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Abstract Vaccination is a successful strategy to proac-
tively develop immunity to a certain pathogen, but most
vaccines fail to trigger a specific immune response at the
mucosal surfaces, which are the first port of entry for
infectious agents. At the mucosal surfaces, the predominant
immunoglobulin is secretory IgA (SIgA) that specifically
neutralizes viruses and prevents bacterial colonization.
Mucosal passive immunization, i.e. the application of
pathogen-specific SIgAs at the mucosae, can be an effec-
tive alternative to achieve mucosal protection. However,
this approach is not straightforward, mainly because SIgAs
are difficult to obtain from convalescent sources, while
recombinant SIgA production is challenging due to its
complex structure. This review provides an overview of
manufacturing difficulties presented by the unique struc-
tural diversity of SIgAs, and the innovative solutions being
explored for SIgA production in mammalian and plant
expression systems.
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Abbreviation

sSIgA  Simplified secretory IgA, an IgA format devoid of
light chain, in which the variable domains, either a
single chain variable fragment (scFv) or a variable
domain of camelid heavy chain only
(VHH/nanobody), are grafted onto the IgA Fc
chain

Introduction

Each of the immunoglobulin (Ig) isotypes—IgG, IgA, IgM,
IgE or IgD—has its own peculiarities, but the one that
stands out is IgA, being highly distinct, with high hetero-
geneity, occurring in formats with different valances, each
existing in different subclasses and allotypes. The
uniqueness is also reflected in its functionality and spatial
distribution in the body. Unlike most Igs, which are cir-
culatory, IgAs are predominantly secreted at mucosal
surfaces and as such, they form the hallmark of mucosal
immunity, maintaining a barrier function [1].

Most pathogenic invasions start at the mucosae, which
are extensively vast surfaces lining the external orifice of
the body, such as the gastro-intestinal, the urogenital and
the respiratory tracts [2, 3]. In human beings, the mucosal
surfaces measure about 400 m?, at which about 3 g of IgAs
are secreted daily [3] to provide protection against colo-
nization, entry and invasion of infectious pathogens [4].
More and more, mucosal secretory IgAs (SIgAs) are sug-
gested to have a protective role against viral and bacterial
infections like HIV, rotavirus, Clostridium, Helicobacter
pylori, tuberculosis, Vibrio cholera, etc. [5-T7].

Though the presence of SIgAs is desirable at the muco-
sae, most vaccines fail to elicit this protective mucosal
immune response [5, 8-10]. Successful proof-of-concept
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experiments of mucosal vaccines in animal models often do
not translate into a similarly protective efficacy in humans
[6]. In contrast to the better-studied systemic immunity, our
understanding of the human mucosal immune system has
only recently increased, showing that it operates very dis-
tinctly, and standard principles may not always apply. For
example, the mucosal immune system has a degree of
compartmentalization, due to which vaccination at one site
does not lead to a systemic mucosal immune response. Oral
vaccination leads to an immune response restricted to the
gastro-intestinal mucosa, while nasal vaccination leads to an
immune response at the respiratory tract, but may also lead
to a vaginal SIgA response [5, 11, 12]. Furthermore, the
principle of ‘prime and boost’ in context of mucosal mem-
ory is yet to be ascertained in clinical trials. Evidences thus
far from mice experiments suggest that the predominant
SIgA response is always swayed toward the most predom-
inant microbe, thus having a ‘threshold effect’ [3]. Also, the
unavailability of safe mucosal adjuvants is a major reason
for the difficulty and delay in mucosal vaccine development
[5]. As the field develops and the challenges are overcome,
more promising mucosal vaccines would start arriving in the
clinics, but until then, a ‘short-cut’ solution to attain pro-
tection at the mucosal surfaces would be passive
immunization. Mucosal passive immunization involves the
topical application of pathogen-specific IgA antibodies at the
mucosal surfaces [13]. Using disease-specific SIgAs, the
defense borders can be strengthened and infection of the
specific pathogen can be prevented [6], thus achieving ‘in-
stant protection” and circumventing the need for priming of
the immune system [14, 15].

Compared with monoclonal IgGs, which are frequently
administered to patients, either as prophylaxis or as ther-
apy, the use of monoclonal IgAs has yet to catch up. The
complex structural diversity of IgA has presented a chal-
lenge in its recombinant production [1, 16, 17], requiring
the development of a wide range of innovative techno-
logical solutions. This article discusses these challenges
and solutions developed, also highlighting issues such as
improving assembly and purification, that need to be
addressed to realize IgA-based mucosal passive
immunization.

