Food antigen causes Ty2-dependent
enteropathy followed by tissue repair
in T-cell receptor transgenic mice
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Background: Clarification of the mechanisms underlying the
development of food-sensitive intestinal inflammation will
provide an important clue to combating food allergies.
Objective: To establish a model of intestinal inflammation
caused by oral administration of antigen without additional
treatments, we focused on the ovalbumin (OVA) 23-3 T-cell
receptor transgenic mouse, which had been reported to have
high serum antigen-specific IgE responses to the feeding of an
egg white diet.

Methods: Changes in body weight of mice fed an egg white diet
were monitored throughout the 28-day experimental period.
After the 28-day feeding, intestinal tissues were harvested for
histologic examination. Endogenous production of cytokines
and histamine in the jejunum, and production of cytokines
secreted by OVA-specific CD4™ T cells purified from mesenteric
lymph nodes, were analyzed.

Results: Egg white diet—fed OVA23-3 mice developed weight
loss and inflammation with villous atrophy and goblet cell
hyperplasia, especially in the jejunum. A further characteristic
feature was evidence of weight recovery and tissue repair.
Jejunal inflammation was also observed in egg white diet—fed
recombination activating gene (RAG)-2—-deficient OVA23-3
mice. In addition, tissue sections revealed significant infiltration
of specific IgE-positive cells and IgE-positive degranulating
mast cells. Higher levels of IL-4 and significant levels of
histamine were detected in the tissues. In the supernatant of
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OVA-stimulated T cells, IL-10 levels were also markedly
elevated.

Conclusion: We report that high-dose and continuous intake
of primitive OVA alone induces enteropathy containing regions
under repair in OVA23-3 mice. Antigen-specific T cells and
inflammatory cells primed by T2 responses play important
roles in regulation of development and improvement of the
disease.

Clinical implications: Long-term antigen intake causes Ty2-
dependent and food-sensitive enteropathy followed by tissue
repair. (J Allergy Clin Immunol 2006;117:1125-32.)

Key words: T-cell receptor transgenic mouse, food-sensitive intesti-
nal inflammation, ovalbumin, food antigen intake, antigen-specific
T cells, IgE, mast cell, Ty2, histamine, tissue repair

Several animal studies have been performed to clarify
mechanisms underlying gastrointestinal hypersensitivities
or allergies caused by food-derived antigen and to enhance
progress toward diagnostic and/or protective measures
against them."” In mouse models of food-sensitive
intestinal inflammation, there are numerous examples of
IgE-independent3'7 and IgE-dependent models®'® but
few of mixed models. Until now, almost all models have
been established by using adjuvant-associated antigens,
injection of drugs concurrent with dietary antigen, or
microbial flora—associated antigen to promote systemic
or local sensitization initially and to overcome antigen-in-
duced oral tolerance.” However, these procedures do not
clarify how the intestinal immune system regulates the
induction of tolerance or of food-sensitive intestinal
inflammation.

Our previous studies of food allergy prompted us to
develop a mouse model of intestinal inflammation.''-'*
We focused on the transgenic mouse with a T-cell
receptor (TCR) recognizing ovalbumin (OVA) residues
323-339"% as a means of amplifying immunologic reac-
tions to orally administered antigens without using adju-
vant or other agents, because the mouse has been
reported to have specific-IgE responses to the 28-day
oral feeding with an egg white (EW) diet.'* We have
noticed that these mice had a trend toward loose feces
after commencing the EW diet. Thus, we analyzed the
histology of their mucosal and immunologic tissues
and succeeded in developing a novel and unique mouse
model.
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Abbreviations used
AB: Alcian blue
BALB-mice: BALB/c mice
CN: Casein
CNB: Casein diet-fed BALB/c mice
DFS: Direct fast scarlet
EW: Egg white
EWB: Egg white diet—fed BALB/c mice
EWR: Egg white diet—fed RAG-2—deficient
BALB/c mice
FITC: Fluorescein isothiocyanate
MLN: Mesenteric lymph nodes
OVA: Ovalbumin
PAS: Periodic acid-Schiff
TB: Toluidine blue
TCR: T-cell receptor
Tg-mice: Ovalbumin 23-3 mice

METHODS

Animals

Ovalbumin 23-3 mice transgenic for OVA323-339—specific and
I-A%restricted TCR-a8 (Va3/VB15) on a BALB/c genetic back-
ground were kindly provided by S. Habu (Tokai University School
of Medicine).'® These mice were crossed with recombination activat-
ing gene (RAG)-2—deficient BALB/c-mice (BALB-mice) to establish
RAG-2—deficient OVA23-3 mice (Tg-mice). Animals were main-
tained in the Hoshino Animal Center (Chiba, Japan). Male mice
were used because female mice did not show clear weight changes.
Male BALB-mice were purchased from Clea Japan Inc (Tokyo,
Japan). They were housed under specific pathogen-free conditions.
Guidelines formulated by the University of Tokyo were followed
for the care and use of animals.

