
heavy-light chain pairing of IgA2m(1) can be established by 
exchanging proline at position 231 against arginine, which is 
found in the IgA2m(2) allotype at this position.16,25

All IgA antibodies contain an elongation of 18 amino acids at 
the C-terminus, called the tail piece, which plays a critical role in 
the formation of dimeric IgA (dIgA) antibodies and in antibody 
assembly and secretion.25,26 In dIgA, two monomeric IgA (mIgA) 
antibodies are linked covalently by the Cys-471 to the joining 
(J)-chain, which enables the interaction with the secretory com-
ponent (SC) of polymeric immunoglobulin receptor (pIgR).27,28 
This receptor transports dIgA onto serosal surfaces thereby releas-
ing secretory IgA (SIgA) consisting of dIgA covalently linked to 
SC.29,30 Thus, Cys-471 located within the tail piece plays a key 
role in the formation of mucosal antibodies, which in turn builds 
a first line of defense in mucosal immunology.30,31

The tail piece, however, does not seem to be required for inter-
action with the most prominent and intensively characterized IgA 
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1C2). Purified antibodies were then separated by SDS-PAGE, 
transferred onto PVDF-membranes. Staining for light (50 kDa, 

native conditions confirmed high purity and both antibody prep-
arations to consist of fully assembled monomeric antibodies (Fig. 

Figure 1. For figure legend, see page 939.
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release assays using PMN as effector and A431 as targets cells, 
respectively. Both IgA2 variants and IgG1 were similarly suscep-
tible to denaturing temperatures (Fig. 1F).

Fab-mediated effector functions of EGFR-specific IgA2 
antibodies. We compared then both molecules concerning 
functional aspects. First, binding of wild type and mutated 
IgA2 to EGFR-expressing A431 cells was analyzed in indirect 
immunofluorescence analyses (Fig. 2A). Both antibodies dis-
played similar avidities in these experiments. Next, the capa-
bility to block binding of the ligand EGF was investigated by 
incubating A431 cells with FITC-labeled EGF and increasing 
concentrations of wild type and mutated IgA2 (Fig. 2B). Both 
specific antibodies prevented binding of EGF with similar effi-
cacy. Consequently, growth of EGFR-expressing DiFi colon 
carcinoma cells was inhibited at similar concentrations by both 
antibodies (Fig. 2C).

FcαRI binding and myeloid effector cell recruitment. To 
investigate the effect of the tail piece mutation on Fc-mediated 
effector mechanisms, binding of both 225-IgA2-wt and –d471 
to FcαRI/FcRγ-coexpressing BHK-21 cells was analyzed by 
flow cytometry (Fig. 3A). Results from these experiments dem-
onstrated that the mutated antibody binding to FcαRI was not 
significantly different from its wild type counterpart. The capa-
bility of both antibodies to mediate ADCC was compared in 
51chromium release assay using various antibody concentrations 
and whole blood as a source of effector cells. In these assays, 
the mutated IgA2 was similarly effective in Fc-mediated tumor 
cell killing to wild type IgA2 (Fig. 3B). Next, we investigated 
the capability of both IgA2 antibodies in ADCC assays using 
increasing volumes of whole blood or E:T cell ratios. Both IgA2 
antibodies were similarly effective both in whole blood assays 
and in ADCC experiments employing PMN, monocytes and 
macrophages (EC

50
 values for PMN, monocytes and macro-

phage ADCC were 27.3 ± 2.1, 8.1 ± 1.1 and 8.4 ± 2.6 effector 
cells/target cells for 225-IgA2-wt and 28.6 ± 5.8, 10.3 ± 3.3 
and 10.7 ± 3.5 effector cells/target cells for 225-IgA2-d471,  
Fig. 3C-F).

Glycosylation of different antibody batches. To investigate 
whether the observed differences in glycosylation of wild type 
vs. mutated IgA2 were caused by the d471 mutation or by the 
individual transfectomas, we produced both 225-IgA2-wt and 
-d471 from three different, independently obtained transfecto-
mas (named single clones 1–3), respectively. The corresponding 

