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Characterizing the aggregation
profile of monoclonal antibodies
(mAbs) is important for the
development of mAb-based
therapeutics. Kayser et. al have
demonstrated that the external
fluorescent dyes 1-anilino-8-
naphthalenesulfonate (ANS) and
thioflavin T (ThT) can be used to
probe mAb accelerated unfolding
and accelerated aggregation,
respectively. Fluorescence
spectroscopy experiments with these
dyes provide kinetic, thermodynamic
and structural information on mAb
stability at specific concentrations.
For additional information,

see Kayser et al., p. 408
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Immunoglobulin A
A next generation of therapeutic antibodies?

Jantine E. Bakema' and Marjolein van Egmond'**

'Department of Molecular Cell Biology and Immunology; ?Department of Surgery; VU University Medical Center; Amsterdam, The Netherlands

Key words: IgA, SIgA, dIgA, CD89, FcaRI, therapy, pro-inflammatory, mucosal defence, tumor, ITAM

Abbreviations: ADCC, antibody dependent cellular cytotoxicity; Asn, asparagine; BsAb, bispecific antibodies; Cat, constant
domain of IgA; CEA, carcinoembryonic antigen; DC, dendritic cell; dIgA, dimeric IgA; EC, extracellular domain; EGFR,
epidermal growth factor receptor; EpCAM, epithelial cell adhesion molecule; FcR, Fc receptor; G-CSF, granulocyte colony

stimulating factor; HER2/neu, human epidermal growth factor receptor 2; IgA, immunoglobulin A; IL, interleukin; ITAM,

immunoreceptor tyrosine based activation motif; KI, knock-in; KIR, killer inhibitory receptors; LIR, leukocyte Ig-like receptors;

LRC, leukocyte receptor cluster; mAb, monoclonal antibody; PI3K, phosphatidylinositol-3-kinase; pIgR, polymeric Ig receptor;

PKB, protein kinase B; PKC, protein kinase C; PLC, phospholipase C; PP2A, protein phosphatase 2A; SHP-1, protein tyrosine
phosphatase; sIgA, secretory IgA; SSL, staphylococcal superantigen-like proteins; Syk, spleen tyrosine kinase

Although immunoglobulin (Ig) A is commonly recognized as
the most prevalent antibody subclass at mucosal sites with an
important role in mucosal defense, its potential as a therapeutic
monoclonal antibody is less well known. However, IgA has
multifaceted anti-, non- and pro-inflammatory functions that
can be exploited for different immunotherapeutical strategies,
which will be the focus of this review.

Introduction

In the human body, more immunoglobulin (Ig) A is produced per
day (66 mgkg'day”) than all other antibody isotypes combined.!
Moreover, in addition to being the most prominent antibody
class at mucosal sites, IgA is the second prevalent antibody in the
circulation. Although notable breakthroughs in understanding
the role of IgA and IgA receptors have been achieved in the last
decade, IgA is generally, but erroneously, still considered to be
primarily a non-inflammatory antibody that helps to maintain
homeostasis in the mucosa.” However, through different expres-
sion forms and interaction with several distinct receptors, IgA can
passively and actively inhibit or initiate inflammatory responses.
The prototypic myeloid IgA Fc receptor FcaRI (CD89) plays a
key role in several of these processes.™® As such, the role of IgA
and FcoRI in immunity and their potential for immunothera-
peutic strategies deserve re-evaluation. Because the potential of
IgA as an anti-inflammatory agent was recently reviewed in ref-
erence 5 and 6, this review mainly addresses the possible uses of
IgA monoclonal antibodies (mAbs) to actively target FcaRI for
treatment of infections and cancer.

