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Immunoglobulins are known to combine various effector mechanisms of the adaptive and the innate immune
system. Classical immunoglobulin functions are associated with antigen recognition and the initiation of innate
immune responses. However, in addition to classical functions, antibodies exhibit a variety of non-canonical
functions related to the destruction of various pathogens due to catalytic activity and cofactor effects, the action of
antibodies as agonists/antagonists of various receptors, the control of bacterial diversity of the intestine, etc.
Canonical and non-canonical functions reflect the extreme human antibody repertoire and the variety of antibody
types generated in the organism: antigen-specific, natural, polyreactive, broadly neutralizing, homophilic, bispecific
and catalytic. The canonical and non-canonical functions of antibodies greatly enhances the functionality of the

human immune system.

Immunoglobulines antibodies non-canonical functions IgG IgA slgA

IgM IgE IgD

| 1. Introduction

Immunoglobulins (Igs) are involved in numerous molecular mechanisms of both innate and adaptive immune
systems due to the presence of two functional centers (antigen binding sites (Fab) and fragment crystallizable
region (Fc)), as well as a combination of their unique structural and functional properties. Generally, Igs combine
the Fab domain-mediated antigen recognition process with the activation of various innate responses mediated by
the involvement of various receptors, protective proteins and immune cells by the Fc domain []. For a long time, it
was believed that the host’s immune system generates only highly specific antibodies (Abs) against pathogens [(2]].
However, the development of experimental methods and animal models made it possible to determine the extreme

heterogeneity of the Igs pool, reflecting a wide variety of biological functions of Abs.

Igs have been shown to exhibit their effector functions both in normal and pathological conditions, especially in
inflammatory and autoimmune diseases (AIDs). The pathological role of Abs is well documented in the literature
(e.g., [E). At the same time, natural Igs are powerful immunomodulators that both induce and suppress immune
responses and inflammatory processes []]. However, much less attention is paid to the study of Ab effector
functions beyond the classical concepts of immunology. Evidence of a significant functional diversity of Abs is the
various identified therapeutic effects of intravenous Igs (IVIg) [2)]. IVIg preparations are widely used to treat various

immunological pathologies. A better understanding of these Ab functions can enrich existing therapeutic strategies.
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2. Canonical and Non-Canonical Functions of
Immunoglobulins

The human Ab repertoire is created by somatic evolution in B cell populations, which allows the immune system to
recognize and eradicate almost any antigen [[€]]. State-of-the-art immune repertoire next-generation sequencing
technologies have allowed a deeper understanding of the diversity of Abs and B cell receptors and thus the
immune status of the individuals [4, &, ], The Ab repertoire is flexible and changeable throughout life. Flexibility
is achieved due to the presence of an extensive repertoire of native Abs, the diversity of which is increased by
somatic hypermutation after exposure to the antigen. Each of the approximately estimated 5 x 10° B cells produces
a specific B cell receptor or Ab through somatic recombination of variable (V), diversity (D), joining (J) and constant
(C) gene segments (V—(D)-J recombination). The V—(D)-J recombination process results in a light (L) chain,
assembled from V, J and C gene segments from one of the light chain loci, and a heavy (H) chain, assembled from
V, D, J and C gene segments from the heavy chain locus. Pairs of H and L chains combine to form the following Ab
isotypes: monomeric 1gG, IgE and IgD; dimeric IgA; and pentameric IgM. Fab contains the variable segments of H
and L chains (VH and VL) that bind to a specific surface on the antigen (epitope). Each of the VH and VL segments
contains three complementarity-determining regions (CDRs) and four framework regions. The CDRs contain the
amino acid residues responsible for antigen binding (paratope). The process of somatic hypermutation after
exposure to antigens introduces mutations, primarily in CDRs. Moreover, Abs have constant domains involved in
the formation of Fc, which is responsible for interacting with diverse receptors or complement. Thus, a broad Abs
repertoire, a unique structure and processes of affinity maturation determine the variety of functional activities of
Abs.

Ab-mediated biological functions should be considered according to functional level [19]. The simplest functional
level implies the elementary interaction of the Fab domain with the antigen to neutralize the pathogen. The second
functional level is the initiation of secondary reactions following antigen recognition. This level is due to both the
binding activity of the Fab domain and recognition of the Fc domain by innate immune receptors, complement or
immune cells. Examples of well-characterized Ig functions of this functional level are Ab-dependent complement
activation, complement-mediated lysis of pathogens or infected cells, Ab-dependent cell-mediated cytotoxicity,
phagocytosis, etc. The highest functional level reflects the overall biological role of the Ab in the host's immune
defense. All of these functions are ultimately aimed at protecting against pathogens and maintaining immune
homeostasis. However, with the development of research technologies, it has become clear that Igs’ general
biological functions are not limited to antigen recognition processes and the initiation of innate immune responses.

In recent years, many Ab functions have been discovered that do not fit into the classical paradigm [10].
Given the available data, Ig functions can be nominally divided into canonical and non-canonical (summarized in
Table 1). The canonical functions of immunoglobulins are well documented (including but not limited to [1,

(1) [12] [13] [14] [15] [16] [17] [18] [191)) thus we will describe them only briefly.

Table 1. The canonical and non-canonical functions of antibodies (Abs).
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Ig Classes

IgG-mediated

IgM-
mediated

Canonical Functions of Abs !

