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Summary

The ability of B cells to generate antibodies and provide long-lived protective immunity is the cornerstone of vaccination and has contributed to
the success of modern medicine. The nine different antibody subclasses produced by humans have effector functions that differ according to
antigen type and route of exposure. Expression of the appropriate isotype is critical for effective humoral immunity, and it is becoming clear that
subclass specificity is to some extent reflected at the cellular level. Understanding the mechanisms that govern the induction, expansion, and
maintenance of B cells expressing different antibody subclasses informs the strategic manipulation of responses to benefit human health. This
article provides an overview of the mechanisms by which the different human antibody subclasses regulate immunity, presents an update on
how antibody subclass expression is regulated at the cellular level and highlights key areas for future research.
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Abbreviations: ADCC: antibody dependent cellular cytotoxicity; AID: activation induced cytidine deaminase; AIM: apoptosis inhibitor of macrophages; APC:
antigen presenting cell; APRIL: a proliferation-inducing ligand; BAFF: B-cell activating factor; BCR: B cell receptor; CSR: class switch recombination; EoE:
eosinophilic eosophagitis; Fab: fragment antigen hinding; Fc: fragment crystallisable; FcR: Fc receptor; GC: germinal centre; Ig: immunoglobulin; ITAM:
immunoreceptor tyrosine-based activation motif; ITIM: immunoreceptor tyrosine-based inhibitory motif; LLPC: long-live plasma cell; NET: neutrophil extracellular
trap; TACI: transmembrane activator and CAML interactor; TRIM21: tripartite motif containing-21.

Introduction that is co-expressed alongside membrane IgM. Mature naive
IgM+IgD+ B cells circulate through the follicles of secondary
lymphoid tissues until they encounter antigen. Multi-valent
antigens and/or signaling from other co-receptors such as
toll-like receptors can drive a T-cell independent response.
Otherwise, B cells will migrate to the T:B border of the follicle
where T-dependent responses are initiated. Activation of B cells
results in a burst of proliferation during which class switch re-
combination (CSR) can occur and germinal centre responses
are initiated. During germinal centre responses, B cells further
diversify their antigen receptors through somatic hypermuta-
tion and are ultimately selected to enter the memory pool as
either plasma cells or memory B cells. Plasma cells migrate to
survival niches from where they can secrete antibody continu-
ously for a lifetime [1]. Memory B cells appear to be equally
long-lived [2, 3], and either recirculate through the periphery
or take up residence in tissues where they can respond rap-
idly to secondary infection. The decision to differentiate into
memory B cells or plasma cells is influenced by several factors,
including the isotype of the antibody expressed. Furthermore,
the function of memory B cells—and to some extent plasma
cells—is influenced by the subclass of antibodies expressed.
Memory B cells can undergo further diversification during
secondary responses, including re-entry into germinal centres
and subsequent class switching. Regulation of antibody sub-
class expression is therefore highly relevant to the outcome of
both primary and secondary responses.

The incredible diversity of antibody responses allows our
immune system to react to an unlimited number of antigens
with high specificity and is central to protective immunity.
As well as protecting us from pathogens, antibodies maintain
homeostasis by regulating commensal organisms at mucosal
surfaces and facilitating the clearance of apoptotic cells. All
of this is achieved through a broad range of effector functions
that can take place throughout the human body. In addition
to neutralization, which is entirely dependent on the variable
region, these effector functions depend on the Fc portion of
antibodies interacting with cell surface receptors. Localized
patterns of subclass expression and receptor distribution
regulate antibody responses appropriately for site-specific
threats. This specialization is most evident in selective anti-
body deficiencies, where the absence of an individual subclass
can increase susceptibility to specific pathogens. Similarly,
dysregulation of subclass expression can promote disease, as
is the case in allergies and various autoimmune pathologies.
The selection of antibody class is strongly influenced by the
site of antigen exposure and the context in which B cell ac-
tivation occurs. In turn, the selection of antibody class can
modify B cell fate and function.