*Correspondence to: Marjolein van Egmond;
Email: mvanegmond@vumc.nl

Submitted: 04/04/11; Accepted: 05/11/11
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The Basics of IgA

One fundamental reason why the role of IgA in immunity can
be misinterpreted is the dissimilarity between IgA systems in
humans compared with the rodents that are commonly used for
experimental work.”® IgA mostly presents as a monomer in human
serum, whereas it is a polymeric molecule in the circulation of
most animal species. As such, clearance through the hepatobili-
ary route is important in mice, but not in humans.” Moreover,
in humans IgA exists as the two closely related subclasses IgAl
and IgA2 [subdivided in IgA2m(1) and IgA2m(2)], which differ
over a stretch of 18 amino acids in their hinge region, with the
hinge of IgAl being 13 amino acids longer than that of IgA2
(Fig. 1A)."1%!" Consequently, based on molecular modelling, it is
predicted that IgA1 has a broader reach that is beneficial in anti-
gen recognition with distantly spaced antigens, but at the cost
of augmented susceptibility for proteolysis. Because IgA2 lacks
this extended hinge region, it is less vulnerable to IgAl bacte-
rial proteases, which may undetlie the predominance of IgA2 in
mucosal secretions, although it is debatable whether IgA?2 is less
vulnerable in general.’? Furthermore, post-translational glycosyl-
ation varies between IgA isotypes and sub-isotypes. IgA1 has two
conserved N-linked glycosylation sites (Asn-263 and Asn-459),
whereas IgA2 has either two (IgA2m1) or three (IgA2m2) addi-
tional N-linked glycosylation sites. IgA1l also harbours O-linked
glycosylation in the hinge region, in contrast to IgA2."3'° Even
though IgA is considered a poor complement activator because it
cannot bind Clq, IgA can activate the MBL-lectin complement
pathway.”

In humans, IgA is expressed in three different forms. One to
three mg/mL serum IgA is present in the circulation as mono-
mer, whereas IgA at mucosal sites is produced as polymeric mol-
ecules. X-ray and neutron scattering analyses suggest that IgA
adopts average T-shaped structures.’® Most mucosal plasma cells
produce dimeric IgA, which incorporates a disulfide-bridge at
the C-terminus of a single a-chain of each IgA molecule with
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Figure 1. Schematic model of (A) monomeric human IgA1, IgA2m(1) and IgA2m(2), (B) dimeric IgA2 and (C) secretory IgA2. Heavy chains are depicted
in light and dark orange, whereas light chains are shown in brown. J-chains or secretory component (SC) are indicated by blue or red, respectively.
IgA1 contains O-linked oligosaccharides in the hinge region, which are depicted as white circles, whereas N-linked oligosaccharides are shown as
black circles. For clarity, glycosylation of J-chain and secretory component has been omitted.

a 16 kDa joining J-chain (Fig. 1B).”>"*?° Dimeric IgA, contain-
ing J-chains bind to the polymeric Ig-receptor (pIgR), which is
expressed on the basolateral membrane of epithelial cells, after
which it is transported through epithelial cells and released into
the lumen as secretory IgA (SIgA).2#? IgA is secreted via this
route into the mucous lining of the gastrointestinal, urogenital
and respiratory tracts, as well as into tears, saliva and milk.?
Apical cleavage of the pIgR ensures that a part of this receptor,
referred to as secretory component (SC), remains attached to IgA
(Fig. 1C), which stabilizes IgA and prevents rapid breakdown in
the hostile environment of the gut lumen.

IgA Receptors

Another notable difference between human and animal IgA
systems is the diversity of IgA receptors between species, which
complicates comparisons. The existence of receptors for IgA was
initially proposed after binding of IgAl myeloma protein and
SIgA to blood neutrophils was observed.*® Currently, multiple
types of cellular IgA receptors that can either bind the Fc tail,
carbohydrate side chains or accessory molecules like the J-chain
and SC, including pIgR,"”® Fca/p receptors,* asialoglycopro-
tein-receptors,”’ transferrin receptors (TfR, CD71),%® SC recep-
tors,” M-cell receptors,®® have been identified in both rodents and
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humans. The functions of a number of these receptors have not
yet been completely elucidated, but do not seem to differ greatly
between species, although subtle variations can be observed.
The major divergence is the lack of the myeloid FcaRI in mice.
Several bacterial IgA proteins that bind to sites in IgA that over-
lap with the binding site of FcaRI have also been described,
e.g., IgA-binding M-like proteins Arp4, Sir22, b-antigen and
members of the staphylococcal superantigen-like proteins (SSL)
family.?" As such, a main role for FcaRI in immune defence is
supported, since bacterial evolution has led to development of
molecules that interfere with IgA binding to FcaRI, resulting
in an important evasion strategy for pathogens to escape IgA-
mediated phagocytosis.

