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Carrying peptides towards the ideal allergen-specific
immunotherapy
This editorial discusses the findings of the paper in this issue by B. Linhart et al. [6] pp. 278-287.
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Allergen-specific immunotherapy was first utilized over
a century ago and is still practised today with crude
extracts of allergenic sources given subcutaneously or
sublingually. Identification of major allergens within
allergenic sources (e.g. pollens, dander, and foods) has
paved the way to capitalize on molecular techniques
leading to the determination of amino acid sequences
and protein structures, recombinant protein production,
and mutagenic strategies. With protein sequence infor-
mation in hand, the peptides responsible for IgE-
binding and T cell interactions have been elucidated for
many allergens. These B and T cell epitopes have been
strategically targeted to improve allergen-specific
immunotherapy [1]. For example, engineered recombi-
nant allergens with reduced IgE-binding capacity, but
intact T cell epitopes, have shown promise as immuno-
therapy molecules in clinical trials [2]. Alternatively,
peptides containing T cell epitopes have been used
directly as immunotherapy and likely function by
inducing allergen-specific regulatory T cells secreting
IL-10 [3]. However, these approaches are not without
hurdles, as it has been demonstrated that T cell-medi-
ated, late-phase reactions occur in patients receiving
T cell peptide-based immunotherapy [4, 5].

In this issue of the journal, Linhart et al. [6] explored
an interesting approach for preventing and treating
allergies in an antigen-specific fashion without using
T cell epitopes from the allergen. The strategy employed
was based on the work of Nobel laureate Baruj Ben-
acerraf who conducted studies in the 1960s, leading to
a detailed understanding of the hapten–carrier principle
[7, 8]. Essentially, an antibody response can be

produced against a small molecule lacking T cell epi-
topes only when it is conjugated to a larger, carrier pro-
tein that has its own T cell epitopes. In the present study,
the researchers chose Bet v 1 as their model allergen as
it is well suited to their goals. Bet v 1 peptides have been
previously identified that are surface-exposed, do not
contain IgE-binding epitopes, and do not contain T cell
epitopes [9]. Three peptides, each approximately 30
amino acids long, derived from Bet v 1 were chemically
linked to keyhole limpet haemocyanin (KLH) to produce
the hapten–carrier complex [6]. The authors then tested
this complex in both prophylactic and therapeutic
models of immunotherapy in BALB/c mice.

In a prophylactic model, three subcutaneous injec-
tions of the hapten–carrier complex adsorbed to alu-
minium hydroxide preceded a sensitization protocol
typically used to render mice allergic to Bet v 1. The
authors found that mice immunized with the peptide–
KLH vaccine produced large amounts of Bet v 1-specific
IgG1, comparable to levels induced by immunization
with intact Bet v 1 protein. The IgG response in mice
receiving the peptide–KLH vaccine was specific for the
peptides conjugated to the carrier protein. In mice
receiving the peptide–KLH vaccine prior to undergoing
a sensitization protocol, the T cell proliferation response
to Bet v 1 was significantly lower than T cells from
mice receiving no vaccine prior to sensitization. These
findings are exciting because the vaccine did not con-
tain any Bet v 1 T cell epitopes, yet after the sensitiza-
tion protocol, the T cells from these mice were not
responsive to Bet v 1. It appears that the Bet v
1-specific IgG response, generated by T helper cells spe-
cific for KLH, was able to prevent the establishment of
allergen-specific T cell responses following a sensitiza-
tion protocol. These findings may lay the groundwork
towards the development of a prophylactic allergen-
specific immunotherapy used to prevent allergic sensiti-
zation, which impacts at least 25% of the population in
industrialized countries.

Correspondence:
Mike Kulis, UNC-Chapel Hill, Campus Box 7231, Chapel Hill,

NC 27599, USA.

E-mail: mike.kulis@unc.edu

Cite this as: M. Kulis, Clinical & Experimental Allergy, 2014
(44) 157–159.



