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Oral immunotherapy (OIT) is a promising treat-
ment of food allergy. To administer an appropriate
oral dose of an allergenic component as OIT to indi-
viduals sensitized with a food allergen may prevent
inducing food allergic inflammation in them. So we
attempted to establish a mouse model to evaluate
efficacy for oral administration of food allergen
after sensitization. In BALB/c mice sensitized by
injecting ovalbumin (OVA) with alum twice, OVA
was administered before inducing inflammation by
feeding the mice with egg white (EW) diet. Severe
inflammatory responses, such as enteropathy, weight
loss, IL-4 production, and increase of IgE antibody
levels, were suppressed by administration with 4 mg
of OVA 7 times before feeding EW diet. OVA
administration alone induced a slight Th2 response,
but no symptoms. The current study demonstrated
that severe food allergic enteropathy could be pre-
vented by pre-administration with appropriate dose
of OVA to sensitized mice.

Key words: allergen immunotherapy; food allergy;
immunologic sensitization; oral adminis-
tration

Food allergy is a growing public health problem and
it sometimes threatens life of patients.1) Oral
immunotherapy (OIT) is noted as promising approach
for food allergy. Recently, the causative allergenic com-
ponent in a food allergen has been well explored and
used for diagnostics for food allergies.2) OIT has been
applied to food allergic patients, but the treatment may
cause severe allergic responses including diarrhea,
vomiting, anaphylactic shock, and so on. Recently, a
clinical study of primary prevention of egg allergy

using pre-administration of egg powder for infants with
eczema was reported.3) They indicated that the trial
was effective in prevention of egg allergy without side
effects to high-risk infants with eczema (participants)
concluding sensitized infants, not showing allergic
symptoms, but having high titer of serum IgE. It was
suggested that the efficacy was obtained by technical
superiority of the trial, i.e., to use heated egg-powder,
not raw egg, to use a two-step protocol starting with a
low and safe dose (50 mg powder per day), and to
maintain skin care for eczema. However, in spite of
accumulation of the evidence in preventive effects of
OIT for egg allergy in addition to previous evidence
for peanut allergy,4) the mechanism of the efficacy
remains unknown. So we attempted to establish a
mouse model of egg allergy to evaluate the efficacy of
pre-administration of OVA, a major component of EW,
and the mechanisms of OIT in the sensitized case.
Previously, we have established a mouse model for

food allergy exhibiting intestinal inflammation, Th2
response and weight loss with increase in serum oval-
bumin (OVA)-specific IgE levels.5) This model sensi-
tized with intra-peritoneal injection of OVA with alum
causes food allergy by subsequent feeding EW-diet
containing OVA. In this study, we examined whether
previous oral administration of an appropriate dose of
OVA could prevent severe symptoms of food allergy
using this model.

Materials and methods
Animals. Female BALB/c mice were purchased

from Clea Japan Inc (Tokyo, Japan). All experiments
were performed in accordance with guidelines for the
care and use of laboratory animals of the University of
Tokyo.
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Experimental schedule. BALB/c mice (six-week-
old) were sensitized with 50 μg OVA with 1 mg of alum
(Imject® Alum; Pierce Biotechnology Inc., Rockford,
IL, USA) in PBS by intraperitoneal injection on day -19
and -7. From day 0, every other day for 14 days, mice
were divided into two groups (n = 8 each) and adminis-
trated 4 mg OVA in 200 μL saline (OVA group; 20 mg/
mL) or saline only (control group). From day 14, 2
groups of mice (n = 5 each) were fed with EW diet
containing egg white protein as its protein source
(Funabashi farm, Funabashi, Japan) for inducing food
allergic inflammation during 6 days. On day 14 (3
mice/group) and 20 (5 mice/group), mice were sacrificed
for analysis of IgE antibody level, cytokine production,
cell proliferation and histology (Fig. 1(a)).

