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Abstract

Background—Late allergic reactions are common in the course of allergen-specific 

immunotherapy and even occur with allergy vaccines with reduced IgE reactivity.

Objective—We sought to study atopy patch test (APT) reactions and T-cell responses to the 

recombinant birch pollen allergen Bet v 1 and recombinant hypoallergenic T-cell epitope–

containing Bet v 1 fragments in patients with birch pollen allergy with and without atopic 

dermatitis (AD).

Methods—A clinical study was conducted in 15 patients with birch pollen allergy with AD 

(group 1), 5 patients with birch pollen allergy without AD (group 2), 5 allergic patients without 

birch pollen allergy (group 3), and 5 nonallergic subjects (group 4) by performing skin prick tests 
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and APTs with rBet v 1 and hypoallergenic rBet v 1 fragments. T-cell, cutaneous lymphocyte 

antigen (CLA)+ and CCR4+ T-cell and cytokine responses were studied by thymidine uptake, 

carboxyfluorescein diacetate succinimidyl ester staining, and Luminex technology, respectively.

Results—rBet v 1 and hypoallergenic rBet v 1 fragments induced APT reactions in not only 

most of the patients with birch pollen allergy with AD (11/15) but also in most of those without 

AD (4/5). Patients with birch pollen allergy with AD had higher Bet v 1–specific proliferation of 

CLA+ and CCR4+ T cells compared with patients with birch pollen allergy without AD. There 

were no differences in Bet v 1–specific CLA+ and CCR4+ proliferation and cytokine secretion in 

patients with and without APT reactions.

Conclusion—Hypoallergenic rBet v 1 fragments induce T cell–dependent late reactions not only 

in patients with birch pollen allergy with AD but also in those without AD, which can be 

determined based on APT results but not based on in vitro parameters.
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Immediate-type inflammation caused by mast cell and basophil activation through IgE-

allergen complexes is a hallmark of IgE-associated allergy, but there are also allergic 

manifestations, such as atopic dermatitis (AD), chronic asthma, and nasal polyposis, in 

which T-cell activation seems to play a major role.1-4 Results from clinical studies 

performed with drugs targeting IgE, such as omalizumab, an anti-IgE antibody,5-7 and in 

vitro data showing that IgE-facilitated allergen presentation8,9 is important for the activation 

of allergen-specific T cells suggest that IgE-mediated mechanisms also play a role in T cell–

mediated allergic inflammation. However, studies performed with non–IgE-reactive allergen 

derivatives provided evidence that late-phase allergic inflammation can be elicited without 

involvement of IgE in patients with asthma, rhinoconjunctivitis, and AD.10-12

In an elegant study, Haselden et al10 have shown that late-phase asthmatic responses can be 

induced by injection of T-cell epitope–containing peptides without IgE reactivity in a T cell–

dependent and MHC-restricted manner. Late-phase allergic side effects were also frequently 

observed in patients treated with chemically modified allergen extracts termed allergoids, 

which displayed reduced IgE reactivity,13 and in patients with birch pollen–induced 

rhinoconjunctivitis who were treated with allergen-specific immunotherapy (SIT) with 

hypoallergenic recombinant or synthetic fragments of the major birch pollen allergen Bet v 

1.12,14 In a preliminary study we demonstrated that hypoallergenic recombinant fragments 

of the major birch pollen Bet v 1 induce atopy patch test (APT) reactions in patients with 

AD exacerbations induced by birch pollen.11 The latter studies provide evidence for the 

occurrence of an IgE-independent, T cell–mediated mechanism in late-phase allergic 

inflammation in allergic patients, but it has not been studied whether this mechanism is 

limited to certain allergic phenotypes/manifestations, such as AD, or occurs also in others 

(eg, rhinoconjunctivitis and asthma). Furthermore, it has not been investigated whether 

patients with IgE-independent T cell–mediated inflammation can be identified, and it is 
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unclear what cell types, soluble factors, or both are precisely responsible for this type of 

allergic inflammation.15-18

The identification of patients with IgE-independent, T cell–mediated allergic inflammation 

would be important because these patients might benefit from T cell–targeting therapeutic 

strategies. Furthermore, knowledge regarding the mechanisms underlying non–IgE-mediated 

allergic inflammation is important for the design of SIT strategies that avoid T cell–

mediated side effects, which in fact seem to be very common during SIT.19,20

We conducted a clinical trial with the IgE-reactive major birch pollen allergen rBet v 1 

