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Abstract

Background

Food allergies are a growing health problem and the development of therapies that prevent
disease onset is limited by the lack of adjuvant-free experimental animal models. We compared
allergic sensitization in patients with food allergy or Wiskott-Aldrich syndrome (WAS) and
defined whether spontaneous disease in Was~7- mice recapitulates the pathology of a

conventional disease model and/or human food allergy.
Methods

Comparative ImmunoCAP ISAC microarray was performed in patients with food allergy or WAS.
Spontaneous food allergy in Was~/- mice was compared to an adjuvant-based model in wild-type
mice (WT-OVA/alum). Intestinal and systemic anaphylaxis was assessed and the role of the high

affinity IgE Fc receptor (FceRI) in allergic sensitization was evaluated using Was/-Fcerla/- mice.
Results

Polysensitization to food was detected in both WAS and food allergic patients which was
recapitulated in the Was7/- model. Oral administration of OVA in Was~/- mice induced low titers of
OVA-specific IgE compared to the WT-OVA/alum model. Irrespectively, 79% of Was+- mice
developed allergic diarrhea following oral OVA challenge. Systemic anaphylaxis occurred in
Was7/- mice (95%) with a mortality rate >50%. Spontaneous sensitization and intestinal allergy

occurred independent of FceRI expression on mast cells and basophils.
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Conclusions

Was/- mice provide a model of food allergy with the advantage of mimicking polysensitization
and low food-antigen IgE titers as observed in humans with clinical food allergy. This model will
facilitate studies on aberrant immune responses during spontaneous disease development. Qur
results imply that therapeutic targeting of the IgE/FceRI activation cascade will not affect

sensitization to food.
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Introduction

Immunoglobulin E (IgE)-mediated food allergies are a rapidly growing health problem in
industrialized societies. Although the determination of the exact prevalence is hampered by
non-overlapping diagnostic definitions, estimates for US adults and children currently estimated
to be 5% and 8% respectively [1, 2]. In food allergic patients, exposure to minor quantities of
food allergens elicits type I hypersensitivity reactions, which are responsible for symptoms that
range in severity from oral tingling and nausea to profuse diarrhea and anaphylactic shock [3-

6]. Allergic reactions to food can be fatal and are a common reason for emergency room visits
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and hospitalization [5, 7-9]. Therefore, considerable research effort is dedicated to

understanding the pathophysiology of IgE-mediated food allergies [10, 11].

Allergic sensitization results from perturbations in the pathways that normally maintain
a state of immune tolerance to innocuous food antigens [12, 13]. Under physiological
circumstances, antigen presentation of food components by dendritic cells results in anergy or
deletion of reactive T cells and the induction of FOXP3* regulatory T cells (Tregs). In food
allergic patients, however, exposure to intestinal allergens gives rise to Th2-primed effector T
cells [14]. These allergen-specific T cells will respond to subsequent allergen encounters with
production of IL-4 and IL-13, which induces class-switching to IgE and IgG4 (in humans) and
IgG1 (in mice) in allergen-specific B cells [3, 4]. Food-specific IgE circulates in serum and binds
to its high-affinity IgE Fc receptor, FceRI, which is constitutively expressed on mast cells and
basophils [15]. During the allergic effector phase, the innate effector cells respond to antigen-
mediated crosslinking of IgE-loaded FceRI with rapid secretion of pre-formed inflammatory
mediators, such as histamine and proteases, that mediate the local and systemic symptoms

associated with type I allergic reactions [3, 16].

Epidemiologic studies have identified numerous associations between microbial,
environmental, and nutritional factors and the occurrence of food allergy [17-20], but
experimental and mechanistic evidence to prove causality remains scarce. This gap in our
understanding is, at least in part, attributable to the lack of animal models that mimic allergic
sensitization as it occurs in humans. Wild-type mice are highly resistant to the induction of IgE-
mediated immune responses to food, attesting to the robustness of the regulatory mechanisms
that underlie oral tolerance [21]. Consequently, experimental models of murine food allergy
require sensitization to induce systemic production of antigen-specific IgE prior to intestinal
allergen challenge [21]. Commonly strategies rely on intraperitoneal sensitization to a model
antigen (e.g., ovalbumin (OVA)) emulsified in aluminum hydroxide as a Th2-skewing adjuvant
or, alternatively, oral sensitization by co-administration of adjuvants such as cholera toxin or
staphylococcal enterotoxin B with the model antigen [22]. These ‘isomorphic’ models have
demonstrated great utility in the study of allergic effector responses in vivo. However, such
models only recapitulate the symptoms and treatment responses of established food allergy and
cannot mimic the early phases of sensitization to food. Study of spontaneous, adjuvant-free
induction of IgE responses against food allergens instead requires a ‘homologous’ animal model,

