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Genetic susceptibility to food allergy is
linked to differential TH2-TH1 responses
in C3H/HeJ and BALB/c mice

Vivian Morafo, PhD,* Kamal Srivastava, MPhil,* Chih-Kang Huang, MS,

Gary Kleiner, MD, PhD, Soo-Young Lee, MD, Hugh A. Sampson, MD, and

Xiu-Min Li, MD New York, NY

Background: Although food allergy is a serious health prob-
lem in westernized countries, factors influencing the develop-
ment of food allergy are largely unknown. Appropriate murine
models of food allergy would be useful in understanding the
mechanisms underlying food allergy in human subjects.
Objective: We sought to determine the susceptibility of differ-
ent strains of mice to food hypersensitivity.
Methods: C3H/HeJ and BALB/c mice were sensitized to cow’s
milk (CM) or peanut by means of intragastric administration,
with cholera toxin as a mucosal adjuvant. Mice were then
challenged with CM or peanut. Antigen-specific IgE levels,
anaphylactic symptoms, plasma histamine levels, and spleno-
cyte cytokine profiles of these 2 strains were compared.
Results: CM-specific IgE levels were significantly increased
only in the C3H/HeJ strain, 87% of which exhibited systemic
anaphylactic reactions accompanied by significantly increased
plasma histamine levels in response to challenge. BALB/c mice
exhibited no significant CM-specific IgE response, increased
plasma histamine levels, or anaphylactic symptoms. After
peanut challenge, 100% of peanut-sensitized C3H/HeJ mice
exhibited high levels of peanut-specific IgE and anaphylactic
symptoms. In contrast, no hypersensitivity reactions were
detected in BALB/c mice, despite the presence of significant
serum peanut-specific IgE levels. Splenocytes from CM- and
peanut-sensitized C3H/HeJ mice exhibited significantly
increased IL-4 and IL-10 secretion, whereas splenocytes from
BALB/c mice exhibited significantly increased IFN-�secretion.
Conclusion: Induction of food-induced hypersensitivity reac-
tions in mice is strain dependent, with C3H/HeJ mice being
susceptible and BALB/c mice being resistant. This strain-
dependent susceptibility to food allergy is associated with dif-
ferential TH2-TH1 responses after intragastric food allergen
sensitization. (J Allergy Clin Immunol 2003;111:1122-8.)

Key words: Murine strains, food allergy susceptibility, TH2-TH1
cytokines

Food allergy, which affects approximately 6% to 8%
of children less than 3 years of age and approximately
2% of the US population,1 is now the leading cause of
anaphylactic reactions treated in hospital emergency
departments in westernized countries.2 Because of the
prevalence of food allergy and the frequency and severe
consequences of food-induced anaphylactic reactions,
food allergy research is receiving increased attention.
However, the factors responsible for the development of
food allergy remain unknown.

It is estimated that the human gastrointestinal tract
processes up to 2 tons of food during a lifetime,3 and
although the majority of persons experience no adverse
reactions (oral tolerance), food allergy develops in a
small percentage of the population. Although it is
thought that genetic susceptibility plays a role in the
development of food allergy and Sicherer4 found a sig-
nificantly higher rate of concordance for peanut allergy
among monozygotic twins, the genetic factors related to
the development of food allergies have not been eluci-
dated. Identification of genetic factors predisposing to
allergic diseases is notoriously difficult because of dif-
ferences in diagnostic criteria used to define the allergic
phenotypes, variable onset of disease, causative hetero-
geneity, heterogeneity of environmental factors, and dif-
ferences in ethnic background.5 In addition, it is virtual-
ly impossible to prospectively study the development of
food allergy in human subjects.6

It has long been recognized that there is great similar-
ity between human and murine immune systems in most
of the important mechanisms,7 such as TH1 and TH2
responses,8,9 involved in allergic responses. In mice an
allergic phenotype can be created under controlled envi-
ronmental conditions and within defined genetic back-
grounds, and because there is a large variety of homozy-
gous inbred strains, cross-breeding allows segregation
analyses of polygenic traits. In addition, there are a large
number of immunologic reagents available to study the
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murine immune response, and increasing numbers of
knock-out and transgenic strains provide valuable tools
to isolate various immunologic responses. These features
make murine models particularly attractive for the study
of genetic factors involved in allergic disorders.
Although passive cutaneous anaphylactic reactions have
been used to study differences between different strains
of mice in susceptibility to allergy,7 strain differences in
susceptibility to food allergy have not been defined.
Determining genetic contributions to food allergy sus-
ceptibility in different strains of mice by using intragas-
tric sensitization and challenge, which mimics human
food allergy, should be extremely useful in facilitating
our understanding of food allergy in human subjects.

