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Introduction

Food allergic reactions have engendered increas-
ing concern in the United States, with about one-
quarter of American households altering their
dietary habits because a member of the family is
perceived to suffer from food allergies (1).
Prospective studies have indicated that about
5% of children less than 4 years of age experience
IgE-mediated food allergic reactions, with about
2.5% of young children reacting to cow’s milk,
about 1.3% to hen’s egg and 0.5% to peanut (2).
Children with atopic disorders, especially atopic
dermatitis, are more often affected by food
allergies. About 35% of children with moderate
to severe atopic dermatitis have skin symptoms
provoked by food hypersensitivity (3). The
prevalence of food hypersensitivity in adults is
reportedly less common, but a recent survey in
the United States found that 1.3% of adults are
allergic to peanuts or tree nuts (4). Given the
estimated frequency of allergy to fish, shellfish
and other sensitivities, it is likely that about 2% of
the adult population, or about 5.5 million
Americans, are affected by food allergies (2).

In spite of increased recognition and under-
standing about food allergies, they are the single
most common cause of generalised anaphylaxis
seen in hospital emergency departments (95),
accounting for about one-third of anaphylaxis
cases seen. It is estimated that about 125 — 150
fatal cases of food-induced anaphylaxis occur in
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the United States each year (6, 7). Pumphrey in
the United Kingdom (8) and Moneret-Vautrin in
France (9) reported similar findings. A recent
survey of South Australian preschool and school-
age children revealed a parent-reported food
anaphylaxis rate of 0.43 per 100 school children,
which accounted for over one-half of all cases of
anaphylaxis in this age group (10). Similarly,
Novembre reported that food allergy was res-
ponsible for about one-half of severe anaphylac-
tic episodes in Italian children treated in emer-
gency departments (11). While food anaphylaxis
accounts for one-third to one-half of anaphylaxis
cases treated in emergency departments in North
America, Europe and Australia (7, 8, 11-13), it is
uncommon in most Asian countries.

At the present time, strict avoidance of food
allergens and ready access to self-injectable
epinephrine is the ‘“‘standard of care” for food
allergy (14). Earlier reports of ‘“desensitising”
patients with subcutaneous injections of
food extracts were poorly controlled and
unconvincing (15). Similarly, early reports of
oral desensitisation were not well controlled.
Recently Patriarca et al. reported that 12 food-
allergic children were successfully “desensitised”
to several foods utilising an oral desensitisation
protocol, but no post-desensitisation food
challenges were performed to confirm loss of
reactivity (16). In 1997, Nelson and coworkers
published their results with a trial of subcuta-
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neous “‘rush” immunotherapy in peanut-allergic
patients (17). In this well-controlled, double-
blind placebo-controlled trial of peanut
immunotherapy, subjects underwent double-
blind  placebo-controlled food  challenge
(DBPCFCs) prior to and following the ‘“‘desen-
sitisation” protocol. While four of six treated
patients demonstrated increased tolerance to
peanut on the second challenge (no change in
the placebo group), the maintenance dose was
decreased in two cases (with concomitant
decrease in tolerance) because of frequent
systemic reactions. Given the partial rate of
response and high rate of adverse reactions to
traditional immunotherapy, alternative forms of
immunotherapy are needed for this potentially
fatal allergy.

Several novel immunotherapeutic strategies are
being examined as treatment modalities for food
allergy: 1) humanised anti-IgE monoclonal anti-
body therapy 2), “engineered” (mutated) allergen
protein immunotherapy 3), antigen-immunosti-
mulatory sequence-modulated immunotherapy
4), peptide immunotherapy 5), plasmid-DNA
immunotherapy and 6) cytokine-modulated
immunotherapy. The status of the first four
approaches will be reviewed.

In atopic and food-allergic patients, the gen-
eration of allergen-specific IgE antibodies that
bind to high affinity receptors [Fc.RI] on the
surface of mast cells and basophils is central to
the immunopathology of these disorders.
Humanised, monoclonal anti-IgE antibodies have
been developed that bind to the third domain of
the Fc region of IgE molecules, thus preventing
their binding to Fc.RIs or Fc.RIIs. A number of
clinical trials utilising these antibodies have
reported symptomatic improvement in patients
with allergic asthma and rhinitis when circulating
levels of IgE antibodies are markedly reduced
(18-22). In addition, it has been found that
basophil histamine releasibility and Fc.RI expres-
sion are downregulated during anti-IgE therapy
(23). In conjunction with five other centers in the
United States, we have initiated a double-blind
placebo-controlled trial of Tanox’s humanised,
monoclonal anti-IgE antibody in the treatment of
patients with peanut-induced anaphylaxis. To
date, 28 patients have been enrolled in this
double-blind trial. In this study, the quantity of
peanut necessary to provoke an allergic reaction
is established by DBPCFC. Patients then receive
four subcutaneous injections of anti-IgE or
placebo at monthly intervals and then undergo
a second peanut challenge. If successful, this form
of therapy could provide food-allergic patients
with relief from virtually any food allergen,
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although continued protection will be dependent
upon indefinite monthly injections.

