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Introduction

Food-allergy reactions affect a small but significant por-
tion of the population. Estimates of affected individuals
in the United States range from 6% to 8% of children
and 2% to 4% of adults [1]. The most common food
allergies known to affect children are immunoglobulin
E (IgE)-mediated reactions to cow’s milk, eggs, peanuts,
soybeans, wheat, fish, and tree nuts. In adults, the most
common food allergies are to peanuts, tree nuts, fish, and
shellfish [2]. The spectrum of clinical reactions observed
in different individuals to the same allergen can range
from mildly irritating to life-threatening. Although the
basic immunologic mechanisms involved in an allergic
response are well documented, very little is known about

what triggers a susceptible individual’s immune system to
produce IgE to an otherwise innocuous food protein, In
addition, there is no biochemical correlate that can reli-
ably predict whether a protein will become an allergen or
foretell the severity of a reaction [3,4].

The potential for animal models to mimic the human
disease process makes them invaluable tools for deter-
mining mechanisms, predicting triggers, and testing
treatment regimens. Most of the food-allergy animal mod-
els developed to date have been designed to test reagents
for immunotherapeutic treatment of allergic disease and
to predict the potential allergenicity of proteins [4]. These
two disparate goals require many of the same variables to
be considered in the development of an effective animal
model. To date, animal models of food allergy developed
to test immunotherapeutic reagents have seen some suc-
cess [5e9,6,7]. However, animal models developed to
predict allergenicity are not as prevalent [8,9] and are yet
to be widely accepted. This discrepancy may be due to the
inherent difficulty of predicting human allergenicity from
animal test results and the methods required in developing
the animal model. In the ensuing paragraphs, the current
state of food allergy animal model research is reviewed,
and the variables that may influence the successful devel-
opment of each type of animal model are discussed.

Current Animal Models of

Food Allergy—Opportunities

Development of rodent food-allergy models has garnered
the most attention from scientists attempting to develop
an animal model for testing new treatment regimens or
for predicting allergenicity. This is most likely due to the
wide variety of assay reagents available that allow mecha-
nistic studies that target discrete aspects of the allergy
response, the extensive genetic knowledge of different
rodent strains, and the relative ease of keeping large
colonies under defined environmental conditions. The T-
cell subtype involvement, cytokine profile, and secreted
chemical mediators involved in allergic reactions have all
been studied because there is an easy source of reagents
for developing enzyme-linked immunosorbent assays
(ELISAs), flow cylometry, and other methods to detect
serologic and cellular changes [529,109,11,12].
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Examples of murine models of food allergy that have
been studied include the strains: BALB/c, DBA/2, C3H/
HeJ, BDF-1, A/], and C57/Bl6. The C3FH/He] and BALB/c
strains have received the most attention and represent
good examples of the potential opportunities for devel-
oping a murine model of food allergy. The C3H/Hef
strain was used to evaluate potential immunotherapeu-
tic approaches to treating allergic disease. Investigators
used repeated intragastric sensitization with peanut and
milk extracts in combination with a powerful adjuvant,
cholera toxin, to establish the disease state [7,13]. The
disease state could then be confirmed through a variety
of in vitro and in vivo IgE assays. Once a model response
was established, the authors could then investigate the
effects of different immunotherapeutic strategies on the
immune system. The ability to sensitize the animal to a
specific food extract through intragastric administration
and then elicit an allergic response provides clear ties to
the human condition.

The BALB/c strain was studied to evaluate the poten-
tial for an animal model to predict the potential human
allergenicity of novel proteins. The logic of this approach
was to establish that this mouse strain could first mimic
the human response to known allergenic extracts. To
accomplish this, investigators used repeated intraperi-
toneal sensitization with allergens and nonallergens
without adjuvant and then measured protein-specific
IgG and IgE production [9]. Mice were exposed to the
allergens ovalbumin, peanut agglutinin, or bovine serum
albumin, and to two proteins considered to lack signifi-
cant allergenicity. As expected, each of the tested proteins
induced IgG antibody responses. However, marked dif-
ferences in the capacity of these proteins to induce IgR
responses were observed, with IgE antibody provoked by
all three allergens. The nonallergenic proteins stimulated
low-titer IgE antibody at the highest dose only. Using
IgG production as an indicator that the immune system
detected the test protein and IgE levels to gauge relative
potency is an interesting approach that warrants further
research. ITowever, until a full complement of allergenic
and nonallergenic extracts and proteins are tested, and
shown to elicit the appropriate response, it is unclear
whether this approach is feasible.

