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The significance of B-cell memory in sustaining IgE-mediated allergies but also ensur-
ing the development of long-term allergen tolerance has remained enigmatic. However,
well-thought murine and human studies have begun to shed more light on this highly
disputed subject. The present mini review highlights important aspects, like the involve-
ment of IgG1 memory B cells, the meaning of low- or high-affinity IgE antibody production,
the impact of allergen immunotherapy, or the relevance of local memory established by
ectopic lymphoid structures. Based on recent findings, future investigations should lead
to deeper knowledge and the development of improved therapies treating allergic individ-

uals.
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Introduction

The phrase “We are memory” exemplifies how a human being and
its behavior is essentially determined through recollections [1].
Indeed, it also illustrates a fundamental principle of the immune
system ensuring our existence by protecting us against harmful
while at the same time staying tolerant toward harmless encoun-
ters. Here, B-cell (BC) memory plays a decisive part [2-4]. Its
establishment rests on the cognate interaction of antigen-primed
BC and T-follicular helper cells (Tfh), which express CD40 lig-
and and secrete cytokines like IL-21 and IL-4. This results in
BC proliferation and differentiation into short-lived plasma cells,
secreting IgM or isotype-switched antibodies of low affinity, mem-
ory BC (Bpem) of (primarily) IgM isotype, and GC forming BC
[5-7]. Antigen-specific communication of the latter with follicu-
lar DCs and Tfh leads to affinity maturation, mostly by somatic
hypermutation (SHM), and the development of both highly affine
plasmablasts and less strongly affine Byep,. This well-coordinated
process serves the evolution of markedly antigen-specific, long-
lasting immunological memory, provided by both Bpem, which can

Dr. Wolfgang Pfiitzner
e-mail: wpfuetzn@med.uni-marburg.de

© 2023 The Authors. European Journal of Immunology published by Wiley-VCH GmbH

- IgE

be promptly activated in a secondary immune response, and long-
living plasma cells secreting up to 10 000 antibodies per second

[8].

BC memory in IgE-mediated allergies

As important as memory is for a protected interaction with
our environment, it may also function as a troublemaker, caus-
ing unwanted adverse reactions. In neuropsychology, “misremem-
bering” means that a memory may become distorted or recon-
structed, provoking an inappropriate emotional response [1]. Yet
this term can also be referred to the development of aberrant
immune responses leading to autoimmunity or allergies, the for-
mer caused by the erroneous recognition of self as foreign, the
latter expressed by sensitization to a formerly innocuous-graded
environmental substance. In the case of immediate-type allergy,
this misdirected immune response results in the production of
IgE antibodies, which after crosslinking as surface-bound antibod-
ies on basophils and mast cells lead to the release of inflamma-
tory mediators and clinical symptoms like urticaria, angioedema,
rhinitis, bronchial asthma, or anaphylactic shock. IgE-mediated
allergies can persist for long times eliciting severe anaphylac-
tic reactions even after decades without allergen contact [9-11].
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Notably, studies on BM transplantation recipients confirmed that
IgE memory can even be transferred to another individual [12,
13]. However, compared to the prototypical pathway of 1gG BC
memory development, animal and clinical investigations revealed
that preservation of IgE-dependent immune responses is charac-
terized by striking differences [14, 15] (Fig. 1).

IgE GC are transient, with IgE BC showing impaired BC recep-
tor function and expression, a short form of membrane IgE
with decreased signaling strength, and reduced number of co-
stimulatory surface molecules, which predispose them to low-
affinity plasma cell differentiation and apoptosis rather than
developing into IgE By, [16-18]. A remarkable study confirmed
former data gained from helminth infection models [19], show-
ing that IgG1 GC Bpen, serves as the main precursor of long-living
IgE plasma cells [20]. While IgE By Were almost undetectable in
lymphoid organs (but not totally absent), IgG1 Bpem could be sub-
divided into two subsets, a GC forming CD80"CD73" population,
of which selected clones of high-affinity IgG rapidly differentiated
into IgE plasma cells, whereas pro-GC double-negative IgG1 Bpen
gave a delayed rise to mainly low-affinity IgE plasma cells. Evolve-
ment of IgE rather than IgG1 plasma cells was dependent on T-cell
(TC) help and IL-4/IL-13. Notably, only IgE from the first subset
were pathogenic in a passive cutaneous anaphylaxis model [20].
While there still seem to be IgE plasma cells generated through
direct isotype switch (from IgM to IgE), markedly affinity-matured
IgE plasma cells are derived from GC IgG1 BC by indirect switch-
ing (from IgM over IgG1 to IgE; [15]). However, IgE plasma cell
survival is not unlimited and exclusively sufficient in maintain-
ing allergic responses, as a study utilizing a peanut-allergic mice
model revealed that persistent IgE memory is critically dependent
on Th2-promoted restimulation of Bpen [21]. Thus, the estab-
lishment of proallergic IgE memory in mice comprises a unique
differentiation process, of which decisive parts are (i) the devel-
opment of antigen-specific IgG1 GC BC, (ii) affinity maturation
by SHM and differentiation into IgG1 Bpen, (iii) the selection of
high-affinity IgG1 By,em clones and generation of isotype-switched
long-living plasma cells, which secrete highly antigen-specific IgE
antibodies mediating anaphylaxis, and (iv) Th2-supported boost-
ing of IgG1 Byem.

