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Abstract
Background—Sensitization to food antigen may occur through cutaneous exposure.

Objective—Test the hypothesis that epicutaneous (EC) sensitization with food antigen
predisposes to IgE-mediated anaphylaxis upon oral allergen challenge.

Methods—BALB/c mice were EC sensitized by repeated application of ovalbumin (OVA) to
tape-stripped skin over 7 weeks, or orally immunized with OVA and cholera toxin (CT) weekly
for 8 weeks, then orally challenged with OVA. Body temperature was monitored and serum
mouse mast cell protease 1 (mMCP-1) level was determined following challenge. Tissue mast
cells (MCs) were examined by chloroacetate esterase (CAE) staining. Serum OVA-specific IgE
and IgG1 antibodies, and cytokines in supernatants of OVA-stimulated splenocytes, were
measured by ELISA. Serum interleukin-4 (IL-4) levels were measured using an in vivo cytokine
capture assay (IVCCA).

Results—EC sensitized mice exhibited expansion of connective tissue MC in the jejunum,
increased serum IL-4 levels, and systemic anaphylaxis following oral challenge, as evidenced by
decreased body temperature and increased serum mMCP-1 level. Intestinal MC expansion and
anaphylaxis were IgE-dependent, as they did not occur in EC sensitized IgE−/− mice. Mice orally
immunized with OVA+CT failed to increase serum IL-4 levels, expand their intestinal MCs, or
develop anaphylaxis following oral challenge, despite OVA-specific IgE levels and splenocyte
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cytokine production in response to OVA stimulation, which were comparable to those of EC
sensitized mice.

Conclusion—EC sensitized mice, but not mice orally immunized with antigen+CT, develop
expansion of intestinal MCs and IgE-mediated anaphylaxis following single oral antigen
challenge. IgE is necessary but not sufficient for food anaphylaxis, and MC expansion in the gut
may play an important role in the development of anaphylaxis.

Clinical Implications—The skin may be an important route of sensitization to food antigens.
Avoidance of cutaneous sensitization may prevent the development of food anaphylaxis.
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INTRODUCTION
Anaphylaxis to food results from IgE-mediated sensitivity to a food allergen. However, IgE
antibodies to foods can exist in individuals who can ingest the foods without the
experiencing anaphylaxis, 1 suggesting that factors other than IgE may be required. In many
cases, allergic reactions to foods occur upon the first known ingestion, suggesting that routes
other than the oral one may be important in sensitization. Epidemiologic data suggests that
sensitization to peanut protein may occur in children through the application of peanut oil to
inflamed skin, 2 consistent with the skin being an important route of allergen sensitization.

Altered skin barrier function in patients with AD is thought to promote cutaneous
sensitization to environmental antigens including food proteins, potentially leading to the
development of food allergies. Little is known about how to prevent the development of
food allergy in atopic patients, and presently there is no cure for it. Current therapy relies on
allergen avoidance and treatment of severe reactions with epinephrine. We have used a
mouse model of allergic skin inflammation with many features of AD 3, 4 to demonstrate
that EC sensitization, but not oral immunization, with the food antigen OVA results in IgE-
dependent expansion of intestinal MCs and IgE-mediated anaphylaxis following oral
challenge.

METHODS
Mice

BALB/c mice were purchased from Charles River Laboratories (Wilmington, MA). IgE−/−

mice on a BALB/c background were previously reported. 5 All mice were housed in a
specific pathogen-free environment and fed an OVA-free diet. All procedures were
performed in accordance with the Animal Care and Use Committee of Boston Children’s
Hospital.

Epicutaneous sensitization and oral immunization
EC sensitization of mice was performed as previously described. 3 Each mouse had a total of
three one-week exposures to OVA (grade V; Sigma, St. Louis, MO) applied as a patch to
tape stripped skin, separated by two-week rest intervals.

Oral immunization of mice was performed as previously described. 6 Briefly, 4–6 week old
mice were enterally (subsequently referred to as orally) immunized by gavage once a week
for seven weeks with 5 mg OVA and 10 µg CT (azide free; List Biological Laboratories,
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Inc, Campbell, CA) in 150 µl normal saline or placebo (10 µg CT alone in 150 µl normal
saline), using a ball-ended mouse feeding needle.

