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Chapter
Engineering Secretory IgA against
Infectious Diseases

Nicole Falci Finardi, Audrey Y-H. Teh and Julian K-C. Ma

Abstract

The dawn of antibody therapy was heralded by the rise of IgG therapeutics.
However, other antibody classes are at our disposal—one of the most exciting is IgA
and is the most abundant antibody class within humans. Unlike IgG, it is uniquely
specialized for mucosal applications due to its ability to form complex Secretory
IgA (SIgA) molecules. Since the mucosa is constantly exposed to potential infec-
tious agents, SIgA is pivotal to disease prevention as an important component of the
mucosal barrier. Compared to IgG, SIgA has proven superior effectiveness in mucosal
surfaces, such as the airway epithelium or the harsh gut environment. Despite this,
hurdles associated with low yield and challenging purification have blocked SIgA
therapeutic advancement. However, as a result of new antibody engineering strategies,
we are approaching the next generation of (IgA-based) antibody therapies. Strategies
include fine-tuning SIgA assembly, exploring different production platforms, genetic
engineering to improve purification, and glycoengineering of different components.
Due to its stability in mucosal environments, SIgA therapeutics would revolutionize
passive mucosal immunotherapy—an avenue still underexploited by current thera-
peutics. This chapter will focus on the current perspectives of SIgA engineering and
explore different approaches to unlocking the full therapeutic potential of SIgAs.

Keywords: antibody engineering, infectious diseases, mucosal immunity,
glycoengineering, mucosal antibodies, secretory IgA, IgA

1. Introduction

Out of all the antibody classes, the most abundant isoform in the human body
is IgA [1]. It is the predominant antibody found in the mucosa—a vast extracellular
environment constantly exposed to antigens from both pathogens and commensal
bacteria—where it is secreted in the form of secretory IgA (SIgA). This is a multi-
component molecule comprised of two IgA monomers linked together by a joining
chain (J chain) and covalently attached to the secretory component (SC) [2]. The
secretory component wraps around the antibody complex and confers resistance to
proteolytic degradation, along with protection in low pH environments. The ability to
form this stable structure is exclusive to mucosal antibodies IgA and IgM and presents
a unique advantage to traditional IgG therapy which currently dominates the immu-
notherapy market [3]. Despite this, there are currently no licenced SIgA products
available for use.
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Being adapted to mucosal secretions means SIgA has an intrinsic advantage as an
oral therapeutic targeting mucosal pathogens compared to other antibody classes.

In airway infections, SIgA has been shown to neutralise influenza virus and prevent
virus-induced pathology in the upper respiratory tract, at times better than IgG

[4, 5]. This is likely to be due to its ability to bind antigens with high avidity on the
mucosal surface and prevent adherence to the epithelium, a method called immune
exclusion [3]. SIgA is anchored to the mucosal surface by interacting with mucins
(glycoproteins which make up the mucus layer) via the antibody’s secretory compo-
nent, ensuring a layer of protection against potential pathogens [6]. More recently,
the respiratory application of SIgA therapy was highlighted against COVID-19, with a
monoclonal SIgA, but not IgG, potently neutralising SARS-CoV-2 virus [7]. This was
attributed to the increased avidity of SIgA arising from its polymeric and flexible Fab
regions.

SIgA is also a key immune component of gut mucosa, where it is secreted as the
first line of defence [8]. This is an exceedingly complex environment where part
of the interplay between host and gut microbiota can be disrupted by intestinal
pathogens to establish infection (such as Escherichia coli, Campylobacter jejuni and
Clostridium difficile) [9]. There is a global need to engineer therapeutics for diar-
rhoeal diseases which are a leading cause of death in developing countries, the
majority being of young children [10]. In the search for therapeutics against such
infections, SIgA has emerged as an attractive candidate. Administered via the oral
route, SIgA against enterotoxigenic E. coli (ETEC) reduced instances of diarrheal dis-
ease by hindering bacterial adhesion to the gut lumen in a nonhuman primate model
[11]. When compared to an IgG counterpart, SIgA neutralised a C. difficile toxin up to
100 times more effectively, although this was not replicated by all SIgA subtypes [12].
SIgA has also been demonstrated to be more stable in a low pH simulated intestinal
fluid environment than the IgG1 variant [13]. The protective barrier arising from
the interaction between SIgA and the mucus is effective at preventing bacteria from
anchoring and colonising the gut lumen—the neutralised bacteria are then unable to
cause disease.

With functional efficacy and applications against a wide range of mucosal
pathogens, it is understandable why SIgA emerges as an attractive candidate in the
growing field of antibody therapy. However, there are a host of factors which must be
addressed before this antibody type can fulfil its therapeutic potential. Issues relating
to SIgA production, purification and glycosylation must be addressed—the good news
is there are already extensive efforts to do so.