which for food allergy has not been developed [21].
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Recently, we demonstrated that patients with Wiskott-Aldrich syndrome (WAS) caused
by loss-of-function mutations in the Wiskott-Aldrich syndrome protein (WASP) are at increased
risk of developing food allergy [23]. Similarly, mice deficient in the murine ortholog (Was/-
mice) develop IgE responses against food allergens in chow [23]. We aimed to characterize Was-
/- mice as a potential homologous model of IgE-mediated food allergy. Here we show that Was-/-
mice become sensitized to ovalbumin (OVA) upon oral administration in the absence of
adjuvant, and that subsequent IgE-mediated mast cell responses and small intestinal
inflammation results in systemic and tissue specific food allergy. Importantly, serum
sensitization in Was7/- mice mimics polysensitization and the low food-specific IgE titer
observed in humans with clinical food allergy which is not observed in common adjuvant-based

experimental murine models.

Materials and methods

Patients

Serum from WAS patients was obtained from a biorepository at Boston Children’s Hospital (IRB
number P00000529). Samples from age- and gender-matched food allergic and non-allergic
control patients were obtained from a longitudinal cohort study on intestinal allergies at Boston
Children’s Hospital (IRB number 07-11-0460, [24]). All patients or their legal guardians

provided informed consent prior to sample donation.

ImmunoCAP ISAC microarray

Allergen-specific IgE and IgG4 was detected using the ImmunoCAP® ISAC 112 solid phase assay
following the manufacturer’s guidelines (Thermo Scientific, Waltham, MA, 81-1012-01).
Allergen-specific Igs were quantified as relative ISAC standard units between with Phadia

Microarray Image Analysis (MIA®) and Xplain® software by ThermoFisher (Waltham, MA).
Mice

Was~/- and Wasf/1Foxp3-Cre mice have been described previously [23]. Was/-and Was*/- on the
colitis-resistant BALB/c and C57BL/6 background or WT controls were bred in house under
SPF conditions. Hemizygous Was- males are also referred to as Was/-. Experiments were

performed with mixed gender cohorts in littermate-controlled and cohoused settings following
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the guidelines of the Society of Mucosal Immunology. C57BL/6 Fcerla/- mice [25] were crossed
with C57BL/6 Was/- mice to generate cohorts of Was/-Fcerla/- and Was/-Fcerla*/-littermates.
All experiments were approved by the Institutional Animal Care and Use Committee (IACUC 13-

06-2415R).

ELISA experiments

IgE and IgG levels were detected with anti-human IgE (clone: MHE-18, BioLegend, San Diego,
CA) and anti-human IgG (Southern Biotech, Birmingham, AL, 2014-01) and horseradish
peroxidase-conjugated anti-human IgE (Sigma-Aldrich, Natick, MA A9667) or biotin-conjugated
anti-human IgG (eBioscience, San Diego, CA, 13-4998-83). Serial dilutions of human IgE (NBS-C
BioScience, Vienna, AT, 0911-0-050) or human IgG (Southern Biotech 0150-01) were used as
standards. Quantification of murine total, food-antigen-specific, and OVA-specific IgE and IgG1

has been published [23, 26].

Experimental murine food allergy

Following an established protocol [26, 27], WT BALB/c mice were immunized with three
intraperitoneal injections of OVA/alum (OVA (Sigma), 50ug/100ul aluminum hydroxide (alum,
Thermo Scientific)) in seven-day intervals (WT-OVA/alum model). Adjuvant-free sensitization
to OVA in Was/- mice was achieved by gavaging OVA (5mg/200ul in PBS) seven times in five
day intervals. Sensitized mice were challenged by gavage with 50 mg OVA in 200 ul PBS.
Anaphylaxis was measured as drop in core temperature with implantable temperature

transponders (IPTT-300, Biomedic Data Systems, Seaford, Del) [28].