Induction and measurement of systemic anaphylaxis
At week 7 (EC sensitization model) or week 8 (oral immunization model), mice received a
bolus oral challenge with 100 mg OVA or intravenous challenge with 100 µg OVA.
Temperature changes were measured using DAS-6006 Smart Probe and transponders
(Biomedic Data Systems, Seaford, DE) injected subcutaneously. Mice were sacrificed at 60
minutes following challenge to collect serum and harvest tissues.

Serum antibody measurement
OVA-specific IgG1 and IgE levels were determined by ELISA as previously described. 3

In vitro cytokine production and proliferation assay
Spleen single cell suspensions were cultured at 2 × 106/ml in the presence of OVA (200 µg/
ml) for 96 hours as described previously. 7 Cytokine secretion in supernatants was measured
by ELISA per the manufacturer’s instructions (IL-4 and IFN-γ, eBioscience; IL-13, R&D
Systems, Minneapolis, MN). Splenocyte proliferation was measured by [3H] incorporation
after 72 hours of culture.

Serum mMCP-1 levels
mMCP-1 concentrations were measured in serum collected 1 day before and 60 minutes
following oral challenge by ELISA per the manufacturer’s instructions (eBioscience).

Histologic analysis of mast cells
Tissue specimens were fixed in 4% paraformaldehyde, embedded in glycomethyacrylate,
and sections were stained with chloroacetate esterase (CAE) for quantification of MCs, as
previously described. 8 Tissue sections were examined by investigators who were blinded to
the identities of the samples. MCs were counted in 10 high-power fields (HPFs) at a
magnification of 400×.

In vivo cytokine capture assay (IVCCA) assay for IL-4
IVCCA assay for IL-4 was performed as previously described. 9 Briefly, mice were
intravenously (i.v.) injected with 10 µg biotin-anti-IL-4 mAb (BVD6-24G2, eBioscience)
and bled 16 hours later. Serum IL-4 levels were determined by ELISA.

IL-4 mRNA expression in mesenteric lymph nodes (MLN)
Total RNA was extracted from homogenized MLN with RNAqueous extraction kit (Ambion
Inc). cDNA was generated with iScript cDNA synthesis kit (Bio-rad Laboratory).
Quantitative real-time PCR was done using Taqman Gene Expression Assay, universal PCR
master mix and the ABI Prism 7300 sequence detection system (Applied Biosystems). Fold
induction of IL-4 gene expression was calculated using the comparative method for relative
quantitation by normalization to the internal control β2-microglobulin, as described
previously.6

Statistical analysis
Statistical significance was determined using GraphPad Prism, version 4.0a (Graphpad
Software, La Jolla, CA). Statistical differences were calculated by Student’s t-test (between
two groups) and 2-way ANOVA (between curves). A P-value of <0.05 was considered
statistically significant.
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RESULTS
EC sensitization with OVA results in anaphylaxis following oral antigen challenge

WT BALB/c mice were subjected to three cycles of EC sensitization with OVA or saline as
control, then orally challenged with OVA the day after the last cycle of sensitization (Fig.
1A). EC sensitization with OVA resulted in the generation of OVA specific IgE and IgG1
antibodies (Fig. 1B), as previously published. 3, 10 Following oral challenge, mice EC
sensitized with OVA exhibited a significant decrease in core body temperature (Fig. 1C),
and significantly elevated serum levels of the β-chymase mMCP-1expressed in mucosal
MCs 8, 11, 12 compared to controls EC sensitized with saline (Fig. 1D). Oral challenge of EC
sensitized mice with saline caused no detectable changes in core body temperature or
mMCP-1 levels (data not shown). WT BALB/c mice EC sensitized with 100 µg peanut
extract over 7 weeks, then orally challenged with 100 mg peanut flour, also exhibited a
significant drop in temperature and an increase in serum mMCP-1 levels (Fig. E1). These
results indicate that cutaneous introduction of antigen promotes anaphylaxis and MC
degranulation following oral antigen challenge.

Anaphylaxis in EC sensitized mice is IgE-dependent
Both IgE and IgG1 antibodies can mediate anaphylaxis in mice. 12 We used IgE−/− mice to
examine the role of IgE in our model. Following EC sensitization with OVA, IgE−/− mice
exhibited comparable levels of OVA-specific IgG1 compared to WT mice (Fig. 2A), but no
detectable OVA-specific IgE (data not shown). IgE−/− mice EC sensitized with OVA failed
to decrease their body temperature (Fig. 2B) or increase serum mMCP-1 levels (Fig. 2C)
following oral OVA challenge. These results suggest that IgE is necessary for the
development of anaphylaxis in our model.

