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Abstract

Broadly neutralizing antibodies (0NAbs), when administered through passive immunization, are
protective against HIV-1 infection. Current HIV-1 vaccine strategies are aimed at guiding the
immune system to make bNAbs by mimicking their development during infection. Somatic
hypermutation of the variable region of bNAbs is known to be crucial for the development of
bNADbs. More recently, however, studies have shown how class-switch recombination resulting
in the generation of different antibody isotypes may serve as an additional mechanism through
which antibodies can gain neutralization breadth and potency. In this review, we discuss the
importance of different antibody isotypes for HIV-1 neutralization breadth and potency and how
this information can be leveraged to improve passive and active immunization against HIV-1.
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Broadly neutralizing antibodies are crucial for HIV prevention

HIV-1 continues to be a major public health emergency, with 1.5 million new infections in
2020 (UNIAIDS; https://www.unaids.org/en/resources/fact-sheet). The pursuit of an HIV-1
vaccine, however, remains elusive due to the highly variable nature of the virus envelope
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glycoprotein, which enables the virus to evade the immune system, and our inability to
clear the infection naturally [1]. However, ~25% HIV-infected individuals develop antibody
responses capable of neutralizing (see glossary) many viral variants, and these are termed
broadly neutralizing antibodies (bNADs, see glossary) [1]. The ability of bNAbs to prevent
HIV-1 infection has been confirmed in animal models and in the HVTN 703/704 Antibody
Mediated Prevention (AMP) human trial, where the infusion of the bNAb VRCO1 prevented
infection by bNAb-sensitive viruses [2-5]. The success of this trial has re-invigorated

the traditional vaccine design pipeline, but also placed additional emphasis on the use of
passively administered antibodies for HIV-1 prevention.

HIV-1 is a highly diverse virus both globally and within the host creating a quasispecies of
genetically complex viral populations during infection [6]. Several HIV-1 vaccine strategies
aim to elicit bNAbs by designing immunogens based on viral variants that drove their
development during infection [7]. This strategy relies on our understanding of the natural
developmental pathway taken by bNAbs during infection, including the viral variants that
shaped their development. This knowledge has been generated through virus antibody
co-evolution studies (see glossary). Co-evolution studies of antibody lineages and HIV-1
quasispecies have shown how increased somatic hypermutation (SHM, see glossary)
within individual antibody lineages enables the neutralization of new viral variants within
the quasispecies and in some cases neutralization breadth of globally circulating strains
[8-14]. Co-evolutionary studies have largely focused on changes within the variable region
(see glossary) and tested the function of intermediate antibodies identified within lineages
as 1gG1 subtypes, regardless of their native isotype, which is often unknown as sequencing
approaches fail to capture enough of the constant region (see glossary). However, there is
increasing evidence that changes in the constant region can also influence the neutralization
capacity of antibodies [15-21]. This review will discuss the underappreciated role of the
constant region in mediating HIV-1 neutralization, and how this may be leveraged for active
and passive immunization strategies in the future.

Class-switching recombination is a key component of immune responses

The advent of bulk B-cell receptor repertoire sequencing has enabled the exploration of the
role of class-switch recombination (CSR, see glossary) in antibody repertoires in healthy
individuals as well as various disease states. CSR occurs in B-cells that have been activated
and undergone SHM, followed by clonal expansion and further SHM [22]. CSR results

in the expression of antibodies as different isotypes (IgG3, IgG1 and IgA1l for example).

In healthy individuals, there is evidence of IGHV (see glossary) gene bias toward certain
isotypes and a preference for switches to IgAl or 1IgG1 [22-24]. However, certain disease
states can alter /GHV/ gene usage and CSR events to favour certain isotypes [22,24,25].

