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Opinion statement

Allergen-specific immunotherapy is the only treatment able to change the natural history
of either respiratory or hymenoptera venom allergy. From an immunological point of view,
there is no reason to believe that its clinical effects should be different in food allergies.
However, due to the high prevalence of adverse events that accompanied the first
attempts of injection immunotherapy with food extracts some 20 years ago, such treat-
ment is presently non-available although a thoroughly standardized food extract for
injection immunotherapy should theoretically not expose the patients to higher risks than
airborne allergen extracts or venoms. Allergen-specific immunotherapy with birch pollen
extract is an interesting model to investigate the effects of the treatment on plant-food
allergies that occur as a consequence of cross-reactivity with the major allergen, Bet v 1.
Although the interest for this field has partly settled during the last years, the available
data suggest that an adequate dose of the birch pollen major allergen, Bet v 1, particularly
if administered subcutaneously, is able reduce secondary plant food allergy also, although
doses needed to exert such effect are probably higher than those required to reduce
respiratory symptoms. The administration of higher doses of the major allergen without an
increase of the risk of adverse reactions should be possible if modified hypoallergenic
molecules obtained either by genetic engineering or chemical treatments are used.

Introduction

Allergen-specific immunotherapy (SIT) is presently the
only treatment able to change the natural history of
respiratory allergic disorders. Its efficacy is unquestion-
able and supported by a number of properly performed
clinical studies [1, 2]. Although many mechanisms are

not fully elucidated, the clinical effect of SIT appears to
rely mainly on the following:
(a) The induction of allergen-specific regulatory T

and B cells that modulate the immune response
shifting it towards a Th1 type (an effect possibly
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mediated by IL-12) and inducing immune toler-
ance by the production of IL-10, an immuno-
suppressive cytokine that leads to the suppression
of allergen-specific effector T cells subsets, and

(b) The production of allergen-specific blocking
IgG4 antibodies

The current knowledge about the mechanisms involved
in allergen-specific immunotherapy has been recently
reviewed [3]. Unfortunately, allergen-specific immuno-
therapy does not exist yet for the treatment of food
allergy, and allergen avoidance remains the only way
to prevent potentially life-threatening reactions in pa-
tients sensitized to foods. The lack of the development
of SIT strategies for the cure of food allergies is probably
largely due to the negative outcome of the first experi-

mental attempts to desensitize peanut-allergic
patients using aqueous extracts some 20 years ago in
the USA. Such treatments proved clinically effective, in
the sense that treated patients were able to tolerate in-
creasing amounts of the offending food, but, probably
due to the lack of proper allergen standardization, both
the build-up phase and the maintenance protocol were
associated with an unacceptably high rate of adverse
systemic reactions that led to abandon this approach
[4, 5]. Studies on injection SIT using standardized chem-
ically modified or genetically engineered food allergens
are presently underway in different research centers,
apparently with a low rate of adverse reactions, but, in
the case they will be clinically successful, it will take
years before these approaches become eventually avail-
able for the routine care of food-allergic patients.

The pollen-food allergy syndrome

The so-called pollen-food allergy syndrome is a particular type of IgE-mediated food
allergy thatoccurs inpatientswithpollenallergy as a consequenceof the cross-reactivity
between pollen allergens and homologous proteins of plant-derived foods. The
allergen proteins involved in this type of allergenic cross-reactivity are essentially three:
1) Bet v 1, the major birch pollen allergen belonging to pathogenesis-related

proteins group 10 (PR-10). Proteins homologous, and hence potentially
cross-reacting with Bet v 1, are present in a large group of fruits and vegeta-
bles, including Rosaceae (apple, pear, peach, cherry, plum, apricot, almond,
etc.), kiwi, tree nuts, peanut, and other legumes (soybean, bean, pea, chick-
pea, etc.), Apiaceae (celery, fennel, carrot, parsley), and several others.

2) Profilin, a largely cross-reacting 12- to 15-kDa protein present in all eucaryotic
cells. It is a minor pollen allergen that sensitizes 10–20 % of patients with
pollen allergy. Profilin-hypersensitive patients may develop clinical allergy to a
large array of fruits and vegetables, some of which (tomato, melon, watermel-
on, banana, and orange) are quite typical of this type of sensitization.

3) A hitherto not yet characterizedmugwort pollenminor allergen responsible for
the so called mugwort-celery-spice-syndrome, a pollen-food allergy mainly
associated with celery, fennel, anise, and other spices.
The first two conditions are in most cases clinically characterized only by a

local reaction called Boral allergy syndrome,^ since the food allergens involved
in these IgE-mediated reactions are extremely labile and easily destroyed by heat
and pepsin digestion, whereas the third condition is generally much more
severe due to the stability of the sensitizing allergens.

