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Introduction

House dust mites belong to the most frequent indoor allergen sources worldwide and are 

potent inducers of perennial asthma and rhinitis [1-3]. Major allergens in house dust are 

associated with mites of the genus Dermatophagoides [4]. To date, 17 groups of allergens 

from Dermatophogoides sp. with diverse biological functions have been described 

(www.allergen.org) [5, 6]. Especially group 1 and 2 allergens from Dermatophagoides 

pteronyssinus (Der p) and D. farina (Der f), secreted from mite bodies or excreted with their 

feces, are among the strongest immunogens in humans [7, 8]. Der p 1 and Der f 1 are 

proteins with cysteine protease activity while Der p 2 and Der f 2 contribute to allergenicity 

by interacting with the innate immune system [9, 10]. Recently, a new HDM allergen, Der p 

23, a perithrophin-like protein was identified. It was shown to induce Immunoglobulin E 

(IgE)-levels comparable to Der p 1 and 2 and hence represents another major HDM allergen 

[11].

IgE is of particular importance for the pathogenesis of an allergic immune response. Cross-

linking of IgE molecules bound to Fcε-receptors on the surface of mast cells and basophil 

granulocytes by allergens leads to the release of histamine and other proinflammatory 

mediators and triggers immediate type clinical symptoms of allergic disease [12, 13]. T cells 

are also major contributors to allergic disease. T helper type 2 (Th2)-derived cytokines such 

as IL-4 and IL-13 induce immune class switching from IgG4 to IgE in B cells [14-16]. In 

addition to promoting the production of IgE, Th2 cells may also contribute to the immune 

response directly by releasing proinflammatory cytokines such as IL-5 that trigger 

eosinophilia.

While several studies have reported several T cell epitopes derived from HDM [17-23], a 

comprehensive characterization of the epitopes recognized by human T cells in the context 

of house dust mite is still lacking. The precise definition and exact mapping of the epitopes 

involved, antigens of origin, and patterns of associated T helper cell responses would allow 
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the identification of immunodominant epitopes and thereby contribute to a better 

understanding of pathogenic immune responses. A number of studies have shown that the 

frequency of allergen-specific T cells is extremely low, in the range of 1 to 6/10000 cells 

[22, 24]. In particular, epitope sets that allow ex vivo characterization of HDM-specific T 

cell responses are lacking, and most if not all data is derived from protocols that utilize in 

vitro re-stimulation. This issue is of relevance, since it is well known that in vitro re-

stimulation can alter the phenotype of the responding cells.

In this study, we analyzed patterns of immune recognition of Der p- and Der f-proteins, 

which are considered most dominant within mite allergens [7, 8]. We comprehensively 

defined T cell responses and characterized the Th1/Th2 balance in HDM-specific immune 

responses directed against different house dust mite allergens and epitopes. To examine 

whether the group 1 and 2 allergens also dominate at the T cell level, over other antigens 

that are subdominant in terms of IgE titers, we also included the recently described Der p 23 

[11] into our studies. Based on these results we define a pool of immunodominant epitopes 

that allows the detection of HDM-specific T cells directly ex vivo.

Methods

Study population

PBMCs from 55 house dust mite allergic and 10 non-allergic individuals were kindly 

provided by ALK-Abello A/S (Horsholm, Denmark). From each volunteer 20 to 40 million 

PBMCs were obtained. PBMCs were isolated from whole blood by density gradient 

centrifugation according to manufacturers’ instructions (Ficoll-Hypaque, Amersham 

Biosciences, Uppsala, Sweden). A total of 55 allergic patients were analyzed in the study. 

However, due to limitations in cell numbers, not all patients were tested in the same 

experiment. The results sections indicate the number of patients tested in any particular 

experiment.