Several findings suggest that IgE memory in humans comprises
similar principles. In atopics, IgE synthesis is preceded by or asso-
ciated with marked IgG production against the same allergen,
respectively [22, 23], and shows “molecular footprints” of sequen-
tial switching via IgG [24]. A recent study provided further evi-
dence demonstrating by in vitro culturing of tonsil BC with IL-4
and anti-CD40 that the majority of IgE plasma cells were gen-
erated from IgG BC, which exhibited enhanced long-form mem-
brane IgE expression, indicating increased survival [25]. In a
technically demanding investigation, peripheral blood single IgE*+
cells were successfully isolated from peanut allergic patients (but
not healthy controls) with transcriptome analysis showing that—
similar to mice and unlike the cells with other isotypes—the
majority were IgE plasmablasts determined for plasma cell dif-
ferentiation by expression of PRDM1, XBP1, and IRF4 ([26] and
reviewed in [27]). Further exploration revealed several cellular
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features known from murine IgE memory composition, like the
presence of short-lived plasmablast characteristics (specifically,
immature gene expression status, reduced activation, and survival
capacity) and a compromised ability for By, development (loss
of membrane IgE), although a few IgE Bpem could be identified.
Another interesting finding, a convergent evolution was noticed
in the IgE profiles of different individuals, which showed high-
affinity maturation to the same allergens.

BC memory in tolerance induction and maintenance

Recent studies examined memory responses elicited during tol-
erance induction in allergic individuals treated with allergen
immunotherapy (AIT). AIT, comprising the repeated administra-
tion of increased allergen dosages, elicits pronounced immunolog-
ical alterations, that is, a transitional boost of allergen-specific IgE,
a continued increase of allergen-blocking IgG antibodies (mainly
of the IgG4 isotype), the transient induction of regulatory TC,
and a gradual loss of pathogenic Th2 cells [28-30]. A random-
ized, placebo-controlled longitudinal trial investigated the tempo-
rary IgE increase in patients receiving sublingual grass pollen AIT
and showed that this was accompanied by a boost of short-lived
IgE plasmablasts [31]. Utilizing next-generation sequencing, two
clonally related BC populations of IgE plasmablasts and IgG Byem
(termed IgGg Bem) wWere detected, similarly expanding and con-
densing, which exhibited analog profiles of SHM. As most of the
1gGg Bmem contained e-germline transcripts, these results clearly
point to the selection of high-affinity matured allergen-specific
IgG clones as precursors of the IgE response by sequential switch-
ing to IgE plasmablasts also in humans, as already described in
mice. As similar clones were found in nasal biopsies, this selection
process might occur in peripheral tissues as well and not solely
in secondary lymphoid organs (see local BC memory). However,
since only 20% of the analyzed clones represented 1gGg Buem,
these data do not exclude the simultaneous existence of long-
living IgE Bpem as another source of human IgE memory.