B cells are generated in the bone marrow continuously
throughout life, emerging as antigen-naive B cells that ex-
press membrane IgM as a B cell receptor. Alternative splicing
allows the transcription of IgD with an identical specificity
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This review will highlight the key roles different anti-
body subclasses play in specific aspects of immunity, the
mechanisms that regulate their distribution and produc-
tion, as well as discussing the evidence for intrinsic cellular
properties based on antibody isotype. The importance of
regulating antibody production is highlighted by the clin-
ical phenotypes of selective deficiencies, but also when
responses are dysregulated such as in allergy and auto-
immune conditions. Better understanding of how antibody
responses are regulated at the cellular level will present
new opportunities for targeting B cells associated with
antibody-mediated disease.

Diversity of antibody effector functions

All antibodies are made up of two identical heavy and light
chains. The antigen binding fragment (Fab) interacts with
the antigen, confers specificity, and is unique to each indi-
vidual B cell clone. In humans, the crystallizable fragment
(Fc) can be one of five isotypes (Fig. 1), each with distinct
structural features that confer different effector functions.
These functions are determined by interactions with re-
ceptors expressed on discrete populations of immune and
non-immune cells that vary by lineage and across body tis-
sues (reviewed in [4]). Classical Fc receptors (FcRs) can be
broadly divided into activating or inhibitory depending on
the presence of immunoreceptor tyrosine-based activation
(ITAM) or inhibitory (ITIM) motifs in the cytoplasmic tail.
Activating receptors including FcyRI, FcyRIla, FceRI, and
FcoRI are typically expressed by myeloid cells and result
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in cellular stimulation, as well as promoting degranulation,
cytotoxicity, and/or phagocytosis according to cell type (Fig.
2). Co-expression and cross-linking of inhibitory receptors
can attenuate activating signals. In addition, non-classical
FcRs such as C-type lectin receptors expressed by antigen-
presenting cells (APCs) and various non-immune cells can
mediate antigen capture, enhance APC activity, and mediate
antibody transport (Fig. 2). In addition to FcRs, some anti-
body subclasses can bind the complement component Clq to
initiate the complement cascade.

IgD

IgD is the second least abundant antibody class in human
serum after IgE and has a relatively short half-life. Despite
being scarce in circulation, IgD plays an underappreciated
role in mucosal immunity. IgD-producing plasma cells are de-
rived from nasopharynx-associated lymphoid tissue and have
restricted dissemination in the aerodigestive tract [5]. IgD de-
rived from these cells displays extensive somatic hypermuta-
tion and recognizes important respiratory pathogens such as
Haemophilus influenzae but also targets commensals and sol-
uble dietary proteins [6, 7]. IgD does not interact with Clq
or Fc receptors but instead binds to innate cells such as baso-
phils and mast cells via galectin-9 and CD44. Receptor cross-
linking triggers the release of IL-4 which promotes T follicular
helper type 2-dependent responses, leading to the production
of IgG and IgE [8]. Despite promoting IgE production, IgD
also attenuates IgE-mediated mast cell and basophil degranu-
lation [8], pointing to a role for IgD in maintaining homeo-
stasis at mucosal barriers.

9G4

Figure 1: Domain structure of human immunoglobulins. Humans produce nine different antibody subclasses: IgG1-4, IgA1-2, IgD, IgE, and IgM. Each
consists of two identical heavy chains (grey) which comprise an N-terminal V,, domain and three C, domains with a hinge between C, 1 and C 2 (or
four C, domains in the case of IgE and IgM, which lack hinges). The heavy chains are linked to two identical light chains (blue) comprising an N-terminal
V, and a single C_or C, domain. In addition, IgA1 and IgA2 can form dimers (dimeric SIgA1 depicted) by association with the J-chain (in green) which

is stabilised by covalent binding of the secretory component (red). IgM can form pentamers in association with the J-chain as well as non-covalent

interactions with secretory component (not depicted) to form SigM.
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Subclass