Der p- and Der f-specific IgE-titers were also provided by ALK-Abello and are summarized 

in supplementary tables 1A and B of this manuscript. Serum levels of Der p/f-specific IgE-

antibodies were determined in whole blood using the ImmunoCAP-system (Thermo Fischer, 

Uppsala, Sweden).

Selection of 15-mer peptides from house dust mite sequences

Sequences of mite Der p allergen groups 1, 2, 23- and Der f- groups 1 and 2 were selected 

from 7 databases: Allergen Database for Food Safety (http://allergen.nihs.go.jp/ADFS), 

Food Allergy Research and Resource Program (www.farrp.org), Allergen Nomenclature 

(www.allergen.org/Allergen.aspx), Allergome (www.allergome.org), Swissprot 

(www.expasy.ch/sprot), Structural Database of Allergenic Proteins (http://fermi.utmb.edu/

SDAP), and the Biotechnology Information for Food Safety Database (Gendel et al. 2006, 

Mol Nutr Food Res). Sets of peptides of 15 amino acids in length, overlapping by 10 

residues, were generated to cover the entire allergen protein sequences. Overall, a total of 

178 peptides were assembled in 10 pools and screened for their immunogenicity.
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Peptide synthesis

Peptides were purchased from Mimotopes (Clayton, Victoria, Australia) and/or A and A 

(San Diego, CA) as crude material on a small (1-mg) scale. Individual peptides were 

resuspended in DMSO at a final concentration of 40 mg/ml. A pool of 75 immunodominant 

peptides from Der p/f allergens identified in this study or previously published [17, 20, 21, 

23] was also used. This set is referred to as the Dust Mite Pool (DMP) throughout the 

manuscript. To generate this pool 10 μl of each individual peptide dissolved in DMSO were 

pooled and re-lyophilized (A and A, San Diego, CA). Following lyophilization the pool was 

reconstituted in DMSO so that each peptide was present at a concentration of 4 mg/ml.

Stimulation and expansion of dust-mite specific T cells

For in vitro expansion of house dust mite specific T cells, PBMCs of HDM-allergic and 

non-allergic individuals were stimulated with Der p- and Der f-extract (ALK-Abello A/S 

(Horsholm, Denmark) at 5 μg/ml, respectively. The concentration was determined by 

titration experiments (data not shown). Cells were cultured in RPMI1640 supplemented with 

5% human AB serum in 24 well plates (BD Bioscience, San Diego, CA) at a density of 

2×106/ml and incubated at 37°C. IL-2 was added every 3 days after initial stimulation. Cells 

were harvested on day 14 and screened for IFNγ/IL-5-production by dual ELISPOT assays.

Dual ELISPOT assays

In vitro restimulation—The production of IFNγ and IL-5 from cultured PBMCs in 

response to antigenic stimulation was assessed by dual ELISPOT assays as described 

previously [25]. Flat-bottom 96-well plates were coated with 5 μg/ml anti-human IFNγ 

(Clone 1-D1K; Mabtech, Cincinati, OH) and anti-human IL-5 (clone TRFK5; Mabtech). 

PBMCs were harvested after 14 days of expansion and incubated in 96 well ELISPOT plate 

at a density of 1×105 cells/well either with peptide pools (10 μg/ml) or individual peptides 

(10 μg/ml), HDM extract (5 μg/ml), PHA (10 μg/ml), or medium containing 1% DMSO 

(corresponding to the percentage of DMSO in the pools/peptides) as a control. After 24 

hours, cells were removed and plates were incubated with 2 μg/ml biotinylated anti-human 

IL-5 ab (Mabtech) and HRP-conjugated anti-human IFNγ-ab at 37°C for 2 hours. Spots 

corresponding to the biotinylated IL-5-antibody were incubated with alkaline phosphatase 

complex (Vector Laboratories, Burlingame, CA), and developed using Vector Blue Alkaline 

Phosphatase Substrate Kit III according to manufacturers instruction. Spots corresponding to 

the HRP-conjugated IFNγ-antibody were developed with 3-amino-9-ehtylcarbazole solution 

(Sigma Aldrich, St. Louis, MO). Spot forming cells (SFC) were counted by computer 

assisted image analysis (KS-ELISPOT reader, Zeiss, Munich, Germany). Each assay was 

performed in triplicates. Student’s t-test using the mean of triplicate values of the response 

against the extract, pool or individual peptides, compared to the response against medium 

control was applied to calculate statistical significance. As previously described, criteria for 

positivity were 100 SFCs per 106 PBMCs, P < 0.05, and a stimulation index > 2 [26-29]. 