(amino acids 1-160) and 2 hypoallergenic rBet v 1 fragments containing the Bet v 1–specific 

T-cell epitopes (F1: amino acids 1-74 and F2: amino acids 75-160) for use in skin prick tests 

(SPTs) and APTs in patients with birch pollen allergy with and without AD to investigate 

whether hypoallergenic Bet v 1 fragments can induce APT reactions in patients with defined 

clinical phenotypes (ie, AD and rhinoconjunctivitis). Furthermore, we performed an 

extensive analysis of T-cell and cytokine responses and correlated these data with the 

presence or absence of positive APT reactions to study whether surrogate markers for the 

prediction of T cell–mediated allergic inflammation can be defined.

METHODS

Subjects and study design

The present study was conducted at the Department of Dermatology of the Medical 

University of Vienna as a National Institutes of Health (NIH)–registered clinical trial 

(2009-011859-51) with the approval of the Ethics Committee of the Medical University of 

Vienna (EK147/2009) and the Austrian health authorities in accordance with the guidelines 

of the Declaration of Helsinki. Fig 1 provides a summary of the study. A total of 30 subjects 

(18-65 years of age) were enrolled and allocated to 4 groups.Table I summarizes the 

demographic and clinical characteristics of the study population. Group 1 comprised patients 

who, according to clinical history, had exacerbation of AD during the birch pollen season (n 

= 15); group 2 comprised patients with birch pollen–related rhinoconjunctivitis who had 

never experienced any AD symptoms (n = 5); group 3 comprised allergic patients without 

birch pollen allergy (n = 5); and group 4 comprised nonallergic subjects (n = 5, Fig 1 and 

Table I). The group sizes were influenced by results from a pilot study in which we found 

that non–IgE-reactive rBet v 1 fragments induced positive APT results in 4 of 6 patients 

with birch pollen allergy.11 In our current study the sample size per group was enlarged 5-

fold for groups 1 to 3 and 2.5-fold for control group 4. Exclusion criteria are described in the 

Methods section in this article’s Online Repository at www.jacionline.org.

The trial comprised 2 visits. At visit 1 (day 1), the participants were subjected to anamnesis 

and clinical documentation, a blood sample was drawn, and thereafter SPTs and APTs were 

performed with an equimolar mix of F1+F2 with rBet v 1. The blood samples were used for 

determination of total IgE and specific IgE reactivities, for basophil activation testing, and to 

study T-cell proliferation, proliferation of cutaneous lymphocyte antigen (CLA)+, and 

CCR4+ CD3 T cells and cytokine responses. The second visit (day 3) took place 48 hours 

Campana et al. Page 3

J Allergy Clin Immunol. Author manuscript; available in PMC 2016 February 10.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts

http://www.jacionline.org


after skin testing and included the reading and photodocumentation of APT reactions (Fig 

1).

To investigate whether positive APT reactions to rBet v 1 or to the F1+F2 mix are 

associated with specific cellular responses, the 30 study subjects were regrouped according 

to their APT reactions and the presence or absence of birch pollen allergy into group A 

(patients with positive APT reactions and birch pollen allergy), group B (patients with lack 

of APT reactions and presence of birch pollen allergy), and group C (subjects with lack of 

APT reactions and absence of birch pollen allergy).

Study materials, SPTs, and APTs

Purified folded and IgE-reactive rBet v 1, as well as hypoallergenic rBet v 1 fragment 1 (F1: 

amino acids 1-74) and rBet v 1 fragment 2 (F2: amino acids 75-160), were produced 

according to good manufacturing practice guidelines by Biomay AG (Vienna, Austria) as 

sterile stock solutions. Dilutions used as test solutions were freshly prepared by the 

investigator shortly before testing and used for SPTs and APTs, as described in the Methods 

section in this article’s Online Repository.

Total and specific IgE levels

Serum samples were obtained from each participant at visit 1 before SPTs and APTs were 

performed and stored at −20°C until use. Total IgE levels and specific IgE levels to natural 

birch pollen extract and rBet v 1 were measured by using the ImmunoCAP system (Phadia, 

Uppsala, Sweden). IgE reactivity to rBet v 1 and hypoallergenic rBet v 1 fragments was 

determined in a RAST-based nondenaturing dot blot assay, as described in the Methods 

section in this article’s Online Repository.