(a) degranulation

IgA1, IgA2
IgE
lgG1, 19G2, 1gG3, IgG4

IgG1, IgG3, IgM

IgG1, IgG3

(d) opsonophagocytosis
IgG1, 1gG3, IgG4

IgG1, 19G2, IgG3, IgG4
IgG1, 1gG3
IgA1, IgA2

(e) antigen uptake

IgE

IgG1, 1gG3, IgG4
IgG1, 1gG2, IgG3, 1gG4

(f) antibody transport
IgA, IgM

IgE
IgG1, 19G2, IgG3, 1gG4

-

(g) antigen capture

IgM
IgG1, 1gG3, 1IgG4

A
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Fc receptor Cell type

FcaRl Neutrophil

FceRI Mast cell, basophil, eosinophil
FcyRlla Neutrophil, Mast cell, basophil, eosinophil
C1qg* Macrophage

FeyRllla NK cell

FeyRI Macrophage, Monocyte
FcyRlla Macrophage, Monocyte,
FcyRllla Macrophage, Neutrophil
FcaRlI Macrophage, Neutrophil
FceRlI B cell

FcyRI Dendritic cell

FcyRlla Dendritic cell

plgR Epithelial cell

FceRlI Intestinal epithelial cell

FcRn Epithelial cell

Fca/uR Follicular dendritic cell
FcyRIIb Follicular dendritic cell

Figure 2: Fc-dependent antibody functions. Antibodies mediate a variety of effector functions via Fc-dependent interaction with receptors and proteins
localised at different sites throughout the body. The most common functions are illustrated here, including (a) degranulation of innate myeloid cells, (b)
complement-dependent activation resulting in direct pathogen lysis or enhanced phagocytosis, (c) antibody-dependent cellular cytotoxicity by NK cells,
(d) opsonisation of pathogens to facilitate phagocytosis, (e) facilitated antigen uptake by antigen presenting cells, (f) receptormediated transport of
antibody across mucosal barriers, and (g) capture of antigen for regulation of germinal centre responses. *C1q is not a receptor but can bind to antibody
Fc and cross-link complement receptors on the surface of macrophages, thereby promoting complement-mediated phagocytosis.

IgM

IgM plays a significant role in initiating immune responses
and pathogen clearance. This isotype is produced early after
antigen encounter by short-lived extrafollicular plasma cells,
but can also be generated by affinity-matured long-lived
plasma cells [9]. The pentameric structure of IgM (Fig. 1)
provides high avidity for antigen binding, which offsets the

typically lower affinity of IgM relative to other subclasses.
Antigen binding results in a conformational change in IgM
structure, exposing a C1qg-binding site that promotes highly
efficient activation of complement. The unique structure of
IgM also permits effective agglutination of intestinal micro-
biota which promotes microbe clearance and limits antigen
penetration into the epithelium. In addition, natural IgM is
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produced spontaneously by distinct subsets of B cells in the
absence of antigen stimulation or T cell help [10]. Natural
IgM is germline encoded, usually polyreactive, and recognizes
a broad range of antigens including self-molecules. This
isotype also provides immediate early protection against
infection, for example through effective virus neutraliza-
tion [11]. In humans, a population of CD20* CD27* CD43*
CD70- cells that are functionally equivalent to murine B1
cells produce natural antibodies. However, unlike mice the
main source of human natural antibodies is marginal zone
B cells. IgM comprises around 10% of serum antibodies but
also has a key role in mucosal immunity, making up 10-20%
of the plasma cell population in the human terminal ileum
[12]. Polymeric IgM binds to pIgR via its J-chain to enable
transport across the epithelium as secretory IgM. Secretory
IgM, which is mostly derived from natural IgM, plays a role
in maintaining tolerance of commensal bacteria (reviewed in
[10]). The subject of IgM B cells is covered elsewhere in this
issue [13]. Selective IgM deficiency is a rare disorder that can
result in the recurrent upper respiratory tract and systemic
infections, as well as less common allergic and autoimmune
conditions [14]. IgM-containing immune complexes can bind
to Fca/puR, which in humans is primarily expressed on fol-
licular dendritic cells [15]. Pentameric IgM associates with the
protein apoptosis inhibitor of macrophages (AIM) to facili-
tate retention of immune complexes in germinal centres [16].
These complexes provide a key source of antigen for B cell
maturation in germinal centre responses, thus highlighting an
additional role for IgM in regulating adaptive immunity.