Ovalbumin administration

Seven-week-old male Tg-mice, RAG-2—deficient BALB-mice,
RAG-2—deficient Tg-mice, and BALB-mice were divided into
experimental groups as indicated both in figures and figure legends
and administered for 28 days with a range of experimental diets:
CE2-diet (Clea Japan Inc), EW diet, OVA diet, or casein (CN) diet
(Funabashi Farm, Funabashi, Japan). The composition of experimen-
tal diets is indicated in the Online Repository at www.jacionline.org.
By feeding EW diet and OVA diet, it is calculated that a mouse con-
sumes about 250 mg OVA per day. During the experimental period,
the weight of each mouse was measured every 4 or 7 days. After the
28-day feeding, tissues were taken from each mouse for further anal-
ysis. Sera were obtained before and after feeding and stored at
—80°C. Concentrations of serum total IgE and OV A-specific IgE,
1gG;, and IgG,, were analyzed by ELISA and estimated as
described previously.'*

Histologic analysis

Longitudinal sections of intestinal tissue (3 cm) were taken from
the duodenum, the jejunum (11 cm distal to duodenum), the ileum
(the superior part of cecum), and the colon (proximal and distal),
respectively. Tissues were opened longitudinally, fixed in 10%,
formalin and embedded in paraffin. Sections 3 or 5 wm thick were
prepared and stained with hematoxylin and eosin for morphologic
analysis, direct fast scarlet (DFS) to analyze eosinophils, periodic
acid-Schiff (PAS)—Alcian blue (AB) for visualization of goblet cells,
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and Toluidine blue (TB) to detect mast cells. Parameters and numbers
of mice used for quantification of intestinal tissue inflammation
are indicated in the Online Repository at www jacionline.org. For
analysis of inflammation by scanning electron microscopy, jejunal
sections were fixed in 2.5% glutaraldehyde and coated with gold.
Electron micrographs of these specimens were scanned by using an
S-3500N scanning electron microscope (Hitachi, Tokyo, Japan) and
stored for subsequent observation and analysis.

Immunohistochemical staining

Jejunum sections, 1 cm in length and 4 cm distal to duodenum,
were mounted in optimal cutting temperature compound (Tissue-tek;
Sakura, Tokyo, Japan). Cryosections (6 wm thick) were fixed with
acetone at —20°C. After rehydration with PBS, sections were blocked
overnight with antimouse CD16/CD32 Ab (2.4G2; Pharmingen, San
Diego, Calif) at 4°C and stained overnight with fluorescein isothiocy-
anate (FITC)—conjugated rat antimouse IgE (R35-72; Pharmingen)
or biotinylated rat antimouse IgE (R35-72; Pharmingen) at 4°C.
Biotinylated sections were incubated with streptavidin—horseradish
peroxidase (ZYMED, South San Francisco, Calif) followed by
DAB (Sigma, St Louis, Mo). IgE-positive mast cells were detected
by further counterstaining with TB. To detect ovalbumin-specific
IgE, FITC-labeled sections were further stained with biotinylated
OVA followed by streptavidin—Texas red (Roche, Tokyo, Japan).

Histamine and cytokine levels in whole
gut tissue homogenates

Four-centimeter sections of the jejunum immediately distal to the
duodenum were collected and processed according to the method of
van Halteren et al.'> Homogenates were centrifuged and supernatants
used for determination of histamine levels by HPLC (Post-Colum
Reaction Systems; Waters Co, Milford, Mass).16 To study the endog-
enous production of IFN-y, IL-4, and TNF-o, 6-cm sections of the
jejunum located 5 cm distal to the duodenum were collected and
processed. Protein lysates of the jejunum were prepared with a cock-
tail of proteinase inhibitors and centrifuged. Supernatants were
collected and concentrations of IL-4 and IFN-y assessed by ELISA
as described previously.'* The OptEIA ELISA Set was used for
TNF-o analysis according to the manufacturer’s instructions
(Pharmingen). Histamine and cytokine contents were standardized
to the weight of jejunum tissue in each sample.

