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Abstract

The incidence of allergic diseases has continued to rise during the last 30 years.A combination of genetic and environmental factors is likely
to be responsible for the increased prevalence of both allergic and autoimmune diseases. Whilst the majority of approaches towards treatment
are palliative, specific allergen immunotherapy (SIT) is an approach that has been proven to be efficacious and disease-modifying. However,
as a result of interaction between allergen-specific IgE and conformational B cell epitopes on the surface of the allergen molecule, SIT is
associated with adverse reactions during treatment. One strategy developed to reduce IgE-mediated adverse events whilst maintaining clinical
efficacy has been to treat subjects with short peptide sequences corresponding to T cell epitopes of the allergen. The size and the monomeric
nature of peptides have allowed relatively large doses of antigen to be delivered in soluble form. Treatment with peptides has been shown to
improve clinical surrogate measurements of disease, to modify the immune response to allergen and to improve patients’perception of disease.
This review will summarise results achieved in recent years with peptide immunotherapy and discuss the mechanisms that may be responsible
for efficacy.
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Résumé

L’incidence des affections allergiques a augmenté au cours des 30 dernières années. L’association de facteurs génétiques et environnemen-
taux est probablement responsable de l’augmentation de prévalence des affections allergiques et auto-immunes. Alors que la plupart des
approches thérapeutiques sont palliatives, l’immunothérapie spécifique (ITS) a prouvé son efficacité et modifie l’histoire naturelle de
l’allergie. Cependant, conséquence de l’interaction entre les IgE spécifiques de l’allergène et les épitopes des cellules B à lasurface de la
molécule allergénique, l’ITS est associée à des effets thérapeutiques adverses. Une stratégie visant à diminuer ces effets adverses IgE-
dépendants, tout en maintenant l’efficacité clinique, est d’utiliser de courtes séquences peptidiques correspondant aux épitopes des cellules T.
La taille et la nature monomérique de ces peptides permet d’employer des doses assez importantes d’antigène sous forme soluble. Le
traitement par les peptides a amélioré les paramètres cliniques de l’affection, modifié la réponse immune à l’allergène, et amélioré la
perception clinique de l’affection par les patients. Cette revue résume les résultats obtenus au cours des dernières années avec
l’immunothérapie utilisant les peptides et discute les mécanismes qui peuvent être responsables de cette efficacité.
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1. Introduction

Specific whole allergen immunotherapy (specific immu-
notherapy; SIT) has been shown to be highly efficacious in

carefully selected patients both with allergic rhinitis [1] and
with asthma [2]. However, due to the use of extracts contain-
ing native allergen molecules capable of cross linking
allergen-specific IgE, SIT is associated with a relatively high
incidence of adverse events. The frequency and severity of
such events limit the dose that can be administered to patients
and result in a protracted course of treatment.
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The mechanisms underlying the success of SIT are incom-
pletely understood. However, modulation of allergen-
specific T cell responses appears to occur such that a relative
increase in Th1 responses to allergen are often observed.
There is also some evidence that a regulatory IL-10 pheno-
type may also be induced in some forms of SIT [3,4]. In order
to maintain the efficacy of immunotherapy whilst reducing
IgE-mediated adverse events, the use of short linear peptides
has been proposed. Such preparations should comprise
known T cell epitopes of the allergen but should contain
insufficient secondary structure to allow cross linking of IgE
molecules on the surface of effector cells such as mast cells
and basophils.

2. Experimental models of immunological tolerance

A number of groups have demonstrated the efficacy of
peptides in the prevention and/or treatment of disease in
animal models of autoimmunity and allergy. Peptide-induced
tolerance has been demonstrated in models of experimental
autoimmune encephalomyelitis (EAE; [5,6]), collagen-
induced arthritis [7], diabetes [8] and systemic lupus erythe-
matosus (SLE) [9]. Briner and colleagues demonstrated the
ability of allergen-derived peptides to inhibit T cell cytokine
and antibody production to the cat allergen Fel d 1 in sensi-
tised mice [10]. Hoyne used peptides from the house dust
mite allergen Der p 2 to prevent sensitisation by prior vacci-
nation and to down regulate T cell and antibody responses to
intact protein [11,12]. A dominant T cell epitope of Bet v 1
was used in CBA/J mice either prior to, or following sensiti-
sation with the whole allergen. T cell proliferative responses
were inhibited by both treatments [13]. Mice sensitised to
bee venom allergen phospholipase A2 (PLA2), were given a
mixture of three long peptides spanning the entire PLA2

molecule by intranasal administration. A decreased IL-
4:IFNc ratio was observed coupled with a marked reduction
in specific IgE. Pre-administration of peptide resulted in a
failure to develop IgE sensitisation to subsequent immunisa-
tion with the whole molecule [14].

High doses of peptides have been employed in in vitro
studies to modulate human T cell responses. Lamb and col-
leagues demonstrated the induction of antigen-specific non-
responsiveness following exposure of T cell clones to su-
praoptimal doses of cognate ligand in the absence of
professional antigen-presenting cells [15]. Collectively,
these studies provided a logical basis for the translation of a
peptide-based therapeutic approach in man.