IgA

Unlike most mammals, humans (and some primates) have two
subclasses of IgA that differ in hinge structure (Fig. 1) and
patterns of distribution around the body. IgA1 is present at a
higher ratio in serum, while IgA2 is present at a higher ratio
in the colon, and both are present in equal quantities at other
mucosal surfaces. IgA is in fact the most abundant class of
antibody with several grams produced each day, primarily in
the gut. In humans, the majority of gut IgA+ plasma cells are
derived from IgM memory B cells [17]. While most serum IgA
is monomeric, mucosal IgA is dimeric and requires transport
into the gut lumen by pIgR (the same mechanism as used by
IgM), where it associates with the secretory component to sta-
bilize the dimeric structure. Secretory IgA maintains intestinal
homeostasis by binding to and coating diverse commensal
microbes [18, 19], thus constraining them to the gut lumen.
IgA does not bind to Clq so cannot activate complement.
Instead, both dimeric and monomeric IgA bind to FcaRI
(CD89) which is constitutively expressed on myeloid cells
and mediates phagocytosis and ADCC [20, 21]. Secretory IgA
does not bind FcaRI due to steric hindrance of the secretory
component [22]. Cross-linking of FcaRI by IgA2-immune
complexes results in signaling through the associated FcR y
subunit, leading to a pro-inflammatory response that drives
cytokine production and NET formation by neutrophils. This
response is not observed with IgA1-complexes, likely due to
their different patterns of glycosylation, representing a key
functional difference between IgA subclasses [23]. Although
important in host defense, interactions between FcaR and IgA
can also contribute to immune pathology in inflammatory
diseases such as ulcerative colitis [24]. Conversely, the binding
of monomeric IgA to FcaRI inhibits signaling through other
FcRs [25] and acts as a negative regulator of inflammation.
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Selective IgA deficiency is one of the most common antibody
deficiencies, affecting around 1 in 500 individuals. Although
largely asymptomatic and thought to be partly compensated
by sIgM [26, 27], ~20-30% of patients present with recurrent
respiratory tract infections [28], mostly caused by encapsu-
lated bacteria.

I9G

As the most abundant class of antibody in serum, IgG plays a
central role in systemic immunity and is the primary effector
antibody raised in response to inflammation. The four IgG
subclasses differ in hinge structure and CH2 domains (Fig. 1),
resulting in divergent effector functions which are achieved
via differential binding to Fcy receptors and Clq [29].
Whereas IgG1 and IgG3 induce potent pro-inflammatory
responses, [gG2 and IgG4 are more often associated with
anti-inflammatory responses and/or tolerance. In addition to
a central function in systemic immunity, IgG plays an im-
portant role at mucosal surfaces, particularly in the respira-
tory mucosa and genital tract, where concentrations of IgG
exceed those of IgA [30]. All IgG subclasses are monomeric
and therefore do not bind to pIgR. Instead, the IgG family
of antibodies can bind to the neonatal Fc receptor (FcRn)
which is expressed on epithelial cells and facilitates transport
across mucosal barriers as well as the placenta. FcRn is also
expressed on endothelial and myeloid cells where it functions
to extend IgG half-life [31].

IgG1

Approximately half of all serum antibodies are IgG1, which
is a potent activator of complement and binds with high af-
finity to activating Fcy receptors, thus making it a key player
in humoral immunity. Given this abundance, specific IgG1
deficiency results in overall hypogammaglobulinemia and is
associated with generalized susceptibility to infection [32].
IgG1 is the dominant subclass produced in response to many
infectious diseases, but as a key mediator of inflammation,
can also trigger host pathology. In patients with ulcerative
colitis, a massive influx of IgG1-producing plasma cells into
the gut mucosa leads to the formation of immune complexes
that can trigger macrophage release of pro-inflammatory
cytokines [33].