Cell culture for analysis of cytokine production and
cell proliferation. Spleen (SPL) and mesenteric
lymph node (MLN) lymphocytes of mice were pooled
in each experimental group and CD4+ T cells purified

(>95%) using MACS cell separation system (Miltenyi
Biotec, Bergisch Gladbach, Germany). For measure-
ment of cytokines, CD4+ T cells (4 × 105 cells/well)
were cultured with mitomycin C-treated BALB/c
splenocytes as antigen-presenting cells (8 × 105 cells/
well), and different concentrations of OVA in 96-well
plates using RPMI 1640 medium containing 5% FCS.
Culture supernatants were collected for cytokine mea-
surements 72 h later. Cytokine concentrations (IL-2, IL-
4, and IFN-γ) were evaluated by ELISA as described
previously.6) For measurement of cell proliferation, triti-
ated thymidine (18.5 kBq/well) was added to plates
cultured for 72 h. After 24 h, cells were harvested by
Micro96 Cell Harvester (Skatron Instruments Inc.,
Sterling, VA, USA), and incorporation of tritirated
thymidine was counted by 1450 Microbeta® TriLux
(Perkin Elmer Wallac Inc., Gaithersburg, MD, USA).

Histological analysis for intestine. Harvested jeju-
num were fixed with 10% formalin, and embedded in

Fig. 1. Weight loss by EW-diet-feeding was rescued by OVA-feeding after sensitization in a food allergy model.
Notes: (a) experimental schedules for sensitization and administration of OVA in a food allergic model. BALB/c mice were sensitized by two i.p

injections of OVA + alum. Seven days after the second immunization, mice were administrated OVA orally seven times every other day for two
weeks. From the next day of the last administration, mice were fed with EW-diet. (b) Weight change was measured from day 0 (upper panel) and
day14 (lower panel). *p < 0.05, showing results of statistical analysis between the OVA and the saline group. †p < 0.05, ††p < 0.01, showing
results of statistical analysis of weight change during the course of EW-diet-feeding.
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paraffin. Embedded tissues were sliced to 5 μm thick
sections, and stained with hematoxylin and eosin for
histological analysis.5) The ratio of villous height to
crypt depth was analyzed as typical and quantitative
parameter of enteropathy as described previously7) in
the analyses after EW feeding.

IgE antibody level. OVA-specific IgE antibody
titers in sera were measured by ELISA. Immunoplates
were coated with rat anti-mouse IgE antibody (BD
Pharmingen, San Jose, CA, USA). Sera and standards
were added after blocking with BSA. Specific antibody
levels were detected by biotinylated OVA, followed by
streptavidin–alkaline phosphatase and enzyme substrate
(p-nitrophenylphosphate).

Statistical analysis
Results were shown as mean ± SD. The Mann-Whit-

ney U test was used for serum IgE analysis. The Stu-
dent t test was used weight change, cytokine
production, and villous height/crypt depth ratio analy-
sis. Difference was considered significant at p < 0.05.

Results
Weight loss by EW-diet-feeding was rescued by OVA-

feeding after sensitization in a food allergy model
We investigated whether food allergy symptoms

were suppressed by oral administration of OVA using
our OVA/alum-sensitized food allergic mice model. In
our model, food allergic symptoms were induced by
EW-diet-feeding. So we examined whether oral admin-
istration of OVA after immunization with OVA/alum
had efficacy for suppressing food allergy elicited by
subsequent EW-diet-feeding. Brandt et al. have reported
that oral administration of 10 mg OVA induced diar-
rhea using OVA/alum-sensitized mice.7) Thus, we spec-
ulated that oral administration of OVA with lower
doses may rather suppress food allergic symptoms
without inducing symptoms by itself. We firstly exam-
ined whether oral administration of 1 or 2 mg OVA
before EW-diet-feeding suppressed food allergic symp-
toms using our mouse model. But we could not
get stable results of suppressed weight loss by
OVA-feeding (data not shown).

When we administrated repeated doses of 4 mg OVA
to OVA/alum-sensitized mice (OVA group) before EW-
diet-feeding (Fig. 1), similar to the saline group, the
OVA group did not show any weight loss during period
of pre-treatment with OVA administration (from day 0
to 14). Compared with the body weight on day 14, sig-
nificant weight loss was observed by EW-diet-feeding
in the saline group, but not in the OVA group. These
results indicate that oral administration of 4 mg OVA
have the potential of suppressing food allergic
symptoms in our model.