'The atopic dog spontaneously develops allergic reac-
tions, mainly to environmental allergens such as dust
mite, but is also responsive to intradermal sensitization
and elicitation of new allergens [14-16]. Humans and
dogs share many of the same allergies to foods. Clinically,
the dog model shows symptoms typical of humans—that
is, both experience vomiting and diarrhea. This model
represents an inbred colony of high Igi-producing dogs
that can be immunized subcutaneously with food-antigen
extracts in alum and that develop clinical manifestations
of food allergy after oral challenges with food antigen.
Direct mucosal challenge with food extracts confirm the
clinical and immunologic evidence of allergy in immu-

nized dogs and suggests the atopic dog can be a model
for food allergy. Purthermore, Teuber et al. [16] found
that sensitizing dogs with multiple food allergens simul-
taneously produced various levels of skin responses in a
hierarchy of allergen response. This scale of response or
“relative potency” describing each allergen’s effect would
be important in establishing the model and incorporat-
ing new test allergens.

The neonatal swine model of food allergy has been
studied because it closely parallels human physiology,
especially changes in gastrointestinal function and struc-
ture due to adverse allergic reactions [17]. In this model,
newborn piglets are sensitized intraperitoneally with
allergen and cholera toxin and then orally challenged
repeatedly with the sensitizing allergen. Physical symp-
toms, including emesis, lethargy, diarrhea, and respiratory
distress, are monitored to determine the allergic response.
Immunologic assessments are conducted through use of
skin testing and the antigenic response to the sensitizing
allergen. Iistologically, tissues derived from the esopha-
gus, stomach, small intestine, and colon can be assessed
for morphologic changes after the oral challenge. Because
the neonatal pig model of allergy mimics the physical and
immunologic characteristics of food allergy in human
beings, this model is useful for determining Igf-medi-
ated mechanisms and conducting endoscopic histologic
assessment of tissues and immunotherapeutic interven-
tion strategies with repeated allergen challenges [18].

Current Animal Models of
Food Allergy—Barriers
It is well established that, under normal conditions, oral
administration of proteins does not routinely result in
immune sensitization in humans [19]. This tolerance bar-
rier to sensitization is also a primary concern in developing
animal models for food allergy. Adjuvants are frequently
used, for example, with rodents as they are particularly tol-
erant of human food proteins [12,20¢]. However, adjuvant
boosting of the immune system places the investigator in a
quandary. Either use an extremely large number of animals
for each experiment so that the relatively small percent-
age of animals expected to develop an allergic response is
observed or use adjuvants such as alum or cholera toxin
to increase the frequency of allergic sensitizations. This
approach may not be suitable for an allergy animal model
expected to differentiate allergenic proteins from nonal-
lergenic proteins. In addition, adjuvants may represent an
artificial experimental condition that does not accurately
reflect the native immune system response in humans that
leads to allergic disease. Thomas et al. [21] indicated that
it was not possible to differentiate between the responses
elicited by known allergens and nonallergens when using
adjuvants in some strains of mice.

It remains unclear how each animal model’s inherent
immunoreactive status influences responses to differ-
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ent allergens. Many of the available animal models are
genetically inbred and represent a potentially limited ot
misrepresentative response to some allergens compared
with the outbred condition of humans. For example,
there is some evidence in humans that the ability to
mount an IgE response to specific allergens may be
restricted to expression of certain HLA class subtypes
[22]. Most mouse strains are highly inbred, limiting the
HIA class subtypes that they are capable of expressing.
This could limit their usefulness as a general screening
tool for assessing the allergenicity of novel proteins and
necessitate the use of multiple strains in order to accu-
rately interpret results. Genetic differences can also lead
to inaccurate interpretations of how potent an allergen is
in stimulating the immune response. This, in turn, can
affect the quantitative and qualitative metrics used to
characterize an allergen over a wide range of doses. Even
among the highly inbred murine species, different strains
can respond differently to the same allergen, with one
strain experiencing minimal Igl induction and the other
experiencing anaphylaxis [5]. This inability to predict the
animal’s genetic effects on allergenicity will require fur-
ther study until a model can be shown to reflect the range
of responses seen in humans.

