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Abstract

Atopic dermatitis (AD) is a skin disease that results from a combination of skin barrier 

dysfunction and immune dysregulation. The immune dysregulation is often associated with IgE 

sensitivity. There is also evidence that autoallergens Hom s 1, 2, 3, and 4 play a role in AD; it is 

possible that patients with specific HLA subtypes are predisposed to autoreactivity due to 

increased presentation of autoallergen peptides. The goal of our study was to use in silico epitope 

prediction platforms as an approach to identify HLA subtypes that may preferentially bind 

autoallergen peptides and are thus candidates for further study. Considering the previously 

described association of DRB1 alleles with AD and progression of disease, emphasis was placed 

on DRB1. Certain DRB1 alleles (08:04, 11:01, and 11:04) were identified by both algorithms to 

bind a significant percent of the generated autoallergen peptides. Conversely, autoallergen core 

peptide sequences FRQLSHRFH and IRAKLRLQA (Hom s 1), IRKSKNILF (Hom s 2), 

FKWVPVTDS and MAAIEKVRK (Hom s 3), and FRYFATLKV (Hom s 4) were predicted to 

bind many DRB1 alleles and thus, may play a role in the pathogenesis of AD. Our findings 

provide candidate DRB1 alleles and autoallergen epitopes that will guide future studies exploring 

the relationship between DRB1 subtype and autoreactivity in AD. A similar approach can be used 

for any antigen that has been associated with an IgE respsonse and AD.
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4. Introduction

Currently, existing in silico T-cell epitope discovery algorithms, given a full-length protein 

and a HLA allele, are able to predict likely peptide epitopes and their binding affinities to 

HLA molecules(1–5). Immune Epitope Database Analysis Resource (IEDB) and 

NetMHCIIpan 3.1 are epitope prediction platforms that have been developed based on large 

data sets of known peptide/MHC molecule interactions and previously validated against in 
vitro epitope binding data(4–13). These algorithms, in identifying likely interactions 

between HLA molecules and certain peptides, can be used to direct future binding 

experiments and genetic association studies, thus providing a unique approach to probing the 

molecular interactions that underlie T-cell mediated disease processes.

Atopy, the predisposition to develop allergic hypersensitivity reactions, is such a disease 

process, as it is generally characterized by a TH2-dominant cellular response and often IgE 

antibody production against specific allergens. In atopic individuals, the severity and 

specificity of the immune response to allergens are dependent on a multifactorial process 

that includes genetic and environmental factors, as well as the type of allergen exposure(14, 

15). One, and often the first clinical, manifestation of atopy is atopic dermatitis (AD), a 

common inflammatory skin disease characterized by itchy, red patches occurring most 

frequently at flexural areas of the elbows and knees(16, 17). In the United States alone, AD 

affects 10–20% of children of all races and ethnic groups(18–20).

Immune dysregulation, characterized by T-cell mediated responses and elevated serum IgE 

antibodies, plays an important complementary role in the mechanism of AD(21, 22). The 

imbalanced activation and differentiation of TH2 and TH22 cells have been associated with 

acute and chronic AD(23–25). The production of TH2-associated cytokines (IL-3 and IL-4) 

can contribute to the impairment of the epidermal barrier function(26–28), which may 

account for the barrier dysfunction observed in AD patients who do not have known genetic 

defects in epidermal barrier proteins. The additional presence of IgE antibodies to an 

allergen can enhance specific T-cell responses to that allergen, including the release of pro-

inflammatory cytokines, and contribute to disease symptoms(29–31). There are also 

hypotheses that the sensitization of AD patients has an autoimmune component(32). 

Severity of AD symptoms has been correlated with intensity of IgE autoreactivity in several 

studies(33).