Single 1gG Bpyem of various isotypes were additionally
described in this investigation, notably IgG4 Bmem, potentially rep-
resenting an AlT-induced BC subset required for the establish-
ment of long-term allergen tolerance. However, the significance of
an IgG memory response for the stable development of immuno-
logical tolerance was not the focus of this study. Another study
tried to address this question by determining different BC subpop-
ulations by flow cytometry analysis in patients treated with rye-
grass pollen sublingual AIT [32]. Here, the frequency of IgG2 and
1gG4 Bpem Were found to increase during an observation period
of 3 years. However, since no allergen-specific BC analysis was
performed, the meaning of these findings remains unclear. As IgG
Bmem are very important in ensuring long-term pathogen protec-
tion induced by vaccination, it would be interesting to learn more
about how allergen-targeted IgG memory is shaped by AIT in the
direction of providing long-term allergen tolerance rather than
maintaining IgE Byem responses.
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Figure 1. IgE memory in lymphoid follicles. Priming of naive B cells (BC) by allergen-presenting follicular dendritic cells (FDC) and T-follicular
helper cells (Tfh), which secrete IL-21, IL-4, and IL-13, lays ground for different manifestations of IgE memory (as schematically illustrated in this
figure). A rather transient form is generated by BC showing shortened membrane IgE with decreased signaling strength, which differentiates into
short-lived plasmablasts and a few B-memory cells (Bmem; yellow circle). They produce low-affinity IgE antibodies, which are mainly derived from
direct isotype switching (IgM/IgD—IgE). Repeated allergen encounters lead to the formation of germinal centers (GC) by Tfh and allergen-specific
BC, which produce IgE primarily generated by indirect isotype switching (IgM/IgD—IgG—IgE). Somatic hypermutation results in the development
of 1gG1 Bmem, Which can either circulate in the peripheral blood, settle in peripheral tissues (see Fig. 2) or rather stay in the lymphoid follicle. Here,
upon new allergen contact, they might contribute to short bursts of low-affinity IgE or the establishment of long-lasting, strongly pathogenic high-
affinity IgE synthesis (red circle), promoted by the type 2 cytokines IL-13 and IL-4 and sustained by selected clones of IgE plasmablasts, which become
long-living plasma cells after entering the BM. Thus, both IgG1 Bmem and IgE plasma cells are the two major players ensuring the maintenance of
IgE-mediated allergies.
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Figure 2. IgE memory in peripheral tissues. After their development in secondary lymphoid organs (see Figure 1), IgE and IgG1 B memory cells
(Bmem) might migrate to peripheral tissues, supporting local IgE memory responses by differentiating into IgE secreting B cells (BC). However, IgE
memory might also develop directly in these tissues. Upon allergen contact and concomitant inflammatory signals, BC and TC may establish
different forms of ectopic lymphoid structures (ELS) in skin, gastrointestinal, or respiratory mucosa. These range from simple encounters of BC
and TC to arrangements of BC, TC, DCs, and other immune cells to complex structures resembling germinal centers (GC) of lymphatic follicles by
encompassing lymphatic vessels (LV) and high endothelial venules (HEV). Stimulated by IL-21 and the type 2 cytokines (IL-4 and IL-13) allergen-
specific BC can undergo proliferation, somatic hypermutation and class-switching to IgE, generating IgE plasma cells, IgE Byem Or IgG Bryem. These
cells provide an allergen-specific IgE memory, allowing a rapid response to environmental allergen exposure, which results in local IgE production.
Fixation of allergens by IgE on the surface of mast cells results in clinical symptoms elicited by degranulation and the release of inflammatory

mediators.

Local BC memory

Recent evidence suggests that BC memory is not only established
and modified in the GC of LN but can also be shaped in peripheral
tissues and actively modulate local immune responses [33, 34].
Here, propagated by chronic inflammatory signals, BC together
with other cell types may form so-called tertiary lymphoid organs,
also termed ectopic lymphoid structures (ELS) [35, 36]. Their
organization ranges from simple TC-BC aggregates to architec-
turally complex, highly organized GC-like configurations asso-
ciated with lymphoid neogenesis and high endothelial venules
(Fig. 2) [37-39]. Unlike the usually diffuse pattern of inflam-
matory infiltrates, the generation of ELS seems to be governed
by a set of lymphangiogenic signals and the intricate interplay of
tissue-resident, stromal, and infiltrating immune cells [40-42]. In
these structures, BC can become activated in response to an envi-
ronmental stimulus in an antigen-specific manner and undergo
SHM with class switching, affinity maturation, and plasma cell dif-
ferentiation to produce high-affinity antibodies at the site of the

© 2023 The Authors. European Journal of Immunology published by
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encounter [43, 44]. Variable types of TC and innate lymphoid cells
(ILC) have been detected in ELS, which are reported to play an
important part in orchestrating their formation. Due to their plas-
ticity, they may also exert Tfh-like functions needed for the estab-
lishment of high-affinity matured B, and plasma cells. While
this seems especially the case for IL-17-producing cells, there are
also data pointing to IL-4-producing type 2 TC and ILC, namely
LTi/CCR6™ ILC3 [34, 40, 45, 46].

Immunological findings both in humans and animal studies
indicate that ELS might also be important in IgE-mediated aller-
gies. In patients with allergic rhinitis, adaptive immune receptor
repertoire sequencing lay ground for evidence of allergen-driven
SHM in the nasal mucosa during seasonal allergen exposure [17].
Furthermore, mucosal IgE plasmablasts, which have undertaken
affinity maturation in the process of their development in situ,
are fully functional in peripheral tissue in humans [47, 48] and
may become long-lived IgE plasma cells after migration to the
BM as suggested by murine studies [49]. However, data on to
what extent short- and long-lived plasma cells contribute to

www.eji-journal.eu

851807 SUOWILIOD AIERID) 3|0 fdde au) Aq pousenob a1 SopIle YO 88N J0'S9INI 10} eI 8UIIUO AB]IM UO (SUOTIPUGO-PUB-SLLLIBIALIOD" AB)| 1M A RIc]1PUIIUO//'SC1IY) SLOIIPUOD PUE SIS | U} 05 *[5202/TO/ET] Uo A1 8UIIUO 43I *BIIEYRURILO0D Aq 9T680Z0Z"IB/Z00T 0T/I0p/L00 Aa| 1M ARRIq Ul UO//SAIY WOL) PapeolumMod ‘g ‘€202 ‘THTYTZST



Eur. J. Immunol. 2023;53:2048916

IgE production in humans, especially in local tissues, is limited
[50, 511.