In HIV-1 and other viral infections, for example, there is an increase in CSR to 1gG3
compared to uninfected individuals [25,26]. CSR occurs in a directional manner dependent
on the order in which the genes, which encode the isotypes, occur on the IGH locus on
chromosome 14 [23,27]. This irreversible nature of gene excision that occurs during class-
switching enables us to infer the order of recombination events, which has proven useful in
determining the contribution of isotype diversity within antibody lineages, described in more
detail below.
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Antibody isotype diversity is linked to neutralization breadth

A key approach to HIV-1 vaccine design has been studies of bNAb donors, and efforts

to define the factors that drive bNAb development in some donors but not others. Such
studies have shown that antigenic drivers such as duration of infection, high viral load, and
viral diversity contribute to the development of breadth [8,28-32]. However, host factors
have also been shown to support bNAb development. These include markers of germinal
center activity such as Tfh frequency, levels of CXCL13, and activation-induced cytidine
deaminase (AID) [31-33]. These host factors likely support SHM, but also provide early
insights into the potential role of the constant region in bNAb maturation. In a cohort

study comparing bNAb donors with individuals who failed to develop breadth, increased

Fc effector function (see glossary) and IgG subtype diversity were shown to be associated
with breadth [33]. Similarly, Lofano et al showed enhanced Fc effector function and better
Fc receptor binding to complement receptors in individuals who acquired breadth [34].
Together, these studies indicated that mechanistic links occur between Fc (see glossary) and
Fab (see glossary)-mediated activities in the development of breadth, raising the question of
whether this could be exploited for vaccine design.

The constant region of antibodies modulates neutralization breadth and

potency

Monoclonal anti-HIV-1 antibodies (mAbs) have also been shown to exhibit variable
functions when expressed as different isotypes. These antibodies have largely been studied
as 1gG1 subtypes, regardless of their native isotype, which is often unknown. Isotype is
well known to alter Fc function, through the variable interactions of different constant
regions with Fc receptors on innate immune cells. For example, 1gG3 subtypes are able to
mediate better Fc effector functions compared to other IgG subtypes, and therefore changing
an HIV-1 mAb from an IgG1 to an 1gG3 isotype tends to improve Fc effector function
[35]. Antibody-dependent cellular phagocytosis (ADCP, see glossary) and antibody-
dependent cellular trogocytosis (ADCT, see glossary) are enhanced in IgG3 versions of
CAP256-VRC26, VRCO1, and 447-52D bNADbs [16,17,36]. VRCO01, 10E8, 3BNC117, and
other bNAbs also show enhanced antibody-dependent cellular cytotoxicity (ADCC, see
glossary) as 1gG3 versions, though this was not true of all mAbs tested [17].

However, what was perhaps less expected were differences in the neutralization of HIV-1
when comparing 19G3 and 1gG1 versions of antibodies [15-17,21,37,38]. For example, in a
comparison of 15 different bNAbs engineered as 1gG3 or 1gG1 versions and tested against
11 HIV-1 strains, PGT151, 35022, PGT145, and CAP255.G3 showed 3 — 60 fold enhanced
neutralization as 1gG3 versions compared to 1gG1 versions, whereas 10E8v4 had 3 — 4 fold
enhanced neutralization as an 1gG1 version [17].

Differences in neutralization have also been observed between IgG and IgA isotypes [15,18—
20,39,40]. For example, HIV-1 bNAb 2F5 showed ~8-fold enhanced neutralization as an
IgA2 version compared to 1gG1 and the HIV-1-directed CAP88-CH06 mAb showed 3 —

149 fold enhanced neutralization as an IgA1 version compared to 1gG1 [15,18]. These

data provide substantial evidence that the constant regions of HIV-1-specific mAbs can
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influence their Fc effector function and neutralization activity. However, it appears that the
effect of isotype on neutralization is variable, in an epitope- (see glossary) or virus-specific
manner. Additional research with more monoclonal antibodies tested against large panels of
heterologous viruses may provide insights into generalizable features, if these exist.

Role of class-switching in antibody lineage responses to HIV-1

CSR clearly plays a role in bulk immune responses to disease or infection. However, the

role of CSR in the development of neutralization within individual lineages has only recently
been investigated. This is relevant when using the developmental process of specific lineages
as a bhasis for a vaccine, as is happening in the HIV-1 field. Recently, three independent
studies have traced the evolution of individual anti-HIV-1 antibody lineages involving 1gG
and IgA clonal relatives [15,19,41]. CSR within these lineages involved direct switches from
IgM to 1gG or IgA as well as sequential switches from IgM to 1gG and then further from

IgG to IgA [15,19,41].