Structural formats of IgA

The serum of mammals contains IgA mainly in the
monomeric format (mIgA) and only a fraction (1-5 %) in
the polymeric format (pIgA), the predominant proportion
of which occurs as dimeric IgA (dIgA). At the mucosal
surfaces, IgA occurs as SIgA. Monomeric IgAs can be
regarded as the basic IgA unit, and are composed of the
quintessential paired heavy and light chains (Fig. 1a),
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having two antigen binding domains (bivalent, like IgG).
Dimeric and polymeric IgAs are composed of two (dIgA)
or four (pIgA) such mIgA units, which become covalently
linked via disulfide bridges between the 18-amino-acid-
long heavy chain C-terminal ends, called tailpiece. A
15-kDa joining chain (J chain) further facilitates the IgA
polymerization by connecting one of the two heavy chains
of each monomeric unit, while the other heavy chains form
a direct disulfide linkage with each other (Fig. 1b). For the
biosynthesis and mucosal secretion of SIgAs (Fig. 2),
dIgAs produced by the plasma cells in the lamina propria
bind to the polymeric immunoglobulin receptor (pIgR) at
the basal surface of the epithelial cell via the J chain, and
are subsequently transcytosed to the apical surface. During
vesicular transit, the pIgR undergoes proteolysis and the
association of the 80-kDa extracellular ligand-binding
portion, called secretory component (SC) with the dIgA
molecule is stabilized by disulfide bonds. The resulting SC-
bound dIgA (Fig. 1c) is secreted into the lumen as SIgA
(Fig. 2). Thus, the biosynthesis of SIgAs needs the activity
of two different cell types, i.e. the plasma cells for pro-
ducing the dIgAs and the columnar epithelial cells for
transcytosis and providing the SC (Fig. 2).

Diversity in IgA subclasses

The most frequently used animal models to study the
antibody response are mice and rabbits, which have one or
13 Ca genes, respectively, encoding the constant domain of
the IgA heavy chains. However, humans and hominids, like
gorilla and chimpanzee, have two Ca genes coding for two
different subclasses of IgAs—IgAl and IgA2, differing in
hinge length and other structural features, including the
extent of and difference in glycosylation (Fig. 3) [4, 7].
Also, the distribution of these two subclasses depends on
the mucosal tissue systems in which they are expressed,
e.g. IgA2 is more predominant in endocrine secretions,
suggesting a difference in functional specialization. How-
ever, the specific roles of IgAl and IgA2 with respect to
different mucosal infections is yet to be unraveled [7]; most
clinical publications studying IgA responses to infections
do not distinguish between IgA1 and IgA2. This distinction
could conveniently be made with IgAl- or IgA2-specific
monoclonal antibodies [7] or by Jacalin, a ligand from
jackfruit, which selectively binds IgA1 [18].

The human IgA1 molecule, as compared with IgA2, is
rather ‘T-shaped’ (Fig. 3a), due to its predominant differ-
ence in the hinge region. IgAl has a 19-amino-acid-long
hinge, with up to five serine and threonine residues with
O-linked glycosylation. The site occupancy may however
vary, giving rise to glycosylation variants of IgA1 [19, 20].
The long proline-rich hinge of IgAl may present an
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Fig. 1 Schematic representation of IgA formats, a monomeric IgA,
b dimeric IgA, ¢ secretory IgA. The monomeric IgA (mlgA) is
formed by the paired heavy and light chains. The respective domains
have been labeled, namely variable domains of the heavy (VH) and
light (VL) chains, and constant domains of the heavy (Cal, Co2 or

extended antigen reach, but the length comes at the cost of
being susceptible to bacterial proteases. A range of infec-
tious bacteria, such as Neisseria meningitidis, N.
gonorrhoea, Haemophilus influenza, Streptococcus pneu-
monia, and S. sanguis, have evolved to produce IgAl-
proteases as an important virulence factor to successfully
colonize mucosal surfaces [21]. The more proteolytically
resistant IgA?2 has a shorter hinge of six amino acids, lacks
the O-linked glycosylation, and is “Y-shaped’ (Fig. 3b).
Additional allotypes of IgA2, mnamely IgA2m(1),
IgA2m(2), and IgA2m(3), have been defined. Differences
between both IgA subclasses also exist in the extent of
N-linked glycosylation. The IgAl molecule has two,
whereas IgA2 has four N-linked glycosylation sites on each
heavy chain (Fig. 3) [22]. These variations in glycosylation
affect the stability and the Fc-mediated biological func-
tionality of the IgA [16].