In addition, mRNA analysis revealed class-switch recombina-
tion to IgE in the nasal or bronchial mucosa of patients with
either allergic rhinitis or asthma, pointing to local IgE production
in these tissues [43, 52] with evidence of sequential switching
via IgG1 [53]. Similar observations have been made in the gas-
trointestinal tract in peanut allergy patients [54]. Another human
study suggested that a specific set of CD27~ IgE B might even
be generated independently of TC help in the periphery [24]. In
an OVA-allergic murine asthma model, allergen-specific BC and
TC+/— DCs (together with eosinophils) were not only detected
in bronchial LNs but also—albeit at a low percentage (4%)—in
chronically inflamed lung tissue, where they aggregated to clus-
ters [55]. Interestingly, more than 6 weeks after the last aller-
gen challenge, BC were still in close contact with TC, with many
of them demonstrating features of Bpen-like class-switched iso-
types and SHM including CD80*CD73* IgG1 BC. The TC showed
similarities to Tth with the expression of IL-21 and IL-4 but also
type 2 cytokines like IL-5, IL-10, and IL-13. Notably, a distinct
Tfth13 population expressing high levels of IL-13, IL-4, and IL-5
and reduced amounts of IL-21 compared to other Tfh (but still
more than non-Tfh) has been detected both in mice and humans,
which, by secreting IL-13, was critical for the synthesis of high-
affinity, anaphylactogenic IgE antibodies [56].

Thus, in contrast to the original belief that By, differentia-
tion and IgE plasmablast formation is solely confined to the GC
of secondary lymphoid organs, memory IgE responses appear to
be established in the ELS of peripheral tissues such as the respi-
ratory and gastrointestinal mucosa. It has been proposed that in
a subgroup of patients with allergic rhinitis allergen-specific IgE
antibodies are solely produced in the nasal mucosa, as these indi-
viduals show only local allergen reactivity (demonstrated by pos-
itive nasal allergen challenge but negative skin test results) [57].
Further studies are needed to shed more light on the immunolog-
ical endotype of this clinical entity termed “local allergy.” Since
ELS are involved in the development and/or maintenance of
IgE-mediated allergies, they might also present significant struc-
tures for tolerance induction. Allergen-specific IgG as well as IgA
antibodies have been detected in the nasal mucosa of patients
with allergic rhinitis treated by AIT [58]. Thus, ELS producing
increased amounts of allergen-blocking IgG or IgA could outcom-
pete persisting local IgE clones [59].

Future perspectives

BC memory plays an important role in IgE-mediated allergies
and the (therapeutic) development of tolerance. With ELS emerg-
ing as an additional area—besides secondary lymphoid organs—
shaping humoral immune responses and a potential BC equivalent
to residential TC memory [60], several interesting questions arise
regarding their role in allergy and the establishment of allergen
tolerance: Do they constitute a redundant counterpart to GC in
lymphoid follicles or have an autonomous function? What deter-
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mines their development and their impact on allergic diseases?
Do they make a difference in patients experiencing a relapse of
allergic rhinitis after being successfully treated by AIT? And could
they serve as a promising, easily accessible target for ensuring
long-term allergen tolerance? Well-thought immunologic transla-
tional studies are, thus, needed to shed more light on this novel
and fascinating subject of memory.

Parts of this work were supported by a grant
from the Deutsche Forschungsgemeinschaft (DFG) FOR 2497
Pegasus to CM (TP02; MO 2076/4-2). Figures were created using
components from BioRender.com.
Open access funding enabled and organized by Projekt DEAL.

The authors declare no commercial or finan-
cial conflict of interest.

Data sharing is not applicable to
this article as no new data were created or analyzed in this study.

The peer review history for this article is available
at https://publons.com/publon/10.1002/¢€ji.202048916

References

[y

Schacter, D. L., The seven sins of memory : how the mind forgets and remembers,
Houghton Mifflin Company, Boston, MA, 2001, 272.

N

Akkaya, M., Kwak, K. and Pierce, S. K., B cell memory: building two walls
of protection against pathogens. Nat. Rev. Immunol. 2020. 20: 229-238.

w

Shen, P. and Fillatreau, S., Antibody-independent functions of B cells: a
focus on cytokines. Nat. Rev. Immunol. 2015. 15: 441-451.

4 Xu, H., Chaudhri, V. K., Wu, Z., Biliouris, K., Dienger-Stambaugh, K.,
Rochman, Y. and Singh, H., Regulation of bifurcating B cell trajectories
by mutual antagonism between transcription factors IRF4 and IRF8. Nat.
Immunol. 2015. 16: 1274-1281.