Furthermore, sensitization to specific autoallergens, Hom s 1, Hom s 2, Hom s 3, and Hom s 

4, has been reported in AD patients(34–36). More specifically, TH1 and TH2 responses to 

Hom s 1 and Hom s 4, as well as Hom s 2-specific autoreactive T-cells have been reported in 

AD patients(34, 37–39); previous studies have also identified specific IgE sensitization to 

Hom s 2 and Hom s 3 in AD patients(33). While the exact role of these autoallergens in the 

pathogenesis of AD remains unclear, in a model in which autoreactivity plays a role, it is 

possible that there exists preferential binding between specific HLA molecules and 
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autoallergen peptides. Because HLAs plays a large role in immune system activation by 

presenting antigen peptides to T cells, an increased molecular affinity of specific HLA 

subtypes to bind autoallergen peptides could result in increased presentation of autoallergen 

peptides to T cells, and lead to sensitization and autoreactivity.

Therefore, the goal of this study is to use in silico epitope prediction platforms as an 

approach to explore the relationship between HLA subtype and autoallergen peptides in AD. 

We first perform validation of NetMHCIIpan 3.1 and IEDB using previously published 

epitopes and then utilize the epitope prediction platforms to identify HLA subtypes that may 

display preferential binding to specific peptide epitopes of the previously identified 

autoallergens, Hom s 1, Hom s 2, Hom s 3, and Hom s 4. We focus on these autoantigens in 

order to use them as a model for future exploration of the possible interaction between 

specific autoallergen peptides and HLA subtype in the context of AD; however, other 

antigens such as those shown to result in specific IgE elevation in individuals with AD can 

also be studied in a similar fashion.

5. Materials and Methods

8.1 T-cell Epitope Prediction

T-cell epitope prediction was performed using the Immune Epitope Database Analysis 

Resource (IEDB) MHC I and MHC II epitope prediction algorithms, both based on a 

combination of NN-align, NNM-align, Combinatorial Library, Sturniolo, and ARB 

prediction methods(4, 6, 12, 38, 40–42). The consensus method was used for epitope 

prediction. Within the IEDB algorithm, a binding percentile rank was determined by 

comparing the binding affinity of the given peptide to those of a large, randomly selected set 

of peptides from the SWISS-PROT database. According to IEDB recommendations, a 

percentile rank of ≤1% was used as the cutoff to predict peptide binders for MHC I and a 

percentile rank of ≤10% was used as the cutoff to predict peptide binders for MHC II(4). In 

the MHC I IEDB algorithm, overlapping 8-, 9-, 10-, and 11-mer peptides were generated 

from the full-length protein sequences. For MHC II, overlapping 15-mer peptides (default 

setting) were generated from the full-length protein sequences. The number of predicted 

epitopes was normalized based on the number of possible peptides and expressed as a 

proportion of all possible peptides.

Additional T-cell epitope prediction was performed using the MHC II-specific 

NetMHCIIpan 3.1 algorithm, whose prediction method is based on an artificial neural 

network(2, 5, 6, 13). The NetMHCIIpan 3.1 program determines a percentile rank for each 

epitope by comparing the binding affinity of the given peptide with a random selection of 

200,000 peptides of the same length(5). The NetMHCIIpan recommended cutoffs of 

percentile rank ≤ 10% for weakly binding MHC II epitopes and percentile rank ≤ 2% for 

strongly binding MHC II epitopes were used(5). Unless the length of peptides was otherwise 

changed to match published epitopes during proof-of-concept testing, 15-mer peptides were 

generated from the full-length protein sequences for epitope prediction. The number of 

predicted epitopes was expressed as a proportion of all possible peptides.
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5.2 Selection of HLA Alleles

The top ten most common HLA-A, -B, -C, and -DRB1 alleles were selected for the four 

different ethnicities (Caucasians, African Americans, Asians, and Hispanics), as defined by 

the National Marrow Donor Program (see Table S1 for full listing of all alleles used)(43).

8.3 Selection of Epitopes for Validation of IEDB and NetMHCIIpan

For proof of concept of the in silico epitope prediction algorithms, H1N1 nucleoprotein(44), 

peanut (Ara h 1)(9), and mugwort (Art v 1) epitopes(45, 46) that were previously validated 

during in vitro studies, were selected. The full-length proteins were entered into IEDB and 

NetMHCIIpan algorithms and the sets of predicted epitopes were compared to the peptides 

originating from these proteins and known to bind to HLA molecules from in vitro binding 

studies.