IgG2

IgG2 makes up approximately 16% of total serum antibodies
and almost all of the fraction that binds specifically to bac-
terial polysaccharides [34]. IgG2 does not bind to the high-
affinity IgG receptor FcyRI and interacts only weakly with
Clq, making it a poor activator of complement. The anti-
bacterial effector function of IgG2 is instead mediated pri-
marily through interactions with FcyRIla on granulocytes,
which promotes phagocytosis of encapsulated bacteria op-
sonized by 1gG2 [35]. Accordingly, specific IgG2 deficiency
(and polymorphisms in FeyRIIa) result in increased suscepti-
bility to bacterial infections.

IgG3

At just 4% of IgG in serum, IgG3 is far less abundant than
IgG1 but appears very rapidly following viral infections, thus
playing a key role in early immune defense (reviewed in [36]).
IgG3 has the highest affinity for C1q [37] making it a potent
activator of complement, as well as binding with high affinity
to activating Fcy receptors. IgG3 also has the longest hinge of
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all the subclasses, which provides a high degree of flexibility.
The extended hinge of IgG3 potentiates the antiviral activity
of the cytosolic antibody receptor TRIM21, which targets
antibody-virus complexes for degradation and activates pro-
inflammatory gene expression [38]. Accordingly, selective
IgG3 deficiency is associated with recurrent upper respiratory
tract infections, sinusitis, and pneumonia [39]. Conversely, in-
creased serum IgG3 has been linked with disease activity in
multiple sclerosis [40].

lgG4

IgG4 antibodies are rarely induced in response to infections
but instead arise in response to chronic antigen exposure,
typically allergens and other non-infectious protein antigens.
IgG4 is regarded as a non-inflammatory subclass since it
does not bind to Clq and has a relatively low affinity for
activating Fcy receptors. The hinge of IgG4 has intra-chain
bonds and displays weaker interactions between CH3 do-
mains compared with other IgG subclasses [41]. This results
in the random recombining of different IgG4 half molecules,
thereby generating bi-specific antibodies that are function-
ally monovalent and thus unable to form immune complexes
[42]. Despite clear associations with immune tolerance in the
context of type 2 responses [43], IgG4 antibodies are a char-
acteristic of a spectrum of fibrotic disorders termed IgG4-
related disease (IgG4-RD). This pathology is associated with
organ-specific infiltration of IgG4-producing plasmablasts
[44], although it remains unclear whether IgG4 antibodies are
actually involved in the IgG4-RD disease process. Albeit less
marked, tissue infiltration of IgG4-producing plasmablasts
has also been reported in eosinophilic oesophagitis (EoE),
with approximately 76 % of patients displaying extracellular
IgG4 deposits [45], and biopsies containing increased levels
of IgG4 reactive to common EoE trigger foods [46].

IgE

Despite being the least abundant antibody class in human
serum and displaying the shortest half-life, IgE has a significant
and highly prevalent impact on human health as the central
mediator of allergic disease. The potent effector functions of
monomeric IgE are a consequence of high affinity for FceRI ex-
pressed on granulocytes, which increases its half-life to several
weeks [47]. IgE is produced primarily in mucosal tissue where
it is sequestered on FceRI-expressing cells [48]. Allergen cross-
linking of FceRI-IgE on the surface of granulocytes results in
rapid activation and release of various mediators including
histamine, tryptase, and pro-inflammatory cytokines. Apart
from its deleterious effects in allergic disease, IgE is also as-
sociated with type 2 immunity and fulfils protective functions
at barrier sites. Classically, IgE responses are associated with
helminth infection [49, 50], but more recently IgE has been
shown to also confer protection against venoms, toxins, and
even tumour formation [51-53]. Consistent with this concept,
IgE deficiency has previously been linked with increased rates
of malignancy [54, 55], pointing to complex biology that is
not yet fully understood. Indeed, the role of self-reactive IgE in
autoimmune diseases such as chronic urticaria, systemic lupus
erythematous, and bullous pemphigoid [56-59], has gained
increasing attention to become an active area of research. IgE
complexes can also bind to FceRII (CD23) on APCs to enhance
antigen-presenting capacity by several orders of magnitude
[60], leading to marked amplification of immune responses.