2. Structure and assembly

SIgA is a complex molecule which relies on all 4 components assembling to
form a functional antibody. This can be an issue when producing SIgA in vitro as
partially assembled forms will also be produced (such as monomers and dimers).
Furthermore, there are 2 subtypes of IgA which mainly differ in their hinge region:
IgAl with a long O-glycosylated hinge and IgA2 with a short non-glycosylated hinge
[14]. Hinge length is associated with differences in flexibility and the ability to reach
more distant epitopes at the expense of increased protease-mediated breakdown
susceptibility [15]. As a result, the IgA subtype used for a specific therapeutic may be
dependent on its application—for example, a potential SIgA therapeutic administered
to the bacteria-rich gut mucosa might benefit from being IgA2 in order to evade hinge
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degradation by bacterial proteases. On the other hand, IgA1 may offer high stabil-
ity due to the presence of strong covalent bonds between its heavy and light chains,
otherwise absent in IgA2.

Engineering the IgA heavy chain in order to reduce sensitivity to bacterial prote-
ases has highlighted which antibody domains are necessary for protease activity [13].
For example, three amino acids in the CH3 domain were found to confer susceptibility
to breakdown by a Neiseria meningitidis protease. Efforts to engineer a IgA1/IgA2
hybrid with half of IgA1s long hinge has elucidated the specific proteases which bind
to each half of the long hinge [16]. For example, proteases produced by Neisseria
gonorrhoeae and Neisseria meningitidis are able to cleave the hybrid hinge, whereas the
Haemophilus influenzae Type 1 protease did not.

Protein structure can be stabilised by covalent bonds or non-covalent forces. A
strategy in antibody engineering is introducing covalent bonds to antibody domains
in the form of disulphide bridges. These make the antibody complex more stable and
less prone to breakdown. For example, a single amino acid mutation (P221R) will
sterically allow new covalent bonding in IgA2 between the heavy and light chain
interaction—this leads to a more robust antibody and less free light chain [17].

The incorporation of J chain has been identified as a bottleneck in SIgA assembly
[18]. This small 15 kDa polypeptide covalently attaches to the Fc region of opposite
IgA monomers via two key cysteines to make dimeric IgA. However, excess J chain
can lead to high molecular weight aggregation due to the protein’s two free thiol
groups [19]. Fine-tuning the expression of ] chain relative to the other SIgA compo-
nents, for example by putting it under the control of a stronger promoter, can help
optimise dimeric and secretory forms of the antibody [20].

The final step to make a SIgA molecule is attachment of the secretory component.
In vivo this happens as dimeric IgA is trancytosed from the lamina propria into
mucosal secretions after binding to the polymeric immunoglobulin receptor [21];
in cellulo strategies rely on the SIgA complex assembling through co-expression of
multiple genes or in vitro by incubating free secretory component with purified
dimeric IgA [22].

There has been interest in engineering IgA fused with other immunoglobulin
forms, particularly with camelid VHH nanobodies, replacing the variable light
and heavy chains. These nanobodies are small (~15 kDa compared to the ~55 kDa
Fab domain) and eliminate the need for a light chain. This enables the targeting of
epitopes in deeper antigenic clefts and also simplifies production [23]. VHH-IgA
fusions demonstrated increased functionality whilst retaining the ability to dimerise
via the J chain and bind to secretory component. For example, secretory VHH-IgA
fusions were protective against ETEC infection unlike related VHH-IgG fusions [24].
Another engineered fusion antibody which has been explored is an IgG backbone
with IgA Fc sequences inserted—this demonstrated binding to both the IgA recep-
tor (FcaRI) and IgG receptors (FcyRI/FcyRIIa/ FcyRIIb), possessing both classes of
effector function [25].

With the recent increased application of advanced data science and machine
learning in biotechnology, the coming years will potentially be very exciting for
antibody engineering. Increased access to technology such as AlphaFold by Google, an
open-source software to predict the 3D structure of protein sequences, will facili-
tate the bridging between in vitro and digital modelling [26]. Future approaches to
improve antibody stability may employ computational models to identify antibody
conformations with increased stability [27]. Indeed, proof-of-concept studies that
apply different types of modelling software to antibody design are already underway,

3



Immunosuppression and Immunomodulation

either by designing new proteins using an existing sequence dataset, or improving a
3D model and predicting the sequence which would give rise to it [28]. Such strategies
have the potential to take native antibody sequences and generate novel sequences
with better antigen binding affinity, for example [29]. It is important to note that this
strategy requires a robust data set to base new designs on, and that improved antibody
characteristics are based on simulation data which may not completely translate i
vitro/in vivo. However, this is a relatively new technology. More experimental real-
world data will both help guide and validate algorithms—unfortunately this informa-
tion is sparse for IgA compared to IgG. Nevertheless, iz silico antibody engineering
has the power to drastically reduce the hours spent in laborious real-world antibody
screening [30]. It is only a matter of when, not if, it will be applied to mainstream
SIgA production.