Structure and expression of FcaRI. Although FcaRI is a
member of the Fc receptor immunoglobulin superfamily, dis-
tinct differences can be observed when it is compared with other
Fc receptors. For instance, the FcaRI gene is located on chro-
mosome 19 (at 19q13.4) and lies within the so-called leukocyte
receptor cluster (LRC),*** whereas other FcR genes, such as
FcyRs and FceRI genes, map on chromosome 1. The human
LRC includes no other Fc receptor genes, but instead encodes
killer inhibitory receptors (KIR) and leukocyte Ig-like recep-
tors (LIR). FcaRI exhibits more sequence similarities with these
receptors than with other Fc receptors.*
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Thus far, FcaRI has been identified in
primates, horses, cattle and rats, but not in
mice, which is likely attributable to a gene
translocation in the LRC locus.”? FcaRI
expression begins at the promyelocyte stage
in differentiation and is restricted to cells of
the myeloid lineage, including neutrophils,
eosinophils, monocytes and most macro-
phages (alveolar, tonsilar and splenic, but
not macrophages from the small intestine).
FcaRI is furthermore expressed on Kupffer
cells and on interstitial and monocyte-derived
dendritic cells.®*® Expression has recently
been described on human platelets as well,
but FcaRI is not observed on mast cells or
basophils.® FcaRI expression is constitutive
and independent of its ligand, which is dem-
onstrated in IgA deficient patients who still
express FcaRI® However, expression levels
can be modulated by cytokines (depend-
ing on cell type),* or adaptor protein bind-
ing to the intracellular domain of FcaRI,>
which can induce either de novo synthesis or
transport from intracellular stores to the cell
surface.’>”

FcaRI consists of two extracellular Ig-like
domains, a 19 aa transmembrane region and a
short (41 aa) cytoplasmic tail. For most func-

IgA IC IgA IC
E ) CD ; g E ; m Monomeric IgA

HIB
S150,
cRychaln

Ligand binding
Receptor and IgA recycling

®

Activation Inhibition

® ®

Figure 2. FcaRl initiates different functional outcome depending on the mode of interac-
tion with its ligand IgA or FcRy chain. (1) Functionality of FcaRI “y-less” receptors is limited to
ligand binding and receptor internalization (although Gly**®-FcaRI can trigger IL-6 production
as well). (2) Cross-linking of FcaRl via IgA immune complexes (IC) leads to heavily phosphory-
lated (p) FcRy chain ITAMs, which engage Syk. This results in activation and pro-inflammatory
responses. (3) Binding of monomeric IgA to FcaRlI mediates weaker phosphorylation of FcR

tions, association with the common FcRy

chain is necessary (see below).”*** In addition

v chain ITAM and recruitment of SHP-1. This elicits an inhibitory signal, which can suppress
activation through other Fc receptors.

to the full length FcaRI, several splice vari-

ants on the mRNA level have been described, and at least two
other isoforms exist in vivo. One isoform (FcaRIa.2) is exclu-
sively expressed on alveolar macrophages and differs by a deletion
in the extracellular domain (EC) 2, whereas the transmembrane/
intracellular domains are deleted in the other isoform (FcaRb),
resulting in a soluble receptor.*> Furthermore, several polymor-
phisms have been described of which the Ser-248/Gly-248 poly-
morphism—which is located in the intracellular domain—has
functional consequences and is associated with systemic lupus
erythematosus.*

