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Food allergy is a major cause of life-threatening hypersensitivity reactions.
Currently, the strict avoidance of the allergenic food and ready access to
self-injectable adrenaline is the standard of care for food allergy. Based on
extensive characterisation of food allergens and a better understanding of
the immunological mechanisms underlying allergic disease, promising
therapeutic modalities for the treatment and eventual prevention of food
allergy are being developed. Novel immunotherapeutic strategies include
peptide immunotherapy, traditional Chinese medicine, mutated or homolo-
gous protein immunotherapy, DNA immunisation and immunisation with
immunostimulatory sequences, which all strive to elicit a decreased T helper
cell type 2-like response or tolerance by the immune system in response to a
specific food allergen. Other approaches such as the anti-IgE therapy or the
Fcy-Fce fusion protein aim at preventing the release of mediators by mast
cells. It is the combination of these different approaches that would proba-
bly offer the best treatment option for food-allergic patients in a not too
distant future.
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1. Introduction

Food allergy occurs in 4 — 6% of young children and 3 — 4% of adults, and is a major
cause of life-threatening hypersensitivity reactions [13. Food allergy is an immune-
mediated disease and generally thought to be IgE mediated in most cases [11. Food-
induced anaphylaxis is the most common reason for someone to present to the emer-
gency department for an anaphylactic reaction 21. Currently, the avoidance of the
allergenic food is the only method of preventing further reactions for allergic patients.
Even with good educational information, 50% of all allergic patients have accidental
ingestions and allergic reactions over a 24-month period [3]. With better characterisa-
tion of allergens and an understanding of the immunological mechanism involved in
this reaction, investigators have developed several therapeutic modalities potentially
applicable to the treatment and eventual prevention of food allergy [4]. Among the
therapeutic options currently under investigation, there is peptide immunotherapy,
traditional Chinese medicine, mutated protein immunotherapy, homologous protein
immunotherapy, DNA immunisation, immunisation with immunostimulatory
sequences and anti-IgE therapy. These novel forms of treatment for allergic disease
hold promise for the safe and effective treatment of food-allergic individuals and the
prevention of food allergy in the future.

Desirable therapeutic strategies for the treatment and prevention of food allergies
must be safe, relatively inexpensive and easily administered. Recent advances in the
understanding of the immunological mechanisms underlying allergic disease and the
better characterisation of food allergens have greatly expanded the potential therapeutic
options for future use.
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2. Traditional therapies

Immunotherapy for IgE-mediated disease has been used since
its first description nearly a century ago [s]. Although injec-
tion immunotherapy has traditionally been employed in the
treatment of inhalant allergies, such as allergic rhinitis, it has
been successfully used in the treatment of food allergy. Injec-
tion immunotherapy was first used in the treatment of food
allergy when a young child was successfully desensitised to
fish [6]. In patients with allergic rhinitis experiencing oral
allergy symptoms with the ingestion of crossreacting allergens
in fresh fruits, nuts and vegetables, traditional injection
immunotherapy has also been successful in many cases in
ameliorating the oral allergy symptoms with minimal adverse
reactions [7-10].

Traditional injection immunotherapy for food allergy is
currently not recommended because of the allergic side
effects of the therapy [111. Studies have been conducted in a
double-blind, placebo-controlled trial of rush immuno-
therapy for the treatment of anaphylactic hypersensitivity to
peanuts [12]. Patients in the treatment group were able to tol-
erate increased amounts of peanuts in post-treatment food
challenges. Unfortunately, an unacceptably high rate of
adverse systemic reactions was associated with the rush
immunotherapy and maintenance protocols [12,13]. The
actual peanut immunotherapy produced so many side effects
that it would be impossible to perform on a routine basis.

Although food immunotherapy in the oral allergy syn-
drome has been generally successful and well tolerated with
crossreacting pollen immunotherapy [14], the practice of injec-
tion immunotherapy for food allergy has been largely aban-
doned due to the associated risk of serious systemic reactions.
As traditional immunotherapy has been largely impractical for
the treatment of most food allergies, several novel therapies
are now being explored (Table 1).