In conclusion, the structural diversity of IgAs, and their
specific modifications may influence their stability,
assembly, and ultimately their biological function.

Recombinant IgA production
To study the biological functions of the different IgA

classes and subclasses, and to apply them for mucosal
passive immunization, a sound recombinant production

Dimeric IgA

Tail piece

Secretory IgA

Co3) and light (CL) chains. The joining chain (J chain) facilitates the
dimerization of two mIgAs into a dimeric IgA (dIgA); the association
of the dIgA with the secretory component results in a secretory IgA
(SIgA)

platform capable of producing assembled hetero-multi-
meric glycoproteins is required [4]. The production of
mlgA is analogous to the well-established production of
IgG, involving only heavy and light chains. However, the
recombinant production of multivalent digA and SIgA
formats, which are more relevant for mucosal passive
immunization, becomes tedious, because of its additional
requirement of J chain- and SC-encoding sequences. The
SIgAs are high-molecular weight molecules (>400 kDa),
which need precise folding, glycosylation and disulfide
bridge formation for stabilizing intra- and interchain
assembly. Despite the complexity of the SIgA molecule,
the benefits of SIgA in passive mucosal protection have
attracted considerable attention for its recombinant pro-
duction. Recently, Reinhart and Kunert have reviewed the
“upstream and downstream processing of recombinant
IgA”, listing SIgAs produced in mammalian cell cultures
[23]. Here, we present a brief overview of different
mammalian and plant-based technological innovations
used for SIgA production (Fig. 4).

An initial breakthrough was the method for production
of SIgA in test tubes, by combining purified pIgA from
hybridoma cell lines with recombinant SC (Fig. 4a) [24—
26]. This process was later refined by stable transfection of
the human SC in myeloma cells expressing mouse—human
chimeric pIgAs [27]. Since then, the importance of using a
single cell was reaffirmed by many groups, given its
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Fig. 2 Secretory IgA biosynthesis. The plasma cells in the lamina
propria produce dimeric IgA (dIgA) (/), which binds to the polymeric
immunoglobulin receptor (pIgR) on the basal surface of the columnar
epithelial cells (2), after which the complex is internalized and the
vesicle traffics toward the apical, luminal surface (3), during which
the dIgA-binding extracellular domain of the pIgR cleaves off as the
secretory component (SC); the SC-dIgA complex secreted at the
apical surface is called secretory IgA (SIgA) (4). Secretory compo-
nent free of IgAs is also found in the lumen, resulting from the
transcytosis and proteolysis of unbound pIgR

convenience in streamlining the cell culture conditions,
downstream processing, and establishing cell lines for
sustained manufacturing [4]. Starting from 1999, several
groups successfully produced milligram amounts of SIgA
in Chinese hamster ovary (CHO) cells using co-transfec-
tion techniques (Fig. 4b) [23, 28, 29]. Predominantly in this
approach, all essential components were derived from
human cDNA libraries with the exception of the variable
regions, which were cloned from murine hybridomas.
These are commendable developments in the SIgA pro-
duction in mammalian expression system. However, to
reach the current production bench mark of therapeutic
IgGs, the production levels of SIgA in mammalian cell
cultures would have to be increased by at least tenfold [23].
To boost the production levels, novel innovations may be
needed, involving the engineering of cell lines, a better
clone selection and the optimization of growth conditions,
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like incorporation of feed-batch or perfusion batch fer-
mentation processes in addition to new medium
formulations [23]. Low production levels have been by far
the major hurdle in realizing the full potential of SIgA for
clinical use [4], both in human and domesticated animals.