In vitro mast cell degranulation assay

Bone marrow cells from WT or Was/- mice on BALB/c or C57BL/6 background were
differentiated in vitro with 10 ngml-! IL3 and 20 ngml! SCF in RPMI 1640 (Gibco, Thermo
Fisher, Waltham, MA) supplemented with 10% FCS, 100 U/ml penicillin and 100 pg/ml!
streptomycin, 2mM L-glutamine, and 1% 2-Mercaptoethanol (MC medium). Purity of cultures
was assessed by FACS (mAb 2B8 for c-kit, mAb MAR-1 for FceRI; Biolegend). For degranulation
assays, cells were loaded with IgE overnight using serum or TNP-specific IgE and challenged

with Ova or TNP-OVA at the indicated doses. Degranulation was assessed by staining with an

This article is protected by copyright. All rights reserved.



anti-LAMP-1 mAb (1D4B, Biolegend) and viability dye (eBioscience). Cells were acquired on a
FACSCanto II flow cytometer (BD Bioscience, San Jose, CA) and analyzed using Flow]o (Treestar,

Ashland, OR).

Flow cytometric analysis of basophils

Blood samples were treated with RBC lysis buffer (eBioscience) and mononuclear cells were
stained with an Ab cocktail containing: anti-CD16/CD32 (2.4G2, BD Pharmingen, San Jose, CA),
anti-CD45 (30-F11), anti-CD49b (DX5), anti-FceRla (MAR-1), and anti-IgE (RME-1, all from
Biolegend). Basophils were identified as CD45MidCD49b* and IgE*.

mRNA expression analysis.

Intestinal Mcptl mRNA levels were determined as described using iQ SYBR Green Supermix

(Hercules, CA) [23].

Mast cell histology

MCs were quantified using by chloroacetate esterase staining as previously described [26].

Results

Patients with Wiskott-Aldrich syndrome and children with food allergy show similar

patterns of polysensitization

We previously documented the increased prevalence of physician-diagnosed food allergy in
WAS patients [23]. To define if sensitization patterns in WAS-associated food allergy compare
with those in patients with food allergy, we analyzed serum IgE from WAS patients (14 months
to 7 years), patients with food allergy, and non-allergic controls. Both patients with food allergy

and those with WAS show increased serum IgE levels when compared to controls without
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allergies (Fig. S1). While total IgE levels were increased in WAS compared to food allergic

patients, no differences were observed for total serum IgG between any of the groups (Fig. S1).

Patients with food allergy are at increased risk of sensitization to other food antigens
[29, 30]. To assess whether polysensitization is also a feature of WAS-associated food allergy,
we performed an immunochip-based microarray that screens IgE reactivity against 112
molecular allergens, 43 of which are antigens from 17 different foods including peanut, tree
nuts, milk, soy, and shrimp (Fig. 1). In 3/5 patients with WAS, IgE with specificity for food was
detected. Serum sensitized WAS patients contained IgE with reactivity for more than one
allergen in a single food group or IgE with specificity for at least two different foods. Similarly,
4/6 food allergic patients were polysensitized to food (Fig. 1A). To further compare the humoral
anti-food response, we screened for the presence of food-specific IgG4 [31, 32]. [gG4 reactivity
against food antigens was common even in control subjects and did not distinguish between
groups (Fig. 1B). These results demonstrate a comparable degree of polysensitization between
patients with food allergy and patients with WAS with a high degree of overlap in sensitization

profiles.

Was/- mice mount OVA-specific IgE responses following oral antigen exposure without

adjuvant

IgE with specificity for multiple components of chow is found in Was/- mice [23], and mimics
the polysensitization pattern seen in food allergic patients. In order to compare the
development of antigen-specific food allergy in the spontaneous Was/- model to a well-
established experimental model, we selected ovalbumin (OVA) as a model allergen [33]. For the
established allergy model we utilized systemic sensitization via aluminum hydroxide injection
in wild type animals (WT-OVA/alum model [27]; Fig. 2A). For adjuvant-free spontaneous
allergic sensitization, Was/- mice received 8 oral gavages of OVA dissolved in PBS (spontaneous
Was/- model; Fig. 2B). The adjuvant-free approach induced OVA-specific IgE selectively in Was~-
serum but not in Was*/-or WT littermates (Fig. 2C). Titers of OVA-specific IgE were significantly
lower in Was7-mice than in the WT-OVA/alum model (Fig. 2C). Since Was+- mice have higher
serum IgE levels than OVA/alum-sensitized WTs (Fig. 2D), the reduction of antigen-specific IgE