Fig. 1C3) and heavy chains (100 + 150 kDa, Fig. 1C4) using 
human κ- and α-chain specific secondary antibodies confirmed 
the expected molecular masses for both IgA2 variants. Since 
both antibodies belong to the IgA2m(1) allotype, light chains 
are covalently linked to each other but not to heavy chains. Thus, 
both antibodies dissociated under non-reducing denaturing 
conditions. Next, glycosylation of wild type and mutated IgA2 
was analyzed by glycoprofiling. We released the N-glycans with 
PNGaseF from IgA immobilized in a gel-block. The released gly-
cans were fluorescently-labeled with 2-amino benzamide (2AB), 
then separated and identified by hydrophilic interaction liquid 
chromatography (HILIC) chromatography in combination with 
exoglycosidase sequencing (Table 1). The N-glycans identified 
for 225-IgA2-d471 were generally of lower size (mono-antennary 
N-glycans with exposed GlcNAc) and more intensively fucosyl-
ated and terminally galactosylated than wt IgA2, which on the 
other hand contained more mono- and disialylated structures. 
Furthermore, higher amounts of Man5 structures were detected 
for wild type than for mutated IgA2.

Since the C-terminal cysteine 471 is essential for the dimer-
ization of IgA antibodies, we tested if stable dimeric IgA anti-
bodies were produced when IgA2 producing CHO-K1 cells 
were additionally transfected with a J-chain encoding plas-
mid (Fig. 1D). Supernatants of J-chain transfected cells were 
separated under non-reducing conditions on SDS-PAGE and 
human α-chain was detected by western blot. For wild type 
225-IgA2, heavy chains were detected at 100, 150 and 320 
kDa, representing heavy chain homodimers, monomeric and 
dimeric antibodies, respectively. However, for 225-IgA2-d471 
no polymeric molecules were detected. Long-term stability and 
composition of preparations were then evaluated by analytical 
size-exclusion chromatography of newly produced, two or four 
year old preparations of wild type and d471-mutated 225-IgA2  
(Fig. 1E). In all preparations, one major peak at 10 ml present-
ing monomeric antibodies and only marginal amounts of poly-
meric antibodies were detected. Relative areas under the curves 
were calculated for monomeric and polymeric fractions. Results 
from these experiments revealed that the preparations of the 
mutated 225-IgA2-d471 contained significantly less polymeric 
aggregates than the preparations of the wild type 225-IgA2. 
Next, both wild type and mutated IgA2 were incubated at dif-
ferent denaturing temperatures to analyze their thermal sta-
bility. Maintenance of functionality was tested in 51chromium 

Figure 1 (See opposite page). Biochemical characterization of 225-IgA2-d471 and 225-IgA2-wt antibody. (A) Antibody content in supernatants 
was analyzed by ELISA, and specific production rates were calculated. (B) Affinity-purified antibodies were separated by size exclusion to isolate 
monomeric antibodies. (C1) Purity of antibodies was analyzed by denaturing SDS-PAGE stained with silver nitrate. (C2) Formation of non-native ag-
gregates was analyzed using native-PAGE stained with Coomassie. Proteins were transferred onto PVDF membranes and probed using polyclonal 
antibodies against κ- (C3) or α-chain (C4). Lanes: (1) control IgA2, (2) 225-IgA2-wt, (3) 225-IgA2-d471. (D) 225-IgA2-wt and –d471 producing cells were 
transfected with a pIRESpuro3 plasmid encoding human J-chain to allow the formation of stable dimeric IgA. Proteins were transferred onto PVDF 
membranes and stained using polyclonal antibodies against human α-chain. Lanes: (1) control IgA2, (2) purified monomeric 225-IgA2-wt, (3) purified 
monomeric 225-IgA2-d471, (4) 225-IgA2-wt containing SUP from CHO cells transfected with human J chain, (5) 225-IgA2-d471 containing SUP from 
CHO cells transfected with human J chain, (6) purified dimeric 225-IgA2-wt. (E) The composition of freshly prepared (E1), two (E2) and four (E3) year 
old preparations of 225-IgA2-wt (lane 1) and 225-IgA2-d471 (lane 2) was analyzed by analytical size exclusion chromatography on a Superdex200 10 × 
300 column. (E4) Relative areas under the curve (rAUC) of monomeric (FM, elution volumes 10–14 ml) and polymeric (FP, elution volumes 6.5–10 ml) IgA 
were calculated. (F) Thermal stability was analyzed by incubating antibodies at denaturing temperatures and measuring maintenance of functionality 
in 51chromium release assays using A431 as targets and freshly isolated human PMN as effector cells. Results are presented as “mean ± SEM” of “relative 
specific lysis [%]” of three independent experiments.
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Table 1. Summary of relative proportions of major N-glycans identified for 
225-IgA2-wt and –d471