3. Novel therapies

Techniques under current investigation for the treatment of
food allergy in both animal models and humans include peptide
immunotherapy, traditional Chinese medicine, mutated protein
immunotherapy, allergen DNA immunisation, vaccination with
immunostimulatory DNA sequences and anti-IgE therapy.

3.1 Peptide immunotherapy

Peptide immunotherapy utilises peptide fragments containing
T cell-reactive epitopes rather than complete protein mole-
cules. Theoretically, these peptide fragments are unable to
crosslink the IgE molecules required to activate mast cells, but
do appear to render T cells unresponsive to subsequent aller-
gen exposure [15]. In one study utilising peptide immuno-
therapy, the investigators injected cat-allergic patients with
T cell-reactive peptide fragments containing dominant cat
allergen epitopes [16]. Patients tolerated the injections with
few, mild adverse reactions. The investigators demonstrated

that cat-allergic patients treated with peptide fragments had
statistically significant improvement in nasal, lung and total
symptom scores compared with placebo-treated subjects after
exposure to cats [16]. A similar approach that has involved
larger numbers of peptides from cat has been shown to be
effective [17]. Cat-allergic patients treated with intradermal cat
peptides developed a significant immune response, as well as
clinical improvement in their symptoms. Another preliminary
study demonstrated that pepsin-digested peanut allergen con-
taining T-cell epitopes, but no IgE-binding epitopes, induced
IFN-y, a T helper type 1 (T 1) cytokine, in a concentration-
dependent manner [18]. Most recently, T-cell epitopes of the
major peanut allergen, Arah 2, were mapped, laying down
the groundwork for designing peptides that could be used in
future in vivo studies [19]. Although peptide immunotherapy
for food allergy has not yet reached clinical trials, studies uti-
lising the peptides of the peanut allergens are encouraging and
suggest a potential role for peptide immunotherapy in the
future therapy of food allergy.

3.2 Traditional Chinese medicine

Herbal remedies have been used in Asia for centuries for the
treatment of allergic diseases [20,21]. They have a favourable
safety profile and the advantage of low cost. Recent studies
have utilised traditional Chinese medicine in a mouse model
of peanut allergy [21,22]. IgE levels were significantly reduced
by the herbal formula (food allergy herbal formula
[FAHF]-2) treatment and remained significantly lower as
long as 5 weeks post therapy. Splenocytes from FAHF-2-
treated mice showed significantly reduced IL-4, -5 and -13,
and enhanced IFN-y production to recall peanut
stimulation in vitro.

3.3 Fusion proteins

The crosslinking of Fcy receptor (R)-11b to FceRIl on human
mast cells and basophils by a genetically engineered Fcy—Fce
protein (GE2) leads to the inhibition of mediator release on
FceRI challenge [23,24]. The GE2 protein was shown to inhibit
cord blood-derived mast cell and peripheral blood basophil
mediator release in vitro in a dose-dependent fashion, includ-
ing the inhibition of human IgE reactivity to cat allergens. The
mechanism of inhibition in mast cells included alterations in
IgE-mediated Ca2* mobilisation, spleen tyrosine kinase phos-
phorylation and the formation of downstream complexes. The
pro-allergic effects of Langerhan’s-like dendritic cells and B-cell
IgE switching were also inhibited by GE2. In vivo, GE2 was
shown to block passive cutaneous anaphylaxis driven by
human IgE in mice expressing the human FceRI and inhibit
skin-test reactivity to dust mite antigen in a dose-dependent
manner in rhesus monkeys [24]. The balance between positive
and negative signalling controls the reactivity of mast cells and
basophils, which is critical in the expression of human allergic
diseases. This approach using a human Fcy—Fce fusion protein
to co-aggregate FceRI with FcyRIl holds promise as a new
therapeutic platform for the immunomodulation of allergic
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Table 1. Potential immunotherapeutic strategies for the treatment of food allergy.