Positive pools were deconvoluted to identify the individual epitopes inducing the response. 

In the case of individual peptides, criteria for positivity were 20 SFCs per 106 PBMCs, P < 

0.05, and a stimulation index > 2.
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Ex vivo restimulation—To analyze cytokine production in response to ex vivo antigenic 

stimulation PBMCs were thawed, washed with RPMI and resuspended at 4×106 PBMC/ml. 

Thereafter, 2×105 PBMC/well were stimulated with HDM extract (5 μg/ml), individual 

peptides (10 μg/ml), DMP (1 μg/ml), PHA (10 μg/ml) or medium in 96 well plate and IL-10- 

and IL-17- responses were assessed in addition to IFNγ and IL-5 by ELISPOT. IFNγ-/IL-5 

production was determined exactly as described above.

To determine IL-10- and IL-17-production, 96 well ELISPOT plates were coated with anti-

human IL-10 (clone 9D7; Mabtech) and anti-human IL-17 antibody (clone 147178; 

eBioscience, San Diego, CA). After 24 hours, cells were removed and plates were incubated 

with 2 μg/ml biotinylated anti-human IL-10-antibody (Mabtech) and FITC-conjugated anti-

human IL-17 antibody (eBioscience) at 37°C for 2 hours. Spots corresponding to the 

biotinylated IL-10 antibody were incubated with alkaline phosphatase complex (Vector 

Laboratories, Burlingame, CA), and developed using Vector Blue Alkaline Phosphatase 

Substrate Kit III according to manufacturers instruction. Spots corresponding to the anti-

FITC-HRP conjugated IL-17 antibody were developed with 3-amino-9-ehtylcarbazole 

solution (Sigma Aldrich, St. Louis, MO). Spot forming cells (SFC) were counted by 

computer assisted image analysis (KS-ELISPOT reader, Zeiss, Munich, Germany) and 

analyzed as described in the in vitro restimulation section of this manuscript.

Results

Determination of T cell reactivity to Der p and Der f allergens

The initial series of experiments in this study characterized T cell reactivity of HDM allergic 

donors to group 1 and 2 allergens from Der p and Der f and the recently described Der p 23 

allergen [11]. While 17 different groups of Der p/Der f allergens are listed in the IUIS 

database (www.allergen.org), the Der p1/2 from Dermatophagoides pteronyssinus and Der f 

1/2 from D. farinae are amongst the most widely reported and well characterized mite 

allergens in humans [7, 8].

For these initial studies a cohort of 21 male and female (66%/33%) donors, age 19-66, with 

a clinical history of HDM allergy and IgE CAP (Der f or Der p) titers >0.35 kU/L was 

recruited. To assess HDM-specific responses, PBMCs from each donor were stimulated in 

vitro with a mixture of Der p/f extract. After 14 days, pools of 15/20-mer peptides, 

overlapping by 10 residues entirely spanning the various antigens, were tested using 

ELISPOT assays for their capacity to elicit IFNγ and/or IL-5 responses. IL-5 and IFNγ were 

chosen as representative of Th2 and Th1 cytokines, respectively. Positive pools were 

deconvoluted to identify the specific individual epitopes eliciting the responses. Overall, 

positive IL-5 responses to at least one antigen could be detected in all 21 donors, and 16/21 

generated IFNγ responses (Supplementary Table 1A).