Within the CAP88-CHO6 lineage of neutralizing antibodies, the identification of \V-region
identical clonal relatives as different IgG and IgA subtypes allowed the fine-mapping of

the CSR events during infection [15]. In this longitudinal study, next generation sequencing
combined with phenotypic characterisation of members of the antibody lineage allowed the
tracing of both SHM and CSR concurrently. In this lineage, the least mutated antibody
showed enhanced neutralization of early viral variants as an 1gG3 version compared to 1gG1
and IgA1l versions, supporting a role for the constant region in neutralization [15]. Increased
somatic hypermutation within 1gG3 lineage members enabled the neutralization of new viral
variants during infection, consistent with traditional co-evolution studies involving single
isotypes (Figure 1a). However, early CSR events from 1gG3 to IgG1 antibodies resulted in
reduced or no neutralization of new viral variants and eventually lead to the termination of
those sub-lineages [15]. Thus, like SHM [42], some CSR events can have negative effects
on antibody function and result in aborted evolution (Figure 1b). Also like SHM, some
CSR events can be beneficial and in the case of CAP88-CH06, CSR to an IgA1 isotype
improved the neutralization of new viral variants compared to IgG1 [15]. This suggests that
the loss of neutralization because of CSR can be restored by a further CSR, termed “switch
redemption” (see glossary) (Figure 1c). CSR to isotypes with improved neutralization
enables the lineage to accumulate additional SHM as that isotype and thereby increased
neutralization of new viral variants. Therefore, like SHM, CSR can serve as an additional
mechanism through which antibody lineages can counter viral escape from emerging HIV-1
viral variants. This data forms the basis of the model for the role of CSR in lineage affinity
maturation shown in Figure 1 and is consistent with what has been observed in other
anti-HIV-1 lineages involving 1gG and IgA isotypes.

How does isotype structure impact neutralization breadth and potency?

Antibody isotypes differ in sequence and structure and therefore the mechanism by
which they influence neutralization differs. 1gG1, 1gG3, and IgA1 isotypes differentially
impact HIV-1 neutralization as detailed above. The potential mechanisms for increased
neutralization are described in more detail below.
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The most defining feature of the IgG3 isotype is the extended hinge region (see glossary),
which can vary between 32 — 62 amino acids, depending on the immunoglobulin germline
IGHG3 (see glossary) allele [43] (Figure 2a). Hinge swap, hinge extension, and F(ab’),
(see glossary) experiments have shown that longer hinge lengths can improve antibody
function including neutralization and ADCP [16,17,36,44,45]. 1gG3 antibodies are the most
flexible 1gG subtype, showing increased flexibility across the Fab-Fab and Fab-Fc regions
[46] (Figure 2b).

This flexibility has been linked to increased antibody avidity through the bivalent binding
(see glossary) of antibodies to multiple antigen sites on a pathogen’s surface, including
viruses and bacteria, often resulting in increased neutralization [47-50] (Figure 2b). While
viruses such as SARS-CoV-2, Influenza A, Dengue, and Hepatitis B have many spike
proteins on their surface, HIV-1 has a low density of sparsely distributed Env (see glossary)
spike proteins. This may limit inter-spike cross-linking (see glossary) which is commonly
observed in high density viruses [47]. Furthermore, improved antibody avidity through
intra-trimeric cross-linking (see glossary) of the two Fab arms to the same Env trimer

has been linked to improved neutralization, particularly within bi-specific bNAbs involving
3BNC117 and 10-1074 [47,48,50] (Figure 2b).

Another possible mechanism for improved neutralization of 1gG3 over 1gG1 subtypes
involves flexibility within the Fab-Fc region. HIV-1 Env trimers are highly glycosylated
resulting in the occlusion of certain epitopes [51]. In a comparison of CAP88-CHO06 as 1gG3
and 1gG1 versions, the introduction of a glycan into the viral epitope resulted in reduced

or no neutralization activity of the 1IgG1 subtype compared to 1gG3 [15]. It is possible
therefore that the increased flexibility in 1gG3 antibodies circumvents glycans that might
otherwise occlude the epitope, consistent with a previous suggestion that the increased hinge
length and reach of Fab arms allow IgG3 antibodies to probe into less exposed antigens [35]
(Figure 2b).