Fab-Dependent

Agglutination, neutralization, and

excretion of specific antigens

Similarly sIgA and sigM, 1gG is
involved in controlling the diversity of certain

commensal and pathogenic microorganisms

Agglutination, neutralization, and

excretion of various pathogens

Fc- and Whole Ab-Dependent

Ab-mediated complement activation

Ab-dependent cell-mediated

cytotoxicity

Ab-dependent cellular phagocytosis
through the interaction of IgG with FcyRs,
DC-SIGN on macrophages

Participation in antigen processing as a
result of FcyRs-mediated internalization of

immune complexes

Intracellular Ab-mediated degradation
of antigen in the proteasome after interaction
with C1q and TRIM21

Ab-mediated immunomodulation,
including the release of pro-inflammatory
molecules, activation, differentiation and
development of immune cells after interaction
of I9G with FcyRs

B cell selection and survival, regulation
of plasma cell apoptosis, control of IgG
production through the interaction of IgG with
FcyRs and CD23

Provide specific protection for
newborns from certain pathogens as a result

of transport of mother’s IgG through FCcRn

Pronounced Ab-mediated complement

activation

https://encyclopedia.pub/entry/1603

3/18



Immunoglobulins with Non-Canonical Functions | Encyclopedia.pub

IgA-mediated

IgE-mediated

slgM, together with sIgA regulate

bacterial intestinal diversity

slgA promotes the opsonization,
agglutination, and excretion of pathogenic
microorganisms and their products at

mucosal surfaces (immune exclusion)

Low-affinity slgA retain commensal
bacteria in the intestinal lumen (immune

inclusion)

slgA neutralizes intracellular pathogen

determinants in the epithelial-cell endosomes

IgE opsonize and mediate the
destruction and removal of helminths and
other pathogens

Together with complement, provides
transport of antigens to secondary lymphoid
organs and the initiation of an immune

response

Strengthening phagocytosis and

promoting the presentation of antigens

Stimulation of macrophage uptake of

apoptotic cells and their degradation products

IgM through FcuR is involved in the
regulation of B cell development and IgG

production, as well as immune tolerance

Serum monomeric IgA promotes anti-
inflammatory response after interaction with

FcaRIl and other receptors

IgA immune complexes contribute to a
pro-inflammatory response after interaction
with FcaRIl and PRR

Serum monomeric IgA, but not sigA,
initiate bacterial phagocytosis due to

interaction with FcaRl

Antigens excretion due to the secretion
of slgA through the interaction of the sIgA-
antigen complex with plgR and its release
into the lumen of the mucosa

Colostrum and milk IgA provide

neonatal intestinal homeostasis

IgE initiates mast cell and basophil
degranulation, as well as the synthesis of

inflammatory mediators and the secretion of
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IgE contribute to the inactivation of cytokines and chemokines after antigen

animal poisons and toxins recognition by IgE, associated with FceRI

Regulate growth, maturation and
survival and mast cell homeostasis even in

the absence of antigen

Regulate the expression of FceRI and
CD23

Participate in the transport of allergen
from the intestine to the mucous membrane
due to the interaction of the allergen-IgE
complex with CD23 or FceRl, thereby

facilitating the presentation of the antigen

Stimulate Th2 response and

suppression of Treg generation

IgD associated with basophils and
other cells, after antigenic stimulation, triggers
Secreted IgD is involved in the the release of IL-4, which causes the
IgD-mediated  regulation of commensal and pathogenic production of IgG by B cells

bacteria and mucosal allergens
IgD receptors expressed on B cells

regulate their development and maturation,

as well as clonal anergy and self-tolerance

Non-Canonical Functions of Abs 1

Ig Classes Fab-Dependent Fc- and Whole Ab-Dependent
IgG-mediated - Antigen cleavage due to the catalytic : Modulation of intracellular insulin
activity of IgG signaling due to the interaction of the

hyposialylated IgG Fc domain with FcyRIIb
Direct inactivation of pathogens in the

absence of effector cells and molecules : Ab-dependent enhancement of
infection or disease
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Cofactor effects of IgG in neutralizing

pathogens

Triggering of cell signaling through

receptor agonist activity of Igs

Compensation of innate immune
defects due to anti-cytokine activity or other

mechanisms

Carriage, bioavailability regulation and
protection of hormones from proteolytic

degradation

ROS detoxification due to redox

activity of IgG

Antigen cleavage due to the catalytic
activity of IgA
Transepithelial transfer of bacteria from

Intestinal sIgA regulates the the small intestine to Peyer's patches and
penetration of microbial metabolites into the induction of T cell-dependent Ab responses
_ systemic circulation involved in regulating the
IgA-mediated ) ) ) . . . .
metabolism and immunity of the host : The Fc domain of sIgA, interacting with
bacterial glycans, modulates the expression
High avidity pathogen-specific sIgA of polysaccharide utilization loci, including
contribute to the formation of bacterial MAFF
clusters, “enchained growth” and enhanced
clearance
Antigen cleavage due to the catalytic
activity of IgM : Modulation of lymphocyte intracellular
'gM- signaling due to the interaction of the Fc
mediated

Direct inactivation of pathogens in the domain of IgM with FcuR
absence of effector cells and molecules

1 The table was compiled based on the works [1, 10-19, (29 [21] [22] [23] [24] [25] [26] [27] [28]) Apbreviations: Clq
—complement component 1q, CD—a cluster of differentiation, DC-SIGN—dendritic cell-specific intercellular

adhesion molecule 3 grabbing non-integrin, Ig—immunoglobin, IL—interleukin, FcRn—neonatal Fc receptor, FcaRl
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—TFc receptor for IgA, FcyRs—Fc receptors for IgG, FceRI—Fc receptor for IgE, FcuR—Fc receptor for IgM, MAFF
—mucus-associated functional factor, plgR—polymeric immunoglobulin receptor, PRR—pattern recognition
receptor, ROS—reactive oxygen species, slgA—secretory immunoglobulin A, TRIM21—tripartite motif-containing

protein 21, Th2—type 2 helper T cells, Treg—regulatory T cells.