3. Clinical studies evaluating allergen-derived peptides

Human studies evaluating peptide epitope therapy have
begun to emerge over the past 7 years. Results have been
mixed as would be expected with the advent of a novel
approach. The majority of the data has been generated from

patients allergic to cats. Treatment with various formulations
of peptides has been evaluated. Norman and colleagues [16]
administered four injections of Fel d 1 peptides (residues
7–32 and 29–55 of chain 1) or placebo to 95 cat-sensitive
patients in three dose groups (7.5 µg, 75 µg and 750 µg per
injection). Both nasal and lung symptom scores improved in
response to peptide therapy in the high dose group, although
a prominent placebo effect was observed. Treatment was
associated with a significant incidence of adverse events,
which occurred a few minutes to several hours after peptide
injection. Further studies [17] demonstrated reduced IL-4
production in IPC-1/IPC-2-specific T cell lines following
therapy.

Pène and colleagues [18] also reported a reduction in IL-4
production in PBMC challenged with allergen before and
after treatment with IPC-1/IPC-2. A significant reduction
(compared with background levels) of IL-4 production was
observed in the high dose group (individual dose 750 µg;
total dose 1500–4500 µg) but not in the lower dose groups. A
reduction in allergen PD20 was also observed in response to
both high (1500–4500 µg) and medium (individual dose
75 µg; total dose 150–450 µg) dose regimens when compared
with baseline (within group), but not when compared with
placebo (between group). The variability in dose between
each group arose as a result of a staggered dose protocol in
which a number of individuals received weekly injections for
2, 4 or 6 weeks.

A double-blind, parallel group study administering
weekly injections (over 4 weeks), of 250 µg of IPC-1 and
IPC-2 to 42 (21 active and 21 placebo) individuals with
cat-induced rhinitis and/or asthma was performed by Simons
and colleagues [19]. Late onset symptoms of rhinitis, asthma
and pruritis were observed following treatment. No change in
early and late phase skin responses to whole allergen were
recorded at 2, 6 and 24 weeks after treatment. PBMC cytok-
ine secretion profiles remained unaltered after therapy.

A multi-centre study of 133 subjects receiving eight injec-
tions of 750 µg IPC-1/IPC-2, demonstrated an improvement
in pulmonary function in those subjects who had diminished
baseline FEV1. However, improvements were evident at only
a single time point (3 weeks) post therapy [20]. A total of
6 mg of each peptide was administered in two blocks of four
injections. Frequent adverse events were reported including
some that required the use of epinephrine. Like other studies
evaluating IPC-1/IPC-2, late onset adverse reactions dimin-
ished with successive doses of peptide suggesting the induc-
tion of hypo-responsiveness.

Early adverse events described in the studies above may
have been due to cross linking of IgE by IPC-1 and IPC-2
which, at 27 residues each, were larger than an average MHC
class II-restricted T cell epitope (approximately 15 residues).
Other, more common adverse events were characterised by
symptoms of breathlessness and wheeze with an onset sev-
eral hours after peptide administration. Studies in our own
group have confirmed that these symptoms were probably T
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cell-dependent, IgE-independent, isolated late asthmatic re-
actions (LAR) [21].

Norman and colleagues reported a reduction in late ad-
verse events with successive peptide administration compat-
ible with the induction of hypo-responsiveness or peripheral
T cell tolerance [16]. Oldfield induced LAR in cat allergic
asthmatics and then re-challenged them several weeks after
their initial reaction. The second challenge failed to induce
LAR unless it was administered several months after the first.
Based on data derived from several subjects receiving pep-
tide injections with different intervals, it was possible to
demonstrate a “window” of hypo-responsiveness that
occurs at approximately 2–8 weeks after a single peptide
injection [22]. From 8 weeks on, the ability to react to peptide
challenge gradually returns but takes 4–6 months to reach
baseline. It may be that a series of injections of increasing
peptide dose may extend the refractory period and result in
protection from re-challenge for a period of a year or more.

In the same study the effect of peptide administration on
responsiveness to whole allergen challenge was evaluated.
Cat allergic asthmatics were challenged intradermally with
whole cat dander allergen extract, before and after a single
injection of 5 µg of each of 12 peptides in a mixture. The 12
peptides (termed MOP;multiple overlapping peptides)
spanned the majority of the Fel d 1 molecule in order to
provide T cell epitopes for the majority of the population.
Following a single peptide injection, the magnitude of the
cutaneous late phase response to allergen was markedly
reduced. Some subjects developed isolated LARs following
peptide injection, whereas others did not. LARs were not
obligatory for the reduction in cutaneous responses implying
that the two mechanisms were not linked.

The clinical efficacy of multiple incremental doses of
MOP was recently evaluated in cat allergic asthmatics [23].
Twenty-four cat allergic asthmatic subjects with moderate to
severe asthma were enrolled and subjected to cutaneous
allergen challenge, inhaled methacholine PC20 and PD20

together with quality of life evaluated by questionnaire. Sub-
jects were treated with a total of 90 µg of each of 12 peptides
(MOP; each of 16–17 amino acids in length in saline). Doses
were administered at 3–4 day intervals. As the subjects were
asthmatic, it was expected that approximately 50% of those
on active treatment would develop peptide-induced, isolated
late asthmatic reactions (LAR; characterised by a 20% or
greater fall in FEV1) during peptide up dosing (based on
previous observations). In this eventuality, repeat injections
of the same dose were administered until changes in FEV1

during the 6 h period after injection were less than 20% from
baseline. At this point, up dosing was reinstated with adjust-
ments made in order to deliver the same cumulative dose to
all subjects.

