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Dysregulation of the type 2 immune system presents with various manifestations, including allergic inflammation, and has
emerged as an alarming public health issue. The pathological mechanisms that underlie T helper type 2 cell–driven (Th2-
driven) allergic diseases remain unclear. In particular, it is not completely understood how type 2 immunity is restricted in
inflammatory responses. In this issue of the JCI, Lexmond et al. use Wiskott-Aldrich syndrome as a model disease and
establish that the Wiskott-Aldrich gene product (WASP) serves an essential role in T regulatory cells to contain Th2
effector cell differentiation and prevent allergic sensitization to dietary antigens.
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Immune imbalance in Wiskott-
Aldrich syndrome
The Wiskott-Aldrich syndrome (WAS) is a 
rare, but severe, X-linked recessive disease 
characterized by the triad of thrombocyto-
penia, eczema, and immune deficiency that 
frequently leads to pyogenic and viral infec-
tions. WAS is caused by mutations in the 
WAS gene. A milder form of WAS known 
as X-linked thrombocytopenia (XLT) is also 
associated with WAS gene mutations but 
is mainly characterized by a bleeding ten-
dency. The WAS gene product (WASP) is a 
cytoplasmic protein that serves as an inte-
grator of cell surface signaling cascades, 
such as those downstream of the T cell anti-
gen receptor (TCR), and the actin cytoskel-
eton network. WASP is mainly expressed in 
hematopoietic cell lineages (1).

Given that WASP is involved down-
stream of the TCR, it is interesting that Th1 
and Th2 development is differentially sen-
sitive to WAS loss (2). While CD4+ and CD8+ 
T cells from WAS patients display reduced 
secretion of the Th1 cytokines IFN-γ and 
TNF-α, these patient T cell populations 
exhibit a minimal disruption of the produc-
tion and secretion of Th2 cytokines, such 
as IL-4 (3). This imbalance between Th1 

and Th2 responses in WAS patients likely 
relates to the development of eczema that 
is characteristic of this syndrome. In this 
issue, Lexmond et al. show that patients 
with mutations in the WAS gene (both WAS 
and XLT) frequently develop IgE-mediated 
reactions to common food allergens and 
demonstrate using Was knockout mice that 
loss of WASP in T regulatory cells (Tregs) 
leads to unrestrained Th2 effector respons-
es that drive allergic intestinal inflamma-
tion (Figure 1) (4).

Relationship of 
immunodeficiency syndromes 
to Th2 and IgE responses
Dysregulated Th2 responses, atopy, and 
elevated IgE levels are observed in a vari-
ety of human immunodeficiency diseases, 
including IPEX (immune dysregulation, 
polyendocrinopathy, enteropathy, X-linked, 
which is caused by functional defects in 
FOXP3), hyper-IgE syndrome, Omenn syn-
drome, and atypical complete DiGeorge 
syndrome. The pathological mechanisms 
and consequences of elevated IgE in these 
conditions are poorly understood but likely 
involve several distinct immunological 
pathways, including increased Th2 cyto-

kine production, particularly in WAS, IPEX, 
and Omenn syndrome (5).

Aside from Th2 cells, other inflamma-
tory cells, including innate lymphoid cells, 
eosinophils, basophils, and mast cells, 
contribute to type 2 immune responses. 
Key mediators involved in type 2 reactions 
include the cytokines IL-4 and IL-13. Type 
2 immune responses have been shown to 
protect against multicellular parasites, 
suppress sustained Th1-driven inflam-
mation, promote tissue repair, and regu-
late metabolic responses. Dysregulation 
of the Th2 response has been linked to a 
wide range of diseases, particularly aller-
gic disorders, uncontrolled infections, 
tumorigenesis, and fibrosis (6). Th2 cyto-
kines and costimulatory signals promote 
B cell class-switch recombination and 
production of antigen-specific IgE. Bind-
ing of antigen-specific IgE antibodies to 
FcεRI on mast cells leads to degranula-
tion. Under IgE stimulation, mast cells 
also contribute to the late-phase reaction 
by secreting mediators that recruit leuko-
cytes and sustain Th2-associated inflam-
mation, resulting in tissue remodeling (7). 
This relationship accounts for the critical 
role that has been shown for IgE and mast 
cells in allergic disorders.

Food antigen sensitization in 
WAS and role of Tregs
Lexmond and colleagues evaluated 25 
patients with WAS mutations and revealed 
an increased sensitization and prevalence of 
food allergy among these individuals com-
pared with the general population. More-
over, Was–/– mice exhibited spontaneous 
sensitization to food antigens accompanied 
by increased levels of IgE along with intesti-
nal mast cell expansion and degranulation. 
In a WASP-deficient mouse model, the sen-
sitization was independent of the commen-
sal microbial community, although the iso-
type composition of the humoral anti-food 
response had some influence. Interestingly, 
targeted WASP deficiency specifically tar-
geted to FOXP3+ Tregs resulted in height-
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transcriptional targets of GATA3 in Tregs? 
It has previously been suggested that near-
ly 70% of GATA3 targets in Tregs and Th2 
cells overlap (13), raising the possibility 
that GATA3+ Tregs may have a profile and 
function similar to that of Th2 cells. What, 
then, are some important distinctions in 
the GATA3-regulated transcriptional pro-
files of the two cell types? Does FOXP3, the 
Treg master transcriptional regulator of 
Tregs, play a role the delineation of these 
cells, given that FOXP3 acts together with 
GATA3 on some target genes in Tregs (14)? 
Future studies to address these questions 
will be exciting to follow and see what the 
answers to these questions will be.

In summary, the work by Lexmond  
et al. demonstrates that WASP in FOXP3+ 
Tregs plays a role in restraining Th2-medi-
ated food allergy, and shows that a cell-spe-
cific process in a rare disease may be trans-
latable to more common conditions. Apart 
from food allergies, further elucidation of 
the molecular mechanism by which WASP 
regulates Treg function, and how the aber-
rant function of Tregs leads to allergic sen-
sitization may yield important insights into 
other allergic diseases, such as asthma. It 
will be exciting to see whether the same 
processes play a role in allergic sensitiza-
tion in other organs, for example, the skin 
in conditions such as atopic dermatitis (15). 
The study by Lexmond and colleagues 
provides exciting insights into the biology 
of Th2-driven diseases and may facilitate 
development of therapeutic approaches.
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Remaining questions and 
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Figure 1. WASP functions in Tregs to contain Th2-mediated allergy. (A) In WASP-expressing Tregs, 
GATA3 expression is repressed and thereby restrains Th2-type inflammation in response to food anti-
gens. (B) Tregs lacking WASP, such as occurs in patients with mutations that lead to Wiskott-Aldrich 
syndrome and X-linked thrombocytopenia, are insufficient in restraining Th2-type inflammation in 
response to food allergens. This lack of Th2 suppression is associated with an increased frequency of 
GATA3hi effector memory Tregs.
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