Breadth and immunodominance in T cell responses to group 1, 2 and 23 HDM antigens

The overall reactivity detected in the course of these experiments is shown in Figures 1 A-C, 

which depict the sum total SFC detected for each peptide for each of the three antigen 

groups examined. Group 1 reactivity was strongest, exceeding reactivity to group 2 by about 
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two-fold. Furthermore, reactivity to group 1 and 2 allergens is much stronger than the 

reactivity observed against Der p 23 (>10-fold). This might be due to differences in the 

allergen content in the HDM extract, with it likely that the Der p 1 and Der p 2 content is 

higher than that of Der p 23. The corresponding overall frequency of donor recognition of 

each peptide is shown in Figures 1 D-F. The analysis of response frequencies reveals a 

hierarchy of immunodominance similar to the one observed for response magnitude.

A total of 819 positive responses were detected in any donor/readout/peptide combination, 

mapping to a total of 170 (or 95.5% of the 178) different peptides. Further analysis was 

undertaken to eliminate redundancies. Accordingly, in instances in which two overlapping 

peptides were positive in the same donor, the highest response was chosen as representative 

of the epitope reactivity. As a result, a total of 137 different, non-redundant, potential 

epitopes were recorded. These results underscore the heterogeneity of human allergen 

responses to HDM. A summary of donor IFNγ and IL-5 responses is provided in 

Supplemental Table 1A.

We also noted that relatively few regions accounted for a large fraction of the total response. 

Table 1 lists the main antigenic regions defined for each allergen, to be inclusive of any 

region accounting for 1% or more of the total reactivity to the corresponding antigen. In 

summary, 11-13 regions per allergen are sufficient to account for 90% or more of the 

reactivity to the Der p and Der f group 1 antigens, and 6 each for the two group 2 antigens. 

Interestingly, 90% of the total Der p 23 responses was accounted for by one single epitope 

region.

Next, the data was assessed for polarization of Th-responses. As expected, because of the 

allergic status of the donors, Th2 responses dominated Th1 responses by a factor of 

approximately 8:1. Additionally, we were interested in whether responses to group 1 and 2 

allergens differed in their Th1/Th2 balance. As shown in Figure 2, regardless of the allergen, 

a similar pattern of IL-5 dominance was observed. Further analysis to test whether any of 

the main antigenic regions would be associated with a differential pattern of Th1/Th2 

responses revealed similar patterns of polarization regardless of the antigenic region 

considered (see Table 1).

Generation of a comprehensive pool of HDM epitopes

In most instances, because of the low frequency of antigen-specific CD4+ T cells within 

PBMC, the study of allergen-specific T cell responses requires an in vitro stimulation step to 

expand allergen reactive T cells [22, 30]. We reasoned that simultaneous use of as many 

different epitopes as possible might obviate the need for in vitro restimulation, because 

while the frequency of T cells recognizing each individual epitope may be below the limit of 

detection, an epitope pool might collectively yield a signal above the limit of detection. To 

test this hypothesis, and_based on the results from our epitope screening studies we 

assembled a pool of immunodominant house dust mite epitopes as presented in Table 1. This 

pool included the 34 most dominant peptides cumulatively accounting for 90% of the total 

allergen- specific response in our screen. To take previously identified epitopes into 

consideration an additional set of 41 epitopes was also selected from the Immune Epitope 

Database (IEDB) [31]. The set included Der p/f epitopes, of canonical HLA class II length 
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of 13 to 25 residues, and was edited to eliminate redundant and/or nested sequences. Only 

epitopes identified in ELISA, ELISPOT, intracellular cytokine staining (ICS) assays or by 

HLA-tetramer staining were considered and for epitopes tested in 10 or more donors, those 

recognized in less than 10% were eliminated. This set allowed us to include epitopes that 

were previously identified in an unbiased fashion by other studies and investigators, and in 

independent cohorts. Further, this analysis allowed coverage of the Der p 4 allergen, which 

was not specifically investigated in the current study. No epitope from any other Der p/f 

allergen matching the criteria above could be identified from the literature or the IEDB 

resource. In total, a set of 75 epitopes eliciting Th1 or Th2 responses was selected 

(Supplementary Table 2).