in Was~/- mice was even more pronounced when displayed as fraction of total IgE (Fig. 2D).
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To assess whether the different fractions of antigen-specific IgE affected the efficiency of
antigen-mediated IgE/FceRI activation, we loaded WT bone-marrow-derived mast cells
(BMMCs) with serum from either the WT-OVA/alum model or spontaneous Was7/- model. When
BMMCs were loaded with serum that contained equivalent concentrations of OVA-specific IgE,
as determined by ELISA, we detected increased surface IgE with Was~- serum (Fig. 2E). This was
not surprising given the higher concentration of serum IgE in Was~/- mice, which increases the
surface IgE by stabilizing FceRI [34]. Even though the amount of OVA-specific IgE was lower in
serum from the Was/ model, the extent of degranulation induced with OVA-induced
crosslinking was comparable to MCs loaded with WT-OVA/alum serum (Fig. 2F). When surface
loading was corrected for differences in total IgE concentrations, we observed similar degrees of
degranulation despite the approximately 20-fold lower concentration of OVA-specific IgE in
Was/- serum (Fig. S2). The finding that the low fraction of OVA-specific IgE in Was/- serum
induced efficient MC degranulation is reminiscent of the clinical observation that severity of
food allergic responses cannot always be predicted based on allergen-specific IgE titers ([35] in

food allergic patients (see also Fig. S1).

Pronounced allergic diarrhea and intestinal mast cell expansion in Was~/- mice

A valuable homologous model of food allergy needs to recapitulate the IgE effector phase as
seen in food allergic patients. Since IgE-mediated anaphylaxis is a phenotype in food allergic
individuals, we sought to determine if OVA-specific IgE in Was/- mice would be associated with
anaphylaxis in vivo. When screening both models for signs of allergic diarrhea following a single
gavage containing OVA, which has been defined as intestinal anaphylaxis [27], we found that
79% of Was~/- exhibited symptoms of intestinal anaphylaxis compared to 60% of WT-OVA/alum
mice (Fig. 3A and S3). No signs of intestinal anaphylaxis were observed in Was*-, WT controls,
or in Was~/- mice challenged with bovine serum albumin (BSA) as a specificity control. In line
with previously reported data [22, 27], WT-OVA/alum mice were resistant to oral anaphylaxis
defined as a drop in body temperature upon intragastric OVA challenge after sensitization (Fig.
S3B). MCPT1 is a mast cell protease that is released from mucosal mast cells upon allergen-
dependent crosslinking of IgE and is used as a serum marker for the severity of experimental
food allergy [26]. We have shown that serum MCPT1 levels in Was/- mice are strongly
correlated with the degree of intestinal mast cell expansion and food-specific IgE titers [23].
Gastric OVA challenges resulted in increases in MCPT1 in the spontaneous Was7- model and

WT-0VA/alum mice (Fig. 3B). Despite the higher levels of serum MCPT1 in Was/ mice, a
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comparable expansion of mucosal mast cells was found in both models (Fig. 3C). These data
demonstrate strong MC-dependent innate IgE effector responses in spontaneous Was~/- model

even though food-antigen-specific IgE titers are lower than in the WT-OVA/alum model.

Systemic anaphylaxis in Was~/- mice and efficient IgE-mediated degranulation of WASP-

deficient mast cells

Lethal anaphylactic shock is the most severe outcome of accidental antigen exposure in food
allergic patients [17, 36]. When studying anaphylactic shock to systemic allergen exposure, we
observed a rapid temperature drop in sensitized Was7/- mice but not their Was*- or WT
littermates (Fig. 4A and 4B). Systemic anaphylaxis occurred in 19 out of 20 Was7- animals
(95%) with a mortality rate greater than 50% (Fig. 4C). These results show that spontaneous
sensitization to food antigens in Was~/- mice in the absence of adjuvant is sufficient to mediate
lethal anaphylaxis upon systemic antigen exposure. This susceptibility of Was/- mice to lethal
anaphylaxis was unexpected since decreased mediator release in the absence of WASP and
resistance to passive anaphylaxis in Was/- mice has been reported [37]. To investigate the
consequences of WASP deficiency for MC degranulation, we generated BMMCs from WT and
Was/- mice on the BALB/c or C57BL/6 background (Fig. S4). Mast cells from each strain
differentiated normally with no significant difference in surface expression of cKit or FceRI (Fig.
S4). A modest decrease in degranulation upon challenge in the low antigen concentration range
was observed, but this difference did not achieve statistical significance, nor were differences
observed over a broad range of concentrations (Fig. 4D). This set of experiments demonstrated
that the spontaneous Was+/- model is a valuable asset for studying anaphylactic shock in hosts

with low allergen-specific IgE titers.