Pollen immunotherapy for food allergy

The pollen-food allergy syndrome shows some advantages over primary
food allergies that make it a unique opportunity to evaluate the effect of
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SIT on food allergies. First, the risk of adverse reactions is the same of
the common SIT with airborne allergens as the treatment is carried out
using well-characterized and standardized pollen extracts that are rou-
tinely used in thousands of allergic patients. In fact, the pollen-food
allergy syndrome stems from a primary pollen sensitization [6], and
food allergy is the consequence of the immunological cross-reactivity
pollen and plant food allergens [7–10]; several lines of evidence suggest
that virtually all allergenic epitopes of foods are present in pollen [7–9,
11]. The second, relevant advantage is that most food allergens involved
in the pollen-food allergy syndrome are heat and pepsin sensitive. As a
consequence, allergic symptoms induced by foods are in most cases
mild and limited to oral allergy cavity (the so-called oral allergy syn-
drome, OAS), which allows oral food challenges to be performed with-
out the fear of severe or even life-threatening allergic reactions [12].

In view of these features, there have been several studies which assessed
the effects of pollen SIT on the pollen-food allergy syndrome during the
past 25 years. Although also some studies assessing the effects of pollen
SIT in patients hypersensitive to profilin have been carried out, in most
cases, immunotherapy was based on birch pollen extracts as Bet v 1, the
major birch pollen allergen, is by far the most frequent cause of pollen-
food cross-reactivity. Studies based on injection or sublingual immuno-
therapy can be distinguished.

Injection immunotherapy with natural birch pollen extracts
Moller carried out the study that pioneered this type of research in a
pediatric cohort in 1989 [13]. Although the author disregarded the
results as a failure due to the lack of a statistically significant difference
between patients and controls, apple-induced OAS improved much in
43 % (18/42) of patients submitted to injection SIT with birch pollen
extract vs 14 % (2/14) in the placebo group. Some 5 years later, a
German group reported an improvement of apple-induced OAS in 45 %
(9/20 %) of those treated with birch pollen injection SIT [14]. This
report was followed by an Italian study [15] that appeared towards the
end of the twentieth century reporting that 84 % (41/49) of patients
treated with birch pollen subcutaneous immunotherapy experienced a
marked reduction or a complete disappearance of the OAS following the
ingestion of fresh apple; in contrast, no control (birch pollen allergic
subjects with OAS not submitted to subcutaneous immunotherapy
(SCIT)) noted any change in OAS. Interestingly, in most cases (43/49), a
marked reduction or the total disappearance of skin reactivity to the
fruit paralleled the clinical effect. A follow-up study carried out on the
same cohort performed some years later found that the effect of birch
pollen SCIT on apple-induced OAS was rather long lasting [16] and
probably paralleled the effect of SCIT on respiratory allergy. A Polish
study [17] confirmed these findings observing a positive effect of birch
pollen SIT on apple allergy in 59 % of cases. The year 2004 saw much
interest on this issue. Bolhaar et al. [18] observed a reduction of apple
allergy in 60 % of their birch pollen-allergic patients after as short as
1 year of injection SIT and noted a decrease of skin reactivity to apple,
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hazelnut, and Mal d 1 in 960 % of patients. Bucher et al. [19] analyzed
the effect of 1 year of injection SIT with birch pollen extract in subjects
with OAS induced by apple or hazelnut. Patients showed an increased
rate of skin reactivity to fresh apple, but 87 % of them (vs only 8 % of
controls) could tolerate a significantly higher amount of offending food.
Nonetheless, as the average amount of apple/hazelnut tolerated
remained relatively small (32 g), the authors concluded that SIT has
limited effects on OAS. Also in 2004, Hansen and co-workers obtained
less brilliant results [20], as in their group of patients submitted to birch
pollen SIT, the severity of food allergy did not change significantly
despite a significant effect on seasonal rhinitis symptoms. There was
some debate about the variability in the results of different studies that
adopted similar treatment protocol and similar methods to measure the
outcome. One of the suggested explanations was that the amount of
allergen needed to produce an effect on secondary food allergy appeared
to be higher than that required to reduce respiratory symptoms and that
the concentration of the major allergen, Bet v 1, in the extracts for
injection SIT showed marked differences (even by a factor of 2) from
one producer to another [21]. In effect, all studies performed in north-
ern Europe with negative results employed for the SIT the commercially
available birch pollen extract containing the lowest amount of Bet v 1
among those whose concentration was known [21].