(%]

Cyster, J. G. and Allen, C. D. C., B cell responses: cell interaction dynamics
and decisions. Cell. 2019. 177: 524-540.

(o)}

Kurosaki, T., Kometani, K. and Ise, W., Memory B cells. Nat. Rev. Inmunol.
2015. 15: 149-159.

~N

Marsman, C., Verstegen, N. J. M., Streutker, M., Jorritsma, T., Boon, L., ten
Brinke, A. and van Ham, S. M., Termination of CD40L co-stimulation pro-
motes human B cell differentiation into antibody-secreting cells. Eur: J.
Immunol. 2022. 52: 1662-1675.

o]

Phan, T. G. and Tangye, S. G., Memory B cells: total recall. Curr. Opin.
Immunol. 2017. 45: 132-140.

o

Adelmeyer, J., Pickert, J., Pfiitzner, W. and Mébs, C., Long-term impact of
hymenoptera venom immunotherapy on clinical course, immune param-
eters, and psychosocial aspects. Allergol. Select. 2021. 5: 57-66.

10 Van Hemelen, D., Hemmer, W., Kmenta, M., Berger, U. B,, Kinaciyan, T.,
Bohle, B. and Jahn-Schmid, B., Dramatically decreased T cell responses
but persistent IgE upon reduced pollen exposure. Immunobiology. 2019. 224:
645-648.

www.eji-journal.eu

5 of

35UB01 SUOLLILIOD 3AIEBID BIGE1IGdE 3Ly AG PLBAOB 312 SO VO ‘381 J0'S3IN 10 AXIGIT BUIIUO AB]1/ UO (SLORIPUCO-PLE-SWIBYALOD'AB M AIRAGIPUIIUO//SY) SUORIPUOD PUE SLLLS L U 335 *[SZ02/TO/ET] Lo ARIGIT SUIIUO 431 B1IEYBUEI000 Aq 9T68Y0Z02 18/200T OT/I0pACD™A] I ARG IUI U/ STRY 0L} Papeolumoq 'g '£20z TP TZST

Y



W 6of7

Pfiitzner et al.

11

1

N

13

14

15

16

17

18

1

e}

20

21

2

N

23

24

25

2

(o)}

27

© 2023 The Authors. European Journal of Immunology published by

Erwin, E. A., Woodfolk, J. A., HR, J., Satinover, S. M. and Platts-Mills, T. A.,
Changes in cat specific IgE and IgG antibodies with decreased cat expo-
sure. Ann. Allergy Asthma Immunol. 2014. 112: 545-550 el.

Hallstrand, T. S., Sprenger, J. D., Agosti, ]. M., Longton, G. M., Witherspoon,
R. P. and Henderson, W. R. jr, Long-term acquisition of allergen-specific
IgE and asthma following allogeneic bone marrow transplantation from
allergic donors. Blood. 2004. 104: 3086-3090.

Debiasi, M., Pichler, H., Klinglmuller, F., Boztug, H., Schmidthaler, K., Rech,
J., Scherer, D. et al., Transfer and loss of allergen-specific responses via
stem cell transplantation: a prospective observational study. Allergy. 2020.
75:2243-2253.

Gould, H. J. and Ramadani, F., IgE responses in mouse and man and the
persistence of IgE memory. Trends Immunol. 2015. 36: 40-48.

Saunders, S. P, Ma, E. G. M,, Aranda, C. J. and Curotto de Lafaille, M. A.,
Non-classical B cell memory of allergic IgE responses. Front. Immunol. 2019.
10: 715.

He, J. S., Narayanan, S., Subramaniam, S., Ho, W. Q., Lafaille, J. J. and
Curotto de Lafaille, M. A., Biology of IgE production: IgE cell differenti-
ation and the memory of IgE responses. Curr: Top Microbiol. Immunol. 2015.
388: 1-19.

Wu, L. C. and Zarrin, A. A., The production and regulation of IgE by the
immune system. Nat. Rev. Immunol. 2014. 14: 247-259.

He, J. S., Meyer-Hermann, M., Xiangying, D., Zuan, L. Y., Jones, L. A,
Ramakrishna, L., de Vries, V. C. et al,, The distinctive germinal center
phase of IgE* B lymphocytes limits their contribution to the classical
memory response. J. Exp. Med. 2013. 210: 2755-2771.

Turqueti-Neves, A., Otte, M., Schwartz, C., Schmitt, M. E., Lindner, C.,
Pabst, O., Yu, P. et al.,, The extracellular domains of IgG1 and T cell-derived
IL-4/IL-13 are critical for the polyclonal memory IgE response in vivo. PLoS
Biol. 2015. 13: €1002290.

He, ]. S., Subramaniam, S., Narang, V., Srinivasan, K., Saunders, S. P., Car-
bajo, D., Wen-Shan, T. et al., IgG1 memory B cells keep the memory of IgE
responses. Nat. Commun. 2017. 8: 641.