The FcaRI binding site for IgA is located in the extracellu-
lar domain EC1,% which is different compared to FceRI and
FcyRs, as these FcRs bind their ligands in EC2. Residues Y35 (in
the BC loop), R52, R53, L54, K55 (in the D strand), F56, W57,
N58 (in the DE loop), Y81, R82, 183, G84, H85 and Y86 (in
the FG loop) within ECI are involved in IgA binding.®*%*® The
two EC domains are oriented at approximately 90° relative to
each other. Although a number of conformational changes have
been observed within the FcaRI-EC1 domain (in the D-strand,
DE and FG loop) after binding to IgA, the orientation of the EC
domains does not change significantly. FcaR1I is a heavily glyco-
sylated protein harbouring six N-glycosylation sites and several
putative O-linked glycosylation sites.”’ Deglycosylation of FcaRI
N58 increases IgA binding.®® Recently, it was described that the
pentraxin C-reactive protein (CRP) can bind to FcaRI, which
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induces cellular activation. However, the pentraxin-binding site
on FcaRI is distinct from that of IgA.%

Crystallographic studies demonstrated that one IgA molecule
can simultaneously bind two FcaRI molecules (Fig. 2).¢-* This
is in contrast to FcyRIII and FceRI, for which a 1:1 stoichiom-
etry with their respective ligands was described, again emphasiz-
ing the dissimilarities between FcaRI and other members of the
Fc receptor family.®*7"7? Because of partial overlap of the IgA
binding site for FcaRI and plgR, binding of SIgA to FcaRI is
(partly) hampered due to steric hindrance of SC, although bind-
ing is increased when complement receptor 3 acts as co-recep-
tor.®>¢73 Still, SIgA is a poorer opsonin compared with dimeric
or monomeric IgA, and is therefore mostly considered as a
non-inflammatory variant of IgA. In contrast, dimeric IgA can
potently trigger inflammatory functions through cross-linking
of FcaRI,*” and can thus be considered a pro-inflammatory
antibody. However, monomeric IgA probably represents the most
interesting form of IgA, as either anti-inflammatory or potent
pro-inflammatory responses are induced, depending on the mode
of interaction with FcaRI (Fig. 2).

IgA mediated FcaRI signaling and cellular functioning.
Monomeric serum IgA binds with moderate affinity to FcaRI
(Ka = ~10° M") in the boundaries of Ca2 and Ca3, whereas IgA
immune complexes bind avidly.®"6>64%7¢ Residues within IgA
involved in FcaRI binding are 1256, 1257, 1258 in o-helix of
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AB loop of Ca2 and within Ca3: E348 (A-strand), R382, 1.384
(C-strand), S387, E389 (CC' loop), M433, H436 (F-strand),
E437, A438, 1439, P440, L441, A442 (FG loop), F443, T444
and Q445 (G strand).®*”” IgA Fc glycosylation is not critical for
binding to FcaRL'"*7® Immune complexes with optimal binding
contain five to six molecules of IgA per complex.”” On mono-
cytes and eosinophils, inside-out signaling is involved in bind-
ing, which entails that stimulation of these cells with cytokines
rapidly modulates binding capacity in response to intracellular
signals, without affecting receptor expression levels.®*% Thus,
in a resting state FcaRI exhibits low capacity to interact with
IgA-immune complexes, but ligand binding capacity increases
profoundly after stimulation with cytokines like granulocyte/
macrophage-colony stimulating factor, and interleukin (IL) 4 or
5, but surface receptor expression is not augmented. This pro-
cess critically depends on the intracellular domain of FcaRI and
the presence of an intact cytoskeleton, but does not require FcRy
chain. It further involves activation of phosphoinositide-3-kinase
(PI-3K), intracellular phosphorylation of Serine 263 of FcaRI
and binding of the serine/threonine phosphatase protein PP2A.
Inside-out signaling is likely not influenced by the Ser-248/Gly-
248 polymorphism.

Binding of IgA-immune complexes (containing either mono-
meric IgA or dimeric IgA) induces pro-inflammatory responses,
which requires association of FcaRI with the FcRy chain sub-
unit.**># FcaRI contains a positively charged amino acid on
position 209 that associates with an opposite negatively charged
amino acid of the FcRy chain, which is necessary, but not suf-
ficient, for tethering FcaRI to FcRy chain. For this, a more
extensive interface between both transmembrane regions is
required.”*® FcaRI can also be expressed in the absence of FcR
v chains, which has been described for transfected cell lines,
and selective monocyte and neutrophil populations (Fig. 2).
Functionality of FcaRI “y-less” receptors is limited to ligand
binding (inside-out signaling) and receptor internalization,*%
although Gly**®*-FcaRI can trigger IL-6 production in the
absence of FcRyy chain.®®