Early studies using 2F5 suggested that the improved neutralization of the IgA2 version over
IgG1 was a result of differences in the Cyl region [18]. The Cy1 has also recently been
implicated in 7 — 10 fold enhanced IgA1 neutralization using chimeric antibodies within
the CAP88-CHO6 lineage [45] and within mAbs isolated from highly-(HIV)-exposed but
persistently seronegative individuals [20], compared to mAbs containing 1IgG1 CH1. These
data implicate the CH1 region, rather than the hinge region as seen with 1gG3, as the
mechanism for improved neutralization of IgA antibodies (Figure 2a).

Direct comparisons of the Fab (V{-Cn1) region between related antibodies with either

an 1gG1 or IgA1 Cyl revealed a more rigid IgAl Fab with a ~2.5 fold tighter Vy-Cyl
interaction and ~5° difference in elbow angle compared to IgG1 [52]. It has been suggested
that the differences in the Fab region of IgA compared to IgG1 may exert subtle allosteric
effects on the antigen binding site and therefore impact binding affinity, thus providing
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possible mechanism for enhanced neutralization of IgAl and 1gA2 over IgG1 (Figure 2¢)
[18,20,52-54].

We have previously shown that IgA1 and IgA2 may also have different neutralization
profiles, with an IgA1 version of an HIV antibody showing 4-fold enhanced neutralization
over the same antibody expressed as IgA2 [15]. Electron microscopy and X-ray neutron
scattering of IgA1 in solution have revealed a greater average Fab to Fab distance compared
to IgA2 and 1gG, allowing for a more extended Y-shaped structure with the Fabs positioned
further away from the Fc [52-54]. IgAl and 1gA2 differ most significantly within the hinge
region, where IgA1 contains a longer hinge region (~20 amino acids), because of an 8
amino acid repeat region and high levels of O-linked glycosylation, which is absent in IgA2
(~ 6 amino acid hinge) [53,54]. Biolayer interferometry binding comparisons of an HIV-1
antibody (CAP88-CHO06) as either an IgALl or IgG1, suggested increased binding avidity in
the IgA1 version compared to 1gG1 [15]. This data along with the extended Y-shape of IgAl
suggests a possible mechanism for improved neutralization of 1gG1, though this mechanism
may not apply to IgA2 (Figure 2c). We note that these comparisons involve monomeric
IgA1 rather than dimeric IgAL. Thus, it remains unclear whether dimeric IgA1 would have
enhanced neutralization over 1gG1 or even monomeric IgA1, though dimeric IgA1 would
mostly likely have increased avidity (see Box 1).

Thus, while 1gG3 and IgA1 show enhanced neutralization over 1gG1, they accomplish this
through different mechanisms. 1gG3 likely leverages its improved flexibility to block more
of the antigen while 1gALl relies on conformational changes within the Fab.

Fine-tuning class-switching in vaccination using different adjuvants

Though adjuvants have been used for many years, the molecular mechanism by which they
enhance immune responses within vaccines has largely been unknown. Much research has
recently gone into understanding these mechanisms and comparing various adjuvants within
the same vaccine to further tailor the responses, particularly with regard to Fc effector
functions [55,56]. The most well-known and widely used adjuvant is alum, which induces
antibody and CD4* T helper cell responses [55]. Studies that have compared various doses
of alum or direct comparisons with other adjuvants (pIC:LC, MF59, ISCOM, adjuvant
nanoemulsion (ANE) with toll-like receptor (TLR) 4 or 7 and alum with TLR4/TLR7)