Jimenez-Saiz, R., Chu, D. K., Mandur, T. S., Walker, T. D., Gordon, M. E.,
Chaudhary, R., Koenig, J. et al., Lifelong memory responses perpetuate
humoral T(H)2 immunity and anaphylaxis in food allergy. J. Allergy Clin.
Immunol. 2017. 140: 1604-1615 e5.

Hofmaier, S., Hatzler, L., Rohrbach, A., Panetta, V., Hakimeh, D., Bauer,
C. P, Hoffman, U. et al., “Default” versus “pre-atopic” IgG responses to
foodborne and airborne pathogenesis-related group 10 protein molecules
in birch-sensitized and nonatopic children. J. Allergy Clin. Immunol. 2015.
135: 1367-1374 e1-8.

Aalberse, R. C., Lupinek, C., Siroux, V., Nadif, R., Just, J., Bousquet, J.,
Valenta, R. et al., sIgE and sIgG to airborne atopic allergens: coupled rather
than inversely related responses. Allergy. 2018. 73: 2239-2242.

Berkowska, M. A., Heeringa, J. ]., Hajdarbegovic, E., van der Burg, M., Thio,
H. B,, van Hagen, P. M., Boon, L. et al., Human IgE(+) B cells are derived
from T cell-dependent and T cell-independent pathways. J. Allergy Clin.
Immunol. 2014. 134: 688-697 e6.

Ramadani, F.,, Bowen, H., Upton, N., Hobson, P. S, Chan, Y. C., Chen, J. B,,
Chang, T. W. et al., Ontogeny of human IgE-expressing B cells and plasma
cells. Allergy. 2017.72: 66-76.

Croote, D., Darmanis, S., Nadeau, K. C. and Quake, S. R., High-affinity
allergen-specific human antibodies cloned from single IgE B cell tran-
scriptomes. Science. 2018. 362: 1306-1309.

Tang, T. F,, Chan, Y. T, Cheong, H. C., Cheok, Y. Y., Anuar, N. A,, Looi, C.
Y., Gan, G. G. et al.,, Regulatory network of BLIMP1, IRF4, and XBP1 triad
in plasmacytic differentiation and multiple myeloma pathogenesis. Cell.
Immunol. 2022, 380: 104594.

Wiley-VCH GmbH

28

29

30

31

32

3

w

34

35

36

37

38

39

4

o

41

42

43

44

Eur. J. Immunol. 2023;53:2048916

Rauber, M. M., Wu, H. K., Adams, B., Pickert, J., Bohle, B., Shamji, M. H.,
Pfiitzner, W. et al., Birch pollen allergen-specific immunotherapy with
glutaraldehyde-modified allergoid induces IL-10 secretion and protective
antibody responses. Allergy. 2019. 74: 1575-1579.

Rauber, M. M., Mébs, C., Campana, R., Henning, R., Schulze-Dasbeck,
M., Greene, B., Focke-Tejkl, M. et al., Allergen immunotherapy with the
hypoallergenic B-cell epitope-based vaccine BM32 modifies IL-10- and IL-
5-secreting T cells. Allergy. 2020. 75: 450-453.

Mobs, C., Ipsen, H., Mayer, L., Slotosch, C., Petersen, A., Wiirtzen, P. A.,
Hertl, M. et al, Birch pollen immunotherapy results in long-term loss
of Bet v 1-specific TH2 responses, transient TR1 activation, and synthe-
sis of IgE-blocking antibodies. J. Allergy Clin. Immunol. 2012. 130: 1108-
1116 e6.

Hoof, I., Schulten, V., Layhadi, J. A., Stranzl, T., Christensen, L. H., Herrera
de la Mata, S., Seumois, G. et al., Allergen-specific IgG" memory B cells
are temporally linked to IgE memory responses. J. Allergy Clin. Immunol.
2020. 146: 180-191.

Heeringa, J. J., McKenzie, C. I, Varese, N., Hew, M., Bakx, A., Aui, P. M.,
Rolland, J. M. et al., Induction of IgG2 and IgG4 B-cell memory following
sublingual immunotherapy for ryegrass pollen allergy. Allergy. 2020. 75:
1121-1132.

Alsughayyir, J., Pettigrew, G. J. and Motallebzadeh, R., Spoiling for a fight:
B lymphocytes as initiator and effector populations within tertiary lym-
phoid organs in autoimmunity and transplantation. Front. Immunol. 2017.
8:1639.

Jones, G. W,, Hill, D. G, Jones, S. A., Understanding immune cells in ter-
tiary lymphoid organ development: it is all starting to come together.
Front. Immunology. 2016. 7: 401.

Zhou, S., Liu, Z., Yuan, H., Zhao, X., Zou, Y., Zheng, ]. and Pan, M., Autore-
active B cell differentiation in diffuse ectopic lymphoid-like structures of
inflamed pemphigus lesions. J. Invest. Dermatol. 2020. 140: 309-318.e8.