After cross-linking of FcaRI by IgA-immune complexes, Src
kinase Lyn phosphorylates the tyrosines within the associated
FcRy chain immunoreceptor tyrosine-based activation motifs
(ITAM). The phosphorylated tyrosines then serve as “dock-
ing” sites for recruitment of other tyrosine kinases, including
Syk, Blk, Btk, PI-3K and PLC-y. FcaRI can also associate with
members of the Ras/Rafl pathway, e.g., Grb2, Shc and SHIP.*
Dissimilarities in signaling pathways are induced at inflamma-
tory sites by diverse stimuli and vary between different cell types,
but result in pro-inflammatory cellular processes like phagocyto-
sis, antigen presentation, antibody-dependent cellular cytotoxic-
ity (ADCC), superoxide production or cytokine release.

Recently, a new type of intricacy was elucidated for IgA-
mediated FcaRI signaling, as it was demonstrated that non-
targeted monomeric serum IgA transduces inhibitory signals
through FcaRI, which diminishes signaling through other acti-

vating Fc receptors.®?® The ability of monomeric serum IgA
to downregulate IgG-mediated phagocytosis, chemotaxis, bac-

terial activity, oxidative burst activity and cytokine release has
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been described for some time, but the mechanisms were poorly
understood.”?” Pasquier, et al. unravelled the underlying molec-
ular mechanism by showing that SHP-1 is recruited to FcaRI-
associated FcRy chain, which blocks activating signals via Syk,
induced by other Fc receptors.®” This inhibitory capacity through
FcRy chain ITAM is referred to as ITAMi> Thus, both IgA-
induced activating and inhibitory signals depend on FcaRI-FcR
v chain ITAM, but differ in the recruitment of tyrosine kinases
versus tyrosine phosphatases, respectively (Fig. 2). As such, it has
been proposed that cross-linking of FcaRI during infection with
IgA-opsonized pathogens results in pro-inflammatory responses,
whereas naturally occurring serum IgA (not complexed with an
antigen) induces inhibitory signals through FcaRI to dampen
excessive immune responses (initiated by other Ig-immune com-
plexes). Therapeutic strategies to target ITAMi with monomeric
IgA have recently been reviewed by Monteiro, et al.>*

IgA mAbs and Targeted Therapy

Research to investigate the potential of IgA mAbs for immuno-
therapeutical approaches is mostly based on in vitro experiments,
as in vivo studies have been hampered by the lack of adequate
mouse models. Because mice do not express FcaRI, experiments
need to be performed in FcaRI transgenic mice.”® Furthermore,
as traditional hybridoma technology has yielded murine anti-
bodies, it has been difficult to generate suitable IgA mAbs
because murine IgA binds poorly to human FcaRI. Alternatively,
IgA mAbs have been produced by re-cloning IgG mAbs, use of
phage display derived antibodies, or by transgenic plant technol-
ogy. Additionally, chemically-linked FcaRI bispecific antibod-
ies (BsAb) have been used. The latter are generated from the
backbones of two IgG mAbs that recognize either the extracel-
lular domain of FcaRI or the antigen of interest. The generation
of human IgA knock-in mice in which the first gene (encod-
ing IgM) downstream of the joining genes is exchanged for a
knock-in human Cal gene (alKI mice) was recently described
in reference 99. As such, homozygous a1KI mice produce human
IgA instead of murine IgM, which will allow the generation of
a continuous source of antigen-specific human IgA mAbs. The
availability of these novel models combined with the existence of
human FeaRI transgenic mice for testing will greatly facilitate
future in vivo research.