A quick look at Table 1 allows us to make the corollary that Abs exhibit more numerous canonical functions at the
second and highest functional levels. However, the functions of Igs should be considered depending on their
classes and subclasses, since their functions differ significantly. For example, pathogen recognition by IgG triggers
complement activation, Ab-dependent cell-mediated cytotoxicity, or directs immune complexes to degradation into
proteasomes through endocytosis after interaction with C1g and TRIM21 [10]. In general, IgG3 has the highest
functional activity, followed by IgG1, whereas 1gG2 and IgG4 have the least functional activity in subclasses. 1gG
also provides specific protection for newborns from certain pathogens as a result of the transport of the mother's
IgG through the neonatal Fc receptor (FcRn) [14]. IgM can markedly activate complement [29]]. Together with
complement, IgM provides transport of antigens to secondary lymphoid organs and the initiation of an immune
response [10,13,14]. Secretory IgA (slgA) is classically known to promote both immune exclusion and immune
inclusion of various microorganisms on the mucous membranes [13,14]. Moreover, sIgA neutralizes intracellular
pathogen determinants in the epithelial cell endosomes. Furthermore, slgA provides antigen release into the lumen
of the mucous membrane through its secretion after the interaction of the slgA-antigen complex with the polymeric
immunoglobulin receptor (plgR) [13,14]. Thus, IgA actively regulates the diversity of commensal bacteria in the
intestine [13,14]. However, it is important to note that microbiota metabolites affect the production of IgA, as well as
systemic IgG responses [22]. IgE, in its turn, initiates mast cell and basophil degranulation after antigen recognition
by IgE, associated with the Fc receptor for IgE (FceRl). IgE also mediates destruction and removal of helminths
and other pathogens, as well as inactivation of animal poisons and toxins [17,18]. Secreted IgD is involved in the
regulation of commensal and pathogenic bacteria and mucosal allergens [18]. Furthermore, each of the classes of
Igs is involved in the regulation of proliferation, development and homeostasis of the immune system cells,
depending on the receptors expressed. Indeed, IgG participates in B cell selection and survival, as well as
regulation of plasma cell apoptosis [11,12]. According to recent data, IgM through Fc receptor for IgM (FcuR) is
involved in the regulation of B cell development and IgG production, thereby providing immune tolerance [12,14].
Serum monomeric IgA, on the one hand, promotes anti-inflammatory response after interaction with the Fc
receptor for IgA (FcaRl) and other receptors [13]. On the other hand, IgA immune complexes contribute to a pro-
inflammatory response after interaction with FcaRIl and pattern recognition receptors (PRRs) [14]. Thus, the
realized effect depends on the joint involvement of other receptors. Furthermore, IgE regulate growth, maturation,
survival and homeostasis of mast cells [17]. IgD receptors expressed on B cells regulate their development and
maturation, as well as clonal anergy and self-tolerance [19,2%]. IgD associated with basophils and other cells, after

antigenic stimulation, triggers the release of IL-4, which causes the production of IgG by B cells [19].

Thus, most of the biological activity of various classes of Abs is mediated through interactions between the Fc
domain and Fc receptors, while additionally involving other receptors [28,31]. Five Fc receptors for IgG (FcyR), two
Fc receptors for IgE (FceR), one for IgA (FcaR) and for IgM (FcuR), as well as for IgA and IgM (FcRa/pR), were
identified in humans [12,16,28]. The diversity of Fc domains further extends Ig functions due to the presence of
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sequence polymorphisms and variations in the glycosylation patterns [22,33]]. Activation of Fc receptors by Igs or
immune complexes leads to several subsequent effects, depending on the Fc receptor-expressing cell, type of Ig
or immune complex, cytokine environment and complement presence. Consequently, depending on the
immunological context, the responses initiated are different. The diversity of canonical biological outcomes caused
by different classes and subclasses of Abs allows for fine-tuning of the immune response, depending on the

pathological conditions.

Non-canonical functions of Igs impart even more possibilities for immune responses. These functions include either
atypical strategies for pathogen neutralization or actions distinctive of other proteins (extensively reviewed in [10]).
Such non-canonical functions of Abs are often due only to theAb’s Fab domain (see Table 1). These functions arise
in consequence of the extreme diversity of sequences and structural conformations of the antigen-binding site,
which are formed both by genetic processes of recombination and mutation, and by post-translational mechanisms
[4]]. The catalytic activity of Igs is typical, and is one of the most common examples of the non-canonical function
of different classes of Igs. The results of structural and sequence analyses of the antigen-binding sites of some Abs
demonstrate the similarity of sequences and topographic characteristics with the active sites of canonical enzymes
[20]. These features give Igs the ability to catalyze specific chemical reactions [20]. Abs with catalytic activity can
promote immune defense by hydrolysis of functional molecules important for pathogens. In addition, they can
minimize the autoimmune response by reducing the amount of antigen available for immune recognition, or by
hydrolyzing pro-inflammatory molecules. Abs with natural catalytic activity are found in the immune repertoire in
both physiological and pathological conditions. Immune pathologies are often accompanied by both the expanded

diversity and increased level of catalytic activity of Igs.

In addition to catalytic activity, non-canonical functions include direct inactivation of pathogens in the absence of
effector cells or molecules. For example, two monoclonal Abs, IgM and IgG, induced changes in the expression
genes and metabolism of the Cryptococcus neoformans fungal pathogen after binding to the cell surface [10].
Furthermore, it was shown that the Fc domain of slgA, interacting with bacterial glycans, can modulate the
expression of polysaccharide utilization loci, including an uncharacterized family called the mucus-associated
functional factor (MAFF) family [B2]]. Another example is a monoclonal Ab specific to the Escherichia coli B-barrel
assembly machine (BamA), which interferes with the folding and assembly of membrane proteins [28]]. Thus, some
Abs are able to change the basic biological processes of pathogens, leading to their inactivation. Furthermore,

several Abs can cause conformational changes in the target molecules of the pathogen [10].

Abs with agonistic activity play an important role in the expansion of the functions of Igs. Many examples are
known in which Igs modulate intracellular signaling, including acting as agonists or antagonists of receptors [2Z]. In
some cases, signaling modulation occurs through the Fc domain. For example, 1IgGs can modulate intracellular

insulin signaling due to the interaction of the hyposialylated IgG Fc domain with FcyRIIb [E8]].

A no less important non-canonical function of Igs is the compensation of innate immune defects due to anti-
cytokine activity or other mechanisms [10]. For example, Abs against staphylococcal lipoteichoic acid can protect

against staphylococcal infections in individuals with congenital insufficiency of the toll-interleukin 1 receptor (TIR)
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domain-containing adapter protein (TIRAP) [27]. It is also interesting that some IgGs are involved in the carriage,
bioavailability regulation and protection of hormones from proteolytic degradation [10]. However, Ab-dependent

enhancement of infection or disease may be a negative function of IgG [31].

Non-canonical functions of IgA, in addition to catalytic activity, include regulation of penetration into the systemic
circulation by microbial metabolites, which are involved in the regulation of the metabolism and immunity of the
host [14]. Moreover, high-avidity pathogen-specific slgA contributes to the formation of bacterial clusters,
“enchained growth” and enhanced clearance [14]. IgA is also involved in the transepithelial transfer of bacteria from

the small intestine to Peyer’s patches and induction of T cell-dependent Ab responses [10].