Unlike anti-IgE therapy that may prove
therapeutic to a wide variety of allergens, other
immunotherapeutic strategies are directed at
specific allergens. Since IgE-mediated allergic
diseases are the result of an overproduction of
Th2 cytokines by allergen-specific CD4+ T cells,
several investigators have attempted to use other
approaches to redirect allergen-specific Th2
responses to Thl responses.

In collaboration with Drs Burks and Bannon,
we have developed engineered major allergenic
proteins to eliminate IgE binding but retain T cell
proliferation. We have isolated and purified the
three major peanut proteins (Ara hl, Ara h2, and
Ara h3); isolated, sequenced and cloned the DNA
that codes for the synthesis of these proteins; and
mapped the IgE-binding epitopes. With this
information, these proteins have been “engi-
neered” to eliminate the IgE-binding epitopes.
Using site-directed mutagenesis of the allergen
cDNA clones followed by recombinant produc-
tion of the modified allergen, the engineered
DNA codes for proteins that differ by a single
amino acid within each of the IgE-binding
epitopes. Ara hl is a vicilin storage protein that
is 626 amino acids in length and has 23 IgE-
binding sites (epitopes). Ara h2 is a conglutin
storage protein that is 156 amino acids in length
and has 10 IgE- binding sites and Ara h 3 is a
glycinin storage protein that is 510 amino acids in
length and has 4 IgE-binding sites. The engi-
neered recombinant proteins bind virtually no
IgE antibodies from peanut-allergic patients but
promote comparable T cell proliferation as the
native peanut proteins. We hypothesised that
these engineered proteins will not provoke any
allergic reaction when injected into peanut
sensitised mice, but that they will be able to
downregulate the allergic response. As suggested
by in vitro studies with Bet vl and Phl p 5 (24, 25),
studies in our peanut-anaphylaxis mouse model
(26) suggested that this is true. Following our
standard 3-week sensitisation protocol with Ara
h2 and cholera toxin, mice received 3 doses/week
of either native or engineered Ara h2 for 4 weeks
(Fig. 1). Ara h2-specific IgE levels were decreased
in the engineered Ara h2-treated group and
increased in the native Ara h2-treated group
compared to the PBS-treated controls. While
the native Ara h2-treated group experienced
decreased symptoms compared to the controls
when challenged at week 8, the engineered Ara
h2-treated group had significantly less symptoms
than the native Ara h2 group (Fig. 2). While this
approach seems very promising, there are a few
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Fig. 1. Sensitisation and challenge with “engineered”” Ara h2 protocol.

drawbacks with respect to this strategy when
looking ahead to the treatment of other food
allergies. This approach requires the need to
identify IgE-binding sites for all major allergenic
proteins in each food that is responsible for the
allergic reaction (e.g. 4-5 proteins in milk, 3
proteins in egg, etc.). It also necessitates the need
to isolate and “‘engineer” the DNA encoding each
of the allergenic proteins, and it will require
considerable effort to produce sufficient quanti-
ties of each engineered food protein for use in
human trials.

Oligonucleotides immunostimulatory sequences
(ISS-ODN) containing unmethylated palindro-
mic CpG motifs have been shown to possess
immunomodulatory properties that decrease
airway hyperreactivity, lung eosinophilia and
allergen-specific IgE production when adminis-
tered during allergen sensitisation (27-29). These
nucleotide sequences activate antigen-presenting
cells (primarily monocytes) to secrete IFN-a.,p,
IL-6, IL-12 and IL-18, and NK cells to secrete
IFN-v, both of which promote Thl responses. In
collaboration with Dynavax Inc. (Berkley, CA,
USA) we are investigating the use of CpG-
conjugated-Ara h2 in our mouse model of
peanut-induced anaphylaxis. The use of ISS-
ODNs as adjuvants with native proteins was
found to be an effective form of immunotherapy
to prevent IgE-mediated peanut allergy (Fig. 3).
We are now conducting trials to determine
whether ISS-Ara h2 is equally effective in
reversing established peanut allergy in our
mouse model. Other adjuvants that induce
deviation of antigen-specific Th2 responses to
Thl responses also could be utilised and include
antigen-linked cytokines (e.g. IL-12, IL-18) (30)
or heat-killed Listeria monocytogenes (31). One
potentially promising method being investigated
is to use Listeria as the expression system for the
modified peanut proteins. After the bacteria is

transfected with the peanut protein plasmid-
DNA and expresses the protein in the cytoplasm,
it is heat-killed and then injected into the subject
where it would be taken up rapidly by the APCs
and promote an antigen-specific Thl response.