Lymphocyte proliferation assays and detection of secreted cytokines

Lymphocyte proliferation assays and detection of secreted cytokines were performed as 

described in the Methods section in this article’s Online Repository. Flow cytometric 

analysis of CLA+ and CCR4+ T cells were performed as described in the Methods section in 

this article’s Online Repository.

Statistical analysis

The nonparametric Kruskal-Wallis test was used for comparison between the APT-positive 

and APT-negative groups. In case of statistical significance, retesting with the Mann-

Whitney U test was used to assess statistical differences of pairwise comparisons between 

the APT-positive and APT-negative groups. P values of less than .05 were considered 

statistically significant.

Basophil activation determined by means of flow cytometry: CD203c and CD63 assay

Basophil activation was detected by means of flow cytometry with CD203c and CD63 

assays, as described in the Methods section in this article’s Online Repository.
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RESULTS

Characteristics of study subjects and study design

Thirty subjects (16 female and 14 male subjects) were recruited and allocated to 4 groups 

(Fig 1 and Table I). Group 1 included 15 patients with exacerbation of AD induced by birch 

pollen (age, 19-44 years; mean age, 28.7 ± 6.4 years). Each of these patients also had birch 

pollen–related rhinoconjunctivitis, 4 had asthma, and 9 had birch pollen-related oral allergy 

syndrome (Table I). Patients from group 1 were allergic to several other allergen sources as 

well (eg, house dust mites, animals, grass pollen, and molds).

Group 2 consisted of 5 patients with birch pollen–related rhinoconjunctivitis who, like 

patients in group 1, were allergic to several other allergen sources as well (eg, house dust 

mites, animals, grass pollen, and molds; age, 25-47 years; mean age, 34.4 ± 9.3 years; Table 

I). However, unlike patients from group 1, group 2 patients never had AD.

Two control groups containing subjects without birch pollen allergy were also studied. 

Group 3 contained 5 patients with only respiratory allergy to allergen sources other than 

birch pollen (age, 28-33 years; mean age, 30.8 ± 1.9 years). Group 4 included 5 nonallergic 

subjects (age, 23-36 years; mean age, 29.8 ± 5 years; Fig 1 and Table I). Table I provides a 

summary of the demographic and clinical characteristics of the subjects, whereas Table E1 

in this article’s Online Repository at www.jacionline.org shows additional serologic and 

immunologic parameters of the study subjects.

Each of the patients with birch pollen allergy in groups 1 and 2 showed specific IgE 

reactivity to rBet v 1 (group 1: median, 12.8 kUA/L; group 2: median, 13.8 kUA/L) and 

birch pollen extract (group 1: median, 13.2 kUA/L; group 2: median, 12 kUA/L), whereas 

subjects from groups 3 and 4 did not (see Table E1).

Subjects from the 4 groups were also characterized regarding IgE reactivity to rBet v 1, F1, 

F2, and F1+F2 by using RAST-based dot blotting. Each of the patients with birch pollen 

allergy from groups 1 and 2 displayed IgE binding to rBet v 1, whereas none showed IgE 

binding to F1 (see Fig E1 in this article’s Online Repository at www.jacionline.org). Only 1 

patient from group 2 (ie, patient 10) had a slightly positive IgE reactivity to F2 (see Fig E1 

and Table E1). Eight of the 20 patients with birch pollen allergy from groups 1 and 2 

displayed weak IgE binding (according to densitometry, <20% of IgE reactivity to Bet v 1) 

to the F1+F2 mix (group 1: subjects 18, 22, 25, and 26; group 2: subjects 6, 9, 10 and 13; 

see Fig E1). Sera from subjects of group 3 and 4 did not show any detectable IgE reactivity 

to dot-blotted rBet v 1 or to hypoallergenic rBet v 1 fragments (see Fig E1). During visit 1, 

blood samples were taken from each of the 30 subjects, SPTs were performed, and APTs 

were mounted, the results of which were then read 48 hours later during visit 2.

rBet v 1, but not rBet v 1 fragments, induce immediate-type skin reactions in patients with 
birch pollen allergy