The only recombinant SIgA to successfully complete
human clinical trials is the plant (tobacco)-made anti-dental
caries SIgA antibody called CaroRx®, which is now
approved for use as a medical device in the European
Union [30]. This was produced by stable transformation of
the heavy chain, light chain, J chain and SC in individual
tobacco lines, followed by successive crossing of the
selected final transformant lines (Fig. 4c). First, plants
expressing the heavy chain and light chain were crossed, to
obtain a line producing the mIgA [31]. Crossing of this
mlgA daughter line with a J chain-expressing tobacco line
led to the production of dIgA and further crossing of this
dIgA line with a tobacco line expressing the SC resulted in
an SIgA-producing plant [32]. The example of CaroRx®
antibody demonstrates the capacity of plants to stably
produce complex SIgAs, which are functional in prevent-
ing the disease, and can be easily scaled up for bulk
production. However, obtaining plants producing SIgAs
via sequential filial crossing is a lengthy process, requiring
transformation of plants, identification of suitable lines for
crossing and finally generation of a homozygous seed stock
for subsequent upscaling of SIgA-producing plants.
Simultaneous introduction of the sequences encoding the
four elements, i.e. IgA heavy chain, light chain, J chain and
SC, into the plants would help in shortening the time
required for developing SIgA-expressing plants [33]. This
can be achieved either via co-transformation of the
respective elements, either cloned in individual plasmids (4
T-DNAs); or stacking of the elements in tandem on a single
plasmid (1 T-DNA) [34].

Juarez et al. [34] used the single plasmid system for the
production of human SIgAs against rotavirus in tobacco
leaves via the transient leaf infiltration method. In this
method, a suspension of Agrobacterium transformed with
the plasmid bearing the coding sequences for the heavy, the
light the J chains, and the SC, each under the control of a
constitutive promoter, was infiltrated into leaves using a
needle-less syringe (Fig. 4d). Speed of production is a
unique advantage of this transient expression system, since,
by the fifth day post infiltration, SIgAs could be extracted
and purified from homogenized leaf tissue.

In contrast to the two above-described leaf-based
expression systems (stable and transient), seeds can also be
used for SIgA production [35]. Production of SIgAs in
seeds has the advantage of stock piling at ambient tem-
peratures, which could be a strategy of choice for periodic
or recurrent seasonal infection outbreaks. Being cold-
chain-free, seed-produced SIgAs are relevant for tropical
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Fig. 3 Schematic representation of the structural differences between
human IgAl and IgA2. The typical “T” and ‘Y’ shape structure of
IgAl (a) and IgA2 (b), due to varying hinge length, are denoted in the
figure, as are the light chain and heavy chain domains, namely,
variable light (VL), constant light (CL), variable heavy (VH), the

diseases in remote access regions. Moreover, seeds can be
incorporated into food and feed for oral delivery, avoiding
the necessity for purification [35]. To achieve SIgA pro-
duction in seeds, the specific B-phaseolin promoter that
leads to high expression in dicotyledonous seeds has been
used [36]. Furthermore, in case of an anti-bacterial SIgA
produced in seeds, the recombinant SIgA molecule was
engineered to simplify its structure, but maintaining all
advantages of a classical SIgA. This was achieved essen-
tially using the VHH-IgA fusion strategy to build the
monomeric units of the SIgA [35]. More explicitly, instead
of using the antigen-binding domains formed by the paired
heavy and light chain (the Fab, ~55 kDa), the antigen-
binding Nanobody® (~ 15 kDa), which is the variable
domain of a heavy chain-only antibody of camelids (VHH)
[37], was used. This substitution also eliminated the
necessity for the light chain and the light chain-binding
Coal domain of the heavy chain, thereby simplifying the
>400-kDa complex SIgA molecule to a 230-kDa simpli-
fied SIgA (sSIgA) (Fig. 4e). Such an sSIgA may be
convenient to produce in all platforms. The sSIgA-pro-
ducing seeds were obtained via triple co-transformation of
Arabidopsis thaliana (thale cress) with three Agrobac-
terium cultures, each bearing the VHH-IgA, the J chain or
the SC construct, mixed in equal proportions (Fig. 4e).
This method is faster than the sequential crossing method,
and although it requires time to screen the pool of co-
transformants, one can screen and select every interesting
combination, e.g. plants expressing only VHH-IgA
(mVHH-IgA, one T-DNA), VHH-IgA and the J chain
(dVHH-IgA, two T-DNAs), or VHH-IgA, the J chain and
the SC (sSIgA, three T-DNAs) (Fig. 4e). In this proof-of-
concept study, the sSIgAs were made by grafting the VHHs
against diarrhea-causing enterotoxigenic Escherichia coli