Oral immunization with OVA+CT does not result in anaphylaxis to oral challenge, despite
eliciting an IgE antibody response comparable to that elicited by EC sensitization

We have previously shown that oral immunization with OVA plus the mucosal adjuvant CT
(OVA+CT) elicits a robust Th2 dominated response to OVA with IgG1 and IgE antibodies. 6

We used this model to investigate whether a robust IgE antibody is sufficient for oral
anaphylaxis. WT BALB/c mice were orally immunized with OVA+CT or CT alone, as a
negative control, by weekly gavage for 8 weeks, then orally challenged with OVA (Fig. 3A).
Oral immunization with OVA+CT elicited detectable serum levels of OVA-specific IgE and
IgG1which were in the same range as those elicited by EC sensitization with OVA (Fig. 3B).
Unlike EC sensitized mice, orally immunized mice failed to decrease their body temperature
following antigen challenge (Fig. 3C). Serum levels of mMCP-1 modestly increased post-
challenge in mice orally immunized with OVA+CT (Fig. 3D), but were significantly lower
than in mice EC sensitized with OVA (mean 310.7 ng/mL and 4, 214.9 ng/mL, respectively,
P= 0.001). In contrast to their resistance to oral anaphylaxis, mice orally immunized with
OVA+CT readily underwent anaphylaxis to intravenous administration of OVA antigen, as
evidenced by a marked drop in body temperature (Fig. 3E). This decrease was comparable
to that observed following intravenous challenge of mice EC sensitized with OVA (Fig. 3F).
This result indicates that resistance of orally immunized mice to oral anaphylaxis is not due
to a generalized inability to undergo anaphylaxis. These results indicate that IgE antibody is
sufficient to cause oral anaphylaxis.

Th2 cytokines have been shown to play an important role in anaphylaxis, in part by
promoting MC expansion and activation. Splenocytes from orally immunized and EC
sensitized mice proliferated to a comparable extent in response to in vitro stimulation with
OVA (Fig. E2A) and secreted comparable amounts of the Th2 cytokines IL-4 and IL-13, as
well as the Th1 cytokine IFN-γ, which reciprocally regulates the effect of IL-4 on mast

Bartnikas et al. Page 4

J Allergy Clin Immunol. Author manuscript; available in PMC 2014 February 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



cells 13 (Fig. E2B–D). Furthermore, mRNA expression in the jejunum for IL-4, IL-13 and
IFN-γ was comparable in mice EC sensitized with OVA and mice orally immunized with
OVA+CT (data not shown).

Non-T-cells, including basophils and various populations of innate lymphoid helper cells,
secrete Type-2 cytokines. 14, 15 To assess IL-4 systemic output in vivo, we examined IL-4
serum levels and IL-4 mRNA expression in mesenteric lymph nodes (MLN). Serum IL-4
levels were significantly higher in mice EC sensitized with OVA than in mice EC sensitized
with saline (Fig. 4A). In addition, serum levels of IL-4 were significantly higher in mice EC
sensitized with saline than in unmanipulated controls. In contrast, there was no significant
increase in circulating IL-4 levels in mice orally sensitized with OVA+CT or saline+CT.
compared to unmanipulated controls. IL-4 mRNA levels were significantly higher in MLN
of mice EC sensitized with OVA compared to mice EC sensitized with saline (Fig. 4B). In
addition, IL-4 mRNA levels were significantly higher in MLN from mice EC sensitized with
saline than in MLN from unmanipulated mice. These results suggest EC sensitization is
associated with increased systemic output of IL-4 in vivo.

EC sensitization induces MC expansion in the jejunum
MCs play an important role in IgE mediated anaphylaxis. 12 We counted the number of MCs
in jejunum of BALB/c mice at the end of the 7-week EC sensitization period and in
unmanipulated BALB/c controls, by staining with CAE, an enzyme expressed in both
mucosal and submucosal MCs. 16 We detected a robust and significant increase in the
number of MCs in the jejunum of mice EC sensitized with OVA compared to
unmanipulated controls (Fig. 5A,B). Unexpectedly, mice EC sensitized with saline also
exhibited a robust increase in the number of jejunal MCs. There was no detectable increase
in jejunal MCs in mice orally immunized with OVA+CT or CT alone (Fig. 5A,B). The
expansion in MC numbers in the jejunum of EC sensitized mice occurred predominantly in
the submucosa. Analysis of MC numbers in CAE stained sections revealed a modest, but not
significant, 1.5–1.8 fold increase in the numbers of mucosal MCs in EC sensitized mice
(Fig. 5C). In contrast, there was a significant 2.7–3.2 fold increase in the numbers of
submucosal connective tissue MCs (CTMCs) in these mice (Fig. 5D). CTMCs in EC
sensitized mice did not express mMCP-1 (data not shown), suggesting that systemic
activation of mucosal MCs in various tissues was responsible for the increased serum levels
of mMCP-1 following oral challenge.