The comprehensive HDM epitopes pool allows detection of ex vivo T cell responses

This pool of 75 immunodominant peptides from Der p/f allergens (referred to as Dust Mite 

Pool, or DMP hereafter) was then tested in PBMCs of two house dust mite allergic 

individuals in vitro following 14 days of culture as well as ex vivo (Figure 3). After in vitro 

expansion the response magnitude of DMP-stimulated PBMCs was comparable to PHA-

stimulated samples (Figure 3A). In line with previous results from this study, IL-5 

production was significantly higher than IFNγ in the in vitro assay. Moreover, significant 

numbers of IL-5-producing cells were detected directly ex vivo following DMP stimulation, 

demonstrating that this pool allows the detection of Th2 responses without any further in 

vitro manipulation (Figure 3B). The experiments depicted in Fig 3A and B were exploratory 

and performed in two representative donors. Based on the results a larger panel of donors 

was tested as shown in Figure 3C.

To validate these findings and test whether ex vivo reactivity could be detected in a broader 

set of subjects we tested allergic individuals that were previously analyzed after in vitro 

expansion, ex vivo (see Supplementary Table 1A for results of the in vitro assay). Due to 

limited cell sample availability only 19 of 21 donors of the first subject cohort were 

analyzed. Using the peptide pool we detected IL-5 responses in 14 out of 19 donors (Figure 

3C). As expected, IFNγ responses were much less frequently observed (4/19 subjects).

DMP ex vivo reactivity correlates with IgE-reactivity

To establish whether a correlation could be detected between T cell responses and IgE-titers 

either following in vitro restimulation or in ex vivo assays, Der p/f-specific IgE-titers, 

defined as the sum total of specific IgE directed against Der p and Der f extracts, were 

determined (see supplementary table 1A). IL-5 reactivity was defined as the sum of total 

IL-5 responses for each Der allergen tested in vitro (supplementary table 1A) or ex vivo 

responses against the DMP as shown in Figure 3C. Ex vivo, a positive correlation between 

IL-5-reactivity and the titer of dust mite specific IgE was detected (Spearman r=0.45, 

P=0.025, one-tailed) whereas no significant correlation between these two parameters was 

observed following the in vitro culture (Figure 4). We also evaluated, for both group 1 and 2 

allergens, the correlation between Der p or Der f1 specific IgE and the allergen-specific T 

cell response. As shown in supplemental figure 1, no correlation was detected.
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To further confirm and validate our results, we assembled an additional cohort composed of 

27 allergic and 10 non-allergic individuals and tested their PBMCs for ex vivo IFNγ/IL-5 

reactivity to DMP stimulation as described before (supplementary table 1B). The results are 

presented in Figure 5. In line with our observation from the previous cohort, the immune 

reactivity in allergic individuals was IL-5 dominated and associated with higher IgE-titers. 

When donors with HDM specific IgE-titers >10 kU/L were compared to those with low IgE 

(<10 kU/L) IL-5 responses were observed in 12 out of 16 donors versus 0 out of 11 in the 

low titer group (Figure 5). In non-allergic individuals no significant responses were detected 

above the threshold of 20 SFC. A compilation of data from all tested donors (Figures 3 to 5) 

revealed that DMP stimulation leads to detectable IL-5 responses in 88% of allergic 

individuals (31 of 35 donors) whereas no IL-5 signal was detected in any of the tested non-

allergic subjects (Supplementary Table 3).

