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Abstract

Stringent regulation of IgE antibody production is critical for constraining allergic responses. This 

review discusses recent advances in understanding cell-intrinsic and extrinsic mechanisms that 

regulate the genesis and fate of IgE B cells. B cell-intrinsic regulation of IgE is orchestrated 

by the IgE B Cell Receptor (BCR). Through its antigen-independent signaling and low surface 

expression, the IgE BCR drives IgE B cells to differentiate into short-lived plasma cells and/or 

undergo apoptosis, restricting IgE-expressing cells from entering long-lived compartments. The 

pivotal extrinsic regulators of IgE responses are T follicular helper cells (TFH). TFH produce IL-4 

and IL-21, which, respectively, are the major activating and inhibitory cytokines for IgE class-

switching. Other newly identified T follicular subsets also contribute to IgE regulation. Although 

IgE responses are normally constrained, recent studies suggest that specific conditions can induce 

the formation of IgE responses with enhanced affinity or longevity, effectively ‘breaking the rules’ 

of IgE regulation.

Introduction

The production of IgE antibodies specific for allergens is a major component of allergic 

sensitization and a key contributor to disease pathogenesis. However, in the majority of 

immune responses, IgE production is highly constrained. The process of class switch 

recombination (CSR) to IgE in B cells appears to be tightly controlled, leading to the 

generation of only small numbers of IgE lymphocytes [1]. Careful studies of these rare 

IgE lymphocytes in mice reported that IgE B cells were unusual in that a large proportion 

differentiated into IgE plasma cells (PCs, we note that here we use this term broadly 

to encompass all antibody-secreting cells including plasmablasts and plasma cells), the 
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majority of which were short-lived [2–7]. IgE B cells also appeared in small numbers 

and only transiently in germinal centers (GCs), a site for efficient antibody affinity 

maturation and the generation of long-lived PCs and memory B cells [2–7]. Increased 

numbers of IgE GC B cells were observed in mice deficient for the master regulator of 

PC differentiation, Blimp-1, suggesting that normally the predisposition toward PC fate 

contributes to the reduced representation of IgE B cells in the GC [3]. These studies 

established the outcomes of IgE regulation: rarity due to limited generation of IgE B cells, 

low GC participation, high rates of short-lived PC formation, and absence from long-lived 

compartments. Recently, the mechanisms underlying these features of IgE responses have 

begun to be illuminated. This review will explore these advances, focusing on examples of 

B cell-intrinsic regulation through the B cell receptor (BCR) and B cell-extrinsic regulation 

by T-cell-derived cytokines. We then discuss how escape from these regulatory mechanisms 

may promote allergy.

Intrinsic regulation of IgE B cell responses

Antigen-independent signaling of the IgE BCR drives premature PC differentiation of IgE B 
cells

Cell culture studies revealed that the predisposition of IgE B cells for PC differentiation was 

driven by intrinsic signals from the IgE BCR. Initially, it was observed that when purified 

murine naïve B cells were cultured with stimuli that mimic T cell help (ligation of CD40 

and IL-4) to induce class switch recombination (CSR) to IgE, a large proportion of the 

IgE cells that formed exhibited a PC phenotype [3,8,9]. Culture studies of human tonsil 

B cells also showed a higher frequency of PCs among IgE cells compared to IgG1 cells 

[10]. While these observations could have been due to increased IgE CSR in cells already 

poised to undergo PC differentiation, or conversely increased PC differentiation in cells 

poised to undergo IgE CSR, recent studies found that the expression of the IgE BCR itself 

predisposes IgE B cells for PC fate [8,9]. Specifically, ectopic expression of the IgE BCR 

in activated B cells drove PC differentiation, whereas the ectopic expression of BCRs of 

most other isotypes, such as IgG1, did not, with a partial effect observed for IgA. Typically, 

antigen-induced BCR signaling promotes PC differentiation [11], making it remarkable that 

ectopic expression of the IgE BCR promoted PC differentiation in an antigen-independent 

manner.