The increase in intestinal MCs in EC sensitized mice was selective. Consistent with previous
reports, EC sensitization with OVA, but not saline, resulted in a 2.4 fold increase in MC
numbers at the site of OVA sensitization 3 (Fig. E3A). However, there was no significant
increase in the number of MCs in the ears, spleens, tracheas, or lungs (Fig. E3B–E). These
results indicate that repeated tape-stripping of the skin, with or without application of
antigen, causes selective expansion of intestinal submucosal MCs.

The comparable intestinal MC expansion in mice EC sensitized with saline vs. OVA
prompted us to examine whether CTMC expansion in the gut was sufficient for IgE
dependent oral anaphylaxis. Intravenous (i.v.) administration on day-1 before challenge of 4
µg of anti-OVA-IgE per mouse to mice EC sensitized with saline did not result in
anaphylaxis in response to oral challenge with OVA (Fig. E4). In contrast, it resulted in
anaphylaxis following i.v. challenge with OVA (Fig. E4), indicating that the anti-OVA-IgE
we used was functional. These results suggest that factors other than the number of intestinal
MCs are also important for the development of oral anaphylaxis.
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Expansion of intestinal MCs is IgE-dependent
IgE plays an important role in MC homeostasis, and has been shown to drive MC expansion
and sustain the survival of mature MCs. 17 Histologic examination of the jejunum from
IgE−/− mice EC sensitized with OVA or saline revealed no significant increase in the
numbers of MCs compared to unmanipulated IgE−/− controls (Fig. 6). These results indicate
that IgE plays an essential role in driving the expansion of intestinal MCs in mice subjected
to repeated tape-stripping of the skin, with or without application of antigen.

DISCUSSION
We have demonstrated that EC sensitization with the food antigen OVA results in IgE-
mediated anaphylaxis following oral antigen challenge and IgE-dependent expansion of
intestinal MCs. These findings support the hypothesis that cutaneous sensitization to food
allergens plays an important role in the development of food allergy in humans, and that IgE
and intestinal MCs are critical to this pathology.

Mice EC sensitized by repeated application of OVA to tape-stripped skin underwent
anaphylaxis upon oral food challenge as evidenced by decreased body temperature and
increased serum levels of mMCP-1, indicative of mucosal MC degranulation. The
development of oral anaphylaxis in EC sensitized mice is in agreement with the results of
Hsieh et al. 10, who reported that oral challenge of mice EC sensitized with OVA according
to our protocol resulted in anaphylaxis with an increase in symptom score and serum
histamine levels.

Tape-stripping, which can be considered as a surrogate for scratching, disrupts the normal
skin barrier to antigens and elicits a local cutaneous inflammatory response.18 Thus, our data
is likely relevant to the potential cutaneous sensitization of children with AD, a disease
characterized by scratching of dry skin with a disrupted barrier, high incidence of food
specific IgE antibodies, and high prevalence of food allergies. 19, 20 The observation that
loss-of-function variants in the filaggrin gene are a significant risk for peanut allergy, 21

together with the known role of filaggrin in maintaining an intact skin barrier, 22 further
supports the relevance of our model to food allergy. In contrast to EC sensitization of tape
stripped skin, antigen uptake via intact skin downregulates the allergen-specific response in
previously sensitized mice. 23

The fact that EC sensitized mice anaphylaxed to a single oral challenge in an IgE-dependent
manner makes our model highly relevant to human IgE-mediated food anaphylaxis. In
previous reports of IgE mediated anaphylaxis in WT mice, 24, 25 the mice were i.p.
immunized, and systemic anaphylaxis, evidenced by a temperature drop, was observed in
only one of these reports, and required multiple oral challenges. We previously reported
IgE-dependent anaphylaxis in orally immunized IL-4Rα F709Y chain mutant mice in
response to a single oral challenge. The corresponding mutation in the human IL-4Rα
F709Y chain has not been described.