have shown differences in titers of mucosal and serum IgG and IgA antibodies [57-63].
Differences within 1gG subtypes have also been observed across different adjuvants, with
cationic liposome-based adjuvant (CAF01), squalene-based oil-in-water emulsion (SE),
monophosphoryl lipid A (MPL), and MF59 showing differences in IlgG1 and 1gG2c titers
[58,60,63] and glucopyranosyl lipid A — SE (GLA-SE) resulting in improved 1gG3 and 1gG1
titers [61]. The mechanism through which adjuvants induce class-switching may differ. For
example, the induction of CSR using CD4 knock-out mice showed that alum is dependent
on CD4* T helper cells but MF59 is not [60]. Regardless of the mechanism, these data
suggest the possibility that the use of adjuvants that elicit diverse isotypes, as well as
increased SHM could be beneficial in strategies to improve HIV-1 neutralization breadth in a
vaccine setting (see Box 1).
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Concluding Remarks:

Although this is an emerging field with limited data, there is strong evidence that indicates
that the constant region of antibodies influences antibody responses to pathogens through Fc
effector functions as well as through neutralization. The mechanisms through which isotypes
mediate function differ. Furthermore, changes in antibody function (Fc effector function and
neutralization) have been shown to be dependent on both the antibody and viral epitope,

and how generalisable these findings are, requires further data. Nonetheless, the utilization
of CSR to induce isotype diversity may improve vaccine efficacy aimed at inducing bNADbs,
as well as the engineering of monoclonal antibodies for passive immunisation or treatment
against certain viral epitopes. However, some key questions remain unanswered, as detailed
below, also see Outstanding Questions.

Does isotype allelic variation influence antibody function?

Allelic variations of 1gG3, particularly those involving different hinge lengths, have been
shown to influence HIV-1 neutralization [16]. Constant region genes, particularly /IGHG3,
have high levels of genetic diversity involving individual variation and population-specific
variation [64-66]. For example, high levels of genetic diversity have been described in
IGHV genes of South African individuals, a region highly affected by HIV-1 infection, and
thus likely involves IGHC (see glossary) genes as well [67]. However, many populations
especially on the African continent, remain poorly represented in these types of studies [68].
The need to capture global diversity will require further exploration of genetic diversity in
constant region genes. Furthermore, the genetic diversity of /GHA genes, encoding IgAl
and IgA2 antibodies, is poorly understood. In addition to the need for increased genomic
studies, there is also a need to define the role of allelic variants on antibody function and on
the half-lives of antibodies, which is in most cases is unknown. Future studies are needed to
expand our understanding of constant region gene diversity, particularly in underrepresented
populations, and to assess the impact of this diversity on antibody function.

What role does antibody glycosylation play in HIV-1 neutralization?

Apart from sequence and structure, another way in which the antibodies vary between
isotypes is through the type and pattern of glycosylation. For example, both 1gG and IgA
antibodies contain N-linked glycosylation sites which differ in number and composition,
with IgA having more sites and high levels of heterogeneity compared to IgG [43,69]. In

the dimeric form, IgA antibodies have additional N-linked oligosaccharides associated with
the J chain and secretory components [69]. IgAL and to a lesser extent 1gG antibodies

also have O-linked glycosylation sites [69-71]. The role of these glycans in stabilizing the
quaternary structure of the Fc and induction of different effector functions has been well
established [72]. Different disease states including HIV-1 infection alter the glycosylation
profiles of antibodies which in turn can affect antibody function [72]. For example, the
neutralization of HIV-1 by the IgG1 monoclonal antibody F240 is dependent on the
glycosylation of the mAb [38]. While there is some evidence to suggest the influence of
glycosylation on neutralization, much remains unclear. For example, how do the different Fc
glycosylation profiles affect neutralization, and do N-linked glycans have different effects
on neutralization compared to O-linked glycans? Furthermore, approximately 10-20% of the
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Fab region of antibodies contain N-linked glycosylation sites within the binding region [43]
and the role of these in antibody neutralization is also unknown.