Non-canonical functions of IgM can be attributed to catalytic activity, direct inactivation of pathogens in the absence
of effector cells and molecules, as well as modulation of lymphocyte intracellular signaling due to the interaction of
the Fc domain of IgM with FcuR [12,28].

Thus, Igs due to canonical and non-canonical functions significantly expand the functionality of the immune
system. The variety of canonical and non-canonical functions of Igs is also reflected in the extreme diversity of Abs

generated in an organism.

3. Diversity of Abs Types: Antigen-Specific, Natural,
Polyreactive, Broadly Neutralizing, Homophilic, Bispecific,
Catalytic Abs

The plethora of Ig functions in the immune system may partly be explained by the wide variety of synthesized Ab
types. For a long time, the central paradigm of immunology has been that the immune system generates highly
specific Abs against environmental components. At the same time, it learns not to recognize the components of its
tissues during ontogenesis (the clonal selection theory) [2]. According to this theory, it was also argued that the
failure of immunological tolerance leads to the generation of autoantibodies (autoAbs) and the development of
AIDs. The results of investigations of the presence, in healthy individuals, of autoAbs that recognize their
autoantigens with low avidity were mainly ignored [2]. However, with the development of research technologies and
complex animal model systems, more studies have appeared that prove that autoreactive B cells, as well as
natural auto- and polyreactive Abs, are abundantly present and are actively involved in maintaining immunological

homeostasis.

The immune system constantly generates many types of Abs (summarized in a somewhat simplified form in Table
2). In general, antigen-specific or adaptive Abs are generated by plasma cells in response to the antigen. During
the primary immune response, antigen-presenting cells recognize the pathogen through numerous PRRs and
present the processed antigen to B cells [32]. After antigen stimulation, somatic hypermutation and clonal

selection, B cells become long-lived plasma cells that produce antigen-specific adaptive Abs in the secondary
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immune response [39]. Such Abs are characterized by high affinity and specificity. Their main role is the specific
binding of the antigen and the initiation of innate responses (see Table 2). The functions of antigen-specific Abs in

inflammatory and AIDs are well described [3], so we will not review them here.

Table 2. Comparison of the origin and features of various Ab types in humans.

Abs Type Origin Affinity Specificity Biological Roles

The binding of a specific pathogen

e Ab-mediated complement

activation

» Ab-dependent cell-mediated

Antigen-specific . .
9 P B2 cells High High cytotoxicity

adaptive Abs

« Ab-dependent phagocytosis

» Regulation of immune cells

homeostasis

 Direct pathogen neutralization
« Classical complement activation

» Antigen transport to secondary

lymphoid organs and presentation

« Ab-dependent cell-mediated
B1 cells and
Natural Abs marginal zone B Low Low
cells

cytotoxicity

» Phagocytosis of apoptotic cells

¢ Clearance of DAMPs and

prevention of autoimmunity

« Regulation of immune cells
homeostasis
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Polyreactive Abs B1 cells Low Moderate The same functions as natural Abs

Broadly

. B1 cells Low Moderate The same functions as natural Abs
neutralizing Abs

The same functions as antigen-

Homophilic Abs B2 cells High High specific Abs
Bispecific Abs B2 cells High High The .sgme functions as antigen-
specific Abs
» Hydrolysis of antigen
o ROS detoxification due to redox
activity
Catalytic Abs IO Low Moderate e Promoting of autoimmune
presumably B1 cells
reactions

e Minimization of inflammatory
reactions

The follicular or B2 B cells are known to be the main producers of antigen-specific Abs and the most common B
cells in humans [39]. However, B1 cells exist in mice, as well as most likely in humans [29]. B1 lymphocytes are a
special subtype of B cells producing polyreactive and low-affinity natural Abs against viral and bacterial antigens
[41)]. B1 lymphocytes respond effectively to non-specific inflammatory and pathogen-associated stimuli by
migrating to secondary lymphoid tissues, where they undergo rapid differentiation into plasma cells secreting
natural Abs [40]. B1 cells are selected for autoreactivity and form a pool of long-lived, self-renewing B cells that
produce the majority of circulating, naturally occurring, low-affinity IgM and IgG, that cross-react with both
autoantigens and conservative microbial antigens. According to recent data, Toll-like receptors (TLR)-mediated
activation of Bl cells through CpG oligonucleotides, or lipopolysaccharides, leads to a rapid increase in the
production of protective natural Abs (IgM, IgG) [42, [43]] Interestingly, B2 lymphocytes can differentiate directly into
B1 lymphocytes, and this process is controlled by a self-reactive B cell receptor [#4]]. Depending on the presence
or absence of a surface CD5 marker, B1 cells can be subdivided into subpopulations of Bla (CD5") and Blb
(CD57) [40]. It was found that Bla cells producing natural Abs counteract a wide range of viral and bacterial
antigens, whereas B1b cells secrete more specific induced Abs against certain bacteria [#2]. In summary, B2 cells
produce highly specific Abs, whereas B1 cells synthesize non-specific, polyreactive, low-affinity Abs against various

antigens.

The biological role of natural Abs (mainly IgM and 1gG) produced by B1 cells is direct neutralization of specific
pathogens, classical complement activation, antigen transport to secondary lymphoid organs and presentation, Ab-

dependent cell-mediated cytotoxicity, phagocytosis of apoptotic cells, regulation of immune cells homeostasis, etc.
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(see Table 2) [(8]]. Ultimately, natural Abs help reduce inflammation and autoimmune reactions by removing

damage-associated molecular patterns (DAMPS), such as extracellular DNA [45,46].

Among natural Abs, polyreactive Abs are also nominally distinguished (see Table 2) [4,149]. During the development
of B cells, highly polyreactive Abs are known to be removed from the repertoire using physiological mechanisms,
including deletion and editing of receptors. However, a low number of polyreactive Abs remains. Such Abs have
pronounced protective functions against autoantigens, as well as viral pathogens [(28]]. Furthermore, polyreactive
Abs are involved in the regulation of microbiota [4%]. Among polyreactive Abs that neutralize viral pathogens
(especially human immunodeficiency virus (HIV)), broadly neutralizing Abs are especially distinguished [29]. A
feature of these Abs is that they are able to neutralize multiple HIV-1 clades [50]. There are high hopes associated

with the development of HIV vaccines based on broadly neutralizing Abs [B4]].