IL-5 reactivity against the DMP is similar to that against the HDM extract

As mentioned above, our hypothesis was that simultaneous use of the many different 

epitopes included in DMP obviates the need for in vitro restimulation, because while the 

frequency of T cells recognizing each individual epitope may be below the limit of 

detection, an epitope pool might yield a signal above the limit of detection. To further 

address this point, the ex vivo IFNγ/IL-5 reactivity against the DMP and HDM extracts was 

measured in a set of 10 HDM allergic donors (Figure 6). Six of these donors had not been 

previously tested, while four were included in the experiment of Figures 3-5. As a control 

we included five individual peptides eliciting the highest responses in our screen (Table 1).

Overall, the magnitude of IL-5-reactivity against the DMP was similar to the reactivity of 

HDM extract stimulated samples. Responses to single peptides were below the detection 

limit in most cases except for Der f 1961-15 and Der f 221-40 eliciting responses in five and 

two donors with IgE-titers above 10kU/l, respectively. These results are consistent with the 

notion that the various less dominant epitope specificities, including also the ones described 

in the literature contribute to enhancing the signal detected by the DMP pool.

Ex vivo DMP stimulation of PBMCs from allergic donors results in a predominant Th2 
response

In the experiments presented above, IL-5 responses to the DMP were measured based on 

previous experiments in our hands that suggested that IL-5 is the best readout for Th2 

responses in the ELISPOT. Here we wanted to provide a proof of concept that the DMP 

could be used to also assay for additional cytokines, representative of different Th subsets, 

with the expectation that Th2 responses would be dominant. For this reason, we tested 2 

HDM allergic donors, and 2 non-allergic controls in ELISPOT assays for IL-5, IFNγ, IL-10 

and IL-17 as cytokines representative of Th1, Treg, and Th-17 subsets, respectively. The 

results shown in Figure 7 demonstrate that vigorous IL-5 responses are detected in the 

allergic but not in the non-allergic cohort. By comparison, IL-10, IFNγ and IL-17 responses 

are less vigorous, albeit also only detected in the allergic individuals and not in the non-

allergic controls.
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Discussion

In the present study, we analyzed the patterns of T cell recognition to several described 

house dust mite (HDM) allergens and epitopes, including group 1, 2 and 23 allergens from 

Der p and group 1 and 2 allergens from Der f. We mapped T cell responses and 

characterized the Th1/Th2 balance in T cell responses directed against different Der p and 

Der f epitopes.

The reactivity pattern observed against Der p-derived group 1 and group 2 allergens was 

compared with the reactivity observed against group 1 and 2 Der f-derived allergens. In 

general the reactivity pattern was very similar, as expected on the basis of the close 

phylogenetic relationship between Dermatophagoides pteronyssinus and Dermatophagoides 

farinae, and the significant sequence similarity between the allergens derived from the two 

species (84% sequence identity) [32, 33]. However, some less well conserved regions were 

recognized in a species-specific fashion, such as regions Der f 26-25, and Der p 126-50, where 

the reactivity was much stronger compared to the homologous counterpart, Der p 26-25 and 

Der f 126-50, respectively. Differences or similarities in patterns of recognition could not be 

addressed in the case of Der p 23, since the potential Der f homolog has not yet been 

identified.

Comparing response magnitudes, the immune reactivity in group 1 was found to be the 

strongest, exceeding reactivity to group 2 by about two-fold. Furthermore, reactivity to 

group 1 and 2 allergens was more than 10-fold higher than the reactivity observed against 

Der p 23. This might be due to differences in the allergen content in the HDM extracts, with 

it likely that Der p 1>Der p 2>>Der p 23. It is well known that Der p 1 and Der p 2 can be 

detected in HDM extracts, whereas the amount of Der p 23 is hardly detectable [7, 8].

In terms of immunodominance of HDM group 1, 2 and 23 allergens at the T cell level, we 

observed that relatively few regions accounted for a large fraction of the total response. 