3. Production: mammalian cells, plants and beyond

Production platforms for monoclonal antibodies determine the cost effectiveness
and hence their viability as a therapeutic product. Due to the need to transcribe and
assemble 4 components (IgA heavy & light chain, ] chain and secretory component),
SIgA production is a complex multi-step process which has been attempted in differ-
ent protein production systems.

Mammalian cells, specifically CHO (Chinese hamster ovary cells), are the indus-
try standard in therapeutic IgG monoclonal antibody production. SIgA manufacture
has been achieved either through multiple gene transfection or in vitro reconstitution
(ie. dimeric IgA incubated with secretory component) [22]. However, the technology
is associated with very high production costs which is reflected in the expensive price
of monoclonal antibody therapy, even for IgGs [31]. This problem is exacerbated for
SIgA as the yields in mammalian cells are still low.

Plants have emerged as an attractive alternative platform for SIgA production.
Plant-derived therapeutics are coming of age—previously against Ebola, Gaucher’s
disease and more recently the plant-based SARS-CoV-2 vaccine Covifenz® has been
approved for use by Health Canada [32-35]. Plants are well suited to produce SIgA
by expressing the four components either transiently or by the sequential crossing of
plant lines stably expressing each component [36]. A plant-specific issue, however,
is the apparent cleavage of the IgA Fc tailpiece required for J chain incorporation—
which may be due to differential glycosylation in plants [37]. Efforts to circumvent
this include the co-expression of the N-glycosylation facilitating enzyme oligosac-
charyltransferase from Leishmania major [38].

Furthermore, plant-associated glycans (non-human modifications) on recombinant
antibodies present a challenge to therapeutic advancement. For example, plants lack
branched and sialylated N-glycosylation, and produce plant-specific xylose and fucose
residues [39]. Plant O-glycosylation also differs from humans with the presence of
complex arabinogalactans on hydroxyproline residues (extensively found on the IgA1
long hinge [40]) and galactosylated serine which does not appear in humans [41]. This
is being addressed by using glycoengineered plant lines—these can produce antibodies
which function as well as a their CHO-produced counterpart, but with more controlled
and homogenous glycan profiles [42, 43].

Overall, SIgA production in different production platforms carry specific advan-
tages and disadvantages—the overarching issue being the production of multiple
assembly intermediates (single chains, monomers and dimers), and it is troublesome

4



Engineering Secretory IgA against Infectious Diseases
DOI: http://dx.doi.org/10.5772/intechopen.108426

to isolate the desired fully assembled SIgA complex [16, 44]. In order to increase the
therapeutic potential of SIgA, it is necessary to increase yield (expression levels) and
optimise downstream processing.

4, Purification

Downstream purification is the major determinant of cost of goods and monoclo-
nal antibody therapies are currently regarded as some of the most expensive drugs in
the world [45]. For SIgA to enter the immunotherapy market, the cost of downstream
processing must be comparable to that of IgG. However, there are hurdles associated
with SIgA purification which must be addressed beforehand.

Firstly, there is no established gold standard purification resin for SIgA or IgA
antibodies. Protein A (the well-established resin used for industry scale IgG purifica-
tion) cannot be used for SIgA due to the lack of suitable binding sites on the antibody
complex. Alternative purification resins that can be used for circumventing this are
jacalin [46], SSL7 [47] or generic anti-kappa affinity resins such as protein L [48];
each method is associated with different limitations.

Jacalin is an O-linked glycan-specific lectin derived from jackfruit which is used
to purify monoclonal IgA1, and can demonstrate purification efficiency similar to
IgG and protein A [49]. Specifically binding to a-D-galactose on the antibody sur-
face, jacalin will not bind to IgA2 or IgA1 with modified glycosylation (e.g. without
the O-glycosylated hinge), which may be a benefit or a hindrance depending on
the desired product [49]. Inconveniently, Jacalin will also bind to host cell proteins
exhibiting O-linked glycosylation, which presents a problem if the target antibody is
not present at high concentrations [46].

Protein L is a bacterial cell wall molecule with high binding affinity to certain
kappa light chain sequences [48]. This can purify any IgA subtype provided the target
sequences are present in the light chain. Unfortunately, protein L will also bind SIgA
assembly intermediates and fragments, single light chains, along with monomers
and dimeric IgA. This complicates downstream processing since the eluted sample
must be further processed (by size exclusion chromatography, for example) to isolate
fully formed SIgA. Other purification options, such as CaptureSelect® using llama
antibody Fab fragments against single alpha or kappa chain, also suffer from this
limitation [50].