Therapy

Type of allergy Route

Traditional injection
immunotherapy

Oral allergy syndrome

Peptide immunotherapy

Traditional Chinese medicine
(asthma)

Fusion proteins IgE-mediated (all types)

Mutated protein immunotherapy

Subcutaneous

IgE-mediated food allergy Subcutaneous
IgE-mediated food allergy  Subcutaneous
Subcutaneous

IgE-mediated food allergy Subcutaneous,

Immunological mechanism Risk*

Immune deviation from T,2 to Safe when

T,1, increased IgG-blocking performed

antibodies, decreases specific IgE  properly

Immune deviation from T,,2 to T,1 Appears to be
safe

Immune deviation from T,,2 to T,1 Appears to be
safe

Blocks IgE-mediated signalling Currently
unknown

Immune deviation from T,2to T,1 Appears to be

intranasal and oral (?) safe

Homologous protein
immunotherapy

DNA immunisation

Immunostimulatory sequences

Anti-IgE therapy

IgE-mediated food allergy Subcutaneous,
intranasal and oral (?) safe

IgE-mediated food allergy Subcutaneous
and oral

IgE-mediated food allergy Subcutaneous

IgE-mediated food allergy Subcutaneous

Immune deviation from T,2to T,1 Appears to be

Subcutaneous: immune deviation Unknown long
fromT,2toT,1 term

Oral: increase levels of allergen-

specific secretory IgA in gut and

increased systemic IgG

Immune deviation from T2 to T,1 Appears to be

safe
Depletes IgE, blocks IgE from Appears to be
binding to high-affinity IgE safe;
receptor (FceRl), downregulates anaphylaxis
IgE receptor production and
malignancy
noted, but not
increased

*Most of the risk assessment was carried out in animal studies, but some preliminary studies have been carried out in humans.

I9: Immunoglobulin; T,,1/2: T helper cell type 1/2.

diseases and potentially other mast cell/basophil-dependent
disease states. Recently, a chimeric human—cat fusion protein
(y-Feline domesticus [GFD]) composed of a truncated human
19G Fcyl and the major cat allergen Feline domesticus allergen
(Fel d 1) was engineered [25]. In contrast to GE2, GFD indi-
rectly crosslinks FcyRIIB and FceRI through antigen-specific
IgE and inhibits basophil and mast-cell reactivity in an aller-
gen-specific fashion. Chimeric human Fcy allergen proteins
such as GFD provide another option for antigen-specific
immunotherapy that could be given as a safe series of high-
dose injections and represent a particularly powerful approach
for the treatment of severe food-induced allergy.

3.4 Mutated protein immunotherapy

With greater understanding of the allergic mechanism and
better characterisation of allergens, the authors and their
collaborators [4,26] are developing techniques that appear to
be both safe and effective in the treatment of food allergy.
This type of immunotherapy can be achieved through the
modification of the primary amino acid sequences of
IgE-binding allergenic epitopes of the major allergens
present in foods. Specific IgE binding to food allergens
occurs to the linear amino acid sequence, compared with

IgE binding to inhaled allergens, which occurs along typical
conformational epitopes [26]. By altering the primary amino
acid sequence of the IgE epitopes, researchers have been able
to substantially alter IgE antibody binding with the major
peanut allergens as well as shrimp allergens, ranging from
reduced binding to a complete abolishment of binding. The
major peanut allergens, Arah 1, -2 and -3 have had muta-
tions made to their cDNA and then mutated, less allergenic
proteins were expressed [27,28]. However, mutating the IgE-
binding sites did not alter the T-cell epitopes. Patients with
peanut hypersensitivity had dramatically reduced peanut-
specific IgE binding to the mutated peanut protein com-
pared with the wild-type peanut protein. In animal studies
with peanut-allergic mice, the mutated protein significantly
reduced the amount of peanut-specific IgE antibody pro-
duced by the peanut-allergic animal, as well as reduced their
clinical symptoms on peanut challenge [26,29]. The treated
animals had a reduction in T2 cytokines over the course of
treatment, with data suggesting an increase in T regulatory
cells producing IL-10. It was also demonstrated that the use
of an adjuvant with a mutated allergen may increase the
likelihood of obtaining the desired immunological effect
and clinical protection [30,31].
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Designing molecules that have reduced or abolished IgE
binding, while preserving their ability to stimulate T cells,
should result in the availability of safe and effective thera-
peutics for the treatment of food allergy. Furthermore, theo-
retically, the alteration of such molecules in foods could
substantially reduce the incidence of food-induced anaphylac-
tic reactions in such sensitised patients. However, this
approach is very unlikely because of the large numbers of
allergens in each food.