History of exposure to sensitizing food allergens is
another variable that is difficult to control for in relating
the animal model to human allergy. The parameters that
affect this feature of food allergy are not fully understood,
but it is known that homologies between proteins can
affect sensitization to food allergens based on previous
contact with another related protein {23]. One well-
characterized cross-reactive allergen is the allergen in
latex that is known to affect responses to fruit allergens,
but the sequence of events that leads to this condition
is known mostly in humans and has not been studied
well in animals [24]. One aspect of the cross-teactive
nature of sensitization is recognizing that the route of
exposure affects sensitization. As with the latex allergen
in humans, sensitization may occur through the air and
later affect oral allergy to other foods. In animals, this
was highlighted by the difference seen in the rat model
for mouth versus gastric sensitization to a food allergen
[25]. Animal studies thus require attention to the route of
administration and the sequence in which multiple aller-
gens are presented for sensitization.

It has been suggested that food allergy studies
involving animal studies should include comparative
administration of a negative or non-food allergen that
does not increase specific IgE [17]. The inclusion of a neg-
ative control, as well as a known food allergen to act as a
positive control, is a feature of most animal studies that
is not performed and has limited the understanding of
how one allergen is different from others. Consistent use
of controls among studies would be especially useful in
comparing the relative potency for several different aller-
gens. In addition, the use of different types of adjuvants,

alone or in combination with varying doses of test aller-
gen [10,12], is not consistent among studies and is one
aspect that makes cross-study comparisons difficult. Kim-
ber et al. [26] suggested that this aspect of study design
makes it difficult to interpret the intrinsic capacity of the
test allergen to cause clinical symptoms in humans.

Considering the current state of food-allergy animal
model research and the barriers to development, there may
never be a single model suitable for all purposes. However,
one key to consistent study design and interpretation
of the data is to decide the purpose of the study a priori.
For example, for determining mechanisms of action, the
murine models lend themselves to determining the
allergen effects at the molecular and cellular level. More
reagents are available, and the practical aspects of animal
cost, availability, and handling make it a good choice for
increasing the understanding of food allergy mechanisms.
Alternatively, studies with a focus on clinical symptoms of
allergic disease may benefit more by using swine or dog.
The large animal model makes sense for characterizing
various skin, asthmatic, and gastrointestinal clinical symp-
toms associated with food allergy. Whether any animal
model can accurately predict the potential allergenicity of
a novel protein remains open to question.

Conclusions

Itis appealing for a food allergy animal model to have as its
ultimate goal the capacity to predict an effective treatment
or predict potential allergenicity in humans. However, we
are still at the beginning of the work needed to produce a
viable and reliable model that mimics the human response
to the eight major allergenic foods [27], much less the abil-
ity to predict the potential human allergenicity of novel
proteins. None of the current models in rodents, swine, or
dogs have been shown to have the capacity to replicate the
human response to more than 2 or 3 of the major allergenic
foods. Considering the complexity of the immune system,
the range of symptoms associated with the human aller-
gic reaction, and our knowledge of allergen biochemistry
[28,29], it may seem foolhardy to pursue such a model.
However, although the task is daunting, we should not be
dissuaded from the pursuit.

References and Recommended Reading
Papers of particular interest, published recently,
have been highlighted as:

° Ofimportance

ee Of major importance

1. Sampson HA: Food allergy: accurately identifying clinical
reactivity. Allergy 2005, 60:19-24.

2. Hefle S, Nordlee JA, Taylor SL: Allergenic foods. Crit Rev

Food Sci Nutr 1996, 36:569-89,
Bock SA, et al.: Food Allergy: Adverse Reactions to Foods and
Food Additives, edn 3. Malden, MA: Blackwell; 2003.

w



144  Food Allergy

4. Knippels I.M], van Wijk F, Penninks AH: Food allergy:
what do we learn from animal models? Curr Opin Allergy
Clin Immunel 2004, 4:205-209.

Morafo V, Srivastava K, Huang K, et al.: Genetic suscep-

tibility to food allergy is linked to differential Th2-Th1

responses in c3h/hej and balb/c mice. J Allergy Clin

Immunol 2003, 111:1122-1128.

The link between IgE levels and clinical reactivity to allergens is

explored in different strains of the mouse model. Variable results

in a mouse model and the basis for variations are discussed relative
to the human clinical response to allergens.

6. Pons L, Ponnappan U, Hale RA, et al.: Soy immunotherapy
for peanut-allergic mice: modulation of the peanut-aller-
gic response, | Allergy Clin Immunol 2004, 114:915-921.

7. Srivastava KD, Kattan /D, Zou ZM: The Chinese herbal
medicine formula fahf-2 completely blocks anaphylactic
reactions in a murine model of peanut allergy. J Allergy
Clin Immunol 2005, 115:171-178.

8. Buchanan BB, Frick Ol.: The dog as a model for food
allergy. Ann N'Y Acad Sci 2002, 964:173-183.
9. Dearman RJ, Stone S, Caddick HT, et al.: Evaluation of pro-

tein allergenic potential in mice: dose-response analyses.