Control proteins were selected as a baseline comparison for the number of predicted 

epitopes (expressed as a proportion of all possible epitopes). We hypothesize that proteins 

known to elicit a strong T-cell response among individuals with different HLA phenotypes 

will have a relatively high proportion of predicted epitopes and low variability in the number 

of predicted epitopes across different HLA alleles. One such protein is H1N1 influenza 

hemagglutinin (HA), which is known to elicit a strong T-cell response and has significant 

cross-reactivity among different HLA class I subtypes(47–49). Hepatitis B surface antigen 

was also chosen as a control peptide; based on its high immunogenicity but variable 

reactivity among different HLA alleles, a relatively high proportion of predicted epitopes 

and high variability among different HLA subtypes is expected(50, 51). Tuberculin was 

chosen as a negative control, as there has been no association found between HLA class II 

alleles and reactivity, and M. tuberculosis naïve individuals do not react to the tuberculin 

skin test even upon repeated exposure(52, 53).

8.4 Selection of Allergens of Interest

The allergens of interest, Hom s 1, Hom s 2, Hom s 3, and Hom s 4, were selected based on 

previous studies that reported TH1 and TH2 responses to Hom s 1, Hom s 2, and Hom s 4 in 

AD patients, as well as specific IgE sensitization to Hom s 2 and Hom s 3 [34–38]. Based on 

previous sequence identity findings, Hom s 1 corresponds to the protein SART-1, Hom s 2 

corresponds to the alpha chain of the human nascent polypeptide-associated complex, Hom s 

3 corresponds to the protein BCL7B, and Hom s 4 corresponds to the mitochondrial 

calcium-binding protein MICU1. Hom s 1 is expressed in proliferating cells, and Hom s 2, 

Hom s 3, and Hom s 4 are expressed ubiquitously(54). Thus, all four allergens are widely 

available as potential allergens (Table S2).

8.5 Binding Pocket Analysis

Peptide binding to HLA class II molecules depends on the cumulative binding affinities of 

the different pockets formed along the length of the binding grove, as the side chains of a 

particular peptide bound to the groove interacts with these side chain amino acids. Specific 

residues involved in binding pockets on the antigen presenting domain of the HLA-DRB1 

molecule have been previous described; all residues in HLA-DRB1 within a 5.0Å radius of 

the center of each binding pocket were aligned across the different HLA-DRB1 alleles(55, 
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56). The relevant residues were numbers 9, 11, 13, 26, 28, 47, 57, 60, 61, 67, 70, 71, 74, 78, 

82, 85, 86, 89, and 90, comprising binding pockets 1, 4, 6, 7, and 9; binding pockets 4 and 9 

were of particular interest, as we previously reported associations between binding pockets 4 

and 9 of HLA-DRB1 and the persistence of AD in children(56). The HLA-DRB1 alleles 

were classified into groups based on sequence homology of binding pocket residues. The 

full amino acid sequence of each HLA-DRB1 allele in our set was obtained from the 

IMGT/HLA database(57).

9 Results

9.1 In Silico Prediction of Previously Published Epitopes

To establish the credibility of the approach, we first considered as to whether the predictive 

algorithms would successfully predict the binding of peptides already known to be 

physically bound, based on binding studies, to either class I or class II alleles. H1N1 

nucleoprotein peptides that were previously discovered to bind in vitro to HLA-B*35:01 

were also predicted as strongly binding epitopes in the IEDB MHC I prediction algorithm 

using the recommended 1% cutoff (Table 1). Of the 17 published peanut Ara h 1 epitopes, 

15 were predicted using the IEDB algorithm at the recommended 10% cutoff; in 

NetMHCIIpan, only 2 epitopes were predicted using the recommended 2% cutoff for strong 

binders and 8 epitopes were predicted using the recommended 10% cutoff for weak binders 

(Table 1). All of the Ara h 1 peptides that NetMHCIIpan predicted to bind were also 

predicted to bind by IEDB. The published mugwort peptides were not predicted to bind 

DRB1*01:01 using either the IEDB or NetMHCIIpan algorithms (Table 1).