The above findings suggested that the IgE BCR exhibits autonomous signaling that differs 

from the tonic signaling of other BCRs. Indeed, evidence was obtained for increased 

phosphorylation of proximal signaling adapters and increased expression of genes induced 

by BCR signaling, such as Nur77, in B cells expressing the IgE BCR [8,9]. Notably, 

however, the antigen-independent signaling from the IgE BCR was substantially weaker than 

when the BCR was stimulated with antigen [9]. In addition, although expression of the IgE 

BCR promoted PC differentiation in activated B cells [8,9], it did not do so in naïve B cells 

[12]. We propose that chronic weak signaling from the IgE BCR synergizes with extrinsic 

activation signals, such as from T cell help, to promote increased PC differentiation. 

Consistent with autonomous signaling from the IgE BCR promoting PC differentiation, 

genetic and pharmacological disruption of a variety of proximal signaling adapters led 
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to reduced IgE PC differentiation in cultured B cells [8,9]. Interestingly, heterozygous 

mutations in Syk or Cd19 resulted in substantial reductions in IgE PC differentiation, 

indicating that small changes in the magnitude of BCR signaling can have significant 

functional consequences.

Based on the observations in cell culture discussed above and previous in vivo observations 

suggesting that premature PC differentiation hindered IgE GC B cell responses, it was 

predicted that perturbations of BCR signaling would lead to reduced IgE PC differentiation 

and enhanced IgE GC B cell responses in vivo. An increase in IgE GC B cells was indeed 

observed in mice with perturbations of various BCR signaling pathways [8,9]. The effect of 

these perturbations on in vivo IgE PC responses, however, was less clear, as both decreases 

and increases in the absolute number of IgE PCs were reported [8,9]. Specifically, one group 

found that in Blnk-deficient mice, early IgE PC responses were reduced, yet later IgE PC 

responses were increased and sustained IgE production was observed up to 100 days after 

immunization [8]. Ig variable region sequencing four weeks after immunization showed 

similar somatic mutations and selection in IgE and IgG1 PCs [8]. These findings suggest 

that Blnk-deficiency led to elevated IgE GC B cell responses that in turn resulted in the 

increased export of long-lived IgE PCs at later timepoints. However, in another study, an 

increase in the absolute number of IgE PCs was observed early in the immune response in 

mice with mutations in Blnk, Cd19, or Syk [9]. Analysis of Syk heterozygous cells indicated 

that the majority of early IgE PCs were not somatically mutated, in contrast to co-isolated 

IgE GC B cells [9]. These data suggest that early increases in IgE PCs observed in the 

context of BCR signaling perturbations did not originate from the GC, but rather represented 

unexplained increases in extrafollicular IgE PC responses. As BCR signaling is known to 

inhibit CSR [13,14], one possibility to account for these findings is that IgE CSR was 

increased due to the impaired BCR signaling. Further investigation is therefore needed to 

elucidate the contributions of BCR signaling to in vivo IgE PC responses.

Tendency towards apoptosis in IgE lymphocytes and the transience of IgE responses

In addition to its role in promoting PC differentiation, the IgE BCR has been implicated in 

IgE B cell apoptosis, although this remains controversial [4,8,9,15]. In vitro-differentiated 

mouse IgE B cells were observed to be more apoptotic than IgG1 B cells in some cell 

culture assays [8,15]. The ectopic expression of the IgE BCR in cultured primary B cells 

and a cell line was also reported to promote apoptosis [8,15]. However, in another study 

of mouse B cells, these findings could not be reproduced [9]. Specifically, similar rates of 

apoptosis were observed in IgE and IgG1 B cells differentiated in vitro, or after ectopic 

expression of the IgE versus IgG1 BCRs in primary B cells and cell lines. In addition, a 

recent study of cultured human tonsil B cells also concluded that IgE and IgG1 B cells 

exhibited similar rates of apoptosis [16].