James

Regulation of antibody production

Class switching is a tightly regulated, irreversible process that
exchanges the constant region gene by deletional recombin-
ation (Fig. 3). It remains unclear which factors dictate whether
a given B-cell will switch or not. CSR is a rare event initiated
by germline transcription of the target immunoglobulin genes
from the intervening (I) exon under the direction of a promoter.
Switch (S) regions upstream of each constant region gene (ex-
cept Cd) contain tandem repeat sequences that are targeted
by activation-induced cytidine deaminase (AID). This enzyme
is induced by the combination of IL-4 and CD40 signaling,
leading to the deamination of cytosines in donor and acceptor
S regions to generate uracils. This triggers a mismatch repair
mechanism that introduces single-stranded DNA breaks that
are subsequently converted into double-stranded breaks (Fig.
3), leading to non-homologous end repair. Despite the ab-
sence of a switch region in C8, a subset of tonsil B cells can
undergo class switching to IgD by virtue of a short intronic
region between Cp and Cd which acts as an acceptor site for
IgM to IgD switching [61]. Active transcription is essential
for class switching to take place since this allows AID to bind
single-stranded DNA at the relevant target sequences within
switch regions. The I, promoters have cytokine-responsive
elements that differ between subclasses, hence the efficiency
of CSR directly correlates with germline transcription [62].
For example, single nucleotide differences in the Iy1 and Iy4
promoters confer divergent responses to CD40 signaling, re-
sulting in much lower germline transcription from Iy4 [63].
In addition, while all switch regions have transcription factor
binding sites responsive to IL-4 and CD40 signaling, these
vary in length and in the number of tandem repeats be-
tween individual subclasses. The likelihood of a switch event
occurring therefore differs according to the length and com-
position of I and S region sequences [63-66]. Unlike Iy1-4
and Ig, Ia1, and Ia2 exhibit binding elements that are respon-
sive to TGFB1-inducible transcription factors, namely SMAD
proteins and RUNX3 [67]. Consequently, IgA class switching
can be induced by TGFf1 in addition to IL-4. Although class
switching is typically associated with T-dependent responses,
CSR can also be induced by TNF superfamily members BAFF
and APRIL binding to TACI, without the need for CD40 or
T-cell help [68]. Class switching has also been observed in ter-
tiary lymphoid structures, which form transiently at sites of
inflammation and support clonal expansion and B cell matur-
ation (reviewed in [69])

Impact of class switching on the germinal
centre response and cell fate

Following activation and interaction with cognate T cells,
some B cells expand within extrafollicular foci to give rise to
short-lived plasma cells and extrafollicular memory B cells,
whereas others form germinal centres. The germinal centre re-
sponse involves clonal expansion and affinity-based selection
of antigen-specific B cells, followed by their differentiation
into either long-lived memory B cells or plasma cells. The fate
of germinal centre B cells is intricately linked to the B cell re-
ceptor, and affinity for antigen plays a key role in B cell fate
selection. Higher affinity binding has been linked to prefer-
ential differentiation towards plasma cells, either due to cell-
intrinsic mechanisms linked with BCR signaling or because of
improved antigen capture and increased competitiveness for
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Figure 3: Schematic overview of class switch recombination (CSR). (a) Signals from T cell-derived cytokines and CD40 enhance germline transcription
from the donor (Ip depicted) and downstream acceptor (ly2 depicted) |, promoters. (b) The same signals induce expression of AID which can bind to
single-stranded DNA at transcriptionally active switch regions to mediate the formation of double-stranded breaks. (c) Repair of double-stranded breaks
results in recombination and deletion of the intervening DNA (d), allowing CSR to replace the constant region downstream of the VDJ exon and thus

permitting transcription of a new antibody subclass.

T cell help (since prolonged contact with T follicular helper
cells increases B cell expression of key transcription factors
necessary for plasma cell differentiation; reviewed in [70]).