SPTs demonstrated that all patients with birch pollen allergy (groups 1 and 2) had 

immediate-type skin reactions to birch pollen extract and to each of the 2 concentrations of 

rBet v 1 (ie, 20 and 40 μg/mL; Table II). By contrast, none of the 20 patients with birch 
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pollen allergy exhibited immediate-type skin reactions to any of the 2 concentrations (ie, 20 

and 40 μg/mL) of the hypoallergenic rBet v 1 fragment mix (F1+F2, Table II) or to the 

hypoallergenic rBet v 1 fragments F1 or F2 (data not shown). Interestingly, none of the 8 

subjects with residual IgE reactivity to rBet v 1 fragments (see Table E1) showed any 

immediate skin response to the fragments or fragment mix (Table II and see Fig E2 in this 

article’s Online Repository at www.jacionline.org). None of the control subjects (group 3: 

allergic without birch pollen allergy; group 4: nonallergic) had positive skin reactions to 

birch pollen extract, rBet v 1, the F1+F2 mix, or the individual fragments (Table II, data not 

shown). Each of the subjects had immediate SPT responses to histamine.

APT reactions to rBet v 1 and rBet v 1 fragments occur only in patients with birch pollen 
allergy

In parallel to SPTs, APTs were performed on the backs of the subjects with 160 μg of rBet v 

1 or with an equimolar mix containing 80 μg of each hypoallergenic rBet v 1 fragment 

(F1+F2, Fig 1). Fifteen of the 30 subjects had positive APT responses to 1 or both of the 

antigens. Each of the subjects with positive responses belonged to group 1 or 2 and was 

birch pollen allergic, whereas none of the subjects from groups 3 or 4 had a positive APT 

result (Table II). Interestingly, APT reactions were induced by IgE-reactive antigens, as well 

as by hypoallergenic rBet v 1 fragments and occurred in patients with exacerbation of AD 

induced by birch pollen, as well as in patients with birch pollen–induced respiratory allergy 

without AD (see Fig E3 in this article’s Online Repository at www.jacionline.org for some 

examples). APT reactions with single fragments and control APTs performed with pure 

Vaseline (Unilever, London, United Kingdom) were negative (data not shown).

Frequent occurrence of APT reactions to hypoallergenic rBet v 1 fragments in patients 
with AD

We found that APTs with rBet v 1 induced an eczematous reaction in 11 (73.3%) of 15 

patients with exacerbation of AD induced by birch pollen (group 1; Table II and Fig E3 in 

this article’s Online Repository at www.jacionline.org shows subjects 19 and 26 as 

examples). APTs with a mix of hypoallergenic F1+F2 induced a positive eczematous 

reaction in 10 (66.7%) of 15 patients with exacerbation of AD induced by birch pollen 

(group 1; Table II and Fig E3 shows an example given for subject 26). Only 3 of the 10 

subjects with positive APT reactions to the hypoallergenic F1+F2 mix had residual IgE 

reactivity to the F1+F2 mix, whereas the other 7 subjects had no detectable IgE specific for 

F1+F2. Therefore, an involvement of IgE (eg, contribution of mast cell or basophil 

activation or IgE-facilitated allergen presentation) in the APT reactions can be excluded for 

the latter subjects.

Frequent occurrence of APT reactions to rBet v 1 and rBet v 1 fragments in patients with 
only respiratory birch pollen allergy

Interestingly, we observed that APTs with rBet v 1 also induced eczematous skin reactions 

in 4 (80%) of 5 patients who had only birch pollen–related rhinoconjunctivitis but who 

never experienced exacerbation of AD induced by birch pollen (group 2; Table II and see 

Fig E3 for results for subjects 11 and 13 as example). Again, we found that the mix of 

hypoallergenic F1+F2 induced eczematous skin reactions in 3 of the 5 patients with birch 
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pollen allergy who had only respiratory forms of birch pollen allergy without AD (group 2; 

Table II and see Fig E3 for subject 13 shown as an example).

Neither rBet v 1– nor rBet v 1 fragment–specific T-cell proliferation were significantly 
associated with the occurrence of APT reactions

In a first set of experiments, we analyzed lymphocyte proliferation toward rBet v 1 and 

hypoallergenic F1+F2 in subjects of groups 1 to 4 (Fig 2, upper panel). We found that rBet v 

1–induced T-cell proliferation was significantly higher in patients with exacerbation of AD 

induced by birch pollen (group 1) compared with that in nonallergic subjects (group 4; Fig 

2, upper panel). It was also significantly higher in patients with respiratory allergy to birch 

without AD and allergic patients without birch pollen allergy compared with that in 

nonallergic subjects (Fig 2, upper panel). However, no significant differences were observed 

when groups 1, 2, and 3 were compared with each other. Furthermore, no statistically 

significant differences regarding T-cell proliferations specific for hypoallergenic F1+F2 

among groups 1 to 4 were found (Fig 2, upper panel).