Food allergy is defined as adverse reactions to food
caused by immunologic mechanisms.10 We previously
generated murine models of IgE-mediated cow’s milk
allergy (CMA) and peanut allergy (PNA) by using
C3H/HeJ mouse intragastric sensitization and challenge,
an effective mucosal adjuvant, and optimal antigen sen-
sitization and challenge doses.11,12 In these models intra-
gastric challenge of sensitized mice provoked anaphylac-
tic symptoms and histamine release. Mice with CMA and
PNA also exhibited significantly increased antigen-spe-
cific serum IgE levels. These models mimic human CMA
and PNA both physiologically and immunologically. In
our initial studies for generating a murine model of
CMA, we tested several strains of mice, including
BALB/c, AKR/J, CBA/J, and C3H/HeJ. Unlike C3H/HeJ
mice, we were unable to induce CMA in BALB/c or
AKR/J mice and induced only a minimal reaction in
CBA/J mice after the same cow’s milk (CM) sensitiza-
tion-challenge regimen used for C3H/HeJ mice (data not
shown), showing variable genetic susceptibility to food
allergy in mice, as in human subjects. In the present
study we focused on C3H/HeJ and BALB/c mice to fur-
ther characterize the susceptibility to food allergy
because previous publications11-13 and our preliminary
study showed that C3H/HeJ mice were sensitive to food
allergy, but BALB/c mice, a commonly used strain in
models of allergic diseases induced by systemic antigen
sensitization, were not.14,15 We compared the suscepti-
bility of these 2 strains to induction of CMA, the most
common food allergy in human subjects, and PNA,
which provokes the most severe reactions in human sub-
jects, and found that C3H/HeJ mice had CMA and PNA
reactions, whereas BALB/c mice exhibited no hypersen-
sitivity reactions when subjected to the same CM and
peanut sensitization-challenge regimens. To determine
the immunologic mechanisms underlying this strain-
dependent susceptibility to food allergy, we measured
splenocyte cytokine production and found that IL-4 and
IL-10, but not IFN-�, production was significantly
increased in C3H/HeJ mice, whereas IFN-�, but not IL-4
or IL-10, production was significantly increased in
BALB/c mice. These results suggest that genetic vari-
ables, which appear to be at least in part caused by dif-
ferential cytokine responses, influence the development
of food allergy.

METHODS

Animals and reagents

Three- to 5-week-old mice purchased from Jackson Laboratories
were housed in a pathogen-free environment in the animal facility
at Mount Sinai School of Medicine. Guidelines for the care and use
of the animals were followed (“Guide for the Care and Use of Lab-
oratory Animals,” National Institute of Health publication no. 86-
23, as revised).16

Homogenized CM and ground whole peanut were used for sen-
sitization, as described previously.11,12 Purified CM proteins (Ross
Laboratories) and crude peanut extract were prepared as described
previously17 and used for ELISA and in vitro cell cultures. Cholera
toxin (CT) was purchased from List Biological Laboratories, Inc.
dinitrophenyl conjugated with BSA was purchased from Sigma.
Polyclonal antibodies (sheep anti-mouse IgE and biotinylated don-
key anti-sheep IgG) for IgE measurement by means of ELISA were
purchased from the Binding Site, Inc. ELISA kits for cytokine mea-
surements were purchased from Pharmingen. Anti-dinitrophenyl
IgE was purchased from Accurate Scientific, Inc.

Antigen sensitization and challenge by

means of oral administration

Three-week-old female C3H/HeJ and BALB/c mice (n = 5-9 per
group) were intragastrically sensitized with homogenized CM
(equivalent to 1 mg/g body weight CM proteins)-CT adjuvant (0.3
�g/g body weight), as described previously,11 and boosted weekly
for 5 weeks. Six weeks after the initial sensitization, all mice were
challenged intragastrically with homogenized CM equivalent to 33
mg per mouse of CM proteins.