Spontaneous oral sensitization occurs independently of FceRI-mediated IgE signals

Recent studies implicated a role for IgE/FceRI-mediated signals in the expansion of mucosal
mast cells and the pathogenesis of food allergy [28, 38]. To address whether IgE/FceRI signals
contribute to spontaneous oral sensitization and the development of IgE-mediated food allergy
in Was/-mice, we generated FceRI-deficient Was/-Fcerla/- mice. Successful ablation of FceRI

was confirmed by the absence of surface-bound IgE on basophils (Fig. 5A and S5). Was/-Fcerla-
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/- mice presented with a non-significant reduction in basophil numbers but had no other
apparent phenotype (Fig. 5B). Serum levels of total IgE and IgG1 with reactivity to major chow
antigens (soy and wheat) were similar in Was/-Fcerla/- and Was/-Fcerla*/- mice (Fig. S5).
Adjuvant free OVA gavages induced similar levels of OVA-specific IgE and IgG1 in Was/-Fcerla/-
and Was/-Fcerla+*/- littermates (Fig. 5C and 5D). Serum MCPT1 in Was/-Fcerla/- mice was
elevated to a similar degree as FceRI-expressing Was~- mice indicating that IgE/FceRI-mediated
signals are dispensable for mucosal mast cell activation in the spontaneous Was/- model (Fig.
5E). When comparing serum MCPT1 in the OVA/alum model in WT and Fcerla/- mice
significantly lower titers were found in Fcerla-deficient animals (Fig. 5E) as also recently

described by others [38].

Early studies in Fcerla/- animals demonstrated that anaphylactic responses can occur in
the absence of FceRI [25], which is mediated primarily through activation of basophils,
macrophages, and neutrophils via IgG/antigen immune complexes and crosslinking of FcyRs
[39]. Since OVA-specific IgG1l responses are induced in Was/-Fcerla*/- mice (Fig. S5), we
investigated IgG-mediated anaphylaxis. Systemic OVA challenge of Was/-Fcerla/- resulted in
anaphylactic shock with similar survival curves as seen in Was/-Fcerla*/-littermates (Fig. S5)
indicating that [gG-mediated cell activation can compensate for the absence of IgE signals on MC

and basophils in Was/-Fcerla/- mice.

Discussion

Experimental murine models provide important tools to study the pathology of allergic
reactions and to develop new therapeutic intervention strategies for food allergy; a condition
that is currently only managed by allergen avoidance and emergency management with
epinephrine injections. In the present work, we characterized WASP deficiency as an
experimental model of spontaneous IgE-mediated small intestinal food allergy. WASP deficiency
in mice of either the Th2-prone BALB/c or the Th2-resistent C57BL/6 background exhibits
spontaneous sensitization to orally administered antigens in the absence of systemic or
intestinal adjuvants. These mice provide a valuable addition to the experimental strategies of
allergy research for understanding naturally occurring disease. WASP-deficient strains will
enable studies that seek to define intervention strategies for food allergy in the absence of

inflammatory adjuvants, which are confounding factors of isomorphic murine models [21].
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When comparing food allergy in pediatric WAS patients to patients with common food
allergies in the general pediatric population, we found that sera from patients with either
condition showed similarly increased serum IgE. Analysis of the IgE and IgG4 reactivity patterns
showed highly comparable specificity profiles for food allergens. Both food allergic patient
groups were polysensitized and IgE reactivity was frequently directed against common allergy-
inducing foods [2, 11, 40]. These observations indicate that the antigenicity of food is similar in
WAS and food allergic patients. Comparable to WAS patients, Was/- mice mount strong IgE
responses against soy and wheat [23]. Polysensitization is a hallmark of human food allergy that
is not found in the adjuvant-based murine models that rely on mono-sensitization to a single
model antigen. Food allergy in the spontaneous Was/- model, however, involves IgE reactivity to
multiple dietary antigens. Therefore, WASP-deficient mice can be utilized as a model to define

mechanisms underlying polysensitization.