We did not find any statistically significant differences regarding T-cell proliferation to rBet 

v 1 and the mix of hypoallergenic F1+F2 when the 30 study subjects were regrouped 

according to the presence of APT reactions and birch pollen allergy (ie, group A), lack of 

APT reactions and presence of birch pollen allergy (ie, group B), and lack of APT reactions 

and absence of birch pollen allergy (ie, group C; Fig 2, lower panel).

Proliferation of Bet v 1–specific skin-homing T cells is highest in patients with birch pollen 
allergy with AD but is not significantly correlated with positive APT reactions

It is well established that patients with AD have increased levels of skin-homing CLA+ and 

CCR4+ T cells.21 However, thus far, it has not been studied whether there is an association 

between allergen-induced proliferation of these cells and allergen-induced eczematous skin 

reactions. We found that stimulation with rBet v 1 induced a specific CD3+CD4+ cell 

proliferation in the CLA+ and CCR4+ cells that was significantly higher in the group of 

patients with exacerbations of AD induced by birch pollen compared with groups 2, 3, and 4 

(ie, subjects without birch pollen–induced AD; Fig 3, A). A similar trend was observed when 

cells were stimulated with the mix of hypoallergenic F1+F2 for CCR4+ cells (Fig 3, B). The 

proliferation was significantly higher in group 1 when compared with that in groups 2 and 3 

but was not significant when compared with that in group 4. For CLA+ cells, differences 

were not significant.

Interestingly, when patients with birch pollen allergy were regrouped according to the 

occurrence (ie, group A) or absence (ie, group B) of a positive APT reaction, there was no 

significant difference between the groups regarding proliferation induced with Bet v 1 in 

CLA+ and CCR4+ cells and also proliferation induced with the mix of hypoallergenic F1+F2 

in CLA+ and CCR4+ cells (Fig 3, C and D).
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Patients with birch pollen allergy with and without Bet v 1–specific APT reactions have 
similar cytokine responses to Bet v 1 and Bet v 1 fragments

No statistically significant differences were found regarding levels of any of the cytokines 

(ie, IL-1, IL-2, IL-4; IL-5, IL-6, IL-7, IL-8, IL-10, IL-12, IL-13, IL-17, IL-22, IFN-γ, TNF-

α, granulocyte colony-stimulating factor, GM-CSF, monocyte chemoattractant protein 1, 

and macrophage inflammatory protein 1) induced in PBMCs with rBet v 1 (see Fig E4 in 

this article’s Online Repository at www.jacionline.org) or with the hypoallergenic F1+F2 

mix (see Fig E5 in this article’s Online Repository at www.jacionline.org) from patients 

with positive APT reactions (ie, group A) compared with those from patients with negative 

APT reactions (ie, group B: birch pollen allergy; group C: absence of birch pollen allergy). 

Yet some other differences were noted that were not related to the presence or absence of 

ATP reactions. For example, hypoallergenic F1+F2 induced significantly higher levels of 

the TH1 cytokine IFN-γ in PBMCs from patients without birch pollen allergy (see Fig E5). 

A similar trend without significance was observed for Bet v 1 (see Fig E4). An inverse 

situation was found for IL-4 levels, which were significantly higher in PBMCs from patients 

with birch pollen allergy stimulated with the mix of hypoallergenic F1+F2 (see Fig E5). A 

similar trend without significance was found for Bet v 1 (see Fig E4). In accordance with the 

results for IFN-γ and IL-4, we found that levels of IL-12 induced with Bet v 1 and the mix 

of hypoallergenic F1+F2 were highest in PBMC cultures from subjects without birch pollen 

allergy. The latter findings thus seem to reflect the TH1/TH2 dysbalance of the Bet v 1–

specific response in subjects with and without birch pollen allergy.

Interestingly, IFN-γ levels were significantly higher in PBMCs of the patients with birch 

pollen allergy with positive APT reactions (ie, group A) when compared with those in 

patients with birch pollen allergy without positive APT reactions (ie, group B) when the mix 

of hypoallergenic F1+F2 was used for stimulation. However, IFN-γ levels were also 

significantly higher in PBMCs of subjects without birch pollen allergy and negative APT 

reactions (ie, group C) when compared with those in patients with birch pollen allergy 

without positive APT reactions (ie, group B).