OVA-feeding enhanced IL-4 production but not
weight loss, IgE antibody levels and intestinal
inflammation

To evaluate whether pre-administration of OVA
would affect immune responses of the mice, we next

investigated CD4+ T cell cytokine production in SPL
and MLN, serum IgE antibody levels and intestinal
inflammation in the mice of the OVA group and saline
control group on day 14 before inducing inflammation.
IL-4 productions of OVA group in both SPL
(*p < 0.05) and MLN (**p < 0.01) were significantly
higher than that of saline group (Fig. 2(a)). IFN-γ pro-
duction increased in the SPL, but not in local MLNs,
indicating activation of T cells was systemically pro-
moted by pre-administration of OVA (*p < 0.05). IgE
antibody production tended to be elevated in the OVA
group, but was not significantly different compared to
the control group (Fig. 2(b)). Intestinal inflammation
was not observed in control groups and was minimal in
the OVA group (Fig. 2(c)). Typical signs of inflamma-
tion, such as villous branching, crypt elongation, thick-
ened muscular layer, and goblet cell hyperplasia were
not observed, but goblet cell infiltration into the muco-
sal epithelium was slightly induced by OVA adminis-
tration. These results indicate that oral administration
of 4 mg OVA induced Th2 response but did not induce
allergic symptoms.

IL-4 production and IgE antibody response after
feeding of EW diet was suppressed by OVA-feeding
We next examined whether oral administration of

4 mg OVA influenced the Th2 inflammatory responses
elicited by EW-diet-feeding. The IL-4 production of
OVA group was significantly lower compared to that
of the control group in both SPL and MLN (*p < 0.05
[SPL] **p < 0.01 and ***p < 0.001 [MLNs], Fig. 3(a).
The CD4+ T cell proliferative response was also lower
in the OVA group than that of the control group
(Supplemental Fig. 1). IFN-γ and IL-2 production were
significantly inhibited in SPLs of OVA group
(**p < 0.01), and the productions in MLNs of both
groups were similarly maintained at lower levels in
response to different concentrations of OVA. The
low production in MLNs was the result of EW-diet-
feeding, and was not significantly affected by
pre-administration of OVA The serum OVA-specific
IgE level of the OVA group was significantly lower
than that of saline group (Fig. 3(b)). The histology
analysis showed that the OVA group had milder
enteropathy without crypt elongation and thickening of
submucosa compared with severe enteropathy in the
saline group (Fig. 3(c)). To estimate quantitatively
morphological changes (crypt elongation, villous atro-
phy, and goblet cell hyperplasia) of the jejunum of the
two groups after EW-diet-feeding (OVA-treated and
saline-treated), we measured villous height and crypt
depth as a typical parameter for monitoring morphol-
ogy in more than 10 randomly selected villi per
mouse, calculated the ratio (villous height to crypt
depth), and evaluated the inflammatory changes of the
jejunum. The ratio significantly increased in EW-fed
OVA-group than that in EW-fed saline group, showing
the inflammatory changes observed in EW-fed control
group was resolved by OVA administration in OVA-
group mice (Fig. 3(d)). These data indicate that oral
administration of 4 mg OVA has the ability of
suppressing systemic and local Th2 response, weight
loss and enteropathy elicited by EW-diet-feeding.
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Discussion

OIT may be utilized not only for food allergic
patients but also for prevention of allergy in sensitized
individuals. If oral immunotherapy with continuing
administration of lower dose of allergens could be
established for sensitized individuals, it would be pos-
sible for them to avoid inducing allergic symptoms at
later intake of allergen, and it may become a new
form of immunotherapy.3) In this study, we investi-
gated the efficacy of OVA as a component of EW for
OIT after sensitization using the OVA/alum food
allergic enteropathy model. Our data indicated that

multiple 4 mg OVA administrations to OVA-sensitized
mice had the ability to suppress Th2 inflammatory
responses, and weight loss elicited by EW-diet-feeding.
Weight loss was the major symptom in this allergy
model, likely induced by both Th2 inflammation and
impaired absorption. Although a slight Th2 response
was induced during OVA administration, symptoms
were not elicited. The EW-diet used in this study con-
tains 10% OVA which results in approximately
200 mg daily intake of OVA. Our results indicated that
a small amount of component administration before
ingesting a large quantity of the same antigen could
induce tolerance. Repetitive moderate stimulation of T

(a)

(b) (c)