3.5 Homologous protein immunotherapy

Like peanut, soybean belongs to the legume family. This taxo-
nomic kinship is also reflected at the molecular level as their
respective seed-storage proteins share significant amino acid
sequence and three-dimensional structure homologies. The
soybean counterparts of the three major peanut allergens,
Arah 1, - 2 and - 3 are the B-conglycinin, (2S)-albumin and
glycinin proteins, respectively. These soybean proteins can be
viewed as natural mutants of the peanut allergens and used as
desensitising agents in allergen-specific immunotherapy. This
innovative concept was tested in a model of peanut-allergic
mice [32). After peanut challenge, peanut-allergic mice that
received soybean immunotherapy were equally protected as
those that underwent peanut immunotherapy, and their clini-
cal symptoms were significantly reduced compared with the
placebo-treated mice. Levels of peanut-specific IgG1 were sig-
nificantly lowered after soybean treatment compared with
peanut treatment. The cellular response to peanut was also
downregulated in the soybean-treated group, as demonstrated
by diminished lymphoproliferative responses and immuno-
deviation of the remaining T-cell reactivity toward a more
T, 1/0-like response associated with the production of higher
amounts of peanut-specific IFN-y and TNF-a. A closer look
at the amino acid sequence homologies between Ara h 2 and
the soy (2S)-albumin revealed that most of the amino acid
discrepancies were located in regions corresponding to the
immunodominant IgE-binding epitopes of Arah 2 whereas
regions corresponding to T cell epitopes were more conserved.
This related-species homologue naturally harbours features
that are sought when engineering intraspecific mutated
allergens for immunotherapy.

If soybean immunotherapy can be effectively used in
patients allergic to peanuts, the treatment would provide an
immediate and safer therapeutic option for patients with
peanut hypersensitivity than is currently available.

3.6 DNA immunisation

Another novel approach to the treatment of food allergy cur-
rently under investigation is DNA immunisation [33,34], which
employs the subcutaneous injection of a plasmid DNA
(pDNA) vector encoding a specific allergenic protein. The
pDNA sequence is taken up by antigen-presenting cells
(APCs). Once inside the cell, the DNA encoding the allergen
is transcribed and translated. The allergen is then presumably
presented on the surface of the APC in the context of the

major histocompatibility complex (MHC) to T cells. This
endogenously produced allergenic protein or protein frag-
ment induces a T,,1-phenotypic response with the upregula-
tion of IFN-y, an increase in 1gG2a and suppression of
allergen-specific IgE production [35,36]. Oral delivery of DNA
immunisations has also been described. It has been utilised as
an immunoprophylactic strategy to modulate peanut antigen-
induced anaphylaxis 3s]. In this model, the oral delivery of
DNA complexed to chitosan, a biocompatible polysaccharide,
also favoured a T,1 response and suppressed the T,,2 allergic
immune response.