Furthermore, we noted that IL-7 levels in PBMC cultures from patients with birch pollen 

allergy stimulated with Bet v 1 and the mix of hypoallergenic F1+F2 were significantly 

higher compared with levels found in cultures of PBMCs from subjects without birch pollen 

allergy (see Figs E4 and E5).

We also studied whether supernatants from stimulated PBMCs of the study subjects would 

be able to activate basophils by studying upregulation of basophil activation markers (ie, 

CD63 and CD203c). However, we could not detect any increase in upregulation of these 

markers when basophils were exposed to supernatants from PBMCs stimulated with Bet v 1 

or the fragment mix compared with medium (data not shown).

DISCUSSION

In this clinical study we used hypoallergenic T-cell epitope–containing fragments of the 

major birch pollen allergen Bet v 1 to investigate the occurrence of IgE-independent, T cell–

mediated allergic skin inflammation in patients with birch pollen allergy with different 
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disease manifestations, allergic patients without birch pollen allergy, and nonallergic 

subjects by using APTs. We found that 11 (73.3%) of 15 patients with birch pollen allergy 

with AD had T cell–mediated APT reactions to rBet v 1, and 10 of these patients (10/15 

[66.6%]) had late eczematous reactions to the mix of hypoallergenic rBet v 1 fragments. 

These results demonstrate that non–IgE-mediated mechanisms are very frequent in chronic 

allergen-induced skin inflammation. More important, and quite unexpected, was the finding 

that T cell–mediated APT reactions to rBet v 1 (4/5 [80%]) were also very common in 

patients with birch pollen allergy who had only allergic rhinoconjunctivitis but never 

experienced an exacerbation of AD induced by birch pollen. Here again, the eczematous 

reactions were often IgE-independent, appearing in 3 (60%) of 5 patients. In fact, there are 

not many studies in which APTs were performed with allergen extracts in allergic patients 

without AD, and there is no systematic study in which hypoallergenic allergen derivatives 

were used for APTs. In studies comparing allergic patients with and without AD, positive 

APT reactions were much more frequent in patients with AD or confined to this group when 

compared with patients with only respiratory allergy without a history of eczema.22 In our 

study, the appearance of Bet v 1–specific APT reactions was strictly confined to patients 

with birch pollen allergy and was not observed in allergic patients without birch pollen 

allergy or nonallergic subjects. In fact, others have reported that positive APT reactions to 

aeroallergens are very common in patients with AD,23 but our study is the first to use 

hypoallergenic allergen derivatives to demonstrate that the reactions are often non–IgE 

mediated. Even for those patients who showed some residual IgE reactivity to the mix of 

rBet v 1 fragments (ie, <20% of the Bet v 1–specific IgE reactivity), it is very unlikely that 

the APT reactions were IgE mediated because the magnitudes of the APT reactions were 

similar between those induced by fully IgE-reactive Bet v 1 and those induced by the 

hypoallergenic Bet v 1 fragments, despite extremely low IgE reactivity of the rBet v 1 

fragments and their lack of allergenic activity, as shown by SPTs.

According to the type of reaction (ie, hypersensitivity type IV like) and the time of 

appearance (ie, 48 hours after application, delayed type), the APT reactions were most likely 

T cell mediated. Therefore we searched for surrogate markers of Bet v 1–specific T-cell 

activation and Bet v 1–specific induction of T cell–derived cytokines, which might be 

associated with the APT reactions. Much to our surprise, we did not find any significant 

correlation between positive Bet v 1–specific APT reactions and Bet v 1–specific T-cell 

proliferation in cultured PBMCs. Because in the present study we could analyze only T-cell 

and cytokine responses in peripheral blood, we next sought to focus on T cells that home to 

the skin and express CLA, CCR4, or both.24,25 In fact, it has been reported that 

CLA+CCR4+ T cells are upregulated in lesional skin of patients with AD, but it has not yet 

been investigated whether allergen-induced activation of such cells is associated with 

allergen-induced APT reactions. We found an increased expression of skin-homing (CLA+) 

and CCR4+CD4+ T cells in the rBet v 1–stimulated PBMCs from patients with AD 

compared with those from patients with only birch pollen–related rhinoconjunctivitis and 

nonallergic subjects. These results are comparable with those of Nakatani et al,21 indicating 

a predominant expression of skin-homing cells in the peripheral blood of patients with AD. 