Cell culture and cytokine measurements

Mesenteric lymph node (MLN) lymphocytes isolated from each
mouse fed with the CN diet or EW diet were pooled for each
experimental group. MLN CD4 " T cells were positively identified by
using anti-CD4 mAb conjugated to immunomagnetic beads and
selected using a MACS cell separation system (Miltenyi Biotec,
Bergish Gladbach, Germany) according to the manufacturer’s proto-
col. The proportion of MLN CD4 ™ T cells was more than 94% in each
analysis. The MLN CD4" Tcells (1 X 10° cells/well) were added to
96-well flat-bottom plates and cultured in the absence or presence of
OVA (1 mg/mL) with mitomycin-treated splenocytes as antigen-
presenting cells (4 X 10° cells/well) in complete RPMI 1640.
Supernatants were collected 48 hours later and cytokine concen-
trations measured by ELISA (IFN-vy, IL-4, IL-2, and IL-5). The
OptEIA ELISA Set was used for TNF-a and IL-10 analysis as
described.

Statistical analysis

Results are presented as the means = SDs. Weight change was
analyzed by using the Fischer’s Protect Least Significant Difference
test of multiple comparisons. The Mann-Whitney U test was used for
nonparametric analysis of levels of serum antibodies, histamine or
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FIG 1. A, Weight loss in EW diet-fed Tg-mice. (*P < .05). B, Increase in serum OVA-specific antibodies in EW
diet-fed Tg-mice. These data represent 4 independent experiments containing 3 to 6 mice in each group.
C, Increase in total IgE in EW diet-fed Tg-mice. In B and C, O and bars indicate antibody titers for each mouse

and the means, respectively. (¥*P < .01).

cytokine production, and the numbers of inflammatory cells in the in-
testine. Differences were considered statistically significant for
values of P < .05.

RESULTS

Feeding of EW diet induces wasting diseases
and hyperproduction of serum antibody
in Tg-mice

Feeding Tg-mice with the EW diet caused loose feces
(see this article’s Fig El in the Online Repository at
www.jacionline.org). Body weight changes from day O
revealed that EW diet—fed Tg-mice (Fig 1, A: EW) failed
to thrive from day 4, whereas from day 10 through day 28,
weight loss was significant compared with control groups
showing normal growth. However, body weights showed
a tendency to recover after the initial loss. Control groups
were composed of CE2 dietfed Tg-mice (data not
shown), CN diet—fed Tg-mice (Fig 1, A: CN), EW diet—
fed BALB-mice (Fig 1, A: EWB), and CN diet—fed
BALB-mice (Fig 1, A: CNB), respectively. There were
no significant differences in volumes of experimental
diet consumed by mice in each group (data not shown).

As shown in Fig 1, B, OVA-specific IgE was detected
in some (but not all) EW diet—fed Tg-mice (Fig 1, B:
EW). Extensive induction of OVA-specific IgG; and
high levels of OVA-specific IgG,, were detected in
EW diet-fed Tg-mice compared with control groups
(Fig 1, B: CN, EWB, and CE, CE2-diet-fed Tg-mice).

All of the EW diet—fed Tg-mice (Fig 1, C: EW) showed
significant total IgE responses compared with control
group (Fig 1, C: CN).