Tail piece

three heavy chain constant domains (Cal, Coa2, Ca3) and the tail
piece, which enables IgA polymerization. The difference in extent of
and the positions of O-linked and N-linked glycosylation sites are
shown with red and blue bars, respectively

(ETEC) onto the Fc fragment of porcine IgA, oral feed
based delivery of these VHH-IgAs protected piglets in a
challenge experiment [35]. Evaluating the efficacy of sSI-
gAs meant for human oral application is more pertinent in
large monogastric animals like pigs than in mouse models.
The sheer length of the pig alimentary canal enables a
better assessment of VHH-IgA stability during gut transit.
Essentially, the VHH-IgA fusion strategy can be used for
producing sSIgAs for other species. We are currently
investigating a murine and humanized version of VHH-
based sSIgAs.

Another clever innovation has been the LEX system, a
Lemna-based platform for SIgA production with modified
glycosylation patterns [38]. Lemna or duckweed is an
aquatic monocot that can be grown in transparent bags
placed under a light source and yields SIgAs up to 15 % of
the total soluble protein (Table 1). This gives the unique
advantage of having contained, cost-effective and scalable
SIgA production.

Issues with recombinant IgA production,
improving expression and assembly levels

Overall, it appears that the plant cellular machinery may be
well suited for expression and assembly of SIgAs [30, 39],
but there is room for further improvement in the overall
expression of the SIgA elements and their assembly
(Table 1). Partial assembly seems to be one of the common
issues affecting both mammalian cell- and plant-based
SIgA production. Of the total recombinant IgA heavy and
light chains expressed, only a fraction seems to assemble
into SIgAs (Table 1) [23, 35, 40]. The strategy for fine-
tuning the expression levels to obtain ideal molar ratios that
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Fig. 4 Representation of different technological innovations for
recombinant secretory IgA production. a In vitro reconstitution, a
process of auto-association of secretory component (SC) and dimeric
IgA (dIgA) in solution; b production of monomeric (mIgA), dimeric
(dIgA) and secretory (SIgA) IgA in CHO cells by transfection of
respective constituting protein-chain encoding genes; ¢ method for
generating stable plant lines expressing SIgA by sequential crossing of
plants expressing the constituting elements (indicated below the
plants); d transient expression in Nicotiana benthamiana leaves via a
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(D) Transient expression

- SC

3
h
T1 plant

selection of
independent plant
lines

mVHH-IgA dVHH-IgA sSIgA

X%

needle-less syringe based infiltration of transformed Agrobacterium
tumefaciens for rapid production of SIgAs; e Co-transformation of
Arabidopsis with VHH-IgA, J chain and SC to produce lines expressing
VHH-IgA based, monomeric (mVHH-IgA), dimeric ({VHH-IgA) and
simplified secretory IgA (sSIgA). The protein domains and the gene
elements coding for the heavy chain are indicated in light blue, the light
chain in lime-green, the joining chain (J chain) in brown, the SC in cyan,
and the VHH domain in magenta
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may lead to higher SIgA-assembled fractions is resounded
in many publications. Theoretically, this can be achieved
using promoters of varying strength, or selecting differen-
tial copy numbers, but in practice, it remains more an
empirical method. In plants, the assembly rate may also be
influenced by the transformation method used. Transient
expression of an Fc class-switched (IgG1 to IgAl) version
of anti-HIV SIgA produced up to 25 pg/g fresh leaf weight,
of which 48 % was assembled as SIgA, whereas the yield
from leaves of transgenic tobacco (stable nuclear trans-
formation) of the same antibody led to lower IgA
expression levels of 15.2 pg/g fresh leaf weight, but these
plants had a higher rate (76 %) of SIgA assembly [41].
Overexpression of chaperones, foldases, specific glyco-
syltransferases and protein disulfide isomerases may also
help in achieving efficient expression and assembly [4, 42],
and avoid wastage of unassembled chains, which also co-
purify in affinity chromatographic steps and, hence, require
additional processing to obtain pure recombinant SIgA.