Implications for passive immunization

Several studies have shown that manipulation of the constant region of antibodies can impact
function in laboratory assays. These findings have implications for the selection of suitable
antibody subtypes for passive immunization, in two ways. Firstly, increased potency of
neutralization likely translates into lower therapeutic doses. Lower therapeutic doses make
passive immunization approaches more cost-effective (requiring smaller volumes) and more
practical (enabling antibodies to be administered subcutaneously rather than intravenously)
[73]. Secondly, the increased Fc effector function of 1gG3 versions of mAbs not only
recruits additional immune cells to clear the pathogen but may also enhance the clearance
of previously infected cells [56,74]. Clearance of infected cells is clearly of great relevance
in the context of treatment. However, is also important in prevention studies, where for
example the early administration of mAbs to infant macaques enabled the clearance of local
viral foci, limited viral dissemination, and prevented the establishment of viral reservoirs
[75]. Future studies should perform head-to-head comparisons of antibodies of varying
isotypes with different functionality to evaluate the benefits of enhanced polyfunctionality
(see Clinician’s corner). Although such studies have been limited by concerns over shorter
half-lives, exploring the undescribed allelic diversity mentioned above may yield 1gG3
variants with half-lives similar to 19G1, /GHG3*17 for example (see Box 1) [16].

Will CSR enhance neutralization breadth and potency in active vaccination?

It is now clear that the introduction of key amino acid residues into IgG1 isotypes through
SHM may not be enough to reach the desired level of neutralization breadth and potency.
Substantial data shows that isotypes other than IgG1 may have enhanced capacity to
neutralize. Thus, vaccine strategies that focused solely on V-region SHM and viral variants
that drive certain SHM [7] may be limited in neutralization breadth. The use of specific
adjuvants which promote CSR in combination with sequential viral variants may enhance
the overall immune response not only through enhanced Fc effector function but also
through improved neutralization breadth and potency. Future studies would need to assess
the ability of different adjuvant strategies to induce CSR and whether having increased
isotype diversity would further enhance neutralization breadth and potency (see Clinician’s
Corner and Box 1).

Understanding the developmental pathways of bNAD lineages has provided a roadmap

for vaccine strategies aimed at eliciting the same types of responses. In this review, we

have shown that antibody isotypes influence neutralization breadth and potency through
different mechanisms. The use of CSR within vaccine design may either complement the
current strategy involving V-region SHM or represent an alternative approach. Furthermore,
monoclonal antibodies used as therapeutics or in passive immunization could be enhanced
by altering the constant region enabling improved effector function and potency.
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ADCC
antibody-dependent cellular cytotoxicity refers to the ability of antibodies to mediate cell
killing

ADCP
antibody-dependent cellular phagocytosis refers to the ability of antibodies to mediate cell
engulfment

ADCT
antibody-dependent cellular trogocytosis refers to the ability of antibodies to mediate
membrane nibbling

Bivalent binding
refers to the binding of both Fab regions of an antibody to an antigen

bNAbs
broadly neutralizing antibodies are antibodies that can neutralize a wide range of globally
circulating HIV-1 strains

Breadth
refers to the ability of antibodies to neutralize multiple global HIV-1 strains

Co-evolutionary studies
refers to studies of the changes and development of antibodies and viral quasispecies during
infection

Constant region
refers to the region of the antibody that is encoded by constant region genes and determines
antibody isotype

Class-switch recombination (CSR)
involves the changing of one antibody isotype (eg: IgM, IgD, IgG, IgE and IgA) to another.

Env
refers to the HIV-1 envelope protein to which antibodies bind

Epitope(s)
refers to the region on an antigen (eg: the virus) that antibodies bind
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Fab
refers to the fragment antigen portion of antibodies which are responsible for binding to the
antigen

F(ab’)s
refers to part of an antibody including both Fab arms and the hinge region

Fc
refers to the fragment crystallizable portion of antibodies that is encoded by constant region
genes and responsible for inducing effector functions

Fc effector function
refers to the ability of antibodies to recruit and mediate innate immune cell functions such as
ADCP, ADCC and ADCT.

Hinge
the hinge region is a part of an antibody that sits between the Fab and the Fc portions and
differs between isotypes

IGHC
refers to the immunoglobulin gene heavy chain constant region gene which encodes the
constant region of the heavy chain of antibodies that determines an antibodies isotype

IGHG3
refers to the immunoglobulin gene heavy chain constant gamma 3 gene located on
chromosome 14 that encodes the IgG3 antibody constant region.