Some Igs are capable of self-association through interactions between their antigen-binding sites [22]]. Such Igs
are called homophilic Abs. Homophilic interactions allow for more efficient binding to the target antigen, especially
antigens with a repetitive nature. For example, highly protective Abs against specific antigens of Plasmodium
falciparum have recently been shown to use homophilic interactions to bind more efficiently to the antigen [23].
Homophilic Ab interactions promote clustering of many Ig molecules, increased affinity for repeating antigens and
subsequently more efficient recruitment of the complement system and activation of B cells [52,53]. Interestingly,

some therapeutic Abs (e.g., rituximab) use homophilic binding to recognize antigens and promote cytotoxicity [52].

Bispecific Abs containing two different antigen-binding sites are most often generated by genetically engineered
pathways [24]]. However, such Abs can be detected in low concentrations in humans. In our work, we showed that
natural bispecific Abs are found in the blood of healthy humans [22]]. Nearly 9% of IgG molecules of healthy donors
contained two different chains of both the kappa and lambda light chains simultaneously. Furthermore, bispecific
Abs were observed in human placenta (IgG1-lgG4) [28]]. It was shown that up to 15.0% IgG from placenta
contained two different (kappa and lambda) light chains simultaneously. Moreover, human milk also contains
chimeric kappa and lambda Abs (IgG and slgA) in even higher concentrations than in the serum of healthy donors
and the placenta [[2Z], [58]],

In addition to these types of Abs, the immune system also generates catalytic Abs (see Table 2). Their formation is

most often associated with autoimmune reactions (for more details see the full article).

This largely simplified and possibly incomplete scheme (see Table 2) reflects the diversity of Ab types. Different
types of Abs provide different functions of the adaptive immune system. We cannot exclude the possibility that

other specific types of Abs possessing new canonical and non-canonical functions will be discovered.

References

https://encyclopedia.pub/entry/1603 12/18



Immunoglobulins with Non-Canonical Functions | Encyclopedia.pub

10.

11.

. Forthal, D.N. . Functions of antibodies; Wiley Online Library: Washington, DC, USA, 2015; pp. pp.

23-48.

. Eustrate Stratis Avrameas; Haris Alexopoulos; Harry M. Moutsopoulos; Natural Autoantibodies:

An Undersugn Hero of the Immune System and Autoimmune Disorders—A Point of View.
Frontiers in Immunology 2018, 9, 1320, 10.3389/fimmu.2018.01320.

. Ralf J. Ludwig; Karen Vanhoorelbeke; Frank Leypoldt; Ziya Kaya; Katja Bieber; Sandra M.

McLachlan; Lars Komorowski; Jie Luo; Otavio Cabral-Marques; Christoph M Hammers; et al.Jon
M. LindstromPeter LamprechtAndrea FischerGabriela RiemekastenClaudia TersteegPeter
SondermannBasil RapoportKlaus-Peter WandingerChristian ProbstAsmaa El BeidagEnno
SchmidtAlan VerkmanRudolf A. ManzFalk Nimmerjahn Mechanisms of Autoantibody-Induced
Pathology. Frontiers in Immunology 2017, 8, 603, 10.3389/fimmu.2017.00603.

. Mohan S. Maddur; Sébastien Lacroix-Desmazes; Jordan D. Dimitrov; Michel D. Kazatchkine;

Jagadeesh Bayry; Srini V. Kaveri; Natural Antibodies: from First-Line Defense Against Pathogens
to Perpetual Immune Homeostasis. Clinical Reviews in Allergy & Immunology 2019, 58, 213-228,
10.1007/s12016-019-08746-9.

. Caroline Galeotti; Srini V. Kaveri; Jagadeesh Bayry; IVIG-mediated effector functions in

autoimmune and inflammatory diseases. International Immunology 2017, 29, 491-498, 10.1093/in
timm/dxx039.

. Felix Horns; Christopher Vollmers; Cornelia L. Dekker; Stephen R. Quake; Signatures of selection

in the human antibody repertoire: Selective sweeps, competing subclones, and neutral drift.
Proceedings of the National Academy of Sciences 2019, 116, 1261-1266, 10.1073/pnas.1814213
116.

. Enkelejda Miho; Alexander Yermanos; Cédric R. Weber; Christoph T Berger; Sai T. Reddy; Victor

Greiff; Computational Strategies for Dissecting the High-Dimensional Complexity of Adaptive
Immune Repertoires. Frontiers in Immunology 2018, 9, 224, 10.3389/fimmu.2018.00224.

. Anthony R Rees; Understanding the human antibody repertoire.. mAbs 2020, 12, 1729683, 10.10

80/19420862.2020.1729683.

. Richard A Norman; Francesco Ambrosetti; Alexandre M J J Bonvin; Lucy J Colwell; Sebastian

Kelm; Sandeep Kumar; Konrad Krawczyk; Computational approaches to therapeutic antibody
design: established methods and emerging trends.. Briefings in Bioinformatics 2019, 2019,
bbz095, 10.1093/bib/bbz095.

Jordan D Dimitrov; Sébastien Lacroix-Desmazes; Noncanonical Functions of Antibodies. Trends
in Immunology 2020, 41, 379-393, 10.1016/}.it.2020.03.006.

Lenette L. Lu; Todd J. Suscovich; Sarah M. Fortune; Galit Alter; Beyond binding: antibody effector
functions in infectious diseases. Nature Reviews Immunology 2017, 18, 46-61, 10.1038/nri.2017.1

https://encyclopedia.pub/entry/1603 13/18



Immunoglobulins with Non-Canonical Functions | Encyclopedia.pub

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

06.

Stylianos Bournazos; Taia T. Wang; Rony Dahan; Jad Maamary; Jeffrey V Ravetch; Signaling by
Antibodies: Recent Progress.. Annual Review of Immunology 2017, 35, 285-311, 10.1146/annure
v-immunol-051116-052433.