Figure 2. Fab-mediated effector functions were not impaired by the 
d471 mutation. (A) Binding of 225-IgA2-wt and –d471 to EGFR-express-
ing A431 cells was analyzed by indirect immunofluorescence analyses 
using anti-human kappa light chain directed secondary antibody. (B) 
Blocking of EGF binding was detected by FACS analyses treating A431 
cells simultaneously with FITC-labeled EGF and excess of specific or 
nonspecific antibodies. (C) DiFi colon carcinoma cells were incubated 
with IgA2 antibodies for 72 h before viability was measured by MTS 
assay. Results are shown as “mean ± SEM” of “EGFR binding [RFI]” (A), 
“inhibition of EGF binding [%]” (B) and “cell viability [%]” (C) of five 
different experiments. Significant differences (p ≤ 0.001) between EGFR-
specific and non-specific (control IgA2) antibodies are indicated by *, 
between mutant and wild type IgA2 by #.

antibodies were loaded in lanes 2–4 and 6–8, respectively (Fig. 
4). For comparison, the first of each of the 225-IgA2-wt and-
d471 transfectomas were grown in bioreactors, which were 
loaded in lanes 1 and 5. Glycosylation was analyzed by lectin 
blots employing R. communis agglutinin I (detection of terminal 
galactose; Fig. 4A1), A. aurantia lectin (α(1,6)-linked fucose; 
Fig. 4A2), ConA (α-linked mannose; Fig. 4A3), G. nivalis lectin 

Data were obtained from the percentage areas following exoglycosi-
dase digestion and HILIC-UPLC analysis. Structures are annotated by 
oxford nomenclature and a schematic illustration. Glucose unit (GU) 
values are related to the specific retention time on gel filtration. Data 
are presented as relative area under curve (%)
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which in turn may affect pharmacological properties, especially 
in vivo.56,57

Both antibodies investigated in this study are of the 
IgA2m(1) allotype. Antibodies of this allotype typically have 
four N-glycosylation sites at the positions 166, 263, 337 and 
459.17 Glycosylation analyses revealed that native human IgA 
antibodies are mainly terminally sialylated. Recombinant IgA 
antibodies produced in CHO cells, however, have been shown 
to display different glycosylation patterns and presented a higher 
degree of terminal galactosylation.58 Our results confirmed these 
data because both wild type and d471-mutated IgA2 antibodies 
were heavily terminally galactosylated, but less or not sialylated, 

Figure 3. FcαRI-binding and recruitment of myeloid effector cells. In (A), binding of 225-IgA2-wt 
and –d471 to BHK-21 cells co-transfected with human FcαRI and FcRγ was measured by indirect 
immunofluorescence using FITC-labeled anti-human kappa light chain directed secondary an-
tibody. Efficiency of IgA2 antibodies in mediating ADCC against A431 targets cells was analyzed 
in 51chromium release assays using whole blood and increasing antibody concentrations (B). 
Next, increasing volumes of whole blood (C) and increasing ratios of isolated granulocytes (D), 
monocytes (E) and monocyte-derived macrophages (F) were used as effectors cells. Results are 
shown as “mean ± SEM” of “FcαRI binding [RFI %]” (A) or “specific lysis [%]” (B–F) of at least five 
independent experiments. Significant differences between EGFR-specific and control antibodies 
(control IgG1 in [A], control IgA2 in [B–F]) are indicated by *[P ≤ 0.001]).

(α(1,3)-linked mannose; Fig. 4A4), G. 
simplicifolia lectin (N-acetylglucosamine; 
Fig. 4A5) and S. nigra lectin (terminal 
sialic acid; Fig. 4A6). As expected, there 
was some variation in glycosylation across 
the IgA2 antibody batches. However, the 
densitometric evaluation of the lectin blots 
revealed that N-glycans of mutated IgA2 
antibodies contained consistently less man-
nose, especially α(1,3)-mannose, and more 
N-acetylglucosamine (GlcNAc) than wild 
type IgA2 antibodies (Fig. 4A8). Next, we 
investigated if the different glycosylation 
affected the functionality of the antibod-
ies regarding the recruitment of PMN or 
monocytes for ADCC. Interestingly, the 
capacity to induce ADCC was not affected 
by these observed variations in the glyco-
sylation patterns, neither for wild type nor 
for the tail piece mutated IgA2 antibodies 
(Fig. 5).