Another strategy to achieve higher amounts of assem-
bled SIgAs might be to perform in vitro re-association
(reconstitution). Basically, when free SC is incubated with
dIgA (bearing the J chain), it autonomously leads to the
formation of covalently linked SIgA in vitro (Fig. 4a) [24,
43]. The recombination can be achieved in solution, or
when the dIgA is immobilized to a membrane of nitro-
cellulose or polyvinylidene fluoride, or even on an IgA
affinity column [23, 44-46]. However, the reconstitution
efficiency reported by different groups seems to vary vastly
(15-90 %) [23], perhaps due to the subtle post-translational
differences between the recombinant molecules. These
may include glycosylation differences and particular folds
that defy access to cysteine residues. Addition of a thiol-
disulfide redox buffer has been reported to render the dIgA
into a structural conformation necessary for SC reconsti-
tution [47], which may help in some cases for increasing
the post-production in vitro reconstitution of plant- and
CHO cell-made SIgAs.

Purification

The need, process and degree of purification depends on
the required application of the recombinant IgA (e.g. orally
delivered against enteric infections, or nasally for a respi-
ratory infection, etc.) and the production system used
(CHO cells, leaves or seeds). However, purification of IgA
has been a lingering issue since its discovery. Unlike the
robust scalable solutions that exist for IgG purification, like
protein-A and protein-G resins, a comparable, high effi-
ciency resin for IgA purification is yet to make its mark in
the IgA research and manufacturing front. There are sets of
commercially available resins, which in proverbial terms
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‘get the job done’ but have certain drawbacks. Again, the
high variation in formats with molecular weights ranging
from ~300 (pIgA) to ~400 (SIgA) kDa, with different
subclasses, and with variation in glycosylation, makes it
challenging to identify and establish a generally applicable
standard affinity-based method that is both specific (high
purity levels) and shows omnipotent IgA-binding (for all
formats of IgA).

The use of jacalin, an o-p-galactose-binding lectin
derived from jackfruit, has been widely reported for puri-
fying IgA from mucosal specimens [23, 48]. However,
because the lectin binds via the O-linked glycosylation site,
it is only effective for IgA1 purification and not for IgA2
[18, 49]. Using jacalin for clinical research specimens
inevitably induces a bias in IgAl enrichment, but also
enables to focus on the role of subclasses in infection.
Another issue is the co-elution of host proteins bearing
O-linked glycosylation along with IgAl. In a purification
analysis of IgAs from serum-free CHO supernatant, two
different IgAs, each with the k and A light chain, showed
high recovery efficiencies (97-98 %) and acceptable puri-
ties (80-90 %), but with contaminating proteins of diverse
molecular weights [17]. In case of tobacco-produced
SIgAs, be it of the IgA1 or IgA2 subtype, the jacalin-based
method seems inefficient [34, 41], perhaps due to the lack
of the precise O-linked glycosylation. Lastly, the elution
step in jacalin-based chromatography requires competing
galactose, the cost of which and difficulty in removing it
from purified IgAl also raises questions about scalability
[23].

Staphyloccocal superantigen like-7 (SSL7) is another
popular alternative commercially available for IgA
purification. SSL7 is one of the molecular arsenals that
Staphylococcus aureus has evolved to evade the host
immunity by specifically binding IgA and preventing
its FcaR-mediated functions [50]. The specificity of
SSL7 binding to only IgA and no other Igs makes it
particularly attractive as IgA-purifying reagent for a
wide range of sources like milk, serum, tissue washes,
etc. SSL7 binds IgA at the Ca2—Co3 junction of both
human IgAl and IgA2. However, it does not bind
murine IgA, due to an N-linked glycosylation in the
middle of the Co2—-Ca3 SSL7-binding site [51]. Thus,
SSL7 remains useful for human, primates, rats and
most other mammals, but not for mice, which has been
developed as a model to study several infectious dis-
eases. SSL7 is also efficient for purification of plant-
made human IgAs [34, 41]. In case of seed-produced
porcine sSIgAs, which cannot be purified with jacalin
or light chain-based affinity chromatography, SSL7
remained one of the limited options for purifica-
tion [35]. Though the purity of the eluted sSIgA was
high (~90 %) [35], the rate and capacity of capture
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was low, making it feasible for analytical purposes
only. Paul and colleagues also used SSL7 for small-
scale purification of anti-HIV 2G12 SIgA and used
protein L affinity resin for large batches of tobacco
leaves (up to 0.5 kg) [41].

Protein L is a bacterial surface protein from Peptococcus
magnus that binds certain k light chains from different Ig
classes, i.e. IgG, IgM, IgA, IgD and IgE [52]. Given its
broad spectrum, the application of protein L in the context
of IgA passive immunization can only be envisioned for
recombinant IgA and not for IgA derived from milk or
convalescent serum. Even for recombinant IgAs, it is
effective only for the k light chain of IgA1. However, the
protein L binding framework can be introduced into the
non-binding Kk light chains to enable protein L-based
purification [53]. This was successfully demonstrated for
IgA transiently expressed in tobacco leaves without bear-
ing detrimental effects for the IgA antigen-binding capacity
or expression level [54].