Villous morphologic changes in the jejunum
of EW diet-fed Tg-mice

Analysis of intestinal histology indicated that inflam-
mation associated with morphologic changes was
particularly noticeable in sections of the jejunum from
EW diet—fed Tg-mice (Fig 2, A: EW). Changes to the
jejunal tissue consisted of a thickened muscular layer,
crypt elongation, and villous atrophy, associated with
goblet cell hyperplasia and increased numbers of Paneth
cells. However, the severity of inflammation varied from
animal to animal in the 28-day feedings: inflammatory
regions were identified on all sequential segments in
some Tg-mice (Fig 2, A: EW-Jejunum; and Fig 2, B:
EW1), and in discrete areas of sequential segments in
others (partial villous atrophy, Fig 2, B: EW2). The sever-
ity of inflammation showing partial villous atrophy was
moderate in general. A characteristic histologic feature
in this inflammatory process is villous blunting of the
mucosa. Villous blunting without significant inflammatory
cell infiltration as indicated in these panels is considered
to represent a moderate degree of inflammation under mu-
cosal repair. Thus, these panels provide morphologic
evidence of repair (Fig 2, B: EW3). PAS-AB staining
confirmed excess mucus in EW diet-fed Tg-mice (Fig 2,
B: EWI1-PAS, PAS-AB-stained EW1).
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FIG 2. A, Intestinal inflammation detected in EW diet-fed Tg-mice. B, Detailed jejunal inflammation. EW1,
EW2, and EW3 are panels from 3 different mice. C, Jejunal inflammation detected in EW diet-fed RAG-2—
deficient Tg-mice (EW). EW1, EW2, and EW3 are panels from 3 different mice.

The duodenum and ileum from Tg-mice with severe
inflammation in the jejunum also exhibited inflammation,
which in most cases was less severe than that of the
jejunum (Fig 2, A). Severe morphologic changes were not
observed in the large intestine, although half of the sec-
tions from EW diet—fed Tg-mice (7 of 14 animals) showed
polymorphonuclear leukocyte infiltration into the villous
site of the lamina propria, particularly in the distal colon.

In OVA diet—fed Tg-mice, similar weight loss, in-
creases in serum specific antibody titers, and inflammatory
responses were observed (Fig 2, B: OVA; see also Figs E2,
A, and E2, B, in the Online Repository at www jacionline.
org). This result indicated that the OVA diet has the
same effects on the mouse as the EW diet, thereby
showing that purified OVA, and not other components
contained in EW, was the cause of the inflammation.
Alterations to the intestinal mucosa could not be found
in control groups (Fig 2, A: CE, CE2 diet-fed Tg-
mice; Fig 2, B: CN, CN diet-fed Tg-mice; EWB, EW

diet—fed BALB-mice, ovalbumin and CN diet—fed BALB-
mice, data not shown).

We further analyzed the histology of EW diet—fed
RAG-2—deficient Tg-mice. In these mice, severe weight
loss (data not shown) along with jejunal inflammation
were also observed (Fig 2, C: EW1, EW2, and EW3), but
not in control groups (Fig 2, C: CE, CE2 diet—fed RAG-2—
deficient Tg-mice; CN, CN diet—fed RAG-2—deficient Tg-
mice; EWR, EW diet-fed RAG-2—deficient BALB-mice).
RAG-2—deficient Tg-mice with developed disease are de-
fective in local and serum IgE responses because of lack of
mature B cells (data not shown),'” and thereby have only
OVA-specific T cells. On the other hand, RAG-2—defi-
cient BALB-mice with undeveloped disease lack both
mature B cells and T cells. The results thus indicate that
specific T cells are indispensable in development of wast-
ing disease and its pathogenesis in EW diet—fed Tg-mice.

The severity of the morphologic changes was reflected
by the significant decrease in the villous height to crypt
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depth in EW diet—fed Tg-mice. Scanning electron micro-
graphs confirmed the results of hematoxylin and eosin
staining experiments (see this article’s Figs E3 and E4 in
the Online Repository at www.jacionline.org).

Predominant T2 responses in EW diet-fed
Tg-mice

Local cytokine production analysis in the jejunum
showed higher levels of IL-4 but undetectable levels of
IFN-v (data not shown) in EW diet—fed Tg-mice (Fig 3, A:
EW). IFN-y was also not detected in the control group
(CN diet—fed Tg-mice; data not shown). Significant differ-
ences in TNF-a production were not observed between
EW diet-fed and CN diet—fed Tg-mice (Fig 3, A: CN).

The cytokines of OVA-specific CD4" T cells from
MLN indicated significantly higher levels of IL-4 and
IL-10 but significantly lower levels of IFN-y production
were detected in EW diet—fed Tg-mice (Fig 3, B: EW)
compared with CN diet-fed Tg-mice (Fig 3, B: CN).
IL-5 was below levels of detection in both groups.
TNF-a and IL-2 production was significantly induced
in CN diet—fed Tg-mice, whereas in EW diet—fed Tg-
mice, both cytokines were at lower levels. Similar but
lower production of cytokines of whole lymphocytes
and undetectable levels in cells other than CD4™ T cells
obtained from MLN (data not shown) suggested that
secretion of these cytokines depends on OVA-specific
CD4" T cells in MLN.