We previously found that peanut is more allergenic than CM,
regardless of dose, because sensitization of mice less than 3 weeks
old is required to generate CMA, whereas 5-week-old C3H/HeJ
mice can be sensitized to peanut and had PNA after a 5-week sensi-
tization-challenge protocol.12 In a preliminary study this protocol
did not induce anaphylactic reactions in BALB/c mice but did induce
peanut-specific IgE (unpublished data). In this study we used a more
rigorous protocol for peanut sensitization. Briefly, 5-week-old
C3H/HeJ and BALB/c mice (n = 5-9 per group) were sensitized
intragastrically with 10 mg of equivalent peanut protein with CT (20
�g per mouse) in 0.5 mL of PBS-containing 1.5% NaHCO3 and
boosted 5 times with the sensitization dose at weekly intervals and
an additional 2 boostings at 2-week intervals with 50 mg of equiva-
lent protein-CT. Mice were challenged intragastrically with 50 mg of
equivalent peanut protein at week 14 after the initial sensitization.
Mice were fasted for 2 hours before each oral sensitization and
boosting and challenge. Naive mice served as control animals.

Measurement of systemic anaphylactic

responses and plasma histamine levels

Systemic anaphylactic reactions were scored from 0 to 5 accord-
ing to symptoms observed 30 minutes after CM or peanut challenge,
as described previously.11,12 Blood was collected 30 minutes after
the second intragastric challenge. Plasma was prepared as previous-
ly described.11,18 Plasma histamine levels were measured by using a
Histamine Immunoassay kit (Immunotech, Beckman Coulter Com-
pany) according to the manufacturer’s protocol. All assays were per-
formed in duplicate, and histamine standards were run in duplicate.

Measurement of antigen-specific serum IgE

Blood was drawn at times of sensitization-boosting and 1 day
before challenge. Sera were frozen at –80°C until analyzed. CM-
and peanut-specific IgE levels were determined by means of
ELISA, as described previously.11,12
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Spleen cell cultures and cytokine level

measurements

Thirty minutes after challenge and recording of anaphylactic
response scores, mice were killed, and spleens from each group
were removed and pooled. Single splenocytes were prepared by
mincing the spleens with 2 sterile slides (Fisher Scientific), lysing
of RBCs with lysing buffer (Sigma Chemical Co), and passaging
through a cell strainer (Becton Dickinson and Co). After extensive
washing, cells were suspended in complete cell culture medium
(RPMI 1640 containing 10% FCS and 1% penicillin-streptomycin).
Splenocytes (4 � 106/mL per well) from CM-sensitized mice and
naive mice were cultured in 24-well plates in the presence or
absence of purified CM proteins (200 �g/mL), and supernatants
were collected 48 hours later. Splenocytes (4 � 106/mL per well)
from peanut-sensitized mice and naive mice were cultured in 24-
well plates in the presence or absence of crude peanut extract (200
�g/mL), and supernatants were collected as described previous-
ly.11,18,19 Cytokines were measured by using an ELISA kit accord-
ing to the manufacturers’ instructions.

Statistical analysis

The Student t test was performed for comparison between 2
groups (C3H/HeJ vs BALB/c mice or sensitized-challenged mice vs
naive mice) if the data passed the normality test. The Mann-Whit-
ney rank sum test was used to analyze the difference between 2
groups (C3H/HeJ vs BALB/c mice or sensitized-challenged mice vs
naive mice) if the data failed the normality test. We computed the
required sample per group; for 80% power, by using a 2-tailed test
at the 0.05 level on the basis of our preliminary study, 4 to 5 mice
per group were required. Data are presented as means and SEM. P
values of less than .05 were considered statistically significant.

RESULTS

Induction of CM-specific IgE synthesis and

CMA reactions by means of oral sensitiza-

tion and challenge

After oral CM-CT sensitization, CM-specific IgE lev-
els were monitored kinetically. CM-specific IgE levels
were markedly increased in C3H/HeJ mice compared
with in naive mice at the time of challenge at week 6.
CM-specific IgE levels in BALB/c mice, however, were
only slightly greater than those of naive mice (Fig 1, A).

Because increased plasma histamine levels reflect
mast cell degranulation and are one of the major media-
tors of anaphylactic reactions, we measured plasma his-
tamine levels after oral CM challenge. Plasma histamine
levels were increased in sensitized C3H/HeJ mice (Fig 1,
B) but not in BALB/c mice, in which plasma histamine
remained at baseline levels (Fig 1, B).