11-13 regions each were found to be sufficient to account for 90% or more of the reactivity 

to the Der p and Der f group 1 antigens, and 6 each for the two group 2 antigens. It should 

be noted that group 1 and group 2 allergens differ in size, with group 1 being twice as large 

as group 2. Indeed, when the number of epitopes per 100 residues is calculated, very similar 

values are observed (range 3.6-4.7, with an average of 4.3), suggesting that the difference in 

size between the two allergens might explain the difference in the number of epitopes. In the 

case of Der p 23, a single epitope accounted for the majority of the response. This lower 

number of epitopes could only be partially explained by the smaller size of the Der p 23 

protein, as the number of epitopes/100 residue value was still 3 fold lower compared to what 

was observed for group 1 and 2 allergens. These data thus emphasize that the 

immunodominance hierarchy observed at the level of T cell response magnitude and 

frequency of responses is reflected in the epitope density in the various allergens. The data 

also demonstrate how relatively few regions elicit strong T cell responses to the antigens 

studied.

As stated above, few regions that accounted for >90% of the T cell reactivity. These results 

match previous observations in other systems such as Timothy Grass [25], the 

Hinz et al. Page 8

Clin Exp Allergy. Author manuscript; available in PMC 2016 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



preponderance of the antigen specific response could be accounted for by HLA promiscuous 

binding peptides. Similar patterns have also been reported in the context of cockroach 

allergens [34] and several other common allergens [35]. In the present case, we have not 

performed HLA class II binding measurements. However, utilizing binding prediction 

algorithms available on the IEDB website, we note that 27 of the 44 regions defined here are 

predicted to bind 10 or more of the 27 most common HLA class II specificities. Together, 

these 27 regions account for between 60 and 98% (average 74%) of the response to the 5 

antigens studied. Thus, while the issue of promiscuity was not specifically addressed here, 

we do suspect that as appears to be the case with other allergens, promiscuity will also be an 

appreciable factor in the context of the HDM response.

We also note that several of these epitopes partially match previously described epitopes in 

the HDM allergens ([17, 36-38] Eddie James). In most cases, thymidine incorporation 

assays were used to identify epitopes from Dermatophagoides pteronyssinus and D. farinae 

[17, 36-38]. In our study, epitopes were identified by ELISPOT following in vitro expansion 

of allergen-specific cells. However, simultaneous use of many different epitopes might 

represent a powerful approach to detecting T cell responses; while even if the frequency of T 

cells recognizing each individual epitope may be below the limit of detection, a pool of a 

large number of epitopes might pass the limit of detection. Accordingly, based on the results 

from our epitope screening studies we assembled a pool of immunodominant house dust 

mite epitopes cumulatively accounting for 90% of the Der p/f 1, 2 and Der p 23 allergen 

specific responses and supplemented them with additional epitopes published in the 

literature [17, 18, 20-23]. This pool (DMP) recapitulated the IL-5 reactivity against house 

dust mite allergens and allowed ex vivo detection of antigen-specific T cells. In allergy, 

studying antigen-specific T cell responses without any further in vitro manipulation is often 

hampered by the low frequency of antigen-specific CD4+ T cells within peripheral blood 

mononuclear cells. In vitro approaches are, therefore, commonly used [22, 30] to expand 

allergen reactive T cells. However, while the epitope specificity is maintained following 

expansion, possible alteration of phenotypic specificity during in vitro expansion cannot be 

excluded. Our approach utilized the higher sensitivity achieved by in vitro expansion to 

identify individual HDM epitopes. Then, as described pooling of the epitopes allowed 

generation of a reagent which broadly recruits most HDM T cell specificities, and confers 

enough sensitivity to detect responses ex vivo. The fact that we could not observe a good 

correlation between magnitude of T cell responses and IgE-reactivity following in vitro 

culture, but did when considering ex vivo responses could be a result of the culture system 

skewing the response magnitudes. The DMP could therefore serve as a useful research tool 

to characterize allergen-specific CD4+ T cell responses directly ex vivo. The DMP could be 

used to detect the HDM-T cells in allergic patients but also in patients treated by SIT [39].