Fig. 2. Cytokine response, IgE antibody levels and intestinal histology analysis of OVA-administrated mice.
Notes: (a) CD4+ T cells of SPL and MLN were incubated with antigen-presenting cells and OVA. IL-2, IL-4, and IFN-γ in culture supernatants

were measured by ELISA. Data are shown as mean ± SD of cultured wells. (b) Serum IgE titer were measured by ELISA. (c) Jejunal histologic
analyses by hematoxylin and eosin stain. These data represent 2–3 independent experiments. *p < 0.05, **p < 0.01, #, not detected.
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cells may have led to T cell tolerance. This model
should be useful for establishing the protocol like
PETIT3) and elucidating the mechanisms of OIT in
sensitized individuals. Some previous studies
have evaluated the efficacy of OIT in mouse models

of food allergy after sensitization and before
allergen challenge.8–10) However, these studies have
not focused on the effects of the OIT procedure
alone and/or have evaluated effects on immediate
hypersensitivity.

(a)

(b) (c) (d)

Fig. 3. Effects of oral administration of OVA on the cytokine response, IgE titer and intestinal inflammation after EW-diet-feeding.
Notes: (a) CD4+ T cells of SPL and MLN were incubated with antigen-presenting cells and OVA. IL-2, IL-4, and IFN-γ in culture supernatants

were measured by ELISA. Data are shown as mean ± SD of cultured wells. (b) Serum IgE titer were measured by ELISA. (c) Jejunal histologic
analyses by hematoxylin and eosin stain. (d) The ratio of villous height to crypt depth was analyzed. These data represent 2–3 independent experi-
ments. *p < 0.05, **p < 0.01, ***p < 0.001, #, not detected.
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In the study of Brandt et al., diarrhea was induced
by intragastric challenge of 10 mg OVA after sensitiza-
tion.11) We also checked effects of 10 mg OVA admin-
istration in our sensitized model, and diarrhea was
induced at the second and seventh 10 mg OVA feeding
(data not shown). In the present study, OVA adminis-
tration of 4 mg dose to sensitized mice did not induce
symptoms by itself, and attenuated enteropathy elicited
by subsequent EW-diet-feeding. Although it may
appear that weight gain of the OVA group was sup-
pressed from day 0 to 14, there was no significant dif-
ference between OVA and saline groups, and in a
repeated experiment, weight gain was observed in the
OVA group during this period. Nevertheless, there is a
possibility of a slight allergic reaction that did not
result in symptoms as suggested by significant IL-4
production of spleen and MLN cells in the OVA group
(Fig. 2). The administration of doses lower than 4 mg
after sensitization (1 or 2 mg, data not shown) did not
result in stable effects. Our interests are concentrated
on differences among detailed responses induced by
administration of 1 or 2 mg, that of 4 mg, and that of
10 mg of OVA. Moderate Th2 activation followed by
slight allergic reaction without inducing symptoms, but
not insufficient or excess activation, may be required
for efficient and safe induction of tolerance,12) as
shown in current results. Although the exact mecha-
nisms are unknown, the activated Th2 cells may be
anergized or clonally deleted by repetitive antigen stim-
ulation, followed by subsequent induction of regulatory
T cells. Thus, for OIT, appropriate choices of antigen
dose depending on patient’s conditions such as sensiti-
zation should be important. To clarify markers exhib-
ited by appropriate stimulation with oral-administered
allergens in each high-risk infant or patient, we should
compare and examine biochemical and immunological
mediators or responses to different doses of OVA (1, 2,
4, and 10 mg) by using this mouse model hereafter.

In this study, we demonstrated that severe food aller-
gic enteropathy and IgE responses could be attenuated
by pre-administration with appropriate dose of OVA in
an OVA-sensitized model. As indicated in egg or pea-
nut allergy, studies of efficient prevention for sensitized
or high-risk infants of food allergy by OIT are now
emerging. Our mouse model showing efficacy of pre-
administration after sensitization could contribute to
development of safe and effective OIT for sensitized
individuals and the elucidation of mechanisms.
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Supplemental Fig. 1. SPL and MLN CD4+ T cell proliferation after EW-diet-
feeding. 
　　　　CD4+ T cells were incubated with antigen presenting cells and OVA. 
Tritiated thymidine was added to culture, and incorporation into the cells 
was measured by a beta counter. *p < 0.05. **p < 0.01. 	
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