In contrast to EC sensitization, oral immunization with OVA+CT failed to elicit anaphylaxis
in response to food challenge. This is in agreement with several published studies on oral
immunization with a variety of antigens that include OVA, and peanut antigens using CT as
an adjuvant. 26–28 However, other groups have reported anaphylaxis following oral
challenge of mice orally immunized with OVA+CT.29, 30 Differences in the doses and
schedules of immunization, and in the intestinal flora may be important in determining
whether oral immunization leads to anaphylaxis. 31–33 It has been reported that antimicrobial
regimens promote anaphylaxis following oral immunization, possibly by modulating TLR
signaling by microbially derived TLR ligands or by altering cytokine production by T cells
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and the activity of Treg cells, 34, 35 which can suppress MC mediator release. 36

Nevertheless, under certain conditions of immunizations, CT could act both as an adjuvant
and a suppressor of anaphylaxis, possibly by promoting Treg cells.37–39

The failure of oral immunization to result in anaphylaxis to oral challenge despite induction
of OVA specific IgE antibody levels, which were comparable to those induced by EC
sensitization, clearly indicates that although IgE is necessary, it is not sufficient for the
development of food anaphylaxis. It is well established that many individuals, including
some patients with AD, have circulating IgE antibodies to foods but demonstrate no clinical
evidence of food allergy. 20 We have ruled out differences between the orally immunized
mice and EC sensitized mice in antigen-driven T cell production of IL-4, which promotes
IgE-mediated anaphylaxis. 40 However, circulating IL-4 levels, and IL-4 mRNA expression
in MLN, were significantly elevated in EC sensitized mice, but not in orally immunized
mice, suggesting that elevated systemic IL-4 output, which was associated with intestinal
CTMC expansion, may have played an important role in the oral anaphylaxis of EC
sensitized mice. Immunohistochemistry studies did not reveal differences in the numbers of
Foxp3+ Treg cells in the gut, and Foxp3 mRNA analysis revealed comparable levels in the
jejunum of EC sensitized and orally immunized mice (data not shown). However, further
studies are needed to assess the generation of OVA specific Treg cells in the two
immunization protocols.

MCs are important in food anaphylaxis. MC depletion by treatment with a c-kit monoclonal
antibody24 and treatment with the MC stabilizer cromolyn41 ameliorate food anaphylaxis in
mice. A major difference between EC sensitized and orally immunized mice was the marked
expansion in CTMCs in the jejunum of EC sensitized mice, which was not detected in their
orally immunized counterparts. The lack of MC expansion in the gut of orally immunized
mice may explain their resistance to anaphylaxis.

MC expansion in EC sensitized mice involved predominantly the submucosal MCs.
Furthermore, except for a modest 2.4 fold expansion of MCs in OVA sensitized skin sites,
there was no evidence of MC expansion in several other organs of EC sensitized mice. In a
recent study from our group, 28 mice carrying a gain of function mutation in the IL-4Rα
chain (Y709F) were found to be susceptible to develop food allergy after oral immunization
and had a modest expansion of MCs, which appeared to involve predominantly the mucosal
MCs and to be IgE independent. 28 The differential requirement for IgE in intestinal MC
expansion in the two models points to important differences. These may include differences
in responsiveness to IL-4 and routes of antigen sensitization. The observation that FcεRI
promotes survival of CTMCs but not mucosal MCs in vitro 42 supports our finding that IgE
is necessary for CTMC expansion.

Understanding the factors that drive the expansion of intestinal MCs in EC sensitized mice
is of critical importance in understanding food allergy. IgE is clearly one of these factors, as
intestinal MCs failed to expand in EC sensitized IgE−/− mice. However, IgE was not
sufficient for the expansion of intestinal MCs in mice orally immunized with OVA+CT.
IL-4 has a well-established known role in MC homeostasis.43, 44 Its elevation in the serum
and MLN of EC sensitized mice suggests that it may play a role in the intestinal expansion
of CTMCs in these mice.

Given the lack of MC expansion in other organs except the skin, MC expansion in the gut of
EC sensitized mice may be mediated by cells that traffic from skin to gut, which could
include dendritic cells and T cells. 6, 45 We previously reported that mechanical injury
caused by tape stripping induces TSLP production in the skin, and that DCs derived from
skin injured by tape stripping are programmed by TSLP to drive a Th2 response and migrate
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to MLN. 46 TSLP levels were elevated levels in EC sensitized skin (Fig. E5), and may have
contributed to the MC expansion in the intestine of EC sensitized mice. The precise nature
of the cells and the factors that mediate the skin to gut crosstalk that results in gut MC
expansion remains to be determined.