Anaphylactic reactions after ingestion of allergenic
foods are the hallmarks of immediate food hypersensitiv-
ity. CM-sensitized C3H/HeJ and BALB/c mice and naive
mice were challenged with CM to evaluate the influence
of genetic background on hypersensitivity reactions.
Anaphylactic reactions were observed in 87% of
C3H/HeJ mice (median score, 1.8; Table I). In contrast,
no reactions were observed in CM-sensitized BALB/c
mice or naive mice of either strain. The anaphylactic
reactions in C3H/HeJ mice were associated with
increased plasma histamine levels. These results demon-

A B

FIG 1. A, Levels of serum CM-specific IgE. Sera from each group were collected at several time points after
CM-CT sensitization. CM-specific IgE levels were determined by means of ELISA. Data are presented as
means ± SEM of each group of mice (n = 5-9). *P < .05 versus BALB/c. B, Plasma histamine levels. Plasma
was obtained 30 minutes after CM challenge, and plasma histamine levels were determined by using an
enzyme immunoassay kit. Data are presented as means ± SEM. ***P < .001 versus BALB/c mice.

TABLE I. Induction of CMA reactions after CM oral challenge

Strain Sensitization (intragastric) Challenge (intragastric) No. of anaphylactic reactions (%) Score (median)

C3H/HeJ CM + CT CM 7/9 (78) 1.8
C3H/HeJ — CM 0/5 (0) —
BALB/c CM + CT CM 0/5 (0) —
BALB/c — CM 0/5 (0) —
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strate that C3H/HeJ mice, but not BALB/c mice, had
CMA in response to CM sensitization-challenge.

Induction of peanut-specific IgE synthesis

and PNA reactions by means of oral

sensitization and challenge

Because peanut is more allergenic than CM in murine
models of food-induced hypersensitivity,20 we next
determined whether BALB/c mice could be sensitized
with the more allergenic food protein peanut by use of a
more rigorous sensitization-boosting protocol. We found
that peanut-specific IgE levels were markedly increased
at week 6 after peanut sensitization-boosting in C3H/HeJ
mice (Fig 2, A). Additional boosting further increased
peanut-specific IgE in C3H/HeJ mice, which peaked at
week 12. IgE levels were also increased at week 6 in
BALB/c mice and further increased after this more rigor-
ous sensitization-boosting protocol, but they were signif-
icantly lower than in C3H/HeJ mice at each time point (P
< .001 at weeks 6 and 14 and P < .01 at week 12 vs lev-
els in BALB/c mice).

Histamine levels were markedly increased after peanut
challenge of peanut-sensitized C3H/HeJ mice (P < .001;
Fig 2, B). As expected, 100% of C3H/HeJ mice had ana-
phylactic symptoms (median score, 2.8) after intragastric
peanut challenge (Table II). In contrast, despite significant
levels of peanut-specific IgE at the time of challenge at
week 14, plasma histamine levels in BALB/c mice
remained at baseline levels (Fig 2, B), and no symptoms
were observed in BALB/c mice (Table II). These results

demonstrated that BALB/c mice did not have PNA reac-
tions, even when a strongly allergenic protein was admin-
istered and a more rigorous sensitization protocol was used.

Cytokine responses to CMA and PNA

sensitization protocols

IL-4 levels were significantly increased in CM-sensi-
tized C3H/HeJ splenocyte culture supernatants but only
negligibly increased in supernatants of splenocyte cul-
tures from BALB/c mice (P < .001; Fig 3, A). In contrast,
IFN-�levels were negligible in C3H/HeJ splenocyte cul-
tures but markedly increased in BALB/c cultures (P <
.001; Fig 3, B). IL-4 and IFN-� production by peanut-
sensitized C3H/HeJ and BALB/c splenocytes followed
the same pattern as CM-sensitized C3H/HeJ and BALB/c
splenocytes (Fig 3, D and E); that is, IL-4 production by
C3H/HeJ splenocyte cultures was significantly higher
and IFN-� production was significantly lower than in
splenocytes from BALB/c mice. We also measured IL-
10, a classical TH2 cytokine, which is also believed to be
involved in induction of oral tolerance21 and downregu-
lation of the allergic response.22 We found that spleno-
cytes from CM- and peanut-sensitized C3H/HeJ mice
released significantly more IL-10 than splenocytes from
BALB/c mice (P < .01; Fig 3, C and F). Therefore it
appeared that increased IL-10 was associated with induc-
tion of CMA and PNA, increased IL-4 production, and
decreased IFN-�production in this model. These findings
are in accord with those of a recent study, which also
found increased IL-10 levels in C3H/HeJ mice after
intragastric peanut sensitization.13

A B

FIG 2. A, Levels of serum peanut-specific IgE. Sera from each group were collected at several time points
after peanut-CT sensitization. Peanut-specific IgE levels were determined by meas of ELISA. Data are pre-
sented as means ± SEM of each group of mice (n = 5-9). **P < .01 and ***P < .001 versus BALB/c mice. B,

Plasma histamine levels. Plasma was obtained 30 minutes after peanut challenge, and plasma histamine
levels were determined by using an enzyme immunoassay kit. Data are presented as means ± SEM. ***P <
.001 versus BALB/c mice.

