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Interleukin-13 Is Unlucky
for Allergy Sufferers
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Anaphylaxis, a life-threatening
allergic reaction, is dependent on
high affinity allergen-specific IgE.
Gowthaman et al. now show that a
new interleukin (IL)-13-expressing
T helper cell subset specifically pro-
motes high-affinity IgE responses.
The discovery of T follicular helper
(Tfh)13 cells defines potential new
targets for allergy therapies.
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Figure 1. Tfh13 Cells Help to Promote Anaphylaxis through Production of High-Affinity IgE.
Gowthaman et al. show that conventional Tfh2 cells help B cells produce low-affinity IgE via secretion of IL-4
(A), whereas Tfh13 cells help B cells produce high-affinity IgE via secretion of IL-4 and IL-13 (B). IgE binds to
mast cells to mediate hypersensitivity reactions. Low-affinity IgE on mast cells provokes no response when
exposed to antigen (red star), whereas crosslinking of high-affinity IgE by antigen on mast cells can induce
degranulation and potentially anaphylaxis. This figure was created using BioRender (https://biorender.com/).
Abbreviations: IL, interleukin; Tfh, T follicular helper.
The increase in atopic and allergic dis-
eases over the past 30–40 years is of epi-
demic proportions and these diseases
affect millions of people in the USA [1,2].
Allergic reactions can lead to anaphylaxis,
a severe and life-threatening form of aller-
gic immune response. Anaphylaxis is a
systemic inflammatory response that re-
sults in a dramatic loss of blood pressure
and can lead to organ failure. Food aller-
gies, especially to peanut proteins, often
involve anaphylactic reactions [3].

During the priming phase of an allergic im-
mune reaction, Interleukin-4 (IL-4) is pro-
duced by T helper (Th) cells that promote
the production of antigen-specific IgE anti-
body from B cells. Most IgE then binds
strongly to Fcε receptors on mast cells.
IgE with low affinity for the allergen protein
is not sufficient to fully activate mast cells
and cannot provoke anaphylaxis in the
presence of allergen (Figure 1A). However,
the interaction of allergen proteins with
high-affinity allergen-specific IgE on the
mast cell surface causes crosslinking of
the Fcε receptors, triggering a signaling
cascade that leads to mast cell degranula-
tion and release of preformed inflamma-
tory mediators stored in cytoplasmic
granules, including histamine, proteases,
cytokines, and chemokines (Figure 1B)
[4]. Release of these inflammatory media-
tors in a systemic response leads to the
severe allergic reaction of anaphylaxis.

Recent studies have revealed that special-
ized IL-4-secreting T follicular helper (Tfh)
cells are essential for the development of
antigen-specific IgE from activated B cells
within a cellular structure found in lym-
phoid tissues called the germinal center
[5]. The discovery that Tfh cells control
IgE responses has expanded our knowl-
edge of mechanisms that control the de-
velopment of allergies. However, a crucial
aspect of the anaphylactic response is
that it is dependent on the development
of high-affinity IgE specific for the allergen
[6] and despite the clinical significance
of anaphylaxis, the question of how high-
affinity, allergen-specific IgE develops in
the germinal center has been unclear.
Now, investigators from Yale University
Trends in
and the Jackson Laboratory for Genomic
Medicine led by Stephanie Eisenbarth
have discovered a distinctive IL-13-
producing Tfh cell type that is responsible
for the induction of high-affinity IgE that
can promote anaphylactic responses [7].
This finding sheds new light onto the
diagnosis and potentially the treatment of
life-threatening allergies.

It is known that patients with defects in the
gene dedicator of cytokinesis 8 (DOCK8)
are typically afflicted with hyper-IgE
syndrome (HIES), severe allergies and
asthma. Gowthaman et al. began their
study by characterizing allergic responses
in mice that were bred with DOCK8
deficiency in T cells (T-DOCK8-/-). They
observed that an HIES phenotype was
found in T-DOCK8-/- mice after type 1
immunization; an immune challenge which
should not normally elicit the production
of IgE. These results indicated that the
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HIES phenotype of DOCK8 immunodefi-
ciency syndrome was a T cell-intrinsic
effect. Next, using a passive anaphylaxis
assay, the authors demonstrated that IgE
from T-DOCK8-/- mice could induce ana-
phylaxis. However, the frequency and
total number of Tfh cells that are required
for IgE production, were comparable in
T-DOCK8-/- and wild-type (WT) mice. This
led the authors to analyze the Tfh cells in
T-DOCK8-/- mice in more detail, and in so
doing, they identified a new Tfh cell subset,
termed Tfh13 cells, that expressed the
cytokine IL-13. The production of IL-13 is
classically associated with another subset
of Th cells made during allergic immune
responses, Th2 cells. Unlike Tfh cells, Th2
cells act outside of the germinal center.
Gowthaman et al. found Tfh13 cells in non-
mutant WTmice that were induced to have
either airway allergy or food allergy, thus
linking Tfh13 cell development with allergic
disease. Importantly, the development
of Tfh13 cells coincided with high levels of
high-affinity IgE that couldmediate anaphy-
laxis in WT mice.