Ivo S. Hansen; Dominique L. P. Baeten; Jeroen Den Dunnen; The inflammatory function of human
IgA. Cellular and Molecular Life Sciences 2018, 76, 1041-1055, 10.1007/s00018-018-2976-8.

Kang Chen; Giuliana Magri; Emilie K. Grasset; A. Cerutti; Rethinking mucosal antibody
responses: IgM, 1gG and IgD join IgA.. Nature Reviews Immunology 2020, 1, 1-15, 10.1038/s415
77-019-0261-1.

Eva Michaud; Carmelo Mastrandrea; Nicolas Rochereau; Stéphane Paul; Human Secretory IgM:
An Elusive Player in Mucosal Immunity. Trends in Immunology 2020, 41, 141-156, 10.1016/j.it.20
19.12.005.

Michal Pyzik; Kine M. K. Sand; Jonathan J. Hubbard; Jan Terje Andersen; Inger Sandlie; Richard
S. Blumberg; The Neonatal Fc Receptor (FCRn): A Misnomer?. Frontiers in Immunology 2019, 10,
1540, 10.3389/fimmu.2019.01540.

Hans C. Oettgen; Fifty years later: Emerging functions of IgE antibodies in host defense, immune
regulation, and allergic diseases.. Journal of Allergy and Clinical Imnmunology 2016, 137, 1631-
1645, 10.1016/j.jaci.2016.04.009.

Andrea J. Luker; Joseph C. Lownik; Dan Conrad; Rebecca K. Martin; A new look at IgE beyond
allergies.. F1000Research 2019, 8, 736, 10.12688/f1000research.18186.1.

Cindy Gutzeit; Kang Chen; A. Cerutti; The enigmatic function of IgD: some answers at last.
European Journal of Immunology 2018, 48, 1101-1113, 10.1002/eji.201646547.

V. N. Buneva; Georgy A. Nevinsky; Exceptional Diversity of Catalytic Antibodies with Varying
Activity in the Blood of Autoimmune and Viral Disease Patients. Molecular Biology 2017, 51, 840-
854, 10.1134/s0026893317060036.

Floris Fransen; Elena Zagato; Elisa Mazzini; Bruno Fosso; Caterina Manzari; Sahar El Aidy;
Andrea Chiavelli; Anna Maria D’Erchia; Maya K. Sethi; Oliver Pabst; et al.Marinella MarzanoSilvia
MorettiLuigina RomaniGiuseppe PennaGraziano PesoleMaria Rescigno BALB/c and C57BL/6
Mice Differ in Polyreactive IgA Abundance, which Impacts the Generation of Antigen-Specific IgA
and Microbiota Diversity. Immunity 2015, 43, 527-540, 10.1016/j.immuni.2015.08.011.

Yasuhiro Uchimura; Tobias Fuhrer; Hai Li; Melissa A. Lawson; Michael Zimmermann; Bahtiyar
Yilmaz; Joel Zindel; Francesca Ronchi; Marcel Sorribas; Siegfried Hapfelmeier; et al.Stephanie C.
Ganal-VonarburgMercedes Gomez De AgueroKathy D. McCoyUwe SauerAndrew J MacPherson
Antibodies Set Boundaries Limiting Microbial Metabolite Penetration and the Resultant
Mammalian Host Response.. Immunity 2018, 49, 545-559.e5, 10.1016/j.immuni.2018.08.004.

https://encyclopedia.pub/entry/1603 14/18



Immunoglobulins with Non-Canonical Functions | Encyclopedia.pub

23.

24.

25.

26.

27.

28.

29.

Kathrin Moor; Médéric Diard; Mikael E. Sellin; Boas Felmy; Sandra Y. Wotzka; Albulena Toska;
Erik Bakkeren; Markus Arnoldini; Florence Bansept; Alma Dal Co; et al.Tom VoéllerAndrea
MinolaBlanca Fernandez-RodriguezGloria AgaticSonia BarbieriLuca PiccoliCostanza
CasiraghiDavide CortiAntonio LanzavecchiaRoland R. RegoesClaude LoverdoRoman
StockerDouglas R. BrumleyWolf-Dietrich HardtEmma Slack High-avidity IgA protects the intestine
by enchaining growing bacteria. Nature 2017, 544, 498-502, 10.1038/nature22058.

Otavio Cabral-Marques; Alexandre Marques; Lasse M. Giil; Roberta De Vito; Judith Rademacher;
Jeannine Gunther; Tanja Lange; Jens Y. Humrich; Sebastian Klapa; Susanne Schinke; et al.Lena
F. SchimkeGabriele MarschnerSilke PitannSabine AdlerRalf DechendDominik N. Millerloana
BraicuJalid SehouliKai Schulze-ForsterTobias TrippelCarmen ScheibenbogenAnnetine StaffPeter
R. MertensMadlen LobelJustin MastroianniCorinna PlattfautFrank GieselerDuska DragunBarbara
E. EngelhardtMaria J. Fernandez-CabezudoHans D. OchsBasel K. Al-RamadiPeter
LamprechtAntje MuellerHarald HeideckeGabriele Riemekasten GPCR-specific autoantibody
signatures are associated with physiological and pathological immune homeostasis. Nature
Communications 2018, 9, 5224, 10.1038/s41467-018-07598-9.

Otavio Cabral-Marques; Gabriela Riemekasten; Functional autoantibodies targeting G protein-
coupled receptors in rheumatic diseases. Nature Reviews Rheumatology 2017, 13, 648-656, 10.1
038/nrrheum.2017.134.

Steffen Meyer; Martin Woodward; Christina Hertel; Philip Vlaicu; Yasmin Haque; Jaanika Karner;
Annalisa Macagno; Shimobi C. Onuoha; Dmytro Fishman; Hedi Peterson; et al.Kaja
MetskilaRaivo UiboKirsi JanttiKati HokynarAnette B. WolffAPECED patient collaborativeKai
KrohnAnnamari RankiPart PetersonKai KisandAdrian HaydayAntonella Meloni AIRE-Deficient
Patients Harbor Unique High-Affinity Disease-Ameliorating Autoantibodies.. Cell 2016, 166, 582-
595, 10.1016/j.cell.2016.06.024.