Song, J., Wang, H., Zhang, Y. N,, Cao, P. P, Liao, B., Wang, Z. Z., Shi, L. L.
etal,, Ectopic lymphoid tissues support local immunoglobulin production
in patients with chronic rhinosinusitis with nasal polyps. J. Allergy Clin.
Immunol. 2018. 141: 927-937.

Yuan, H., Zhou, S., Liu, Z., Cong, W., Fei, X., Zeng, W., Zhu, H. et al., Pivotal
role of lesional and perilesional T/B lymphocytes in pemphigus patho-
genesis. J. Invest. Dermatol. 2017. 137: 2362-2370.

Kabashima, K., Honda, T., Ginhoux, F. and Egawa, G., The immunological
anatomy of the skin. Nat. Rev. Immunol. 2019. 19: 19-30.

Timmer, T. C. G., Baltus, B., Vondenhoff, M., Huizinga, T. W. J., Tak, P. P.,
Verweij, C. L., Mebius, R. E. et al.,, Inflammation and ectopic lymphoid
structures in rheumatoid arthritis synovial tissues dissected by genomics
technology: identification of the interleukin-7 signaling pathway in tis-
sues with lymphoid neogenesis. Arthritis Rheum. 2007. 56: 2492-2502.

Pitzalis, C., Jones, G. W., Bombardieri, M. and Jones, S. A., Ectopic
lymphoid-like structures in infection, cancer and autoimmunity. Nat. Rev.
Immunol. 2014. 14: 447-462.

Boothby, I. C., Kinet, M. J., Boda, D. P, Kwan, E. Y., Clancy, S., Cohen, J.
N., Habrylo, I. et al., Early-life inflammation primes a T helper 2 cell-
fibroblast niche in skin. Nature. 2021. 599: 667-672.

Ruddle, N. H.. Lymphatic vessels and tertiary lymphoid organs. J. Clin.
Invest. 2014. 124: 953-959.

Takhar, P., Smurthwaite, L., Coker, H. A,, Fear, D. J., Banfield, G. K., Carr, V.
A.,Durham, S.R. et al., Allergen drives class switching to IgE in the nasal
mucosa in allergic rhinitis. J. Immunol. 2005. 174: 5024-5032.

Gevaert, P.,, Nouri-Aria, K. T., Wu, H., Harper, C. E., Takhar, P, Fear, D. J.,
Acke, F. et al., Local receptor revision and class switching to IgE in chronic
rhinosinusitis with nasal polyps. Allergy. 2013. 68: 55-63.

www.eji-journal.eu

851807 SUOWILIOD AIERID) 3|0 fdde au) Aq pousenob a1 SopIle YO 88N J0'S9INI 10} eI 8UIIUO AB]IM UO (SUOTIPUGO-PUB-SLLLIBIALIOD" AB)| 1M A RIc]1PUIIUO//'SC1IY) SLOIIPUOD PUE SIS | U} 05 *[5202/TO/ET] Uo A1 8UIIUO 43I *BIIEYRURILO0D Aq 9T680Z0Z"IB/Z00T 0T/I0p/L00 Aa| 1M ARRIq Ul UO//SAIY WOL) PapeolumMod ‘g ‘€202 ‘THTYTZST



Eur. J. Immunol. 2023;53:2048916

45

46

47

48

49

50

51

5

N

53

54

Li, Y., Ge, J., Zhao, X., Xu, M., Gou, M,, Xie, B., Huang, J. et al, Cell
autonomous expression of BCL6 is required to maintain lineage identity
of mouse CCR6+ ILC3s. J. Exp. Med. 2023. 220: €20220440.

Marchesi, F., Martin, A. P,, Thirunarayanan, N., Devany, E., Mayer, L.,
Grisotto, M. G., Furtado, G. C. et al.,, CXCL13 expression in the gut pro-
motes accumulation of IL-22-producing lymphoid tissue-inducer cells,
and formation of isolated lymphoid follicles. Mucosal. Immunol. 2009. 2:
486-494.

Kleinjan, A., Vinke, J. G., Severijnen, L., Fokkens, W. J., Local production
and detection of (specific) IgE in nasal B-cells and plasma cells of allergic
rhinitis patients. Eur: Respir. J. 2000. 15: 491-497.

Smurthwaite, L., Walker, S. N., Wilson, D. R., Birch, D. S., Merrett, T.
G., Durham, S. R. and Gould, H. J., Persistent IgE synthesis in the nasal
mucosa of hay fever patients. Eur. J. Immunol. 2001. 31: 3422-3431.

Luger, E. O, Fokuhl, V., Wegmann, M., Abram, M., Tillack, K., Achatz, G.,
Manz, R. A. et al,, Induction of long-lived allergen-specific plasma cells
by mucosal allergen challenge. J. Allergy Clin. Immunol. 2009. 124: 819-826
e4.