The variability of the results continued during the following years
with a Polish study reporting a significant improvement of OAS in 50 %
of cases after SIT [22] and a study from the Netherlands reporting no
effect on secondary hazelnut allergy [23]. In the same year (2011),
another Italian study found that among patients submitted to injection
immunotherapy with birch pollen, 25 % developed complete tolerance
to apple and further 37 % showed an increase in the provocative dose
[24]. The most recent contribution to this issue comes from Japan,
where the oral allergy syndrome present in one patient responded dra-
matically well to a rush subcutaneous injection immunotherapy with
birch pollen extract [25]. Altogether, though with some differences,
results can still be regarded as encouraging.

Sublingual immunotherapy with natural birch pollen extracts
Sublingual allergen-specific immunotherapy (SLIT) has recently become
a favorite way to perform immunotherapy for respiratory allergies in
view of its good tolerability and convenience. Also in this case, there
were studies that investigated to which extent birch pollen SLIT is
effective on OAS induced by cross-reacting plant-derived foods. Unfor-
tunately, the results have been much less brilliant than with injection
immunotherapy.

Moller performed the first attempt in parallel with the injection immu-
notherapy study. Following SLIT with birch pollen extract, only 3/14
(21 %) children reported a clinical effect on apple-induced OAS vs 2/14
(14 %) with placebo [13]. After some years, Hansen and co-workers
reported that in their group, SLIT did not change apple allergy similarly to
injection immunotherapy [20]. Similarly, Kinaciyan et al. [26] did not
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notice any effect of birch pollen SLIT on apple allergy in spite of significant
improvement of respiratory allergy in their nine patients. In contrast, more
recently, Bergmann and co-workers [27] obtained much more favorable
results, as they observed a reduction higher than 50 % of apple allergy in
33/37 (89 %) patients after 12 months of SLIT.

Immunotherapy with recombinant or genetically engineered birch pollen allergen
With the advent of molecular biology techniques, studies based on
engineered pollen allergens were carried out as well. Niederberger and co-
workers were able to induce a reduction of OAS with a genetically mod-
ified birch pollen allergen containing hypoallergenic derivatives of Bet v 1
(both Bet v 1 fragments and a hypoallergenic Bet v 1 trimer) in 7/25
treated patients [28]. In 2012, a couple of other studies appeared in the
literature. In a preventive experimental study, a genetically engineered
multi-allergen chimer obtained binding the whole Bet v 1 molecule to
immunodominant T cell epitopes of Api g 1 and Dau c 1 (the Bet v 1
homologue allergen in celery and carrot, respectively) was intranasally
applied to mice prior to sensitization with a mixture of Bet v 1, Dau c 1,
and Api g 1. The pre-treatment was able to shift the immune response to
Bet v 1 and homologue food allergens towards a Th1 phenotype, thus
preventing birch pollen-related food allergy [29•]. A multicenter trial
aimed at investigating the effects of immunotherapy with a folded variant
of recombinant Bet v 1 at a high dose (80 μg; notably, the common
commercial birch pollen extracts for injection immunotherapy contain 10-
20 μg/ml of natural Bet v 1) on birch-associated soy allergy has been
announced, but the results have not been published yet [30].

A critical analysis on available evidence

Although the clinical immunotherapy trials reported above have pro-
duced a large amount of interesting results, it must be underlined that,
with one exception [23], they were not randomized and placebo con-
trolled. However, allergen immunotherapy is the only established cura-
tive treatment for respiratory allergy, and all the study patients
underwent immunotherapy primarily to cure their respiratory allergies.
Hence, one wonders whether administering placebo to severely allergic
patients in order to measure a Bfavorable side effect^ of SIT on sec-
ondary food allergy in the active arm of the study is ethically acceptable.
Another point is that in most studies, efficacy on secondary food allergy
was assessed by open oral challenges. Of course, since most patients
suffered from oral allergy syndrome (i.e., subjective symptoms), a
double-blind placebo-controlled food challenge (DBPCFC) would have
been preferable. However, although they are considered the gold stan-
dard for the diagnosis of food allergy, DBPCFCs are extremely time
consuming and demanding in terms of personnel, meal preparation, and
facilities and pose a number of problems, particularly when the allergen
proteins involved in allergic reactions are labile, as is the case with the
pollen-food allergy syndrome [31]. By adopting both these strict criteria,
we would be left with one single study that was randomized, double
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blind, and placebo controlled (DBPC) and assessed the effect on the
linked hazelnut allergy by DBPCFC [23]; notably, this study found
immunological changes but did not observe any clinical efficacy.
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