Predominant infiltration of IgE-positive mast
cells into the jejunum of EW diet-fed Tg-mice

We next investigated whether the higher titer of serum
IgE responses in EW diet—fed Tg-mice was reflected in the
prominent jejunal responses. IgE-positive mast cells, as
well as other IgE-positive cells, predominantly infiltrated
into the lamina propria near crypts or into submucosa of
the jejunum of these mice (Fig 4, A: EW). Extensive de-
granulation was detected in most IgE-positive mast cells.
Many of the IgE-positive cells in the villous lamina prop-
ria were predicted to be IgE-secreting plasma cells by fur-
ther staining with antibody for CD138 (data not shown).
An important result was detection of OV A-specific IgE-
positive cells in the jejunum of EW-diet-fed Tg-mice
(Fig. 4B), whereas IgE-positive cells and degranulation
of mast cells were absent in the jejunum of control group
(Fig4, A and C: CN, CN diet—fed Tg-mice). Furthermore,
local histamine levels in jejunal tissue of EW diet—fed
Tg-mice (Fig 4, C: EW) were significantly increased
compared with those of CN diet—fed Tg-mice, even there
was considerable variation within each group. Thus, orally
administered OVA induced mast cell degranulation trig-
gered by binding of specific IgE to mast cells. The
IgE-positive mast cells may therefore function by secret-
ing large amounts of histamine. Analysis of paraffin
embedded sections confirmed predominant infiltration of
mast cells into the jejunum and distal colon of EW diet—
fed Tg-mice compared with controls (see this article’s
Figs E5 and E6 and Results in Online Repository at
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FIG 3. A, T42 polarized endogenous cytokine levels detected in the
jejunum tissue from EW diet-fed Tg-mice. B, T2 polarized cyto-
kines secreted by OVA-specific MLN CD4™ T cells from EW diet-
fed Tg-mice (¥*P < .05). The number of mice used in each group
is indicated in brackets; results are representative of 2 independent
experiments, respectively.

www.jacionline.org), and the numbers were quantified
(Fig 5).

Other inflammatory responses in
EW diet—fed Tg-mice

Participation of eosinophils or polymorphonuclear
leukocytes in the inflammation process is indicated in
the section ‘“‘Aggregation of eosinophils in the lamina
propria of the jejunum and distal colon and crypt abscess
formation in the jejunum observed only in EW diet—fed
Tg-mice” (see this article’s Results and Figs E7 and E8 in
Online Repository at www.jacionline.org). The average
number of eosinophils aggregated in the villous lamina
propria of the jejunum of EW diet—fed Tg-mice (Fig 6:
EW) was significantly greater than that in control groups
(Fig 6: CN, CN diet-fed Tg-mice; EWB, EW diet—fed
BALB-mice). Inflammatory responses in other immu-
nologic tissues and in tracheal tissue from EW diet—fed
Tg-mice are described in the Methods and Fig E9 in the
Online Repository at www.jacionline.org.
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FIG 4. A, Mast cells bind IgE and degranulate in EW diet-fed Tg-mice. Arrows indicate IgE-positive and de-
granulating mast cells. B, Intestinal OVA-specific IgE detection in the jejunum of EW diet-fed Tg-mice. b-OVA,
biotinylated OVA stained; IgE, FITC-labeled IgE-stained; OVA-IgE, double-stained with b-OVA and FITC-IgE.
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C, Jejunal histamine levels. O, values of each mouse; —, means of the data. *P < .05).
DISCUSSION

We have successfully developed a unique animal
model that undergoes weight loss in response to oral
administration of OVA alone. The intestinal tissue of this
animal model exhibits loss of villous architecture to-
gether with a characteristic feature of tissue repair, where
specific IgE and degranulating IgE-positive mast cells, as
well as antigen-specific T cells, were functional.
Pathological changes were similar to results of studies
on tissues collected from patients with food-sensitive
enteropathy,'®?! in that an increase in mucosal IgE se-
creting plasma cells and degranulating mast cells in the
jejunum were described.”® In addition, in relation to
the large intestine, although this model lacked features
such as diarrhea and morphologic changes observed in
other models of food-induced colitis,>” the pathology
was consistent with that examined in tissues from pa-
tients with intestinal food allergies.21 The deficiency in
our model may be the absence of bacterial stimulation

to initiate severe inflammation in the large intestinal im-
mune system.