A therapeutic model was developed in which mice
were sensitized to Bet v 1 and then given three subcuta-
neous injections of the peptide–KLH complex or a pla-
cebo. Surprisingly, the researchers found that mice given
the peptide–KLH complex after sensitization to Bet v 1
had significantly reduced T cell proliferation responses to
Bet v 1, despite the fact that no Bet v 1 T cell epitopes
were used in the therapeutic phase. A current paradigm
for the mechanism of immunotherapy leading to long-
term efficacy involves changes in the allergen-specific T
cell responses [10], and this novel approach appears to
accomplish this goal. The authors also demonstrated that
a serum factor, presumably IgG, from treated mice, but
not those receiving placebo, was able to inhibit prolifera-
tion of T cells from mice sensitized to Bet v 1 when sup-
plemented into cell culture experiments, despite not
measuring statistically significant differences in Bet v 1-
specific IgG following therapy. It is known that allergen-
specific IgG generated during immunotherapy in humans
can prevent IgE-facilitated antigen presentation via the
low-affinity IgE receptor, CD23, on B cells [11] and it is
probable that the same phenomenon is reported here.
Interestingly, recent work has shown that although quan-
tities of specific IgG return to near-baseline levels follow-
ing discontinuation of immunotherapy in humans, there
is a functional fraction of IgG from subjects developing
tolerance that persists [12]. Lastly, the researchers deter-
mined that transfer of the Bet v 1 peptide-specific IgG-
containing serum prevented lung inflammation in mice
sensitized to Bet v 1 and challenged by intranasal admin-
istration of Bet v 1. Therefore, the IgG blocking effect
was not only found effective in reducing T cell responses
in vitro, but could also protect sensitized mice from aller-
gen challenge.

While this study provides convincing evidence that
production of allergen-specific IgG via the hapten–
carrier principle can prevent and reduce established
allergen-specific T cell responses, it is unclear whether
this approach would be applicable to other manifesta-
tions of IgE-mediated allergy, such as food allergy. The
peptides used in this study were from an IgE-binding
region of Bet v 1, although the peptides themselves did

not bind IgE, as the epitope is a surface-exposed con-
formational epitope containing amino acids that are
nonsequential in the primary protein sequence. It is
usually thought that food allergens contain linear B cell
epitopes so it may be difficult to identify antigenic epi-
topes that are incapable of binding IgE, which is prob-
lematic because IgE-binding peptides coupled to a
carrier protein would cross-link IgE on mast cells and
basophils leading to unwanted allergic effects. It would
seem that utilizing allergens with conformational
epitopes would be the best candidates for this hapten–
carrier approach. Although the literature is not devoid
of reports on structural epitopes being present in food
allergens [13, 14], it is well established that linear pep-
tides from food allergens bind IgE [15–17], with some
allergens containing greater than 20 epitopes. Food
allergens are especially difficult to render nonallergenic,
as previous studies using peanut allergens that were
mutated in several IgE-binding epitopes had shown
promise in preclinical models of food allergy [18], yet
even these molecules were capable of inducing anaphy-
laxis in humans [19]. From a food allergy perspective,
it is fascinating to think about utilizing the authors’
approach of generating an allergen-specific IgG
response to prevent food allergies in children that have
not been previously exposed. However, it is often
reported by families that the first-known exposure to a
food was symptomatic, so, again, identifying antigenic,
non-IgE-binding peptides from foods for a hapten–
carrier approach would first be necessary.

In summary, this paper provides a novel approach
using the hapten–carrier principle to inhibit allergen-
specific T cell responses and could lead to a safe and
effective, ‘ideal’, form of immunotherapy that does not
contain allergen-related T cell epitopes or IgE-binding
epitopes. Time will tell whether the approach can be
utilized clinically and whether it will be applicable for
other forms of allergy, particularly food allergy, where
the allergens themselves present distinct challenges.
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