Discussion

All IgA isotypes and allotypes share a 
penultimate Cys-471 at their C-terminus, 
which is of central importance for the for-
mation of stable native dimeric IgA anti-
bodies.27 Structural studies of dimeric IgA 
have confirmed that tail piece cysteines 
are covalently linked to J-chain.51-54 In the 
absence of J-chain, however, tail piece cys-
teines may react with other free sulfhydryl 
groups, especially since free thiol groups are 
reactive functional groups that are capable 
of forming alternate, unusual or additional 
disulfide bonds.55 Thus, we hypothesized 
that deletion of the penultimate cysteine 
471 might lead to a monomeric IgA anti-
body with increased stability and decreased 
unspecific reactivity due to a reduced num-
ber of reactive side chains. The results 
presented above confirmed that deletion 
of cysteine 471 prevents the formation of 
J-chain-stabilized dimeric IgA antibodies 
and are in keeping with earlier reports that the mutation of cys-
teine 471 to Ser and the deletion of the entire tail piece prevented 
dimer formation.26 Furthermore, the amount of non-covalently 
linked IgA aggregates was also found to be reduced. Importantly, 
productivity of CHO cells transfected with vectors for mutated 
or wild type IgA antibodies was observed to be similar, although 
the tail piece of IgA antibodies is thought to confer some intra-
cellular retention.28 To enhance production of recombinant IgA 
antibodies, the complete deletion of the tail piece may need to 
be considered. An accelerated release of IgA antibodies by CHO 
cells may, however, alter the composition of their glycosylation, 
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respectively. It has been shown previously that deletions of the 
C-terminal peptide in IgA and IgM can result in altered process-
ing of oligosaccharides.33,59 Therefore the d471-mutation may 
have influenced the glycosylation by altering the intracellular 
routing and retention of IgA antibodies. In addition, high pro-
duction rates and specific culture conditions (higher cell mor-
tality at higher cell densities) may also result in the release of 

Figure 4. Glycosylation of wild type and d471-mutated IgA2 antibod-
ies. Single clones producing 225-IgA2-wt and –d471 were cultured 
in tissue culture flasks (TCF), and glycosylation of affinity-purified 
antibodies was analyzed using lectin blots. Different sugar moieties 
were detected using biotinylated lectins specific for terminal galacto-
sylation (A1), α(1,6)-linked fucosylation (A2), α-linked mannosylation 
(A3), α(1,3)-linked mannosylation (A4), N-acetylglucosamine (A5), 
terminal sialic acid (A6), and human α-chain as loading control (A7). 
Lanes: (1) 225-IgA2-wt (CL1000 produced), (2) 225-IgA2-wt clone 1, 
(3) 225-IgA2-wt clone 2, (4) 225-IgA2-wt clone 3, (5) 225-IgA2-d471 
(CL1000 produced), (6) 225-IgA2-d471 clone 1, (7) 225-IgA2-wt clone 2, 
(8) 225-IgA2-wt clone 3, (9) control IgA2. (A8) To evaluate whether that 
glycosylation of wild type and mutant IgA2 antibodies was different, 
lectin blots in Figure 4 were analyzed densitometrically using ImageJ 
software. Results are presented as “pixel density (dots per inch [dpi])” 
and significant differences between wild type and mutant IgA2 glyco-
sylation are indicated by * (P ≤ 0.001).

incompletely posttranslational processed IgA antibodies. Thus, 
it is not surprising that the analyses of the glycosylation of wild 
type and mutated IgA2 antibodies revealed that the glycosyl-
ation differed between individual transfectomas and between 
production systems. Nevertheless, the d471 mutation appeared 
to influence the level of mannosylation, which was lower than 
in the wild type as measured by both detailed N-glycoprofiling 
(which revealed a lower content of Man5 structures) and the 
lectin blots (which showed lower levels of mannose—especially 
α(1,3)-linked mannose).