Was-/- mice also provide a unique opportunity to study de novo intestinal sensitization in
a pre-sensitized host. Adjuvant-based experimental models are not designed to address this
question. We observed that the fraction of OVA-specific IgE was as high as 80% of total IgE in
food allergic mice following systemic sensitization with OVA/alum. Most food allergic patients
do not present with high serum levels of antigen specific IgE. Spontaneous oral sensitization in
Was-/- mice only induced OVA-specific IgE titers that constituted on average <10%, and in some
mice even <1%, of total IgE. In vitro mast cell degranulation assays and in vivo antigen challenge
showed, however, that minor fractions of antigen-specific IgE are sufficient to mediate adequate
mast cell activation. The discrepancy between low antigen-specific serum IgE and severe
anaphylactic responses is well appreciated in food allergic patients [11, 41]. These observations
further demonstrate that spontaneous sensitization occurring in food allergic patients is similar
in the Was/- mouse model. In addition, results from our ImmunoCAP studies revealed that
serum obtained from 4 out of 5 WAS patients showed IgE reactivity against at least one
aeroallergen (data not shown). Although we have not yet studied sensitization against non-food
allergens in Was/- mice, it is conceivable that the animals will also have utility for studies that

pertain to sensitization and allergic responses against aeroallergens.

WASP is expressed in all hematopoietic lineages and is functionally linked to a large
variety of immune effector functions [42]. In our previous study, we have demonstrated that
loss of WASP from FOXP3+ Tregs alone is sufficient for spontaneous Th2-mediated intestinal
inflammation to occur [23]. However, in Was/- mice and Wiskott-Aldrich syndrome patients,
WASP is lacking from every immune compartment that is involved in the allergic response. In
the complete absence of WASP from leukocytes, we nevertheless found robust type I

hypersensitivity responses in Was/- animals on the BALB/c background, which developed
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allergic diarrhea following allergen ingestion in comparable frequency to WT mice that were
subjected to a traditional OVA/Alum experimental model. Although it is possible — and even
likely - that WASP-deficiency in immune cells affects the outcome of food allergic responses in
vivo, our results demonstrate that such effects do not preclude the study of type I
hypersensitivity in this model. The absence of anaphylaxis after oral challenge is not surprising
as it is known to be particularly difficult to model in mice and also does not occur following

OVA/Alum sensitization and challenge of WT mice [21, 43, 44].

IgE-independent anaphylaxis has recently been recognized as a regulator of the severity
of anaphylactic reactions in humans [45]. Interestingly, spontaneous food allergy and food
anaphylaxis also develops in Was/-Fcerla/- mice demonstrating that IgE/FceRI-inflammatory
signals are not required for food sensitization. It is important to note that IgE/FceRI-
independency in this model does not mean that sensitization occurred without IgE-mediated
cell activation. In fact, MCPT1, a classical readout of IgE-mediated anaphylaxis [39], was
surprisingly high in FceRI-deficient animals without additional antigen challenge. This
observation indicates that food-antigen specific IgE result in FceRI-independent activation of
mast cells. One possibility is that IgE activates CD16 in Fcerla/- mice as previously described
[25]. Alternatively, but not mutually exclusively, the lack of survival signals via IgE/FceRI might
result in an unstable mast cell phenotype and more antigen- and immunoglobulin-independent
MCPT1 release [8, 46]. A contribution of food-specific IgG signals as triggers of spontaneous
sensitization is equally possible. In conclusion, studies on spontaneous food allergy in Was/-
Fcerla/- mice have the potential to provide a better understanding of IgE/FceRI-independent
mechanisms of sensitization and anaphylaxis. However, to address the question of whether
spontaneous sensitization can occur in a strictly IgE-independent fashion, it will be necessary to

generate IgE-deficient Was/- mice.

In summary, we have identified Was/- mice as an experimental tool to model
spontaneous food allergy. Sensitization to food antigens occurred in Was/- mice as well as WAS
patients and is directed against allergens relevant to common food allergy in humans. In
addition, polysensitization was observed in both Was/-mice and patients with food allergy.
Combined, the pathology of food allergy in Was/- mice supports their utility as a model of
allergic sensitization in humans. Studies of food allergy in WASP-deficient mice will likely reveal
new insights in to the etiology of human food allergy and inspire new therapeutic approaches

that interfere with spontaneous onset of this detrimental condition.
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Figure Legends

Figure 1. Polysensitization in patients with food allergy and Wiskott-Aldrich syndrome. Antigen
specificity profiling for common food allergens for (A) IgE and (B) IgG4 in serum from controls,

food allergic (FA), and Wiskott Aldrich syndrome (WAS) patients.