Clin Exp Allergy 2003, 33:1586-1594,

Dearman RJ, Caddick H, Basketter DA, Kimber I: Divergent

antibody isotype responses induced in mice by systemic

exposure to proteins: a comparison of ovalbumin with

bovine serum albumin. Food Chem Toxicol 2000, 38:351-360,

This paper describes immunogenic response variations to a

common food allergen, as well as a control antigen, at the immu-

noglobulin subtype level. Routes of exposure and dose are tested
in a well-developed animal model, the in-bred mouse. Barriers and
opportunities with animal models are represented in this study.

11. Pujihashi K, Dohi T, Rennert PD: Peyer’s patches are
required for oral tolerance to proteins. Proc Natl Acad Sci
USA2001,98:3310-3315.

12. Kroghsbo §, Christensen R, Frokiaer I1: Experimental
parameters differentially affect the humoral response of
the cholera-toxin-based murine model of food allergy.
Int Arch Allergy Immunol 2003, 131:256-263.

13. Li XM, Schofield BH, Huang CC, et al.: A murine model of
Igi-mediated cow’s milk hypersensitivity. J Allergy Clin
Immunol 1999, 103:206-214.

14. Derer M, Morrison-8Smith G, De Weck AL: Monoclonal
anti-IgE antibodies in the diagnosis of dog allergy. Vet
Derm 1998, 9:185-190.

15. Jackson HA, Jackson MW, Coblentz L, Hammerberg B:
Evaluation of the clinical and allergen-specific serum
immunoglobulin-E responses to oral challenge with
cornstarch, corn, soy and a soy hydrolysate diet in dogs
with spontaneous food allergy. Vet Derm 2003, 14:181-187.

10

16.  Teuber SS, Val G, Morigaski S, et al.: The atopic dogasa
model of peanut and tree nut food allergy. ] Allergy Clin
Immunol 2002, 110:921-927.

17. Helm RM, Ermel RW, Frick OL: Nonmurine animal
models of food allergy. Environ Health Perspect 2003,
111:235-244.

18. Helm RM, Furita CT, Stanley ]S, et al.: A neonatal swine
model for peanut allergy. J Allergy Clin Immunol 2002,
109:136-142.

19. McGhee ], Kiyono H: The mucosal immune system. In
Fundamental Immunology. Edited by Paul WE. San Diego:
Academic; 1998.

20.e Barone KS, Tolarova DD, Ormsby I, et al.: Induction of
oral tolerance in TGF-beta 1 null mice, j Immunol 1998,
161:154-160.

This paper addresses oral tolerance in the mouse model, a major

barrier to further development of the mode! for allergy prediction.

Response variables are explored at the cytokine level in wild-type

versus genetic mutant test scenarios, using OVA as the allergen.

21.  Thomas K, Herouet C, Bannon G, Ladics G: Evaluation of
ip mouse models for assessing the allergenic potential of
proteins. J Allergy Clin Immunol 2005, 115:8250-8250.

22, Blance C, Sanchez-Garcia F, Torres-Galvan M], et al.:
Genetic basis of the latex-fruit syndrome: association
with HLA class II alleles in a Spanish population. | Allergy
Clin Immunol 2004, 114:1070-1076.

23, Vieths §, Scheurer S, Ballmer-Weber B: Current under-
standing of cross-reactivity of food allergens and pollen.
Ann NY Acad Sci 2002, 964:47-68.

24. Ferreira I, Hauranek T, Gruber P, et al.: Allergic cross-reac-
tivity: from gene to the clinic. Allergy 2004, 59:243-267.
25. Madsen C, Pilegaard K: No priming of the immune

response in newborn brown Norway rats dosed with
ovalbumin in the mouth. Int Arch Allergy Immunol 2003,
130:66-72.

26. Kimber I, Kerkvliet NI, Taylor SL, et al.: Toxicology of
protein allergenicity: prediction and characterization.
Toxicol Sci 1999, 48:157-162.

27. Metcalfe DD, Astwood JD, Townsend R, et al.: Assessment
of the allergenic potential of foods from genetically
engineered crop plants. Crit Rev Food Sci Nutr 1996, 36:
$165-8186.

28. Bannon GA: What makes a food protein an allergen? Curr
Allergy Asthma Rep 2004, 4:43-46.

29, Breiteneder H, Clare Mills EN: Plant food allergens: struc-
tural and functional aspects of allergenicity. Biotechnol
Ady 2005, 23:395-399.