Gauvreau, G. M., Harris, J. M., Boulet, L. P, Scheerens, H., Fitzgerald, J.
M., Putnam, W. S., Cockcroft, D. W. et al., Targeting membrane-expressed
IgE B cell receptor with an antibody to the M1 prime epitope reduces IgE
production. Sci. Transl. Med. 2014. 6: 243ra85.

Mesin, L., Di Niro, R., Thompson, K. M., Lundin, K. E. A. and Sollid, L.
M., Long-lived plasma cells from human small intestine biopsies secrete
immunoglobulins for many weeks in vitro. J. Immunology. 2011. 187: 2867-
2874.

Takhar, P., Corrigan, C. J., Smurthwaite, L., O’Connor, B. J., Durham, S.
R, Lee, T. H. and Gould, H. J., Class switch recombination to IgE in the
bronchial mucosa of atopic and nonatopic patients with asthma. J. Allergy
Clin. Immunol. 2007. 119: 213-218.

Testera-Montes, A., Palomares, F., Jurado-Escobar, R., Fernandez-
Santamaria, R, Ariza, A., Verge, J., Salas, M. et al., Sequential class switch
recombination to IgE and allergen-induced accumulation of IgE+ plas-
mablasts occur in the nasal mucosa of local allergic rhinitis patients.
Allergy. 2022.77: 2712-2724.

Hoh, R. A.,Joshi, S. A,, Lee, ]. Y., Martin, B. A., Varma, S., Kwok, S., Nielsen,
S. C. A. et al,, Origins and clonal convergence of gastrointestinal IgE+ B
cells in human peanut allergy. Sci. Immunol. 2020. 5: eaay4209.

© 2023 The Authors. European Journal of Immunology published by
Wiley-VCH GmbH

55

56

57

58

59

60

HIGHLIGHTS

Vu Van, D., Beier, K. C., Pietzke, L. J., Al Baz, M. S., Feist, R. K., Gurka,
S., Hamelmann, E. et al., Local T/B cooperation in inflamed tissues
is supported by T follicular helper-like cells. Nat. Commun. 2016. 7:
10875.

Gowthaman, U,, Chen, J. S., Zhang, B., Flynn, W.F, Lu, Y., Song, W., Joseph,
J. et al,, Identification of a T follicular helper cell subset that drives ana-
phylactic IgE. Science. 2019. 365: eaaw6433.

Rondén, C., Campo, P., Togias, A. Fokkens, W. ], Durham, S. R,
Powe, D. G., Mullol, J. et al, Local allergic rhinitis: concept, patho-
physiology, and management. J. Allergy Clin. Immunol. 2012. 129: 1460-
1467.

Shamji, M. H., Valenta, R., Jardetzky, T., Verhasselt, V., Durham, S. R,,
Wiirtzen, P. A. and van Neerven, R. J. J., The role of allergen-specific IgE,
I1gG and IgA in allergic disease. Allergy. 2021. 76: 3627-3641.

Levin, M., King, J. J., Glanville, J., Jackson, K. J. L., Looney, T. J., Hoh,
R. A, Mari, A. et al,, Persistence and evolution of allergen-specific IgE
repertoires during subcutaneous specific immunotherapy. J. Allergy Clin.
Immunol. 2016. 137: 1535-1544.

Ho, A.W. and Kupper, T.S., T cells and the skin: from protective immunity
to inflammatory skin disorders. Nat. Rev. Immunol. 2019. 19: 490-502.

Abbreviations: AIT: allergen immunotherapy - BC: B cell - Bpem:

memory B cell - ELS: ectopic lymphoid structures - ILCs: innate

lymphoid cells - SHM: somatic hypermutation - TC: T cell - Tth:
follicular T helper cell

Full correspondence: Dr. Wolfgang Pflitzner, Department of Dermatology
and Allergology, Philipps-Universitidt Marburg, University Hospital
Marburg, BaldingerstrafSe 1, 35043 Marburg, Germany

e-mail: wpfuetzn@med.uni-marburg.de

Received: 14/10/2022

Revised: 24/2/2023

Accepted: 24/4/2023

Accepted article online: 26/4/2023

www.eji-journal.eu

7 of

35UB01 SUOLLILIOD 3AIEBID BIGE1IGdE 3Ly AG PLBAOB 312 SO VO ‘381 J0'S3IN 10 AXIGIT BUIIUO AB]1/ UO (SLORIPUCO-PLE-SWIBYALOD'AB M AIRAGIPUIIUO//SY) SUORIPUOD PUE SLLLS L U 335 *[SZ02/TO/ET] Lo ARIGIT SUIIUO 431 B1IEYBUEI000 Aq 9T68Y0Z02 18/200T OT/I0pACD™A] I ARG IUI U/ STRY 0L} Papeolumoq 'g '£20z TP TZST