Another approach being investigated is the use
of overlapping peptides. Vaccines comprised of
small peptides (10-20-mers) that represent the
entire length of a specific food protein are
generated. For example, with Ara h2 (a major
peanut protein), we have generated thirty 20-mers
that overlap by 15 amino acids:

Ara h 2=156 amino acids in length —

12345678910111213141516171819 20

678910111213 14151617181920212223
24 25

111213141516 17 18 1920 21 22 23 24 25 26
27 28 29 30

147 148 149 150 151 152 153 154 155 156
In this way, APCs are provided with all the
possible T cell binding epitopes. Peptides can be
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Fig. 2. Symptom scores following Ara h2 intragastric
challenge of mice treated with native and “engineered” Ara
h2 protocol.
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screened to determine whether IgE antibodies
from peanut-allergic patients bind to any of these
peptide fragments. Peptides that bind IgE are
discarded. With the extensive overlap of the
peptides, ample T-cell epitopes should be retained
even if we discard a number of the peptides. By
eliminating IgE-binding peptides, the peptide
vaccine will not provoke an allergic reaction
but will still “downregulate” the allergic
response. Preliminary studies in our anaphylactic
mouse model with 20-mers suggest that this
approach will be very effective. C3H/Hel] mice

challenge of mice pretreated with
ISS-conjugated Ara h2 and
irrelevant antigen, Amb al.

Challenge: Ara h2
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were sensitised to Ara h2. Desensitisation was
initiated 2 weeks later with intranasal or sub-
cutaneous Ara h2 peptide mix (low dose: 2 ug or
high dose: 20 pg/mouse) for 3 consecutive days a
week for 4 weeks. Mice were then challenged with
intragastric Ara h2. The high-dose intranasal and
subcutaneous desensitisation regimens led to
significantly decreased symptom scores and
plasma histamine levels compared to sham-
treated mice (Fig. 4). Ara h2-specific serum IgE
levels remained significantly lower than sham-
treated mice following the first and second oral
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Fig. 4. Symptom scores following Ara h2 intragastric challenge of sensitised mice treated with intranasal or subcutaneous

peptide immunotherapy.
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Fig. 5. Symptom scores following Ara h2 intragastric challenge of peanut-sensitised mice treated with traditional Chinese

medicine.

challenge. Ara h2-stimulated spleen cells in vitro
synthesised similar quantities of 1L-4 and IL-5
compared to sham-treated mice, but IFN-y
production in peptide-treated mice spleen cells
was markedly increased compared to sham-
treated mice. Studies are under way to determine
the optimal dose of peptide mix for desensitisa-
tion of peanut anaphylaxis.

We are now generating overlapping peptides
for Ara hl and Ara h3, removing IgE-binding
peptides, and developing a vaccine with all three
peanut protein peptide mixtures to determine if
mice sensitised to whole peanut can also be
desensitised. If this approach is successful, there
are several distinct advantages: IgE binding sites
for each food protein do not need to be mapped,
allergen-specific DNA does not need to be
mutated, engineered recombinant proteins do
not need to be produced. With this approach,
vaccines for any food in which the responsible
allergenic proteins are known can be formulated.
Kay and Larche demonstrated recently that the
intradermal injection of overlapping peptides
from chain 1 of the cat allergen, Fel d1, did not
cross-link IgE but did elicit an isolated late
asthmatic response with no visible early response
in 9/40 cat-allergic asthmatics (32). They have
gone on to demonstrate that repeated injec-
tions lead to suppression of both the early
and late-phase reaction, thus providing a poten-
tially effective form of immunotherapy (personal
communication).

A number of exciting new immunotherapeutic
strategies are being evaluated by a number of
investigators. In addition we have been evalua-
ting the potential role of traditional Chinese
medicines in the modification of food-induced

anaphylactic responses. We recently reported on
the effectiveness of one herbal remedy, MSSM-
002, for treating airway reactivity (33). Although
food-induced anaphylactic reactions were not
described in the traditional Chinese literature,
Dr Xiumin Li in our group has developed a
formulation (WMW-LZ) based on a number of
traditional gastrointestinal remedies that was
found to reduce serum IgE and completely
suppress the anaphylactic response to peanut
ingestion in peanut-sensitive mice (Fig. 5). With
the increasing interest in this area, effective forms
of therapy for IgE-mediated food allergies should
be available in the next several years.
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