The reasons for these discrepancies in findings remain unclear, but may be related to 

technical details of the assays. One approach used in cell culture studies was to induce 

apoptosis by withdrawing pro-survival signals, including CD40 stimulation, IL-4, and in 

some cases BAFF [8,9,15]. In this context, antigen-independent signaling of the IgE BCR 

through the Syk→BLNK→JNK/p38 axis, or alternatively the sequestration of Hax1 from 
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the mitochondria by the IgE BCR intracellular tail, was proposed to promote apoptosis 

[8,15]. One possibility is that antigen-independent signaling of the IgE BCR mimics 

stimulation of the IgM BCR, which induces apoptosis in the absence of other signals such 

as ligation of CD40 [17,18]. However, the antigen-independent signaling of the IgE BCR is 

substantially weaker than direct BCR stimulation and may more closely reflect the chronic 

stimulation of the BCR in autoreactive B cells. An alternative model is that rather than being 

a stronger source of pro-apoptotic signals the IgE BCR is a deficient source of pro-survival 

signals. B cells require membrane BCR expression and resulting tonic signaling via PI3K for 

survival [19]. The IgE BCR may be deficient in producing these survival signals, either due 

to its low surface expression (reviewed in depth below) or due to qualitative impairments 

in its pro-survival signaling. We speculate that specific differences in the culture conditions 

and the nature of the cell lines used in the above studies may be responsible for the different 

outcomes observed regarding the IgE BCR and apoptosis. It is unclear the degree to which 

these findings in cell culture are applicable to IgE B cells in vivo, where a milieu of complex 

signals are present. One attempt to address this question has been through the analysis of GC 

B cells ex vivo, however again conflicting findings have emerged. Specifically, one group 

found that IgE GC B cells exhibited higher rates of apoptosis than IgG1 GC B cells [4], 

whereas another group could not reproduce these findings [9]. Nevertheless, the low amount 

of apoptosis of GC B cells detected ex vivo is a tiny fraction of the apoptosis that occurs in 
vivo, where it is thought that up to half of all GC B cells undergo apoptosis every 6 h [20]. 

Thus, more studies are needed to determine the extent to which the IgE BCR may promote 

the apoptosis of IgE B cells in vivo versus promoting their differentiation into short-lived 

PCs or otherwise rendering them less competitive within the GC, as we discuss further 

below.

Although conflicting evidence has been obtained regarding the predisposition of IgE B cells 

towards apoptosis, greater consensus has been achieved regarding the short lifespan of the 

majority of IgE PCs. For instance, in a model of IgE and IgG1 hypergammaglobulinemia, 

the overwhelming majority of IgE PCs were proliferating, unlike other PCs, suggesting that 

the IgE PCs were predominantly short-lived plasmablasts [15]. Indeed, markedly increased 

numbers of IgE PCs relative to IgG1 PCs were observed in Bcl2 transgenic mice after 

immunization, indicating that IgE PCs are normally restrained by poor survival [3]. Less 

data exists on human IgE PCs, but culture studies of human tonsil B cells also showed 

elevated rates of apoptosis among IgE PCs [16]. More research is needed to understand how 

IgE PCs are constrained to short-lived fates and what drives their apoptosis, as well as how 

long-lived IgE PCs might arise pathologically in allergy.

Self-limited surface expression of the IgE BCR on IgE B cells

Another unusual feature of the IgE BCR is its low surface expression on GC B cells [4,9] 

(Figure 1). IgE GC B cells exhibited reduced antigen-dependent BCR signaling compared 

with IgG1 GC B cells when stimulated ex vivo [8]. In vivo, IgE GC B cells captured, 

processed, and presented fewer antigen peptide MHC complexes compared with IgG1 GC 

B cells [9]. As a result, IgE GC B cells may compete poorly for T cell help in the GC, 

which is critical for selection. Consistent with this model, IgE GC B cells progressed 

more slowly through the cell cycle than IgG1 GC B cells [9]. Other evidence of enfeebled 
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function of the IgE BCR comes from studies of mice whose B cells were pre-class-switched 

to either IgE (IgHε/ε) or IgG1 (IgHγ1/γ1) before development [12]. In the context of a 

pre-rearranged light chain, IgHε/ε B cells had massively reduced surface BCR expression 

and failed to mount an antigen-specific B cell response when immunized, whereas their 

IgHγ1/γ1 counterparts did.