IgA for prevention and treatment of infectious diseases.
Mucosal sites, where IgA is the most prominent antibody class,
are critical interfaces that separate the interior of the body and the
outside world. At these sites, a fine balance must exist between
mounting effective immunological defense against pathogenic
microorganisms and avoiding responses against commensal
microbial and environmental antigens.! SIgA plays an important
role as the first line of defense by forming an anti-septic covering
for the mucosa, hereby inhibiting adherence of microorganisms.
Other mechanisms of displayed by SIgA include the ability to
agglutinate microbes, interfere with bacterial motility by inter-
acting with their flagella and neutralize bacterial products such
as enzymes and toxins. Whereas antibodies usually offer little
protection against intracellular pathogens, dimeric IgA has the
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intriguing ability to neutralize viruses intracellularly by intersect-
ing virus particles and interfere with virus replication or assem-
bly when in transit through an infected epithelial cell. IgA-virus
complexes can subsequently be excreted into the lumen. Addition
of specific anti-viral IgA to the basolateral surface of polarized
epithelial cells was shown to reduce virus titers of Sendai virus,
rotavirus, influenza and human immunodeficiency virus.!?%4
Furthermore, polymeric IgA against toxin A of Clostridium diffi-
cile was able to prevent destruction of the epithelial monolayer.'®®

Importantly, mice were protected against rotavirus, a diarrhea
causing pathogen, when IgA mAbs were given systemically, but
not when IgA was presented via the lumen of the intestinal tract,
which supports the hypothesis that IgA transcytosis is required

for viral inactivation in vivo.'%®

Moreover, these data also suggest
that systemically delivered IgA, transported via the pIgR route,
is not hampered by locally produced mucosal IgA. Similarly,
either passive transfer with specific IgA mAbs or oral immuni-
zation eliciting increased production of mucosal IgA was dem-
onstrated to prevent Helicobacter felis, Helicobacter pylori)""'%
10910 or Shigella flexneri'!

The protective effect of IgA is presumably even more pro-
nounced in humans due to the presence of FcaRI. Both IgA
that was purified from immune sera of patients with Bordetella
pertussis infection and BsAb directed against Bordetella pertus-

sis and FcaRI enhanced bacterial clearance in lungs of human
112

influenza infection.

FcaRI transgenic mice.!? Furthermore, Escherichia coli bacteria
that had been opsonised with human serum IgA were efficiently
phagocytosed by FcaRI-expressing Kupffer cells in the liver of
transgenic mice in vivo, which also supports a role for IgA in
systemic clearance of pathogens.” It was recently demonstrated
that passive transfer of human IgA mAbs against the a-crystallin
of Mycobacterium tuberculosis protected human FcaRI transgenic
mice, but not FcaRI-negative littermates against Mycobacterium
tuberculosis infection.'? Mycobacterium tuberculosis infection of
human whole blood culture or isolated monocytes was reduced
in the presence of IgA, albeit with high interdonor variability.

Neutrophilic granulocytes (neutrophils) are also likely
involved in efficient IgA-mediated protective responses against
pathogens. We recently demonstrated that monomeric and
dimeric IgA have the unique ability to induce neutrophil migra-
tion directly,”® whereas other antibody isotypes such as IgG and
IgM induce neutrophil migration indirectly, through activation
of the classical complement pathway (generating the chemoat-
tractants C3a and C5a). However, after cross-linking of FcaRI,
neutrophils release LTB4, which is a potent neutrophil chemoat-
tractant. A self-contained neutrophil migration loop will thus be
initiated until the infectious agent has been eliminated.

To date, enhanced uptake of Escherichia coli, Streptococcus
pneumonia, Staphylococcus aureus, Porphyromonas  gingivalis,
Candida albicans, Bordetella Pertussis and Neisseria meningitidis
by neutrophils in the presence of specific IgA or FcaRI BsAb
targeting specific pathogens has been demonstrated.7>!12114-116
Both monomeric and dimeric IgA proved effective in mediating
phagocytosis by either neutrophils or Kupffer cells, but opsonic
activity was reduced after binding of SC, which is consistent with
a more anti-inflammatory role of SIgA.®7* It was furthermore
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recently demonstrated that a specific anti-(gp41 x FcaRI) BsAb
effectively directed neutrophils to destroy HIV-infected target
cells.'” Additionally, a BsAb targeting FcaRI and surfactant pro-
tein D, which demonstrated a broader binding to a great variety
of pathogens via its carbohydrate recognition domain, induced
uptake of Escherichia coli, Candida albicans and influenza virus
by neutrophils.!'