9.2 Cross-reactivity of Autoallergens across HLA Alleles

We explored the ten most common HLA alleles in each ethnicity. For HLA-A, these groups 

of 10 variants represent 94.9% of prevalent HLA variants for Caucasians, 84.6% of African 

Americans, 88% of Asians, and 88% of Hispanics. For HLA-B, 77.9% of Caucasians, 

72.8% of African Americans, 64.5% of Asians and 59.9% of Hispanics are represented. For 

HLA-C, 97.1% of Caucasians, 92% of African Americans, 87.95 of Asians, and 92.4% of 

Hispanics are represented. For HLA-DRB1, 88.5% of Caucasians, 83% of African 

Americans, 78.9% of Asians, and 75.8% of Hispanics are represented (Table S3).

Particular emphasis is given on the epitope prediction results for HLA-DRB1 because 

previous genetic studies have indicated an association between loci in the HLA-DRB1 

region and AD [56,58–64]. Full results for epitope prediction of HLA-DRB1 from IEDB 

and NetMHCIIpan are presented in Tables S4 and S5. Additionally, full results for epitope 

prediction for HLA-A, -B, and C- are presented in Tables S6, S7, and S8, respectively.

The number of predicted peptide binders is expressed as a percent of the total possible 

peptides generated (Table 2). H1N1 HA has a relatively large proportion of predicted 

epitopes among the HLA-DRB1 alleles with a median of 21.05% predicted binders in IEDB 

and 8.26% predicted binders in NetMHCIIpan. HBVSAg has a more variable proportion of 

predicted epitopes across the HLA-DRB1 alleles with a median of 38.21% and an 

interquartile range of 21.34% to 51.06% in IEDB, and a median of 11.79% and interquartile 
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range of 5.78% to 14.98% in NetMHCIIpan (Table 2). For tuberculin, the algorithms 

predicted a relatively lower percent of binders, with a median of 1.33% (interquartile range 

0%−18.00%) in IEDB and 0% (interquartile range 0%−0%) in NetMHCIIpan (Table 2). 

Among the four autoallergens, Hom s 4 had the largest median proportion of peptides 

predicted to bind HLA-DRB1 and Hom s 2 had the second largest median proportion of 

predicted binders; both findings were consistent across both epitope prediction algorithms 

(Table 2).

We then ranked the HLA-DRB1 alleles according to the percent of predicted binders for 

each autoallergen and identified alleles that are in the top five according to percent of 

predicted binders for two or more autoallergens (Figure 1A). DRB1*11:04, DRB1*08:04, 

and DRB1*11:01 met these requirements in both the IEDB and NetMHCIIpan platforms. In 

IEDB, DRB1*13:01 and DRB1*15:02 were also in the top five alleles for all autoallergens 

and in NetMHCIIpan, DRB1*08:02 and DRB1*08:03 were in the top five alleles for all 

autoallergens (Figure 1A).

9.3 Binding Pocket Analysis

DRB1*08:04, DRB1*11:01, and DRB1*11:04, the three alleles that were predicted to bind a 

high number of epitopes by both IEDB and NetMHCIIpan algorithms, share the majority of 

residues that are in the antigen presenting domain of HLA-DRB1 and are thought to play a 

role in binding pocket functionality (Figure 1B). The only differences in residue 

composition between the three alleles are at positions 13, 47, 74, and 86. At positions 74 and 

86, alleles DRB1*08:04 and DRB1*11:01, respectively, differ from the other two, but all 

residues in those positions remain hydrophobic (Figure 1B). At positions 13 and 47, 

DRB1*08:04 differs from the other two alleles, with less conservation of binding pocket 

structure (Figure 1B).

Of all the alleles that were predicted to bind many epitopes for two or more autoallergens 

(Figure 1A), most had a similar pattern of hydrophobic, polar, and charged residues in the 

key residue positions; allele DRB1*15:02 differed the most from the other alleles, with five 

positions in which the type of residue was not expressed at that position in at least three 

different alleles. A full listing of binding pocket residues for all HLA-DRB1 alleles can be 

found in Figure S1.