There are multiple non-mutually exclusive models that might explain the low surface BCR 

expression in IgE GC B cells (Figure 1). One model is that these cells have low expression 

of transcripts encoding the IgE BCR. Surface and membrane forms of each Ig isotype are 

expressed through alternative splicing and polyadenylation. IgG1 B cells primarily express 

the membrane form of the BCR (mIgG1) whereas IgG1 PCs primarily express the secreted 

form (sIgG1). IgE B cells, however, are unusual in that they express relatively higher 

amounts of sIgE than mIgE, and both sIgE and mIgE are greatly upregulated in IgE PCs 

[4,12,21]. The poor expression of mIgE in IgE B cells may in part be due to an inefficient 

polyadenylation sequence downstream of the M2 exon [21], although a more classical 

polyadenylation sequence is located further downstream.

A second model is that mIgE is retained in the endoplasmic reticulum (ER). IgE, unlike 

IgG1, requires assembly with Igα/β to reach the cell surface [9,22], which could be limiting 

in some contexts. Recent structural analysis revealed the mIg isotype-specific (migis) 

segment, a region unique to each isotype membrane BCR that protrudes from the plasma 

membrane into the extracellular space, was a critical determinant of whether the BCR must 

associate with Igα/β to reach the cell surface [9]. The IgE migis region was also found to 

be critical for the antigen-independent signaling activity of the IgE BCR [8,9], leading us to 

speculate that some characteristics of its association with Igα/β mimic an antigen-binding 

state. The migis of IgE was also reported to promote enhanced interaction with CD19 [8]. 

Interestingly, humans and primates have two splice variants of the IgE BCR, one isoform 

of which encodes a longer M1’ segment of the extracellular membrane proximal domain 

(EMPD) that includes the migis. This long isoform was associated with retention of the IgE 

BCR in the ER [23]. Changes in the relative expression of the long versus short isoforms 

have been reported during IgE PC differentiation in human tonsil B cell cultures [10].

A third possible model to explain low surface IgE BCR expression is that constitutive, 

antigen-independent signaling induces its internalization, analogous to the downmodulation 

of surface IgM in autoreactive B cells [24]. Evidence for increased internalization 

of mIgE was provided by incubating cells with fluorescently-labeled antibodies at 

different temperatures followed by flow cytometric analysis [15]. Taken together, multiple 

mechanisms may result in low surface BCR expression on IgE B cells, leading to functional 

consequences (Figure 1) that impair the ability of these cells to compete in GCs.

Implications for IgE memory

Long term IgE production could theoretically arise from either long-lived IgE PCs or from 

quiescent memory B cells. The peculiar features of the IgE BCR described above suggest 

that IgE B cells are unlikely to be capable of differentiating into quiescent memory B cells. 

Indeed, clear direct evidence of IgE memory B cells in normal murine immune responses is 

lacking [4,25], and rigorous attempts at their detection in humans have failed [26]. Instead, 
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the increased production of IgE that occurs during recall responses has been proposed to 

originate from IgG1 memory B cells [4,25,27,28]. A recent elegant study characterized the 

role of distinct subpopulations of IgG1 memory B cells in low and high affinity IgE recall 

responses [28]. Providing evidence that recall IgE responses involve sequential CSR from 

IgG1 memory B cells, mice in which the extracellular domains of IgG1 were swapped with 

those of IgE, thereby making the IgG1 BCR more like the IgE BCR, had defective IgE 

recall responses [25]. Interestingly, however, the intracellular tail of the IgE BCR appears 

to be required for optimal IgE antibody production in recall responses, suggesting that this 

molecular region may be important for the function of the IgE BCR in activated IgE B 

cells and/or PCs [29,30], as has been observed for the IgG1 BCR [31]. A major remaining 

question is what types of intrinsic or extrinsic signals determine whether memory IgG1 

B cells undergo CSR to IgE in a recall response, and whether other types of memory B 

cells may also contribute. In addition, further assessment is needed of the contribution of 

sequential CSR to IgE production in IgE-mediated allergic diseases.