However, again, analysis of allergen-specific activation and proliferation of in vitro–

cultured skin-homing cells in patients with positive allergen-specific APT reactions were not 
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significantly correlated. In our analysis we investigated only CD3+CD4+ T cells. Therefore 

it is possible that the development of positive APT reactions might be due to other types of 

T cells, such as CD8+ T cells, which were reported to occur in increased numbers in patients 

with positive APT reactions when compared with numbers in normal skin,25 and there is 

evidence that allergen-primed CD8+ T cells are required for the development of AD-like 

lesions.24

We also performed an extensive analysis of inflammatory and tolerogenic cytokines, 

including IL-10 and IL-22, which has been suggested to be secreted specifically by a subset 

of human skin-homing T cells26 in supernatants of PBMCs stimulated with rBet v 1 and 

recombinant hypoallergenic Bet v 1 fragments. However, we did not find significant 

correlations between any of the tested allergen-induced cytokines and the presence or 

absence of allergen-specific APT reactions.

Together with studies performed in patients with AD using Bet v 1–homologous food 

allergens, which are not stable when cooked or digested in the gastrointestinal tract,27,28 our 

study provides evidence that non–IgE-mediated, T cell–mediated mechanisms are very 

common in patients with AD. It has been also shown for patients with allergen-induced 

asthma that non–IgE-mediated, T cell–dependent late-phase reactions can occur when 

patients are exposed to T-cell epitope–containing non–IgE-reactive allergen derivatives.10 

Interestingly, our study also shows that hypoallergenic Bet v 1 derivative–induced APT 

reactions occur frequently in patients with birch pollen–induced rhinoconjunctivitis. Since it 

has been reported that patients who were treated with recombinant and synthetic 

hypoallergenic Bet v 1 fragments frequently experience late-phase side effects,12,14 it is very 

likely that these side effects are non–IgE mediated and T cell dependent. Thus our study 

shows that APTs with hypoallergenic allergen derivatives but no other of the tested in vitro 

surrogate markers are useful to identify patients who show T cell–mediated allergic 

inflammation. Therefore one might consider using APTs with hypoallergens to identify 

patients who are at risk of having non–IgE-mediated, T cell–mediated allergic inflammation 

because they might benefit from T cell–targeted therapeutic strategies. Furthermore, patients 

with T cell–mediated side effects during SIT might benefit from new forms of SIT, which 

reduce the presence of allergen-specific T-cell epitopes in the vaccine, such as recombinant 

peptide carrier vaccines that have a strongly reduced ability to induce allergen-specific T-

cell activation and APT reactions.29,30 Therefore it will be interesting to perform follow-up 

studies in which APTs are performed before SIT with hypoallergenic Bet v 1 derivatives to 

determine whether positive APT reactions elicited by hypoallergenic Bet v 1 derivatives 

might predict late-phase side effects during birch pollen SIT.
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Refer to Web version on PubMed Central for supplementary material.
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Clinical implications

Late-phase reactions to hypoallergenic T-cell epitope–containing allergen derivatives 

occur frequently and can be determined based on APT reactions.

Campana et al. Page 14

J Allergy Clin Immunol. Author manuscript; available in PMC 2016 February 10.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



FIG 1. 
Study design. Four groups of subjects, group 1 (patients with birch pollen allergy with AD, 

n = 15), group 2 (patients with birch pollen allergy with rhinoconjunctivitis without AD, n = 

5), group 3 (allergic patients without birch pollen allergy and without AD, n = 5), and group 

4 (nonallergic subjects, n = 5), were subjected to SPTs and APTs.
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FIG 2. 
T-cell proliferation toward rBet v 1 or F1+F2. Shown are PBMC proliferations (y-axes: 

stimulation indices as box-and-whisker plots showing minimum, quartiles, median, and 

maximum values) in response to rBet v 1 or the rBet v 1 fragments (F1+F2) for study groups 

1 to 4 (upper panel) and (lower panel) for patients with birch pollen allergy with positive 

APT reactions (group A), patients with birch pollen allergy with negative APT reactions 

(group B), and subjects without birch pollen allergy with negative APT reactions (group C). 

Significant differences between the groups are indicated.