Additionally, the DMP might serve as a great tool to study potential differential responses 

between patients suffering from allergic rhinitis and allergic asthma. Moreover, not only 

correlations between dust-mite specific T cell responses and severity of clinical 

manifestations, but also the potential influence of seasonality could be studied directly ex 

vivo (e. g. fall compared with summer) [22, 40, 41]. Moreover, allergen extracts are of a 

more complex nature and the fact that commercial extracts are not standardized is well 
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known [42]. Indeed, it is possible that the Der p/f 1-2 content may be drastically different 

between commercial HDM extracts. Variations in the amount of specific allergens could be 

critical for the effectiveness of T-cell stimulation, and different results could be obtained 

with different allergen extracts [42, 43]. Furthermore, allergen extracts are often 

contaminated by other substances, such as LPS, adding potential variability to the results 

obtained. The DMP, however, as a well-defined entity might therefore be a useful tool for 

more detailed studies of dust mite-specific CD4+ T cells leading to a better understanding of 

immune pathogenesis of house dust mite allergic responses. Furthermore, it might be useful 

to monitor potential phenotypic changes within the course of allergen-specific 

immunotherapy, and even as a direct therapeutic agent in allergen specific immunotherapy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
A-C: Average SFC response (total SFC/no. donors tested, n=21) to individual 15-mer 

peptides spanning allergens from Der p (grey bars) and Der f (black bars) group 1 (A), group 

2 (B) or Der p group 23 (C). D-F: Frequency of the responding donors to the respective 

peptides from Der p and Der f group 1 (D), group 2 (E) and Der p group 23-allergens (F) 

shown as percentage of donors investigated. *Starting position for the Der p 1 peptide is 95. 

The Der f 1 homolog starts at position 96.
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Figure 2. 
IL-5/IFNγ-balance as a function of HDM antigen. Data of 21 patients is shown as 

percentage of total antigen specific response (SFC) attributable to IL-5 (black) and IFNγ 

(gray).
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Figure 3. 
A comprehensive pool of immunodominant peptides from Der p/f allergens allows ex vivo 

detection of immune responses. IFNγ-/IL-5-reactivity against a house dust mite pool was 

tested in PBMCs from two allergic individuals (1132 and 1136) (A) in vitro after 14 days of 

culture as well as (B) ex vivo without any further in vitro manipulation. In each case, the left 

panel shows IFNγ- and the right panel shows IL-5 responses. The response magnitude to 

two concentrations of the pool or PHA is shown (black bars, 5 μg/ml; grey bars, 0.5 μg/ml; 

PHA, mean and SD are plotted). (C) Ex vivo IL-5- (black) and IFNγ– (white) -reactivity 

detected in a panel of house dust mite allergic individuals.
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Figure 4. 
Ex vivo IL-5-production correlates with IgE, while in vitro does not. Correlation between 

HDM-specific IgE-titer and (A) ex vivo (n=19) and (B) in vitro (n=21) IL-5-reactivity in 

house dust mite allergic individuals. Spearman r and P-values (one-tailed) are shown. Best-

fit line and 95% confidence band is plotted.
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Figure 5. 
IL-5-reactivity (black bars) and IgE-titers (grey bars) in a secondary patient cohort including 

27 house dust mite allergic and 10 non-allergic individuals.
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Figure 6. 
Comparison of ex vivo IL-5-reactivity against extract, individual 15/20mer peptides and 

DMP in house dust mite allergic donors.

Hinz et al. Page 19

Clin Exp Allergy. Author manuscript; available in PMC 2016 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 7. 
Ex vivo DMP stimulation of PBMCs results in a predominant Th2 response in allergic 

donors (black bars) compared to non-allergic individuals (grey bars).
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