Extrinsic regulation of IgE B cell responses

TFH as the major direct extrinsic regulators of IgE responses

IL-4 has long been appreciated as critical to IgE responses [32]. In classical studies of CD4 

T cell differentiation in cell culture, TH1 cells and TH2 cells were found to produce IFN-γ 
versus IL-4, which inhibited or promoted IgE production, respectively [33]. Consequently, 

it was presumed for many years that TH2 cells interacted with B cells and were the cellular 

source of IL-4 that induced IgE CSR. However, over the past two decades, T follicular 

helper cells (TFH) have emerged as the major subset of T cells that provide help to B 

cells [34]. Contemporaneously, early IL-4 reporter studies found that IL-4 production in 

the lymph node was almost exclusive to TFH [35,36]. It was later found that eliminating 

TFH-derived IL-4 abolished IgE production whereas deletion of the TH2 master transcription 

factor GATA3 had a negligible impact on IgE production [37,38]. Recently, an impressive 

division of labour between TH2 and TFH cells was revealed in mouse models of allergic 

airway inflammation [39]. TH2 cells were positioned in the lung and produced local IL-4, 

IL-5, and IL-13, while TFH localized to the mediastinal lymph node where they drove IgE 

antibody production. Together, this work has established TFH as the major cellular source of 

IL-4 for IgE CSR (Figure 2).

Recent work highlights that TFH are also critical negative regulators of IgE CSR. Although 

IFN-γ was considered to inhibit IgE responses, minimal changes in IgE responses were 

observed in Ifng gene-targeted mice [40]. Instead, the cytokine IL-21 appears to be a 

critical negative regulator of IgE in a broad range of immune responses in mice [40]. 

TFH-derived IL-21 inhibits IgE CSR by binding to the IL-21 receptor on B cells which 

then transduces signals through the phosphorylation of STAT3 [40] (Figure 2). This finding 

is consistent with the early studies of IL-21 receptor (IL-21R)-deficient mice [41,61], the 

observation of high serum IgE in IL-21-deficient and IL-21R-deficient patients [42], and 

the detection of STAT3 mutations in a significant fraction of human patients with hyper-IgE 

syndrome (HIES) [43]. However, these findings were in contrast to some previous human 

cell culture studies, in which IL-21 augmented IgE production [44]. These studies measured 
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secreted IgE as a proxy for IgE CSR, but IgE secretion would also be affected by B cell 

proliferation and PC differentiation. Indeed, IL-21 potently stimulates both proliferation and 

PC differentiation of human B cells [44]. Recent studies of both mouse and human B cells 

additionally found that the effect of IL-21 on IgE CSR depended on the relative strength 

of CD40 ligation [40]. In particular, IL-21 inhibited IgE CSR in the context of limiting 

amounts of CD40 stimulation, whereas this effect was abrogated in the context of strong 

CD40 stimulation [40] (Figure 2). These results suggest that past discordant findings on the 

inhibitory effects of IL-21 on IgE class-switching are likely related to the strength of CD40 

stimulation. In addition to the role of CD40, the relative balance of IL-4 and IL-21 was 

recently found to be an important determinant of IgE versus IgG1 CSR in both mouse and 

human B cells [40].

Recent work has identified a specialized subset of TFH cells that, in contrast to most 

TFH, are capable of expressing the cytokine IL-13 [45–47]. These cells have been variably 

referred to as TFH2 or TFH13 to denote similarities to TH2 cells or signify IL-13 production. 

A portion of this IL-13-competent subset was found to co-express GATA3 and Bcl-6 

while also producing IL-4 [45–47]. One group reported that the presence of this subset 

was positively associated with high-affinity IgE titers as detected by ELISA [45]. While 

intriguing, the interpretation of these findings is complicated by the lack of data on the ratio 

of high-affinity to total antigen-binding antibody for each sample, as is standard practice. 

In addition, ELISA measurements of antigen-binding IgE can be significantly impacted 

by competition with antigen-binding IgG, which is much more abundant [48]. Thus, these 

assays are sensitive to differences in the amount of antigen-binding IgG in addition to the 

amount of antigen-binding IgE [48]. The absence of TFH13 cells in Il13Cre Bcl6flox/flox mice 

was associated with reduced detection of high-affinity IgE by ELISA and reduced passive 

cutaneous anaphylaxis [45]. This was provided as evidence for a critical role for TFH13 cells 

and supported the conclusion that IL-13 is involved in high affinity IgE production [45]. 