Laura Israél; Ying Wang; Katarzyna Bulek; Erika Della Mina; Zhao Zhang; Chrabieh
Pedergnagna; Maya Vincent; Nicole A. Lemmens; Vanessa Sancho-Shimizu; Marc Descatoire; et
al.Théo LasseauElisabeth IsraelssonLazaro LorenzolLing YunAziz BelkadiAndrew MoranLeonard
E. WeismanFrancois VandeneschFrédéric BatteuxSandra WellerMichael LevinJa HerbergAvinash
AbhyankarCarolina PrandoYuval ItanWillem J.B. Van WamelCapucine PicardLaurent AbelDamien
ChaussabelXiaoxia LiBruce BeutlerPeter D. ArkwrightJean-Laurent CasanovaAnne Puel Human
adaptive immunity rescues an inborn error of innate immunity. Cell 2017, 168, 789-800.e10, 10.10
16/j.cell.2017.01.039.

Hiromi Kubagawa; Kazuhito Honjo; Naganari Ohkura; Shimon Sakaguchi; Andreas Radbruch; F.
Melchers; Peter K. Jani; Functional Roles of the IgM Fc Receptor in the Immune System.
Frontiers in Immunology 2019, 10, 945, 10.3389/fimmu.2019.00945.

Thomas H. Sharp; Aimee L. Boyle; Christoph A. Diebolder; Alexander Kros; Abraham J. Koster;
Piet Gros; Insights into IgM-mediated complement activation based on in situ structures of IgM-

https://encyclopedia.pub/entry/1603 15/18



Immunoglobulins with Non-Canonical Functions | Encyclopedia.pub

30.

31.

32.

33.

34.

35.

36.

37.

38.

C1-C4b. Proceedings of the National Academy of Sciences 2019, 116, 201901841-11905, 10.107
3/pnas.1901841116.

Mark Noviski; James L Mueller; Anne B. Satterthwaite; Lee Ann Garrett-Sinha; Frank
Brombacher; Julie Zikherman; IgM and IgD B cell receptors differentially respond to endogenous
antigens and control B cell fate. eLife 2018, 7, e35074, 10.7554/elife.35074.

Elisabeth A. Van Erp; Willem Luytjes; Gerben Ferwerda; Puck B. Van Kasteren; Fc-Mediated
Antibody Effector Functions During Respiratory Syncytial Virus Infection and Disease. Frontiers in
Immunology 2019, 10, 548, 10.3389/fimmu.2019.00548.

Edward B Irvine; Galit Alter; Understanding the role of antibody glycosylation through the lens of
severe viral and bacterial diseases.. Glycobiology 2020, 30, 241-253, 10.1093/glycob/cwaa018.

Ulrike Harre; Carolien A. Koeleman; Maria V. Sokolova; Holger Bang; Arnd Kleyer; Jurgen Rech;
Harald Unterweger; Martin Schicht; Fabian Garreis; Jonas Hahn; et al.Fabian T. AndesFabian
HartmannMadelaine HahnAparna MahajanFriedrich PaulsenMarkus H. HoffmannGunter
LochnitLuis E. MunozManfred WuhrerDavid FalckMartin HerrmannGeorg Schett IgA subclasses
have different effector functions associated with distinct glycosylation profiles. Nature
Communications 2020, 11, 1-12, 10.1038/s41467-019-13992-8.

Alexia Kanyavuz; Annaelle Marey-Jarossay; Sébastien Lacroix-Desmazes; Jordan D. Dimitrov;
Breaking the law: unconventional strategies for antibody diversification. Nature Reviews
Immunology 2019, 19, 355-368, 10.1038/s41577-019-0126-7.

Akira Nakajima; Alexis Vogelzang; Mikako Maruya; Michio Miyajima; Megumi Murata; Aoi Son;
Tomomi Kuwahara; Tatsuaki Tsuruyama; Satoshi Yamada; Minoru Matsuura; et al.Hiroshi
NakaseDaniel A. PetersonSidonia FagarasanKeiichiro Suzuki IgA regulates the composition and
metabolic function of gut microbiota by promoting symbiosis between bacteria. Journal of
Experimental Medicine 2018, 215, 2019-2034, 10.1084/jem.20180427.

Kelly M. Storek; Marcy R. Auerbach; Handuo Shi; Natalie K. Garcia; Dawei Sun; Nicholas N.
Nickerson; Rajesh Vij; Zhonghua Lin; Nancy Chiang; Kellen Schneider; et al.Aaron T.
WeckslerElizabeth SkippingtonGerald NakamuraDhaya SeshasayeeJames T. KoerberJian
PayandehPeter A. SmithSteven T Rutherford Monoclonal antibody targeting the B-barrel
assembly machine of Escherichia coli is bactericidal.. Proceedings of the National Academy of
Sciences 2018, 115, 3692-3697, 10.1073/pnas.1800043115.

Patrick A. Mayes; Kenneth W. Hance; Axel Hoos; The promise and challenges of immune agonist
antibody development in cancer. Nature Reviews Drug Discovery 2018, 17, 509-527, 10.1038/nr
d.2018.75.

Keiji Tanigaki; Anastasia Sacharidou; Jun Peng; Ken L. Chambliss; Ivan S. Yuhanna; Debabrata
Ghosh; Mohamed Ahmed; Alexander J. Szalai; Wanpen Vongpatanasin; Robert F. Mattrey; et
al.Qiushi ChenParastoo Azadilldiko LingvayMarina BottoWilliam L HollandJennifer J.

https://encyclopedia.pub/entry/1603 16/18



Immunoglobulins with Non-Canonical Functions | Encyclopedia.pub

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

KohlerShashank R. SirsiKenneth HoytPhilip W. ShaulChieko Mineo Hyposialylated IgG activates
endothelial IgG receptor FcyRIIB to promote obesity-induced insulin resistance. Journal of Clinical
Investigation 2017, 128, 309-322, 10.1172/jci89333.

Jason G. Cyster; Christopher D. C. Allen; B Cell Responses: Cell Interaction Dynamics and
Decisions. Cell 2019, 177, 524-540, 10.1016/j.cell.2019.03.016.

Nichol E. Holodick; Nely Rodriguez-Zhurbenko; Ana Maria Hernandez; Defining Natural
Antibodies. Frontiers in Immunology 2017, 8, 872, 10.3389/fimmu.2017.00872.