Subjects underwent two follow-up assessments after treat-
ment at which baseline parameters were repeated. The first
follow-up was 4–8 weeks after therapy and the second, 3–9
months. A total of eight subjects on active treatment experi-
enced LAR following the first or subsequent peptide injec-

tions. In each case the magnitude of the reaction diminished
on successive injections. Two of the placebo group also
experienced a reduction in FEV1 of greater than 20% empha-
sising the moderate to severe nature of the disease in the
group as a whole.

The magnitude of both early and late phase cutaneous
reactions to intradermal challenge with the purified allergen
Fel d 1 were significantly reduced following peptide therapy.
Cutaneous reactions to whole cat dander allergen extract
were also significantly reduced from baseline in treated pa-
tients. Reduction in the magnitude of early phase reactions
was not evident at the first (4–8 week) follow-up, implying a
dissociation between the modulation of the IgE-mediated
EPR and the largely T cell-driven LPR which was reduced at
the 4–8 week follow-up and further reduced at the later time
point.

No change was observed in either the allergen PC20 or the
histamine PC20 measurements following treatment. How-
ever, the study was not powered to detect significant changes
in these parameters. More recently, in a small open study,
administration of peptides at 2 weekly intervals resulted in an
improvement in histamine PC20[24]. Analysis of allergen-
specific peripheral blood mononuclear cell (PBMC) re-
sponses in vitro demonstrated reductions in proliferation and
pro-inflammatory cytokines (IL-4, IL-13, IFNc). In agree-
ment with findings in a number of animal models of peptide
therapy in chronic diseases, IL-10 production was elevated at
both follow-up time points. Reduction of pro-inflammatory
cytokines together with a concomitant rise in IL-10 suggests
the induction of active immunoregulation following peptide
treatment.

Muller and colleagues treated five subjects allergic to bee
venom, with a mixture of three peptides from the major
venom allergen phospholipase A2[25]. Patients had experi-
enced a previous moderately severe systemic reaction fol-
lowing wild bee sting. Peptides were administered at weekly
intervals in an up dosing fashion.A total dose of 397.1 µg was
administered. After therapy, all five subjects tolerated intra-
dermal challenge with 10 µg of purified PLA2. Following a
wild bee sting in the clinical laboratory, three subjects expe-
rienced no reaction whilst the remaining two experienced
mild localised reactions at the sting site. T cell responses to
both peptides and whole allergen were evaluated in vitro. The
induction of clinical hyporesponsiveness was accompanied
by reductions in T cell proliferative responses and inflamma-
tory cytokines.

4. Mechanisms in immunotherapy

Analysis of the mechanisms involved in successful whole
allergen immunotherapy have described a shift in T helper
cytokine phenotype from Th2 towards Th1 (reviewed by
Rolland and O’Hehir [26]). Most commonly, an increase in
the ratio of IFNc:IL-4 was observed together with a con-
comitant change in the proportions of allergen-specific IgG
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to IgE. However, in certain models of SIT (particularly
venom therapy), treatment is accompanied by the induction
of a regulatory profile of cytokine production characterised
by the presence of IL-10.

Akdis and colleagues provided evidence for a role for
IL-10 in establishing PLA2-specific hyporesponsiveness in
allergic individuals undergoing successful immunotherapy
(whole allergen or peptide) and also in hyperimmune bee
keepers [27,28]. Nasser and colleagues found increased lev-
els of IL-10 mRNA and protein in skin biopsies from
allergen-challenged subjects following wasp venom immu-
notherapy [3]. Our own studies with peptides derived from
Fel d 1 suggest that whilst pro-inflammatory cytokines are
decreased after peptide therapy, IL-10 production is mark-
edly increased [23]. Together, these findings suggest that
peptide immunotherapy may work through the induction of
immune regulation characterised by enhanced IL-10 produc-
tion and concomitant suppression of pro-inflammatory cy-
tokines of both Th1 and Th2 classes.

5. Conclusions

Antigen-specific immunotherapy can modify disease pro-
cesses without affecting responses to unrelated antigens.
Peptide immunotherapy, particularly in allergic diseases,
may offer the prospect of regulating immune responses in a
specific way, with a substantially reduced risk of IgE-
mediated adverse events. SIT has demonstrated that antigen-
specific modulation is efficacious. However, the risk of IgE-
mediated adverse reactions associated with the use of whole
allergen molecules has limited this form of therapy. The use
of short peptide sequences with reduced IgE cross linking
capacity results in safer and more efficacious immuno-
therapy. Studies identifying T cell epitopes in a number of
major allergens are ongoing and provide the prospect of
peptide-based vaccines for a wide range of allergic sensitisa-
tions.
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