Alternatively, these results could also reflect the loss of TFH that were derived from T cells 

that previously produced IL-13 (e.g. former TH2 cells), or could be related to the finding 

that the TFH13 cells exhibited reduced production of IL-21 compared with other TFH cells 

[45]. Notably, IL-21 suppressed sequential CSR of IgG1 GC B cells to IgE ex vivo [2] 

and immunized IgG1-deficient mice have normal IgE levels but impaired IgE affinity [27]. 

Further work is needed to determine the precise contributions of IL-13, IL-21, and TFH2/

TFH13 cells to IgE production and affinity in allergic immune responses. Future studies 

would also benefit from Ig variable region sequencing to determine the frequency of high 

affinity somatic mutations.

In addition to TFH, other T cell subsets regulate IgE production. FoxP3-expressing T 

regulatory cells (Treg) are also important contributors to the control of IgE responses [49,50]. 

In general, T follicular regulatory (TFR) cells that co-express Bcl-6 and FoxP3 have been 

shown to regulate B cell responses [34]. Genetic strategies to deplete TFR cells based on 

the co-expression of these molecules have paradoxically been reported to result in both 

augmented and reduced IgE responses [46,51,52]. Interestingly IL-10 made by TFR cells 

was reported to promote peanut-specific IgE and IgG1 production [51], yet another study 

found that IL-10-deficiency had a negligible impact upon IgE levels [40]. Meanwhile, in 

human tonsils, the abundance of an IL-10-producing CD25+ follicular T cell subset was 
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found to inversely correlate with circulating IgE levels, whereas the abundance of FoxP3+ 

follicular T cells was found to positively correlate with circulating IgE levels [53]. Yet, 

recent work suggests TFR cells also produce neuritin, a neuropeptide, that inhibits IgE 

production [52]. An improved understanding of the interacting partners of follicular T cell 

subsets and the molecular mechanism by which the molecules produced by these cells 

augment/inhibit IgE CSR may help to reconcile these conflicting findings.

Allergic disease as an outcome of IgE dysregulation

The intrinsic and extrinsic regulatory mechanisms described in this review for constraining 

IgE responses likely serve to limit the ability of IgE to promote allergic reactions, which 

in extreme forms, such as systemic anaphylaxis in response to peanuts, can be fatal. 

This notion is compatible with observations that the regulation of IgE responses results 

in the limited generation of IgE switched B cells and the transient production of IgE 

with low to moderate affinity for antigen. However, even in the context of constrained 

IgE production, IgE antibodies coat the surface of FcεR1-expressing cells where they are 

retained for extended periods of time [54]. In this setting, high concentrations of antigen 

may be bound co-operatively by polyclonal IgE antibodies of low-to-moderate affinity, 

thereby inducing the degranulation of mast cells and/or basophils proximal to the site of 

exposure. While the potential physiological roles of IgE in healthy immunity remain an area 

of active discussion [55], it seems likely that IgE evolved to elicit local hypersensitivity 

responses in this manner. In contrast, the sustained production of allergen-reactive IgE and 

the production of high-affinity IgE have been reported in some instances of human allergic 

disease and likely contribute to the tendency to develop systemic anaphylaxis [56]. One 

possible explanation for the emergence of atypical IgE responses in allergic individuals 

is that specific allergens or conditions of exposure can ‘break the rules’ of IgE responses 

and permit high-affinity and/or sustained IgE production, and that these types of exposures 

associate with the development of allergy. Supporting the plausibility of this notion, it was 

reported recently that extended repetitive immunization with house dust mite, as a model of 

continuous aeroallergen exposure in asthma, produced a population of long-lived IgE PCs in 

the bone marrow that remained for up to 32 weeks without further immunization [57]. While 

the underlying mechanisms are unclear, this study provides important clues to understand 

what factors may lead to the differentiation of long-lived rather than short-lived IgE PC 

during allergic sensitization.