9.4 Allergen Epitope Prediction

For each of the four autoallergens, we also identified the core epitope sequences of each of 

the autoallergen that most commonly appeared to bind the DRB1 alleles. Sequences 

FRQLSHRFH (Hom s 1), IRAKLRLQA (Hom s 1), IRKSKNILF (Hom s 2), 

FKWVPVTDS (Hom s 3), MAAIEKVRK (Hom s 3), and FRYFATLKV (Hom s 4) were the 

most frequent core sequences identified in the predicted epitopes for their respective 

autoallergens (Table 3). Additionally, we identified the DRB1 allele associated with the most 

frequently occurring core sequences (Table 3). All Hom s 1, Hom s 2, Hom s 3, and Hom s 4 

peptides predicted to bind HLA alleles (including HLA-A, -B, -C, and -DRB1) are presented 

in supplementary file S10.
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10 Discussion

In this study, we used in silico epitope prediction algorithms to explore the potential binding 

patterns of four autoallergens, Hom s 1, Hom s 2, Hom s 3, and Hom s 4, and various HLA 

alleles. The goal was to explore whether specific allergen peptides (epitopes) bind 

preferentially to certain HLA alleles, which would identify alleles and peptides of interest 

for further study. The effort is complimentary to the approach we have taken in the past to 

evaluate the potential association of HLA class II alleles with atopic dermatitis and 

progression to disease, irrespectively of presumed autoallergens(56).

We first demonstrated that the algorithms could identify previously published and 

experimentally verified epitopes. The IEDB MHC I algorithm identified all of the H1N1 test 

case epitopes and the MHC II algorithm identified 15 of the 17 peanut allergen epitopes. The 

NetMHCIIpan algorithm identified 8 of the 17 epitopes under the weak binding (less 

stringent) cutoff. These findings suggest that the NetMHCIIpan algorithm is less sensitive 

than the IEDB MHC II platform, but perhaps more specific. However, both the IEDB and 

the NetMHCIIpan failed to identify the published mugwort epitope. This is not entirely 

unexpected given that the in silico algorithms are not perfectly sensitive, but is notable 

because the mugwort allergen Art v 1 has only a single known epitope thought to contribute 

to the allergic reaction(45, 46). Indeed, previous studies attempting to evaluate the sensitivity 

of MHC II epitope prediction algorithms have estimated a sensitivity of about 67% for the 

consensus method used in this study(12). The above results verified the employed predictive 

algorithms as credible, though not completely sensitive, means of assessing the generation of 

autoallergen peptides that bind to different HLA alleles and form potential T cell epitopes 

associated with AD.

We then used the algorithms to predict epitopes for the four autoallergens of interest binding 

across a set of HLA alleles that represents the most frequent alleles in a given population. 

Particular emphasis has been given in the analysis of the peptides bound to DRB1 since this 

locus has been previously reported to be associated with both susceptibility to AD and 

disease progression and also because of the well-established role of DRB1 in TH2 

responses(56, 58–66). Additionally, although MHC II molecules generally present peptides 

derived from exogenous proteins, they can also present endogenous antigens within the 

antigen-presenting cells(67). Regarding the analysis of tuberculin peptides, there was a low 

number of predicted epitopes overall in both IEDB and NetMHCIIpan as expected but there 

was higher variability in the proportion of predicted epitopes for tuberculin in IEDB 

compared to NetMHCIIpan. This might be partly explained by the relatively short length of 

tuberculin (89 amino acids) and partly by IEDB’s apparent lower specificity than 

NetMHCIIpan. Across all of the tested proteins, NetMHCIIpan predicted fewer epitopes 

than IEDB, which is consistent with the findings in our initial proof of concept and again 

suggests that while IEDB is likely more sensitive, NetMHCIIpan may be more specific.