Regardless of their different glycosylation, the wild type and 
mutated IgA2 antibodies produced by different transfectomas 
were similarly effective in granulocyte- and monocyte-dependent 
ADCC. Thus, the results of our present work suggest that the tail 
piece cysteine and the specific glycosylation of the α-chain were 
not critical for FcαRI interactions in agreement with previous 
reports.32,33 These results are validated by previous observations 
that differences in the fucoslytion of IgG1 antibodies affected 
their capacity to mediate ADCC.60 However, the glycosylation 
of IgA antibodies has been proposed to be critical for their serum 
half-life.56,57 Due to the low levels (or absence) of sialylation that 
has been previously reported for these antibodies, we would expect 
increased clearance of the mutated IgA compared with the wild 
type antibody by the asialo-glycoprotein receptor (ASGPR).56,57 

It would therefore be logical to optimise the glycosylation of the 
recombinant IgA antibodies to have high levels of sialylated gly-
cans before further in vivo evaluations.

In summary, the deletion of the C-terminal cysteine of an 
IgA2m(1) antibody prevented the formation of J-chain-stabilized 
and aggregated dimeric antibodies. Importantly, Fab- or 
Fc-mediated effector functions against EGFR expressing tumor 
cells were not affected by this mutation or by changes in the gly-
cosylation of the α-chain. However, the absent sialylation of the 
mutant IgA2 antibody may limit some of its benefits because the 
antibody would be expected to be cleared more rapidly from the 
circulation. Thus, we would suggest a combination of the d471- 
with the previously described P221R-mutation16 together with 
efforts to optimize antibody glycosylation to finally develop an 
optimized IgA antibody for potential clinical development.

Material and Methods

Experiments were approved by the Ethical Committee of the 
Christian-Albrechts-University (Kiel, Germany) in accordance 
with the Declaration of Helsinki.

Cell lines. The human epidermoid carcinoma cell line A431 
(German Collection of Microorganisms and Cell Cultures) 
and BHK-21 cells co-transfected with FcαRI (CD89) and FcR 
γ-chain12 were cultured in RPMI 1640 containing 10% heat-
inactivated fetal calf serum (FCS) (media and FCS from Life 
Technologies), 100 U/ml penicillin and 100 μg/ml streptomycin 
(both from PAA). The human colon carcinoma cell line DiFi 
(European Collection of Cell Culture, ECACC) was maintained 
in the Dulbecco Modified Eagle Medium (DMEM) supple-
mented with 10% FCS, 100 U/ml penicillin and 100 μg/ml 
streptomycin). BHK transfectants were positively selected by 
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isotype-matched antibodies. Growth inhibition of DiFi colon 
carcinoma cells was analyzed using the 3-(3,5-dimethylthiazol-
2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetra-
zolium inner salt (MTS) assay (Promega). Cells were seeded in 
triplicates at a density of 4 × 104 cells per well and treated with 
serial dilutions of EGFR or control antibodies. After 72 h, MTS 
substrate was added, and absorption at 490 nm was measured 
after two hours. Viable cell mass in the presence of control anti-
body served as reference (100% cell growth) to calculate growth 
inhibition by EGFR antibodies according to the equation: 
absorption (EGFR antibody) / absorption (control antibody) × 
100.

Preparation of effector cells. Citrate-anticoagulated blood 
from healthy volunteers was layered over a discontinuous Percoll 
(Biochrom) gradient consisting of 70% and 63% Percoll. After 
centrifugation, MNC were collected from the plasma/Percoll 
interface and PMN (mainly neutrophilic granulocytes) from the 
interface between the two Percoll layers. Monocytes were isolated 
from MNC by CD14 positive selection using magnetic beads 
(Miltenyi Biotec). To generate macrophages, monocytes were 
seeded into tissue culture flasks in RPMI1640 supplemented 
with 10% FCS, 1% PenStrep, 1% non-essential amino acids 
(Life Technologies), 0.1% sodium pyruvate (Sigma) containing 
25 ng/ml human recombinant macrophage-colony stimulating 
factor (M-SCF), 10 ng/ml IL-1β (both Peprotech) and 1% (v/v) 

addition of 1 mg/ml geneticin (PAA) 
and 20 μM methotrexate (Sigma).