Antibody engineering efforts directed at facilitating IgA purification have high-
lighted the sequences required for affinity purification binding. For example, engi-
neering SIgA light chains to gain protein L binding ability has been described [48].

In addition, murine IgA was made purifiable by SSL7 (another IgA binding protein
derived from bacteria) using a 2-amino acid mutation in the Fc region [51], showing
that engineering novel purification methods of IgAs are feasible and potentially able
to simplify downstream processing.

5. Glycoengineering: finding the sweet spot with complex sugars

Glycosylation is a post-translational protein modification which involves the
incorporation of complex sugar molecules (N-linked or O-linked glycans) to specific
amino acid residues. It is a common but complex process due to the potential het-
erogeneity of glycan composition and site occupancy [52]. Antibody glycosylation is
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dependent on the expression system, as post-translation modifications differ between
cell types and production platforms [41]. Glycoengineering approaches in plants for
immune modulation usually focuses on changes in galactosylation, fucosylation and
sialylation [53]. The glycans associated with an antibody can significantly impact
functional characteristics and is a parameter which must be closely monitored in
potential therapeutic antibodies [54].

The singular N-linked Fc glycosylation site in IgG has been extensively studied and
engineered for a tailored immune response. For example, removing the core fucose
increases antibody-dependent cell-mediated cytotoxicity (ADCC) by facilitating the
antibody’s binding to FcyRIIIA [55]. Conversely, the inflammatory response mediated
by IgG effector functions can be reduced by using sialylated glycans, as this impairs
complement-dependent cytotoxicity [55]. It is clear even a single glycan site is influ-
ential to IgG function. In comparison, a fully assembled SIgA complex can harbour as
many as 26 sites.

Every component of SIgA has potential N-linked glycosylation sites: 4 to 9 per
IgA monomer, 1 on the joining chain and 7 on the secretory component. In addition,
the IgA1 subtype has an extended hinge region with up to 6 clustered O-glycan sites
which make investigations into glycosylation status and the resulting effect on func-
tion difficult [56]. Despite this, it is clear that glycosylation is important for effective
SIgA function. For instance, SIgA with unglycosylated secretory component is subject
to rapid breakdown in the gut [57]. Indeed, the glycan repertoire of IgA is markedly
different to that of the well-established IgG and requires extensive further study for
levels of familiarity to be comparable [58].

6. Applications: engineering SIgA for passive immunisation?

The route of administration of monoclonal antibody therapy is a determining
factor in its effectiveness. Vaccination via the systemic route, whilst effective in
generating serum responses, often does not mount a sufficient mucosal response
[59]. As a result, most systemic vaccines will not protect against initial infection,
since host-pathogen interactions mainly occur directly via the mucosa. This high-
lights a need for mucosal immunisation and by extension passive immunisation
with antibodies.

Passive immunisation would involve the topical administration of pathogen-
specific SIgA directly to the oral, nasal, respiratory or gastro-intestinal mucosal. This
would immediately form an enhanced protective barrier. For example, there has been
significant efforts in the search for artificial colostrum—an oral formulation contain-
ing mucosal antibodies against disease in neonates, emulating the protective qualities
of breastmilk [60].

In animals, orally-administered VHH-SIgA fusions have provided protection
against E.coli infection superior to their IgG counterparts [61]. This proof-of-concept
study shows the exciting applications of passive immunisation and highlights the
importance of IgA-based therapy, although it is yet to be replicated in humans.
Furthermore, SIgA’s heterologous glycan profile is less of a complication if taken via
the oral route due to the body’s natural oral tolerance to exogenous antigens [62].
However, the pharmacokinetics and stability of SIgA in the human gastric environ-
ment may need further consideration and optimization before implementation [63].
Although our understanding of IgA-mucin interactions is still limited, it is a promis-
ing field of study nonetheless.
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7. Summary

The mucosal system is the body s first line of defence against infection and SIgA is
the primary immunological weapon. Although there have been significant advance-
ments in the understanding of this antibody complex, SIgA has been overshadowed
by the therapeutic success of IgG antibodies. Renewed interest in mucosal vaccines
and oral immunotherapy has highlighted that existing therapeutics may not be best
suited for mucosal therapy, ushering a potential new era of SIgA-based therapy. This
chapter has highlighted that:

* Fine-tuning the correct balance of antibody effector function is critical for thera-
peutic viability. Further engineering of SIgA’s structure, glycans and production
will continue to push it closer to joining IgG in the mainstream immunotherapy
market.

* Novel engineering of IgA-based therapeutics are attractive due to new intel-
lectual property opportunities in the rapidly growing and lucrative field of
immunotherapy.

* As machine learning applications to antibody engineering become more acces-
sible and continues to inform the design on future antibodies, SIgA will surely
benefit. However, more real-world experimental data may be required for
accurate computational design of SIgA in particular.
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