Notably, we found that certain DRB1 alleles, DRB1*08:04, DRB1*11:04, and DRB1*11:01, 

had a high number of predicted epitopes for each of the four autoallergens across both 

prediction algorithms. The overall similarity in residues at key binding pocket positions for 

DRB1*08:04, DRB1*11:01, and DRB1*11:04 suggests that these three alleles, overall, have 
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very similar binding pocket structure in the antigen presenting domain. This similarity in the 

residue composition of major binding pockets suggests an underlying molecular 

characteristic of the three alleles, along with the others that were also predicted to bind a 

high number of predicted epitopes by one algorithm, which may explain why they were all 

predicted to bind a high number of epitopes.

There are currently limited data demonstrating the association between DRB1 alleles and 

AD. Our in silico approach in the context of previous association studies aids in providing 

supporting evidence for the potential significance of specific HLA subtypes in the AD 

disease process: in an AD disease model that includes autoreactivity as a catalyst, it is 

possible that there is a predisposition of certain T-cells to recognize autoallergens via 

preferential binding between specific HLA molecules and autoallergen peptides. This would 

result in an initial skin barrier dysfunction via the production of inflammatory cytokines. 

With or without a genetically determined barrier defect, the initial skin barrier disruption 

would allow immune cells to be exposed to external environmental antigens to which the 

patient could be further sensitized, resulting in the continued production of inflammatory 

cytokines and the propagation of a vicious circle.

Our previous study found a statistically significant association between the persistence of 

AD and residues at positions 26 and 78 of HLA-DRB1, which corresponded to alleles 

DRB1*07:01, DRB1*09:01, and DRB1*03:01(56). Although we did not find that 

DRB1*07:01 or DRB1*09:01 ranked in the top five alleles for number of predicted epitopes 

in two or more autoallergens, DRB1*03:01 did rank in the top five alleles on the IEDB 

platform for Hom s 1 and Hom s 3. In another study, DRB1*11:01, which had a high 

number of predicted epitopes in both prediction algorithms, was found to be associated with 

AD in Korean children(68).

The potential association of specific HLA alleles with a higher likelihood of autoreactivity 

has implications for different risk among different ethnic groups, as many of the alleles that 

are common in one ethnic group are less common in other ethnic groups. For example, in the 

National Marrow Donor Program, DRB1*08:04 is ranked 8th among African Americans 

(5.1%), 27th among Hispanics (1.13%), and 31st among Causcasians (0.04%); in Asian 

Americans, it is so rare that the prevalence is essentially 0%(43). Taking into consideration 

the results from both algorithms, we identify DRB1*08:04, DRB1*11:04, DRB1*08:03, 

DRB1*08:02, DRB1*11:01, DRB1*13:01, DRB1*15:02, and DRB1*03:01 as candidates 

for future study regarding their relationship to AD in the context of autoreactivity.

Among the four autoallergens, Hom s 4 and Hom s 2 had the largest number of predicted 

epitopes across all DRB1 alleles, perhaps suggesting that they are more likely than the other 

autoallergens to trigger autoreactivity. However, a limitation of the in silico epitope 

prediction algorithms is that it is unclear which of the predicted epitopes will actually bind 

in vivo if the correct immunodominant epitope is predicted at all. It is not necessarily the 

case that if more predicted epitopes exist for a protein, it is more likely that at least one of 

those predicted epitopes will bind, as only one strong binding interaction is necessary for 

autoreactivity to occur. This suggests the necessity of confirmatory in vitro binding assays 

for all of the proposed autoallergens.

Gong et al. Page 8

Arch Dermatol Res. Author manuscript; available in PMC 2021 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Thus, for each of the autoallergens, we also identified several specific peptide sequences that 

appeared in a large number of predicted epitopes across the HLA-DRB1 alleles. Based on 

BLAST protein sequence queries(69), the identified core sequences are highly specific to 

their corresponding proteins (SART1, nascent polypeptide-associated complex, BCL7B, 

MICU1) and are unlikely to be found in other antigens. Therefore, the identified core 

sequences serve as candidates for further exploration with in vitro epitope binding assays. 