Using single-cell RNA sequencing, the au-
thors showed that Tfh13 cells are a unique
cell type significantly different from both
Tfh and Th2 cells, but Tfh13 cells also
share characteristics of both Th2 and Tfh
cells. Unlike conventional Tfh cells, Tfh13
cells express the master transcription fac-
tor of Th2 cells, Gata3, and produce the
three canonical Th2 cell cytokines IL-4,
IL-5, and IL-13. Tfh13 cells also express
Bcl6, the master transcription factor for
Tfh cells, which represses Gata3 and
Th2 cytokine gene transcription [8]. Tfh13
cells appear to maintain a balance be-
tween expressing enough Bcl6 to pro-
mote the Tfh phenotype and enough
Gata3 to transcribe Th2 cytokines. How-
ever, an important unresolved question
remains as to how Tfh13 cells develop.
Do Tfh13 cells differentiate from Th2
cells, from conventional Tfh cells under
strong Th2 polarization conditions, or
directly from naïve CD4 T cells?
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Gowthaman et al. showed that Tfh13
cells were essential for the production of
high-affinity IgE and suggested that IL-4
produced by a subset of Tfh cells called
Tfh2 cells mainly contributed to the pro-
duction of low-affinity IgE (Figure 1A).
Further work showed that IL-13 produced
by Tfh13 cells was indispensable for
anaphylactic IgE production (Figure 1B).
Gowthaman et al. were also able to trans-
fer their findings into humans, as they
found a significantly higher frequency of
Tfh13 cells among circulating Tfh cells
from patients with high levels of peanut-
specific IgE. These findings helped to
resolve a long-standing discrepancy be-
tween human and mouse immunology,
where IL-13 had been known to drive IgE
switching in human B cells but not in
mouse B cells. Further supporting a role
for IL-13, Gowthaman et al. demonstrated
that a subset of activated mouse B cells in
the germinal center expressed the IL-13
receptor and could be induced to switch
to IgE in the presence of IL-13.

Gowthaman et al. also observed that high-
affinity IgE was significantly higher in
T-DOCK8-/- mice, while high-affinity IgG1
was lower compared to that in the control
group. As a recent study has shown
that high-affinity-IgE-producing plasma
cells can differentiate from IgG1+ memory
B cells upon re-exposure to allergens
[9], the loss of high-affinity IgG1 in
T-DOCK8-/- mice indicates that Tfh13
cells induce a major population of IgG1+

B cells switching to IgE-secreting B cells.
A key question is whether IL-13 produced
by Tfh13 cells helps IgG1+ memory B cells
switch to IgE-secreting plasma cells. How-
ever, whether the switch to IgE occurs
from high-affinity IgG1 memory cells was
not addressed. If IgG1+ memory B cells
display enriched expression of IL-13 re-
ceptor, it could provide a mechanism for
this selective response.

Intriguingly, Gowthaman et al. showed
that helminth infections could not induce
, No. xx
Tfh13 cells or high-affinity IgE, although
strong Th2 responses developed. Thus,
Th2 cell responses do not always correlate
with Tfh13 cell responses. What are the
mechanisms for why helminth infections
are different from allergies in terms of
induction of Tfh13 cells? Solving this
question can help us better understand
allergies and may also help to develop
specific therapeutics for different Th2-
mediated diseases such as asthma and
atopic dermatitis.

Currently, the only treatment that can
prevent the mast cell degranulation re-
sponse that leads to an anaphylactic
shock is nonspecific IgE depletion ther-
apy using omalizumab, a monoclonal
antibody that inhibits IgE from binding to
mast cells [10]. Treatments that could
specifically inhibit the generation of
high-affinity IgE could provide an alterna-
tive therapeutic strategy to block severe
allergic responses and anaphylaxis.
Since Tfh13 cells express high levels of
GATA3, the use of a GATA3 DNAzyme
treatment to downregulate Tfh13 cells
and high-affinity IgE may have thera-
peutic benefit for severe allergies.
Gowthaman et al. note that clinical trials
of a GATA3 DNAzyme have efficacy in
reducing eosinophilia, but it is unknown
if this drug could affect Tfh13 or IgE
responses.

Ultimately, understanding the cellular
mechanisms for how B cells are stimu-
lated to produce high-affinity IgE in atopic
diseases is a clinically important area
of immunology research. Eisenbarth and
colleagues have now made a major
breakthrough on this important question,
revealing how a new T cell population,
Tfh13 cells, is critical for high-affinity
IgE development. These findings lay the
groundwork for a deeper understanding
of the regulation of high-affinity IgE
and anaphylaxis, and provide the basis
for precision immunotherapy of atopic
diseases.
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