TABLE II. Induction of PNA reactions after peanut oral challenge

Strain Sensitization (intragastric) Challenge (intragastric) No. of anaphylactic reactions (%) Score (median)

C3H/HeJ Peanut + CT Peanut 9/9 (100) 2.7
C3H/HeJ — Peanut 0/9 (0%) —
BALB/c Peanut + CT Peanut 0/5 (0%) —
BALB/c — Peanut 0/5 (0%) —
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DISCUSSION

In this study we determined susceptibility of C3H/HeJ
and BALB/c mice to induction of CMA and PNA.
C3H/HeJ mice had significant levels of antigen-specific
IgE after sensitization and high levels of plasma hista-
mine accompanied by anaphylactic reactions in response
to challenge with CM. In contrast, BALB/c mice showed
only a slight CM-specific IgE response to CM sensitiza-
tion, and neither increased plasma histamine levels nor
anaphylactic symptoms were induced by CM challenge
of this strain. These findings demonstrate that induction
of CMA in mice is strain dependent, with C3H/HeJ being
a high-responder strain and BALB/c being a nonrespon-
der strain. We also found that BALB/c mice sensitized
with peanut, a more allergenic food allergen, by using a
more rigorous sensitization protocol, did have a signifi-
cant peanut-specific serum IgE response but showed no
allergic symptoms or increase in plasma histamine levels
after oral peanut challenge. Taken together, these results
suggest that under the same experimental conditions,
genetic background plays a critical role in the develop-
ment of food hypersensitivity reactions.

TH2 cytokines are central to the pathogenesis of aller-
gic disorders.23 A TH2-skewed response has been
observed in food allergy. Schade et al,24 for example,
recently reported that T-cell clones generated from
infants with CMA produced high levels of IL-4, IL-5,
and IL-13 and low levels of IFN-�, whereas infants with-
out CMA produced high levels of IFN-� and low levels
of IL-4, IL-5, and IL-13. Peanut-specific TH2 clones
have also been generated from patients with PNA.25,26

The differences in susceptibility to food hypersensitivity
found in this study were accompanied by differences in
splenocyte cytokine secretion. Splenocytes from
C3H/HeJ mice, which had CMA and PNA responses,
produced more IL-4 and IL-10 and less IFN-� than
BALB/c mice, which did not have CMA or PNA. These
differential TH2-TH1 responses to ingested food proteins
might be responsible for the differential susceptibility to
food allergy, with a TH2-dominant response linked to
food allergy in the susceptible strain and a TH1 response
linked to tolerance in the resistant strain.

It has been suggested that the normal human intestinal
immune system preferentially responds to various food
antigens with a dominant TH1 profile.27,28 BALB/c mice

FIG 3. Cytokine levels in splenocyte culture supernatants. Immediately after evaluation of anaphylactic reac-
tions, splenocytes were isolated from each group of mice (n = 5) and cultured in the presence of specific
antigen. Cells cultured in medium alone or concanavalin A served as negative and positive controls (data
not shown). CM-induced IL-4, IFN-�, and IL-10 levels (A-C) and peanut-induced IL-4, IFN-�, and IL-10 levels
(D-F) were measured by means of ELISA. Data are presented as means ± SEM. ***P < .001 versus BALB/c
mice.

A B C

D E F
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exhibited a predominant TH1 cytokine (IFN-�) response
that could have inhibited TH2-mediated food hypersensi-
tivity reactions. A previous study found that feeding
BALB/c mice with OVA induced IFN-� and oral toler-
ance and that depletion of IFN-� impaired the induction
of oral tolerance.15 On the other hand, less IFN-� induc-
tion by C3H/HeJ mice might have resulted in failure to
control TH2 cell responses to milk or peanut allergens,
thereby resulting in the development of food allergy.