The finding that MCs underwent expansion in the jejunum of mice EC sensitized with saline
was unexpected. It could have resulted from the skin inflammation caused by tape-stripping,
which may have released cytokines and cells that promoted MC expansion in the gut or/and
from sensitization to environmental antigens (i.e. pathogens, proteins in mouse diet)
absorbed through tape-stripped skin. Experiments with germ free mice and mice maintained
on elemental diets should help distinguish between these possibilities.

During oral antigen challenge, antigen traffics across the intestinal epithelium in two
phases. 47 In phase 1, antigen transport occurs via the transcellular route in a MC-
independent manner and is likely mediated by CD23-dependent IgE-mediated uptake. 48, 49

In phase 2, which occurs several minutes later, massive antigen transport occurs via the
transcellular route, and this is dependent on FcεRI-mediated activation of MCs.
Degranulating MCs secrete a variety of mediators that can enhance intestinal permeability
which would promote systemic anaphylaxis. These include mMCP-1, which originates from
mucosal MCs and mMCP-4 which is derived from submucosal CTMCs. 33 Increased
intestinal MC expansion has been reported in adults with food allergy 50 and could underlie
the increased intestinal permeability in these patients. 33, 47

Our findings demonstrate that introduction of food antigen through the skin causes
expansion of intestinal MCs and predisposes to IgE-mediated anaphylaxis. Prevention of
cutaneous sensitization by allergen avoidance and aggressive skin barrier protection and
therapies targeted at limiting the expansion and activation of intestinal MCs may protect
against food allergies.
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Abbreviations

AD atopic dermatitis

CAE chloroacetate esterase

CT cholera toxin

CTMC connective tissue mast cell

EC epicutaneous

IL interleukin

i.p. intraperitoneal(ly)

i.v. intravenous(ly)

IVCCA In vivo cytokine capture assay

MC mast cell
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mMCP-1 mouse mast cell protease 1

MLN mesenteric lymph node

MMC mucosal mast cell

OVA ovalbumin

WT wild-type
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Figure 1. EC sensitization with OVA results in anaphylaxis following oral OVA challenge
A. Experimental protocol. B. OVA specific IgE and IgG1 levels. C. Core body temperature
after challenge. D. Serum mMCP-1 levels pre and 60 min post challenge. n=8–20 mice/
group. Columns and bars represent mean and SEM. * P <0.05, *** P <0.001. ns = not
significant.
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Figure 2. Anaphylaxis following oral OVA challenge in EC sensitized mice is IgE-dependent
A. OVA specific IgG1 in EC sensitized IgE−/− mice and WT controls. B. Core body
temperature after oral OVA challenge. C. Serum mMCP-1 level pre and 60 min post
challenge. n=4–10 mice/group. Columns and bars represent mean and SEM. *** P <0.001.
ns = not significant.
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Figure 3. Response of orally immunized mice to antigen challenge
A. Experimental protocol. B. OVA-specific IgE and IgG1. C. Core body temperature after
oral challenge. D. Serum mMCP-1. E, F. Core body temperature after i.v. challenge. n/
group= 10–12 in A-D and 4 in E, F. Columns and bars: mean and SEM. ** P<0.01, *** P
<0.001. ns = not significant.
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Figure 4. Increased IL-4 serum levels in EC sensitized mice
A. Serum levels of IL-4 determined by IVCCA. B. IL-4 mRNA levels in MLN determined
by quantitative PCR. Columns and bars represent mean and SEM.* P <0.05, *** P<0.001.
ns = not significant.
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Figure 5. Expansion of submucosal MCs in the jejunum of EC sensitized mice
A. CAE staining of jejunum from EC sensitized and orally immunized mice. Magnification
200X, Inset 400X. B–D. Total (B), mucosal (C), and submucosal (D) MCs in jejunum of EC
sensitized, orally immunized, and unmanipulated mice. n= 5–10 mice/group. Columns and
bars: mean and SEM. Statistical significance was calculated relative to unmanipulated
group. * P <0.05, ** P <0.01.
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Figure 6. Expansion of intestinal MCs in EC sensitized mice is IgE-dependent
Quantitation of MCs in CAE stained jejunal tissue sections from EC sensitized IgE−/− mice
and unmanipulated IgE−/− controls, n= 5 mice/group. Columns and bars represent mean and
SEM.
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