Another possibility is that, rather than ‘breaking the rules’ of IgE regulation, allergic 

responses are initiated at tissue sites where these rules are less enforced. As discussed 

above, TFH-derived IL-21 appears to be a major negative regulator of IgE CSR. A tissue 

microenvironment with a low abundance of IL-21-producing TFH may therefore be more 

favorable for IgE CSR. This is reminiscent of a hypothesis that potent allergens are those 

which induce IgE responses outside of GCs [58] and reports of local IgE CSR in mucosal 

tissues [59]. Supporting the plausibility of this idea, abundant IgE clones were recently 

identified in the stomach and duodenum of peanut-allergic individuals [60]. The numbers 

of these clones correlated with serum IgE, implying they represent an important fraction 

of IgE-producing cells in these individuals. Additionally, the clones were highly restricted 

to individual tissue sites, suggesting that they derived from local activation events rather 
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than emigrating from lymph nodes, where IL-21 producing TFH would be more abundant. 

Determining the extent and mechanism by which specific tissue niches could support B 

cell activation and promote IgE class-switching, and whether this differs in allergic versus 

non-allergic individuals, would be of great interest in future studies.

Conclusion

Recent work has provided key insights into the regulatory mechanisms that limit the initial 

generation of IgE B cells and control their fate. The IgE BCR has emerged as a critical B 

cell-intrinsic regulator of IgE responses through its antigen-independent signaling and low 

surface expression, predisposing IgE B cells towards short-lived PC differentiation and/or 

apoptosis, and limiting the ability of IgE B cells to compete in GCs. Collectively, these 

pathways largely prevent IgE lymphocytes from developing into long-lived memory B cells 

and PCs. Many of the unique features of the IgE BCR have been associated with one 

particular structural domain: the EMPD, yet much remains to be learned about how this 

region interacts with other parts of the IgE molecule and associated coreceptors.

While intrinsic regulation governs the fate of IgE-expressing cells, extrinsic regulation 

controls their formation. Recent work identifies TFH as the critical source of IL-4 for IgE 

CSR. TFH are also powerful negative regulators of IgE CSR due to their production of 

IL-21. IgE responses also appear to be regulated by TFR cells and an IL-13 producing 

TFH subtype may be associated with the production of high-affinity serum IgE. Finally, 

recent work has raised the question of whether unique settings of allergen sensitization (e.g. 

particular allergens, conditions of exposure or tissue sites) can induce IgE responses with 

qualitatively distinct properties, such as enhanced affinity or longevity, that defy the norms 

of IgE production and may thereby facilitate allergic pathogenesis.
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Figure 1: Proposed mechanisms and consequences of low surface BCR expression on IgE B cells.
(A–C) Potential mechanisms explaining low IgE BCR surface expression. (A) IgG1 B cells 

favor the mIg spliceoform of IgH, whereas IgE B cells favor the sIg spliceoform, resulting 

in fewer mIgE transcripts available for the translation of IgE BCR molecules. (B) The IgE 

BCR is retained in the ER after translation rather than being exported to the cell surface. (C) 

Antigen-independent signaling of the IgE BCR leads to its internalization, reducing surface 

BCR levels. (D–F) Putative consequences of low BCR expression on IgE B cells. (D) IgE 

B cells undergo apoptosis due to insufficient BCR expression. (E) IgE B cells have weaker 

antigen-dependent BCR signaling than IgG1 B cells. (F) IgE GC B cells are less able to 

capture and present antigens to GC TFH, causing them to be progressively out-competed 

over time.
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Figure 2: The opposing effects of IL-4 and IL-21 on IgE CSR are tuned by the strength of CD40 
ligation.
(A) Cognate interaction between a T follicular helper cell (TFH) and an activated B cell. The 

B cell has presented antigen to the T cell and is receiving T cell help in the form of IL-4, 

CD40 ligation, and IL-21. (B–E) represent potential outcomes of the T-B interaction. (B) 

IgE CSR is disfavored in the context of low amounts of IL-4, regardless of the strength of 

CD40 ligation and the amount of IL-21. (C) IgE CSR is disfavored in the context of high 

amounts of IL-21 when CD40 ligation is weak, regardless of the amount of IL-4 present. 

(D) Some IgE CSR may occur despite high amounts of IL-21 in the context of high amounts 

of IL-4 and strong CD40 ligation. (E) IgE CSR is strongly promoted in the context of high 

amounts of IL-4 and minimal amounts of IL-21, across a range of the strength of CD40 

ligation.
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