IGHV

refers to the immunoglobulin gene heavy chain variable region gene located on chromosome
14 that encodes the variable region of the heavy chain, which makes up the largest part of
the of the Fab

Inter-spike cross-linking
refers to the ability of antibodies to bind using both Fab arms to different spike or Env
proteins on the same virus

Intra-trimeric cross-linking
refers to the ability of antibodies to bind using both Fab arms to different monomers of the
same spike or trimeric Env protein.

Isotype
refers to the type of constant regions encoded by antibodies (eg: IgM, IgD, IgE, 1gG and
19A)

Neutralization/Neutralizing
refers to the ability of antibodies to block infection

Somatic hypermutation (SHM)
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is the accumulation of mutations within the variable region of antibodies that lead to
increased affinity to an antigen.

Variable region
refers to the largest part of the antibody Fab region which is encoded by the V, D and J
genes.
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Box 1:
Harnessing isotype for improved passive and active immunization

The antibody mediated protection (AMP) trial of VRCO1 provided the proof of concept

that broadly neutralizing antibodies could be used to protect against HIV-1 infection [3].
There are ~16 bNAbs within the clinical trial pipeline for HIV-1 prevention, all of which
are 1gG1 [76,77].

Many of these have undergone modifications to improve half-life (~70 days) with the
introduction of the “LS” mutations involving M428L and N434S which improves binding
of the antibodies to the Fc neonatal receptor (FcRn) [77,78]. Concerns over 1gG3 half-
life have limited the development of this isotype as a therapeutic or for prevention.
However, a single amino acid change R435H within IgG3 results in a comparable half-
life to 1gG1 [79]. In addition, H435 is found naturally in at least five 1gG3 alleles
(IGHG3*17, IGHG3*18, IGHG3*19, IGHG3*22, and IGHG3*23, (www.imgt.org)).
These and other IgG3 alleles may also benefit from the LS mutation, though this

remains to be determined. In addition to the LS mutations, others have been identified for
improved half-life of 1gG antibodies under different pH conditions, YTE, LSF, C6A-66
or C6A-78 for example [78]. All of which could be explored using an 1gG3 isotype

to leverage the enhanced function observed within 1gG3 over 1gG1. IgA antibodies,
which lack FcRn binding, are also associated with short half-lives [80]. Attempts at
introducing FcRn binding into IgA antibodies using albumin-binding domain (ABD)
coupling or 1gG/IgA hybrid antibodies, where the Cy2 — C3 of IgA is swapped out

for the 1IgG Cy2 — Cy3, can improve serum half-life [80]. Furthermore, IgA half-lives
can be improved with modifications of glycosylation patterns on the antibodies reducing
asialoglycoprotein receptor (ASGPR) clearance [80]. Leveraging the best properties of
these isotypes, IgG1 half-life, IgG3 hinge flexibility and IgA Ch1 may result in better
therapeutics and prevention tools.

Several studies have shown that isotype diversity improves responses to HIV-1. How this
can be exploited in an active vaccination setting, however, requires more investigation.
For example, the use of certain adjuvants (see “Fine-tuning class-switching in vaccination
using different adjuvants™) can promote class-switching, which may result in a more
poly-functional response to immunization. The impact of increased isotype diversity may
however be immunogen dependent. Furthermore, whether some adjuvants preferentially
drive one isotype over another is an under-explored area of research. To address both
questions, head-to-head clinical trials would need to specifically evaluate the impact of
traditional and next-generation adjuvants on isotype diversity and/or skewing and assess
overall impact on prevention.
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Clinician’s Corner

The constant region of antibodies, which determines isotype, plays a larger
role in antibody function than just mediating Fc effector function. Changes in
antibody isotype can affect antibody affinity and avidity which is important
for neutralization breadth and potency.

Antibodies can be engineered to have enhanced potency and Fc effector
function. Potent antibodies require reduced dosages and are more practical
leading to subcutaneous instead of intravenous administration when used in
passive immunization or therapeutics.