Campana et al. Page 16

J Allergy Clin Immunol. Author manuscript; available in PMC 2016 February 10.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



FIG 3. 
Activation of CLA+ or CCR4+CD3+ cells by rBet v 1 or F1+F2 with carboxyfluorescein 

diacetate succinimidyl ester staining. A and B, Shown are the stimulation indices as box-

and-whisker plots showing minimum, quartiles, median, and maximum values in response to 

rBet v 1 (Fig 3, A) or to the rBet v 1 fragment mix (F1+F2; Fig 3, B) for study groups 1 to 4. 

C and D, Results for patients with birch pollen allergy with positive APT reactions (Fig 3, 

A), patients with birch pollen allergy with negative APT reactions (Fig 3, B), and subjects 

without birch pollen allergy with negative APT reactions (Fig 3, C) in response to rBet v 1 
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and F1+F2, respectively. Significant differences between the groups are indicated. The 

horizontal dashed line represents the cutoff for positive proliferation (stimulation index > 1).
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TABLE I

Demographic and clinical characteristics of subjects

Characteristics of subjects Group 1 (n = 15) Group 2 (n = 5) Group 3 (n = 5) Group 4 (n = 5)

Sex

 Male, no. (%) 8 (53.3) 3 (60) 3 (60) 1 (20)

 Female, no. (%) 7 (46.7) 2 (40) 2 (40) 4 (80)

Age (y)

 Mean ± SD 28.7 ± 6.4 34.4 ± 9.3 30.8 ± 1.9 29.8 ± 5

 Range 19-44 25-47 28-33 23-36

Allergies, no. (%)

 Birch 15 (100) 5 (100) – –

 Animals 14 (93.3) 5 (100) – –

 Grass 12 (80) 5 (100) 3 (60) –

 Plant food 9 (60) 4 (80) 1 (20) –

 Non–plant-derived food 6 (40) 1 (20) – –

 Molds 8 (53.3) 2 (40) 1 (20) –

 Mites 14 (93.3) 4 (80) 3 (60) –

 Weeds 4 (26.7) 1 (20) 1 (20) –

Symptoms, no. (%)

 Atopic dermatitis 15 (100) – – –

 Rhinoconjunctivitis 15 (100) 5 (100) 5 (100) –

 Asthma 4 (26.7) – – –

 Oral allergy syndrome 9 (60) 5 (100) – –

J Allergy Clin Immunol. Author manuscript; available in PMC 2016 February 10.



 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts

Campana et al. Page 20

TABLE II

SPT and APT responses

SPT (mm2) APT

Subject Group Histamine Birch
rBet v 1

(20 μg/mL)
rBet v 1

(40 μg/mL)
F1+F2

(20 μg/mL)
F1+F2

(40 μg/mL) rBet v 1 F1+F2

1 1 82.29 124.80 134.32 152.70 − − ++++ ++++

5 1 76.26 91.27 56.64 76.57 − − +++ ++

7 1 157.06 173.38 190.06 187.13 − − +++ ++

8 1 184.98 137.88 201.50 220.83 − − ++++ ++++

15 1 115.17 152.10 104.68 236.41 − − +++ ++

18 1 37.20 62.84 67.17 84.41 − − +++++ +++++

20 1 102.79 139.73 95.90 111.55 − − ++ ++

21 1 40.38 46.49 39.09 42.69 − − + +++

22 1 148.30 87.79 122.01 170.25 − − +++++ +++++

26 1 59.59 64.79 49.70 94.92 − − +++++ +++++

19 1 144.71 96.06 141.87 223.65 − − ++ −

24 1 50.68 50.52 61.33 78.70 − − − −

25 1 236.38 235.59 227.69 394.59 − − − −

27 1 115.47 120.12 242.12 243.92 − − − −

28 1 128.67 137.17 191.41 267.77 − − − −

9 2 121.10 217.00 201.28 410.51 − − +++++ ++

10 2 54.56 56.20 51.12 61.84 − − +++ +++

13 2 116.13 104.07 132.37 324.44 − − +++++ +++

11 2 133.51 119.15 190.26 285.30 − − ++ −

6 2 120.78 108.69 73.00 89.83 − − − −

2 3 122.58 − − − − − − −

3 3 192.57 − − − − − − −

4 3 89.89 − − − − − − −

12 3 76.05 − − − − − − −

23 3 66.26 − − − − − − −

14 4 51.2 − − − − − − −

16 4 79.89 − − − − − − −

17 4 43.62 − − − − − − −

29 4 197.43 − − − − − − −

30 4 142.45 − − − − − − −
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