225-IgA production, purification 
and gel electrophoresis. Purified 
human myeloma IgA2m(1) antibody 
was used as control IgA2 (Meridian 
Life Science). Monomeric wild type 
225-IgA2m(1), named 225-IgA2-wt, 
was produced from the variable 
regions of the 225 antibody as pre-
viously described.12 D471-mutated 
IgA2m(1) antibody (further named 
225-IgA2-d471) was generated by 
converting the codon for Cys- 471 
into a stop codon by using overlap 
extension PCR. The translated pro-
tein lacks the C-terminal cysteine 
471 and tyrosine 472. The mutation 
of the heavy chain was confirmed 
by sequencing. The 225-IgA2-d471 
heavy chain sequence was subcloned 
into the pEE14.4 glutamine synthe-
tase-expression system and trans-
fected into CHO-K1 cells (Lonza 
Biologics). Transfectomas were 
grown in disposable CELLine CL 
1000 bioreactors (Sartorius) under 
serum-free suspension culture con-
ditions. Alternatively, for compari-
son of individual antibody batches 
expressed by different transfecto-
mas, transfected CHO-K1 cells were cultured in hybridoma 175 
cm2 tissue culture flasks (GreinerBio). Supernatants were col-
lected twice a week for three months reseeding cells each time. 
For control experiments, 225-IgG1 (cetuximab) was purchased 
from Merck. Recombinant IgA2 antibodies were affinity-puri-
fied using Capture Select Fab Kappa chromatography medium 
(Capture Select) and a prepacked Superdex 200 26 × 600 col-
umn (GE Healthcare).12 For analytical gel filtration, antibodies 
were loaded onto a Superdex200 10 × 300 column. All purifica-
tion steps were run on an ÄKTAprime liquid chromatography 
system (GE Healthcare). UV absorbance at 280 nm, pH and 
conductivity of the effluent stream were continuously recorded 
and analyzed using Unicorn 4.11 software (GE Healthcare). 
Determination of antibody concentrations, gel electrophore-
sis, Western and lectin blotting were done as described ear-
lier.12,16 Profiles of N-glycosylation were performed as previously 
described.21,61

Flow cytometry and growth inhibition. Binding to EGFR, 
FcαRI and blocking of EGF binding were analyzed by flow 
cytometry as described before.12 All samples were analyzed on 
a Coulter EPICS XL-MCL flow cytometer (Beckman Coulter), 
collecting 1 × 104 events for each experimental value. Data were 
analyzed using XL-System II V3.0 software (Beckman Coulter). 
Relative fluorescence intensities were calculated as the ratio 
of mean linear fluorescence intensity of relevant to irrelevant 

Figure 5. Recruitment of myeloid effector cells by differently glycosylated IgA2 antibodies. The capacity 
of differently glycosylated wild type and d471-mutated IgA2 antibodies to mediate ADCC of human 
A431 tumor cells was analyzed in 51chromium release assays using isolated granulocytes or monocytes 
as effector cells. Results are shown as “mean ± SEM” of “specific lysis [%]” of at least three independent 
experiments.
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human sera for seven days.62 Adherent macrophages were har-
vested by scraping.

Antibody dependent cell-mediated cytotoxicity (ADCC) 
assays. ADCC was measured using a 51chromium release assay.12 
Briefly, whole blood or effector cells and antibodies were added 
to round-bottom microtiter plates (Wallac). Assays were started 
by adding effector (E) and target (T) cells at an E:T ratio of 80:1 
(40:1 in the case of macrophages) unless otherwise indicated. 
After incubation at 37°C (3 h for whole blood and PMN assays, 
16 h for monocytes/macrophages), aliquots of the supernatants 
were transferred into 96-well plates containing a scintillation 
mixture (OptiPhase Scintillator Supermix, PerkinElmer). 
51Cr release was measured in cpm using a scintillation counter 
(MetaBase TriLux, PerkinElmer). Percentage of cellular 
cytotoxicity was calculated using the formula: percent specific 
lysis = (experimental cpm - basal cpm) / (maximal cpm - basal 
cpm) × 100, with maximal 51Cr release determined by adding 
Triton X-100 (Merck, 1% final concentration) to target cells, and 
basal release as measured in the absence of sensitizing antibodies 
and effector cells. Relative specific lysis [%] was calculated in 
relation to the untreated sample defined as 100%. Antibody-
independent cytotoxicity (effectors without target antibodies) or 

effector-independent (target antibodies without effectors) was 
not observed.

Data processing and statistical analyses. Data are 
displayed graphically and statistical analyses were performed 
using GraphPad Prism 5.0 (GraphPad Software). Group data 
are reported as mean ± SEM. Significance was determined by 
two-way Anova repeated measures test with the Bonferroni 
post hoc correction. EC

50
 values were calculated from dose-

response curves, reported as means ± SEM and compared 
by paired Students-t-test to calculate significant differences 
between data groups. Significance was accepted when P-values 
were ≤ 0.05.
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