Fauna L Smith; Nicole Baumgarth; B-1 cell responses to infections. Current Opinion in
Immunology 2019, 57, 23-31, 10.1016/j.c0i.2018.12.001.

Hannah P. Savage; Kathrin Klasener; Fauna L Smith; Zheng Luo; Michael Reth; Nicole
Baumgarth; TLR induces reorganization of the IgM-BCR complex regulating murine B-1 cell
responses to infections.. eLife 2019, 8, e46997, 10.7554/eLife.46997.

Lieselotte Sm Kreuk; Meghan A Koch; Leianna C Slayden; Nicholas A Lind; Sophia Chu; Hannah
P Savage; Aaron B Kantor; Nicole Baumgarth; Gregory M. Barton; B cell receptor and Toll-like
receptor signaling coordinate to control distinct B-1 responses to both self and the microbiota..
eLife 2019, 8, e47015, 10.7554/eLife.47015.

Robin Graf; Jane Seagal; Kevin L. Otipoby; Kong-Peng Lam; Salah Ayoub; Baochun Zhang;
Sandrine Sander; Van Trung Chu; Klaus Rajewsky; BCR-dependent lineage plasticity in mature B
cells. Science 2019, 363, 748-753, 10.1126/science.aau8475.

Monowar Aziz; Nichol E. Holodick; Thomas L. Rothstein; Ping Wang; The role of B-1 cells in
inflammation. Immunologic Research 2015, 63, 153-166, 10.1007/s12026-015-8708-3.

Saswati Panda; Jeak L. Ding; Natural Antibodies Bridge Innate and Adaptive Immunity. The
Journal of Immunology 2014, 194, 13-20, 10.4049/jimmunol.1400844.

Sreenivasulu Gunti; Abner L. Notkins; Polyreactive Antibodies: Function and Quantification.. The
Journal of Infectious Diseases 2015, 212, S42-6, 10.1093/infdis/jiu512.

Mengfei Liu; Guang Yang; Kevin Wiehe; Nathan I. Nicely; Nathan A. Vandergrift; Wes Rountree;
Mattia Bonsignori; S. Munir Alam; Jingyun Gao; Barton F. Haynes; et al.Garnett Kelsoe
Polyreactivity and Autoreactivity among HIV-1 Antibodies. Journal of Virology 2014, 89, 784-798,
10.1128/jvi.02378-14.

Jeffrey J. Bunker; Steven A. Erickson; Theodore M. Flynn; Carole Henry; Jason C. Koval; Marlies
Meisel; Bana Jabri; Dionysios A. Antonopoulos; Patrick C Wilson; Albert Bendelac; et al. Natural
polyreactive IgA antibodies coat the intestinal microbiota. Science 2017, 358, eaan6619, 10.1126/
science.aan6619.

https://encyclopedia.pub/entry/1603 17/18



Immunoglobulins with Non-Canonical Functions | Encyclopedia.pub

50.

51.

52.

53.

54.

55.

56.

57.

58.

Devin Sok; Dennis R Burton; Recent progress in broadly neutralizing antibodies to HIV. Nature
Immunology 2018, 19, 1179-1188, 10.1038/s41590-018-0235-7.

Marina Caskey; Florian Klein; Michel C. Nussenzweig; Broadly neutralizing anti-HIV-1 monoclonal
antibodies in the clinic. Nature Medicine 2019, 25, 547-553, 10.1038/s41591-019-0412-8.

Jordan D Dimitrov; Harnessing the Therapeutic Potential of ‘Rogue’ Antibodies. Trends in
Pharmacological Sciences 2020, 41, 409-417, 10.1016/j.tips.2020.03.005.

Katharina Imkeller; Stephen W. Scally; Alexandre Bosch; Gemma Pidelaserra Marti; Giulia Costa;
Gianna Triller; Rajagopal Murugan; Valerio Renna; Hassan Jumaa; Peter G. Kremsner; et al.B.
Kim Lee SimStephen L. HoffmanBenjamin MordmillerElena A. LevashinaJean-Philippe
JulienHedda Wardemann Antihomotypic affinity maturation improves human B cell responses
against a repetitive epitope. Science 2018, 360, 1358-1362, 10.1126/science.aar5304.

Sergey E Sedykh; Victor V Prinz; Valentina N Buneva; Georgy A Nevinsky; Bispecific antibodies:
design, therapy, perspectives. Drug Design, Development and Therapy 2018, 12, 195-208, 10.21
47/DDDT.S151282.

Sergey E. Sedykh; Evgenii A. Lekchnov; Viktor V. Prince; Valentina N. Buneva; Georgy A.
Nevinsky; Half molecular exchange of IgGs in the blood of healthy humans: chimeric lambda-
kappa-immunoglobulins containing HL fragments of antibodies of different subclasses (IgG1-
IgG4). Mol. BioSyst. 2016, 12, 3186-3195, 10.1039/c6mb00479b.

Evgenii A. Lekchnov; Sergey E. Sedykh; Pavel S. Dmitrenok; Valentina N. Buneva; Georgy A.
Nevinsky; Human placenta: relative content of antibodies of different classes and subclasses
(IlgG1-1gG4) containing lambda- and kappa-light chains and chimeric lambda-kappa-
immunoglobulins. International Immunology 2015, 27, 297-306, 10.1093/intimm/dxv003.

Sergey E. Sedykh; Valentina N. Buneva; Georgy A. Nevinsky; Human Milk IgGs Contain Various
Combinations of Different Antigen-Binding Sites Resulting in Multiple Variants of their Bispecificity.
PL0oS ONE 2012, 7, e42942, 10.1371/journal.pone.0042942.

Sergey E. Sedykh; Valentina N. Buneva; Georgy A. Nevinsky; Human Milk slgA Molecules
Contain Various Combinations of Different Antigen-Binding Sites Resulting in a Multiple Binding
Specificity of Antibodies and Enzymatic Activities of Abzymes. PLoS ONE 2012, 7, e48756, 10.13
71/journal.pone.0048756.

Retrieved from https://encyclopedia.pub/entry/history/show/9000

https://encyclopedia.pub/entry/1603 18/18