Figure 2. Adjuvant-based sensitization in WT and spontaneous sensitization Was/- mice. (A-B)
Sensitization strategies. (C) OVA-IgE, D, total IgE and %OVA-IgE of total IgE in OVA/alum
sensitized WT (squares), OVA-gavaged Was/- (gray circles), and littermates (open circles). E, IgE
on serum-loaded MCs. F, Degranulation after OVA- crosslinking. SEM, *p<0.05; **p<0.01;
*#*p<0.001; NS: not significant, ANOVA with Tukey’s multiple comparison test.

Figure 3. IgE effector responses in Was7- mice. (A) Allergic diarrhea after challenge with OVA or
BSA assessed with Fisher’s exact test. (B) Serum MCPT1 after oral challenge. (C) Mcptl mRNA
expression. SEM, *p<0.05; **p<0.01; ***p<0.001; NS: not significant as assessed by paired t-test
or Wilcoxon matched-pair rank test for intra-individual analyses (B), or ANOVA on log-

transformed data with Tukey’s multiple comparison test (C).

Figure 4. Systemic anaphylaxis in Was7- mice. (A) Core temperature of Was~/- mice after oral or
systemic challenge. (B) Anaphylaxis in Was/- mice after systemic challenge. (C) Kaplan-Meier
survival curves. (D), IgE-mediated mast cell degranulation in WT (open circles) and Was~/- MCs
(gray circles). Error bars depict SEM. *p<0.05; **p<0.01; ***p<0.001; NS: not significant; t-test
or Mann-Whitney U test.
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Figure 5. Adjuvant-free oral sensitization in FceRI-deficient animals. (A) Absence of surface on
Was/-Fcerla/- basophils. (B) Basophil numbers in Was/-Fcerla*/- (gray) and Was/-Fcerla/-
(black). (C) OVA-specific IgE and (D) IgG1 levels. (E) Serum MCPT1 in Was/-Fcerla*/-and Was-/-
Fcerla/- littermates compared to OVA/alum-sensitized Fcerla+/-or WT. Error depict as SEM.

*#%p<0.001; NS: not significant as determined by t-test.
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Actd 2 Kiwi
Anao2 Cashew nut
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Bosd 5 Cow's milk
Bosd 6 Cow's milk
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Bos d Lactoferrin Cow's milk
Cor a 1.0101 Hazelnut
Cor a 1.0401 Hazelnut
Corasg Hazelnut
Corag Hazelnut
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Gald3 Egg
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Glym 4 Soy bean
Glym5 Soy bean
Glym#s Soy bean
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Jugr2 Walnut
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Penm 1 Shrimp
Penm 2 Shrimp
Penm 4 Shrimp
Prup 1 Peach
Prup3 Peach
Tria14 Wheat
Tria 19.0101 Wheat
TriaaA_TI Wheat
A
~— Conventional food allergy model (adjuvant-based)
g ook 16 waoks
b D0 D7 Di4 D2 D38 D46
100 pg OVAin alum 50 mg OVAIPBS (200mgimi) by gavage 50 mg OVA
1p. sensitization Oral chaflenge Oral Ag challenge
B
-_— Spentaneous food allergy model (adjuvant-free)
" -
’ , Age 10 waeks b 17 wesks
b 4 Do D35 D4g
W —
-
e rrrrrrr T
=y 5 mg OVA/PES (25mgimi) by gavage 50 mg OVA or BSA
Oral sensiization Oral Ag challenge
OVA-specific IgE Total IgE OVA-specific IgE (% total IgE)
= wan NS
£ b N =E_w°° e oy 1::
= 10 ° £ ©
w e = 2 100 o0 5
= -5 o8 = B 60
o 1 w o
o @ o @
3 A E £
2 g10 % ° 3 8 B
§ o” 00 3 2 2
(=]

0.0

0-

O WT @ Was* @ WT OVA/alum

E F

Serum loading: Serum loading! / .‘-\ ) Antigen:
A )r )
. Was ‘ 4 OVA
Was J."N\ )
wr wrlEf R ——
% 1)
WT OVA/alum WT ovATalum e oua

This article is protected by copyright. All rights reserved.