IL-10, initially characterized as a TH2 cytokine29 that
suppressed IFN-�and IL-12 secretion30 and inflammato-
ry responses in autoimmune diseases,21 has also been
found to be associated with induction of antigen-induced
pulmonary inflammation in animal models of allergic
asthma31 and in asthmatic patients.32 In contrast, IL-10
was recently reported to suppress TH2-induced allergic
inflammatory processes.22,33 We therefore hypothesized
that IL-10 suppression of TH2 cytokines might also be
involved in suppressing the induction of food allergy in
BALB/c mice. However, we found that C3H/HeJ spleno-
cytes secreted significantly more IL-10 than BALB/c
splenocytes, suggesting that IL-10 is associated with
induction of TH2-mediated food allergy rather than sup-
pression of food allergy, perhaps by means of its known
suppression of IFN-�production. A recent study showed
that production of IL-10 and other TH2 cytokines (IL-4,
IL-5, and IL-13) was increased by splenocytes from IFN-
�–/– mice.34 These results suggest that susceptibility to
food allergy, like other allergies, is due to an imbalance
of the TH1-TH2 immunoregulatory mechanisms. Further
research is necessary to confirm a critical role for IL-4,
IL-10, or IFN-�and other cytokines in induction or sup-
pression of food allergy in these strains.

The mechanisms underlying genetic predisposition
toward TH2 or TH1 responses linked to food allergy in the
susceptible strain or food tolerance in the resistant strain
have not been elucidated. C3H/HeJ mice lack functional
toll-like receptor 4 (TLR4) and do not respond to LPS.35

Although LPS induces IL-12 and IFN-� production by
dendritic cells,36 the role of LPS in allergy is controver-
sial. It was reported that LPS administration to rodents
prevented development of TH2 responses and pulmonary
inflammation, as well as airway hyperresponsiveness.37

LPS exposure has also been associated with a decreased
risk of aeroallergen sensitization in human subjects.38

However, LPS exposure has recently been associated
with an increased risk of asthma-like respiratory symp-
toms in human subjects.39 Furthermore, TLR4 has been
found to be necessary for the optimal development of
TH2 responses rather than TH1 responses.40 In addition,
there is no correlation between the absence of LPS
responsiveness and the development of oral tolerance.
Mowat et al41 demonstrated induction of oral tolerance to
OVA in C3H/HeJ mice in an early study. We also found
that C3H/HeJ mice have oral tolerance to CM when fed
high doses or sensitized after 8 weeks of age.42 Further-
more, we have investigated the possible relationship
between TLR4 and sensitivity to food allergy by using
congenic BALB/c mice (C. C3H Tlrlps-d), which express

the C3H/HeJ gene sequence responsible for defective
function of TLR4 in C3H/HeJ mice,43 and found that C.
C3H Tlrlps-d mice are also not susceptible to symptomatic
peanut allergy (Berin et al, unpublished data). Therefore
we conclude that TLR4 is unlikely to play a significant
role in susceptibility or tolerance to CMA or PNA in
C3H/HeJ and BALB/c mice. Thus other mechanisms,
such as differing properties of intestinal antigen-present-
ing cells in the processing food allergens, might deter-
mine predisposition to TH2 responses and food allergy of
C3H/HeJ mice.

A particularly interesting finding in this study was the
absence of hypersensitivity symptoms in BALB/c mice
after oral peanut challenge, despite the presence of
increased serum peanut-specific IgE levels. This finding
that increased allergen-specific serum IgE levels was not
predictive of hypersensitivity reactions mirrors clinical
findings in human subjects, in whom there is no clear
correlation between IgE levels and the severity of symp-
toms in patients with peanut allergy.44,45 The reasons for
this are unknown but might be due to undefined factors,
such as IFN-� inhibition of mast cell–basophil mediator
release on re-exposure to antigen, as shown in vitro.46,47

The findings of strain differences in both susceptibility to
oral sensitization and hypersensitivity reactions after
challenge of sensitized mice make these murine model
systems valuable tools to facilitate studies aimed at
understanding the genetic influences of food allergy in
human subjects. Although much work is needed to eluci-
date the mechanisms underlying food allergy, the find-
ings of this study raise questions regarding the use of sys-
temic sensitization and systemic challenge methods to
investigate food allergy in animal models. Development
of food protein–specific IgE is not in itself food allergy,
and although the inherent immunologic and toxicologic
properties of food proteins can be addressed by systemic
administration, food allergy investigations should use
both gastrointestinal sensitization and challenge of
appropriate animal strains.

In conclusion, development of food allergy in mice is
strain dependent. Under the conditions used in this study,
C3H/HeJ mice were susceptible to CMA and PNA,
whereas BALB/c mice were not. Although the mecha-
nisms underlying genetic predisposition to food allergy
are unknown, our results suggest that genetic predisposi-
tions toward a dominant TH2 response or dominant TH1
response after antigen ingestion might be linked to the
susceptibility and resistance to food allergy.
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