Pathological changes similar to those described by us
showing loss of villous architecture in tissue from the
ileum have been reported by Dohi et al,”> who used a
TCR-deficient mouse model to which IFN-y—deficient
CD45RB"2" T cells were transferred. In our model, estab-
lished in an antigen-specific manner, it is unlikely that
CD45RB™E" T cells would play a role in the development
of inflammation. Also, inflammation in the model by Dohi
et al** was detected at a different site from ours. However,
wasting disease and villous atrophy are common results,
and Dohi et al** further elucidated the significance of
Ty?2 cell responses. Thus, for our model, it is also consid-
ered that wasting disease and villous atrophy induced
by feeding the EW diet would probably be mediated
by significant Ty2-polarized responses. In food allergy
reactions, Ty2 skewing has been demonstrated.
However it remains unclear whether the Ty2-type immune
response stimulated by feeding with food allergens could
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FIG 5. Quantification of mast cells predominantly infiltrating into
the intestinal tissues of EW diet-fed Tg-mice (EW) compared with
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explain the development of enteropathy observed in pa-
tients.'® Although this is 2 mouse model, the current study
is significant in showing that food-sensitive enteropathy
relates to Ty2-dominant responses. Further detailed stud-
ies are needed to examine the involvement of IL-5 and IL-
13 in our model, considering the eosinophil aggregation
in villi and changes detected in the trachea.”’

The most significant novel aspect of our model was that
the histologic changes demonstrated a more complex
pathology, as indicated particularly by the observation of
the unsuccessful repair of injured tissues with marked
infiltration of degranulating IgE-positive mast cells. The
results of IgE-positive mast cell responses induced by
food antigen intake can also be compared with findings
reported by Brandt et al. 1% In their model, upregulation of
OVA-specific Ty2-type responses by using aluminum
hydroxide after oral administration of ovalbumin induced
transient diarrhea dependent on IgE responses. This effect
was induced by serotonin, not by histamine produced by
mast cells. In contrast, elevated responses of serum and
local IgE and the marked manifestation of mast cells in
EW diet—fed Tg-mice in our study did not correlate with
symptoms of diarrhea or the severity of villous atrophy.
Furthermore, we have observed that even after an aller-
gen-free period, oral readministration of either the EW
diet or OVA itself to mice having higher levels of serum
OV A-specific IgE did not cause diarrhea (data not shown).
In addition, 10-day feeding with EW diet seemed to in-
duce severe crypt elongation and goblet cell hyperplasia
in all EW diet—fed Tg-mice (see this article’s Fig E10:
EW1 and EW2, in the Online Repository at www.jacion-
line.org). During this period, serum total IgE showed sig-
nificantly low levels compared with those of the 28-day
feeding.'* Therefore, in contrast with the study by
Brandt et al,m the dramatic infiltration of mast cells and
IgE in our model for the 28-day feeding seemed to involve
either the regulatory effect of histamine on Ty2 cells, or
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FIG 6. Quantification of eosinophils aggregated in the villous
lamina propria of the jejunum from EW diet-fed Tg-mice. The
number of mice used in each group is indicated in parentheses.
(*P < .01).

the predictive roles of IgE for oral tolerance binding to
high expression of FceRI on oral Langerhans cells,***
rather than the injurious responses.

Actually in our system, the protective cytokine IL-10
was markedly produced in MLN CD4 ™ T cells. Also, in-
duction of oral tolerance has paradoxically been reported
in spleen T cells from Tg-mice fed the EW diet for 28
days.26 Thus, it is possible that the intestinal tissue, after
exposure to an EW diet for 28 days, reflects a state of
partial suppression of the injurious T2 responses, thereby
causing the villous blunting or partial villous atrophy and a
tendency to weight recovery. However, feeding times lon-
ger than 28 days, during the period serum IgE maintained
higher levels, did not completely resolve inflammation in
all mice, although the reason remained unclear (see this ar-
ticle’s Fig E10: EW3 and EW4, in the Online Repository
at www.jacionline.org). Further study of this animal
model is expected to shed light on the mechanisms of
Ty2-associated humoral and cellular activation in food-
sensitive intestinal inflammation, thereby opening new
possibilities for the treatment of food allergies involving
tolerance induction.
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