Protein M is another major bacterial virulence factor
from S. pyrogenes that binds the IgA-Fc and enables the
bacteria to resist phagocytosis [55]. An engineered version
of this protein, with a cysteine residue incorporated in the
C-terminal end called the peptide M, enables purification
of human IgA1 and IgA2 with high specificity, and with a
recovery of 99 % from serum and 45 % from saliva sam-
ples in a single-step purification [56]. But again, the
peptide M does not bind murine IgA.

A recent study compared the use of different com-
mercially available IgA affinity resins, namely SSL7,
peptide M and jacalin, for the characterization of mucosal
IgA from macaque in a simian immunodeficiency virus
infection study [48]. Apparently, the SSL7 and peptide M
showed much better results with a 96.7 and 83.7 %
recovery, respectively; whereas jacalin had a poor
recovery of 0.2 %. Apart from the resin binding capacity,
the quality of purified IgA is an equally important
parameter to consider. The authors observed that there
was a single heavy chain moiety in the jacalin fraction,
whereas elution from the other resins also contained
additional heavy chain degradation fragments. Analysis
on Western blots from native gels showed a higher IgA
homogeneity in the jacalin-purified material, whereas
multiple formats of IgA (ranging from ~300 to
~720 kDa) were found in the SSL7-purified material.
Further, the SSL7-purified IgA had the poorest neutral-
ization and phagocytosis capacity. In the end, the authors
argued the merit of peptide M-purified IgA, which per-
formed relatively well across all analyses [48]. This
example shows that not only the binding capacity, but
also the binding specificity of a particular functional IgA
format are important considerations when purifying IgAs
for passive immunization.

Conclusion

Specific SIgAs play an important role in evading, neu-
tralizing and even ‘cleaning up’ infectious pathogens from
the mucosal surface. Recombinant IgA application can be
an immediate procedure to impart protective capacity [35].
Immediate protection is a unique advantage of passive
immunization, which is needed when there is a small
window for intervention, like post-weaning infections,
emergency in bio-terrorism and epidemics. SIgA is an
alternative to the antibiotic use, and may help in con-
tributing to lower the indiscriminate use of antibiotics,
which is inevitably tied to the risk of introducing bacterial
resistance [57]. Protective SIgAs may be applied as pro-
phylaxis prior to the contingency of being infected, e.g.
oral application against traveler’s diarrhea prior to travel-
ing or intranasal application in case of seasonal respiratory
infections such as influenza, human respiratory syncytial
virus [58], or at the urogenital tract against sexually
transmitted diseases like HIV [41, 59] and chlamydia [60].
Importantly for the end users, mucosal passive immu-
nization with SIgA means: ‘non-invasive, immediate
protection’. A formulation of SIgA may eventually be
applied by susceptible individuals themselves with or
without medical supervision, and thus has a wider cover-
age, especially important in resource-poor areas or in case
of epidemics.

But before these SIgA-based prophylactic approaches
can be realized, improvements are needed to obtain cost-
effective, high amounts of assembled monoclonal SIgAs.
CHO cells have come far from the initial proof of concept
to the current production levels [23]. Given the well-
established tools and platform for CHO-based recombinant
protein production, it is likely that the SIgA production
levels in these cells will also increase in the future.
Maintaining low production and purification costs for
SIgA-based prophylaxis is also essential for universal
accessibility. Seed- and leaf-based production offers a cost
effectiveness, as well as delivery solution. Because plants
are free from mammalian viruses and pathogens, oral
administration of minimally processed or crude extracts as
‘SIgA juice’ can be envisioned for enteric infections.
Simultaneously, we need to better understand the role of
SIgA in various diseases and study the influence of
applying recombinant SIgAs in preventing those specific
infections at the mucosal surfaces. In the future, the SIgA
production platform would possibly need to be flexible
enough to produce different variants of SIgA with specific
glycan-modification. Thus, for the SIgA-based passive
immunization to become a reality, we require outstanding
solutions for the manufacturing of this outstanding
immunoglobulin.

@ Springer
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