>
os]
(@]

Allergic diarrhea Serum MCPT1 Intestinal Mcpt! mRNA
257 O Nodiarthea =3 %
2 | B Diarhea > &
g £ F
£ wen = s
G A E ¢
s g £
2 £ @
3 H H
z 8 &
o
Cnalenge OVA OVA BSA OVA e 0 g 0 © o
o Wer— WT 50mgOvVA 50mgOvA 50mgBSA 50 mgOVA
Was® QUAAIm O WT or Was" @ Was* BWT OVA/Alum
@ OVAgavage (50 mg) Systemic anaphylaxis Survival IgE-mediated activation
37 & OVALp. (500ug) ~ 3 = N 1 ________I___k__:‘;' N i o Wr
g £ = og-ank test p ® o Was*
s ] g 7w
~ 3 . 2 5 . 2 E] e
8 ¥ s £ 0 ° ° 3 B w NS
& s i b ]
< . - 2. } I g * . 8 ,E s
i e g ":, & === WT (n=5) d x
e - ° —— Was” (n=20) §
0 10 20 % 40 50 60 WT_ Was” 0 30 60 9 120 150 180 210 240 Y F % ® o 2o
Time (min) after challenge 500 g OVA Time (min) after challenge TNP-OVA dose (ng/mL)
B C D E
Surface IgE Blood basophils OVA-specific IgE OVA-specific IgG1 Serum MCPT1
108 wer 20 NS 3 10004 NS F 10000 =1 - T
) ] E —E —tey
~ 10% g b 2 100, . 2 1000, S °
w V or - - 0ge®
< 10 & og o B o] o T D c ﬁ:— opews
W o 19 % e E, es © & O
2w 2 o ‘g 1 %ee® € g Y
< W 32 % %o . g E -
2 3 s 3
Fcerta* Fcerta™ Feerta*" Foerla™ 9 Feerta* Feerta™ °© e Feerts® Feerta™ a Feerta* Fcerta® Fcer1a* Foerta®
Was” Was* Was* Was* Was™ WT OVA/alum

This article is protected by copyright. All rights reserved.



b3
m

Tatal gz Tat 1%
P AN L
= £
£ =
2 i
L EL
£ 5
& &
Tontrol A WAS Corral FA WAS

Figure 51: Total servm IgE and I9G in pedistric patients with food allsrgy and Wiskott-
Aldrich syndrome. [4) ELISAS for 1ol serum 1gE in WAS patients and age-malched
controls with (FA) or without (control) food allergy. (B) Total ssrum IgG. *p=0.05;
pe=D 00T NE nob significant as delermined by AMOWA with Tukey's mudfiple
companisons test on log-iransformed data.
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Figure 52: Anfigen-specific MC ian, D assays in responsa io

QWA afier losding of WT MG with serum of smilar 1otsl IgE evels ram spentanecusly
sensitized Was™ mice (dark gray bars) or OVA/slum-sensitzed WT animals (light gray
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ol ansphylasis
&

1
e Sy Ve

o hat e

Figure 53:; Comparison of allargic diarhea and oral anaphylaxis in different food allergy
modets (4) Occurrence of allergic diarmes atter oral challenge with OVA or Bovine
Serum Albumin [ESA) a5 an imelevant antigen contral. (B] Cral anaphylagis in OWVAflum
sensitized [gray squares) WT mice and DWA-gsvaged Was™ loray circles) o WT! Wes'
«controls {open circles).
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Figure S4: WASP is dispansable for generation of mast cells in vitro. Flow cytometric
analysis of in paraliel-cultured BMMCs from WT or Was™ CEVBLE or BALB/c mice. MCs
are gated as cKitFeeRI cellz.
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Figure 85: Food allergy in Was™Feerta™ animals. (A) Basophil gating strategy. (B)
Total IgE and (C) total food-specific 1gG1 levels in Was™Feerta' (gray circles) and
Was™Feerta™ littermates (black circles). (D) Systemic anaphylaxis. Bady temperature
and survival curves following systemic challenge with 500 pg OVA. Symbeols represent
individual mice. Emror bars depict SEM. ***p<0.001; M5: not significant as determined by
student t-test or ANOWVA with Tukey's multiple comparison test.
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