Antibodies with improved Fc effector function could enhance overall immune
responses in both treatment and prevention and aid in the clearance of
previously infected cells.

During HIV-1 infection antibody lineages directed towards different HIV-1
Env epitopes showed evidence of CSR to IgG and IgA isotypes. This natural
phenomenon could potentially be mimicked with the use of adjuvants in
active immunization strategies. The induction of class-switch recombination
events through vaccine adjuvants would improve isotype diversity and
therefore potentially enhance immune responses.
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Outstanding questions

Though there is some evidence for the importance of antibody glycosylation
on neutralization, many questions remain. For example, does Fab
glycosylation affect HIV-1 neutralization breadth and potency? Do additional
O-linked glycans in dimeric IgA1 influence neutralization compared

to monomeric IgA1? Do N-linked glycans have different effects on
neutralization compared to O-linked glycans? Does the type of glycan present
impact the neutralization breadth and potency of HIV-1?

Allelic diversity within IgG3 antibodies is known to affect neutralization.
However, little is known about the genetic diversity of IgA, particularly in
regions where HIV-1 infection is high. Are there novel constant region gene
alleles in underrepresented populations? If so, do the novel alleles affect
HIV-1 neutralization breadth and potency?

1gG3 has increased Fc polyfunctionality and both 1gG3 and IgA1 have
enhanced neutralization /n vitro compared to 1lgG1. However, would this
enhanced /n vitro activity translate into better protection against HIV-1
infection? Therefore, head-to-head studies comparing 1gG3, IgA1 and 1gG1
would need to be conducted in animal models and eventually human trials to
compare the influence of these functions on protection against infection.

Next-generation adjuvants have been associated with differences in titers
between isotypes both in mucosal and serum antibodies. Can adjuvants be
used to induce CSR enabling increased isotype diversity? Would increased
isotype diversity result in increased neutralization breadth and potency upon
immunization?
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Highlights

Class-switch recombination, which involves maintaining the antigen-binding
variable region and swapping out the constant region of antibodies, enables
diversity in immune responses to disease.

Antibody isotype diversity is associated with increased neutralization breadth
towards pathogens such as HIV-1.

The constant region of antibodies, previously thought to only mediate Fc
effector function, can also influence the neutralization breadth and potency of
HIV-1-directed antibodies.

Within HIV-1 directed antibody lineages, class-switch recombination
represents another mechanism through which antibodies can counter viral
immune escape.

Antibody 1gG3 and IgA1 isotypes mediate enhanced function through
different mechanisms. 1gG3 relies on increased flexibility, while IgA1
depends on conformational changes within the paratope.

Trends Mol Med. Author manuscript; available in PMC 2023 November 01.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Scheepers et al. Page 19

SHM
— Breadth and potency
neutralization:

© potent
 weak
a —
IgG3 IgG3
unfavourable
class-switch
b —
favourable class-switch
class-switch redemption
c —

IgA1

Figure 1: Role of class-switching in antibody maturation and neutralization breadth.
Schematic representation of the role of CSR in antibody maturation to acquire improved

neutralization. (A) The traditional arms race involving increasing SHM which enables the
neutralization of new viral variants and neutralization breadth. (B) CSR involving subtypes
with reduced activity against circulating viral variants resulting in the termination of that
sub-lineage (C) CSR involving favourable subtypes which can either restore a previous
detrimental switch termed “switch redemption” or have enhanced activity compared to a
previous subtype.
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Figure 2: Key features of IgG3 and IgA1l antibodies that mediate improved neutralization
breadth and potency.

(A) Schematic of 1gG1, 19gG3, and IgA1 antibodies showing different antibody regions
including the heavy and light chain variable regions (Vy and V), the three heavy chain
constant regions (CH1 - Ch3), the light chain constant region (C| ), and the hinge region that
make up the Fab and Fc portions. Highlighted in green and purple are the key features for
1gG3 and IgA1 that mediate improved neutralization, respectively. (B) Mechanisms through
which 1gG3 mediates increased neutralization breadth, potency, and ADCP compared to
1gG1. (C) The potential mechanisms through which IgA improves neutralization breadth and
potency compared to 1gG1.
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