3.7 Immunisation with immunostimulatory sequences
Another DNA immunisation technique under investigation
is immunisation with pDNA conjugated to immunostimula-
tory sequences (ISSs). These ISSs contain unmethylated
cytosine and guanine dinucleotide repeat motifs. These CpG
motifs stimulate APCs and natural killer cells to secrete
IFN-y and IL-12, cytokines that promote immune deviation
toward the T,,1 phenotype and away from the allergic T2
phenotype [351. These ISSs stimulate immune deviation to
the T,1 phenotype when administered in several ways. They
can be administered with DNA encoding the allergen (DNA
immunisation) [37], alone [38] or conjugated with the allergen.
Although the majority of these DNA immunisation tech-
niques have been studied in the mouse model, a recent report
describes enhanced immune deviation to the T,1 phenotype
and reduced allergenicity after injection, immunotherapy
with the major ragweed allergen, Amb a 1, conjugated to ISS
in mice and rabbits, as well as in primates [39].

3.8 Anti-immunoglobulin E immunotherapy

In general, the immune response to allergen immunotherapy is
allergen specific, making the treatment of multiple allergies com-
plex and expensive. Often, patients are allergic to more than one
allergen. Ideally, it would be preferable to utilise a single therapy
to combat the entire allergic mechanism, one therapeutic option
that would be effective for multiple inhalant allergies as well as
food allergies. One such therapy, already in clinical trials, involves
the use of anti-IgE antibodies [40]. IgE exists freely, circulating or
attached to mast cells and basophils. When two mast cell-bound
IgE molecules are crosslinked by antigen, the cell is activated and
vasoactive mediators are released. Anti-1gE, a humanised mouse
monoclonal 1gG antibody, directed against the human IgE mole-
cule, binds to freely circulating IgE and not to mast cell- or
basophil-bound IgE. Once circulating IgE is bound by anti-IgE,
it is unable to bind to its specific high-affinity receptor (FceRI)
on mast cells and basophils. These antigen—antibody complexes
are then cleared from the circulation by the reticuloendothelial
system without activation of complement. Several clinical trials
involving patients with allergic rhinitis [41 and allergic asthma
[42] have been completed. Statistically significant reductions in
medication use, allergic symptoms and airway hyper-reactivity
have been described following anti-1gE treatment. Reductions in
total serum IgE levels to < 1% of the pretreatment levels were
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noted in addition to downregulation of the high-affinity IgE
receptor (FceRI) [43].

A recent study of 84 patients with peanut hypersensitivity
treated with anti-Igg has been completed [401. A significant
number of patients receiving the highest dose of anti-IgE
monthly for 4 months had a significant decrease in their clinical
symptoms following peanut challenge post treatment. Patients
received anti-IgE 150, 300 or 450 mg monthly for 4 months.
After treatment, the subjects were subjected to a peanut chal-
lenge. At baseline, they tolerated about half a peanut and on the
highest treatment dose they were able to tolerate almost nine
peanuts. One problem with the study is that 25% of the sub-
jects even in the high-dose group had no change in their
tolerance to peanuts after treatment.

Although anti-IgE therapy is expensive and requires frequent
administration to maintain the IgE-deficient state, it could the-
oretically be used quite effectively in conjunction with other
therapeutic modalities. For example, pretreatment with anti-
IgE could potentially prevent the systemic reactions experi-
enced with peanut immunotherapy [12] while achieving the
beneficial effects of desensitisation. This promising technique is
currently under investigation in patients who have food allergy.

Pons & Burks

4. Conclusion

Food allergy affects ~ 4 — 6% of children and 3 — 4% of
adults [44]. For those patients and the families of patients
who have anaphylactic reactions, food allergy can be devas-
tating. Reactions can range from mild urticarial reactions to
severe anaphylactic shock and death from allergenic foods
consumed unknowingly. The only preventative measure cur-
rently available for food allergy is the strict avoidance of the
food in question, which is often very difficult. It is likely
that immunotherapy will be available in the near future as a
safe and potentially effective therapy for the treatment of
food allergy.

5. Expert opinion

New therapies currently under investigation should help the
physician greatly improve the care available for food-induced
allergic reactions while reducing the risk of anaphylaxis in
these patients. The use of the anti-IgE therapy in conjunction
with other immunotherapy would probably be the best
treatment option for food allergy in the coming years.
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