Thus, therapies aimed to passively or actively increase specific
IgA antibody titers against pathogens may significantly add to
the arsenal of agents that fight (mucosal) infection. For instance,
mucosal administration with transgenic plant SIgA afforded
specific protection in humans against oral streptococcal colo-
"9 Furthermore, mucosal administration of an HIV-1
vaccine demonstrated both resistance to the virus and elicited

nization.

virus-specific IgA with HIV-1 transcystosis-blocking properties
in monkeys.'?

Targeting FcoRI for anti-tumor immunotherapy. FcaRI was
proposed as a novel trigger molecule for mAb-based anti-cancer
therapy more than 10 years ago.'*"'* However, because mice do
not express an FcaRI homologue, it has proven difficult to test
the efficacy of human IgA anti-tumor mAbs in vivo.”®!? This has
seriously hampered the collection of in vivo data on the effects of
targeting FcaRI. Nevertheless, in vitro experiments using thera-
peutic IgAl, IgA2, dimeric IgA, chimeric IgA and FcaRI BsAb
targeting FcaRI have yielded promising results.!*121122124157 For
instance, IgA mAbs were demonstrated to engage a different
cell population as effector cells compared to IgG mAbs. It was
demonstrated that neutrophils from healthy donors or (FcyRI-
expressing) neutrophils from donors who had been treated with
granulocyte-colony stimulating factor (G-CSF) triggered tumor
cell killing much more effectively in the presence of anti-(HER2/
neu x FcaRI) BsAb or anti-EpCAM IgA mAbs compared with
an IgG counterpart. The superior ability of FcaRI to induce neu-
trophil-mediated tumor cell killing has now been demonstrated
for a multitude of tumor-associated antigens, including HER2/
neu (on breast carcinoma), EpCAM (colon carcinoma), EGFR
(epithelial carcinoma and renal cell carcinoma), HLA class 11
(B-cell lymphoma), CD30 (T- and B-cell lymphoma) and carci-
noembryonic antigen (CEA) in vitro. Notably, neutrophils were
unable to kill malignant B cells via anti-CD20 IgG1 mAbs, but
the addition of FcaRI targeting enabled this “antigen restriction”
to be overcome, as tumor cells were efficiently killed in the pres-
ence of anti-(CD20 x FcaRI) BsAb,!21:122:124-133,135-137

Furthermore, neutrophil accumulation and destruction of
HER2/neu-expressing breast carcinoma colonies in a three-
dimensional culture system was only observed in the presence
of anti-(HER2/neu x FcaRI) BsAb, but not in the presence of a
counterpart FcyRI BsAb."3? Similar results were observed when
colon carcinoma colonies were targeted with anti-EpCAM IgA,
but not IgG mAb (Fig. 3A), which is likely the result of LTB4
release after cross-linking of FcaRI.>3? Enhanced neutrophil
migration may therefore underlie increased ADCC after targeting
with IgA mADb or FcaRI BsAb compared with IgG mAb or FcyR
BsAb. However, it was additionally demonstrated that immature
bone marrow neutrophils were not capable of killing tumor cells
via FcyRI, whereas FcaRI efficiently induced ADCC."** Thus,
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Figure 3 (See previous page). Therapeutic potential of IgA mAbs. (A) Interferon-vy stimulated neutrophils (to induced FcyRI expression and delay
neutrophil apoptosis) were added to human colon carcinoma colonies in collagen in the absence (part ) or presence of anti-EpCAM IgG (part Il) or IgA
(part I1l) mAbs. After 24 h, collagen gels were fixed and slides were stained for CD66b (neutrophil marker, brown staining). Only anti-EpCAM IgA mAb
induced neutrophil migration in and destruction of tumor colonies. (B) Schematic representation of therapeutic strategies using IgA mAbs. (I) Treat-
ment of infectious diseases: (a) Passive mucosal immunization with SIgA can prevent infection and neutralize bacterial toxins. Systemic treatment with
dimeric IgA or active mucosal immunization to elicit increased IgA responses can lead to (b) intracellular virus neutralization and neutrophil mediated
killing of (c) virus-infected cells or (d) dimeric IgA-opsonized pathogens (bacteria, fungi). (Il) IgA mAbs are not only superior in inducing tumor cell
death, but also recruit neutrophils, since FcaRl cross-linking leads to LTB4 release. (Ill) The ability of monomeric IgA to inhibit immune responses (initi-
ated by e.g., IgE or IgG complexes) was demonstrated in murine asthma and kidney inflammation models,?°°'% which supports the use of monomeric
IgA IVIG treatment to prevent or reverse established inflammatory diseases. (+, activation; -, inhibition).