Although germinal centre B cells have higher thresholds for
activation than naive B cells [71], those that express switched
isotypes have lower thresholds for activation compared
to unswitched B cells [72]. In addition, class switched ger-
minal centre B cells display gene expression patterns linked
with germinal centre homing and retention that favour on-
going affinity maturation and T-cell help [73]. Since antibody
class switching usually occurs early after antigen encounter
and prior to the formation of the GC response [73-76], BCR
isotype can influence the fate of germinal centre B cells. The
membrane immunoglobulins (mlg) of both IgM and IgD have
a short cytoplasmic domain only 3 amino acids long, whereas
mlgG1-4 has a conserved cytoplasmic tail of 29 amino acids,
the mIgE tail comprises 28 amino acids, and the tails of
mlgA1 and mIgA2 include 14 amino acids [77]. Ig-a (CD79a)
and Ig-f (CD79b) are the signaling elements for the BCR.
The intracellular domains of the Iga-Ig-f heterodimer con-
tain an ITAM which recruits Syk to initiate a signaling cas-
cade in response to receptor cross-linking. Although all mlg
signal through Ig-a-Ig-B, mIgG and mIgE have a conserved
immunoglobulin tail tyrosine (ITT) which permits inducible
phosphorylation by ITAM-bound Syk, thereby reducing the
threshold for activation four-fold and augmenting plasma cell
differentiation. Interestingly, while mIgA lacks an ITT motif,
selective depletion of mIgA results in a near total absence of
IgA-secreting PC [78].

The short-lived plasma cells generated in extrafollicular re-
sponses secrete antibodies that help combat acute infections,
but long-lived plasma cells (LLPC) derived from germinal
centres are the primary source of high-affinity, class-switched
serum antibodies that underpins protective immunity. Human
LLPC can survive for decades and continually secrete high
concentrations of antibody [79]. Plasma cell longevity is de-
pendent on migration to survival niches which include the
bone marrow and secondary lymphoid tissues. Of note, while
surface BCR is widely considered to be downregulated upon
plasma cell differentiation, those expressing IgM, IgA and IgE
still display a functional BCR [80-82], the significance of which
remains an active area of investigation. Depending on the con-
text in which differentiation occurs, the location and to some
extent phenotype of LLPC are associated with isotype [77].
Homing of IgA+ plasma cells to mucosal tissues is controlled
by a combination of integrins such as 047 and chemokine
receptors, with CCR10 directing migration to the bronchial,
salivary, oral, and intestinal epithelium, whereas CCR9 dir-
ects migration to the small intestine [83]. Recruitment of
IgG+ plasma cells to inflamed tissues is instead mediated via
CXCR3, which serves as a useful marker of detrimental re-
sponses in disorders such as rheumatoid arthritis [84].

Role of subclass in long-lived humoral
memory

Along with plasma cells, memory B cells are an essential
component of long-lived protective immunity, generating
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rapid responses during secondary antigen exposure. Memory
B cells express a BCR at the cell surface and display exten-
sive heterogeneity which has been linked to isotype. This
is most evident when comparing switched and unswitched
memory B cells. Although unswitched cells comprise a sig-
nificant portion of extrafollicular-derived cells, transcrip-
tional profiling of switched versus unswitched populations
has revealed marked functional diversity despite equivalent
levels of somatic hypermutation (a marker of GC experience)
[73]. Crucially, unswitched memory B cells are more likely to
reinitiate GC responses following secondary activation [85-
87], and in keeping with this role, they also express genes
associated with antigen presentation and cytokine signaling
[73]. Conversely, switched memory B cells are more likely to
undergo rapid differentiation into plasma cells following sec-
ondary activation [73, 85-87].

Different subsets of memory B-cell display functional het-
erogeneity that influences their ability to expand, migrate,
and differentiate the following activation. These include vari-
able expression of surface receptors and secreted factors that
modulate responses to antigens, influence their localisation,
and alter interactions with other cell types in the local en-
vironment. For example, increased expression of CXCRS5 on
IgG3+ memory B cells was reported in patients with mul-
tiple sclerosis [40]. In contrast, [gG4+ B cells display reduced
levels of CXCR4 and CXCRS and do not express CCR7,
which restricts their entry into secondary lymphoid organs
[88-90]. IgG4+ memory B cells also display relatively lower
expression of complement receptor 2 (CR2/CD21). CR2 en-
hances signaling through the BCR [91], thereby lowering
the th