alternatively the amplitude of signals mediated through FcaRI or
FcyR may differ, since it was reported that interaction of FcaRI
with FcRy chain is stronger due to an electrostatic interaction
that is absent for FcyR.>

Treatment with G-CSF in order to mobilize neutrophils from
the bone marrow combined with targeting FcaRI may improve
clinical responses in cancer patients compared to results observed
in unsuccessful trials that utilized therapeutic FcyRI BsAb to
enlist neutrophils as effector cells. An additional attractive feature
of recruiting neutrophils as effector cells is that targeting FcaRI
on neutrophils induced necrotic and autophagic tumor cell death
138 Because therapeutic IgG mAD facilitate natural killer
(NK) cell-mediated apoptosis of tumor cells, targeting neutro-

in vitro.

phils as effector cells may represent a supplementary approach to
kill tumor cells with mutations in apoptotic pathways.

Future Perspectives:
IgA in Therapeutic Antibody Development!

Today, IgG mAbs are dominating the therapeutic antibody field
because they have extended plasma half-life, efficiently activate
complement and recruit NK cells for ADCC. Moreover, exten-
sive time and effort is invested in optimizing IgG mAbs to fine-
tune desired effector functions. Nonetheless, an accumulating
amount of data indicates that IgA mAbs (or FcaRI BsAb) rep-
resent a promising addition to therapeutic strategies, especially
in situations when IgG is less suitable, e.g., IgA responses will be
likely more effective when active or passive mucosal immunity is
required. Additionally, IgA mAbs are superior in recruiting neu-
trophils for antibody-mediated tumor cell killing, and may be a
good alternative to overcome apoptosis resistance in tumor cells.

It must be noted that there are several challenges to the devel-
opment of therapeutic IgA mAbs. First, the general miscom-
prehension of IgA as a non-inflammatory antibody needs to be
rescinded, as many investigators have not really appreciated how

powerful an inflammatory antibody IgA can be under the right
circumstances. Second, adequate mouse models are urgently
needed. The recent generation of human IgA knock-in mice and
the availability of human FcaRI transgenic mice should greatly
facilitate progress of therapeutic IgA mAb development. Third,
the lack of established models for high IgA production and
purification has hampered generation of IgA mAbs. However,
the development of the human alKI mouse model will allow
hybridoma technology for specific human IgA production,” and
advantages towards development of IgA-specific purification
techniques have recently been established.""! The knowledge
generated during optimizing IgG mAbs may furthermore signifi-
cantly accelerate generation of effective IgA mAbs. For instance,
IgA mAbs may require protein modulation to increase its plasma
half-life, which is approximately a week."? This suggests less
favourable pharmacokinetics compared to IgG, as the halflife
of IgG is 1-3 weeks depending on the isotype. Another feature
of IgA antibodies is the incapability of activating the classical
complement pathway. This may be advantageous in certain situ-
ations, but may hamper therapeutic efficacy in other approaches.
Since it has been demonstrated that the glycan moieties of IgA
can activate the MBL complement pathway, glyco-engineering
may be used to optimise IgA mAbs, although it may be challeng-
ing to manufacture heavily glycosylated proteins.

The functions of different IgA forms range from mere neu-
tralization to active immune suppression or pro-inflammatory
responses, and these differences can be exploited in the design
and generation of IgA mAbs with specific desired therapeutic
functional activity (Fig. 3B). We thus anticipate that IgA mAbs
will be a prominent part of the arsenal of therapeutic mAbs in
the future.
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