Because the additional presence of IgE antibodies to an allergen can enhance specific T-cell 

responses to that allergen, it may also be of interest in the future to determine if increased 

specific IgE binding to the proposed epitopes of interest exists in AD patients. A limitation 

of this study in providing guidance for specific epitopes of interest is that the epitope 

prediction algorithms are not perfectly sensitive. In the cases for which there are very few 

immunodominant epitopes, there is the possibility that the one or two clinically significant 

epitopes may not be predicted at all in the algorithms, as we discovered in the mugwort Art 

v 1 test case. Nevertheless, in cases for which associations have already been discovered that 

involve specific HLA alleles without a clear mechanism, these epitope discovery algorithms 

can be used to support genetic associations by further elucidating the underlying molecular 

relationship between specific HLA molecules and peptides of interest, guiding in vitro or 

clinical studies.

In conclusion, through use of two in silico epitope discovery algorithms, we have identified 

candidate HLA-DRB1 alleles that may be predisposed to autoreactivity with Hom s 1, Hom 

s 2, Hom s 3, and Hom s 4 in the context of AD. Additionally, we have identified specific 

peptide epitopes that may play a role in the pathogenesis of AD and warrant future 

exploration to determine their immunodominance. The proposed HLA alleles and sequences 

provide a focus for future translational studies exploring the relationship between AD, HLA 

subtype, and autoreactivity. A similar evaluation could be conducted for external antigens, 

such as epitopes common to peanuts, candida, Staph. aureus, and others that result in 

elevations of sIgE that have been associated with the onset of atopic dermatitis and atopic 

diatheses.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. HLA-DRB1 alleles that have the greatest percent of predicted binders among all 
autoallergens.
(A) Number of predicted binders for each alleles, expressed as a percent of all epitopes. (*) 

denotes that the allele was in the top five alleles ranked by percent of predicted binders for 

the given autoallergen; faded cells indicate that the allele was not in the top five alleles with 

the most predicted binders for the given autoallergen. Alleles that appeared in the top five 

for more than one autoallergen are listed, and alleles that overlap between the IEDB and 

NetMHCIIpan algorithms are bold and italicized. (B) Amino acid sequences at key positions 

implicated in binding pockets in the antigen presenting domain of the MHC molecule. 

Residues are categorized as hydrophobic, polar uncharged, negatively charged, and 

positively charged.
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Table 1.

Proof-of-concept testing of IEDB and NetMHCIIpan algorithms.

Protein HLA Allele Published Epitope IEDB NetMHCIIpan

H1N1 B*35:01 LPFDRTTIM ✓

Nucleoprotein B*35:01 LPFDRPTIM ✓

Peanut Ara h 1

DRB1*01:01 KEGDVFIMPAAHPVAINASS ✓ ✓

DRB1*01:01 QRSRQFQNLQNHRIVQIEAK ✓ ✓

DRB1*01:01 DN1LVIQQGQATVTVANGNN ✓ ✓

DRB1*11:01 TSRNNPFYFPSRRFSTRYGN ✓ ✓

DRB1*04:01 QRSRQFQNLQNHRIVQIEAK ✓ ✓

DRB1*04:01 KEGDVFIMPAAHPVAINASS ✓ ✓

DRB1*04:01 QKESH FVSARPQSQSQSPSS ✓ ✓

DRB1*15:02 QRSRQFQNLQNHRIVQIEAK ✓ ✓

DRB1*11:01 LEAAFNAEFNEIRRVLLEEN ✓

DRB1*14:01 LEAAFNAEFNEIRRVLLEEN

DRB1*04:04 NSKAMVIVVVNKGTGNLELV ✓

DRB1*04:01 FNEIRRVLLEENAGGEQEER ✓

DRB1*11:01 VVNKGTGNLELVAVRKEQQQ ✓

DRB1*03:01 NNFGKLFEVKPDKKNPQLQD ✓

DRB1*04:04 FNEIRRVLLEENAGGEQEER ✓

DRB1*11:01 LELVAVRKEQQQRGRREEEE ✓

DRB1*14:01 FNEIRRVLLEENAGGEQEER

Mugwort Art v 1

DRB1*01:01 KCIEWEKAQHGA

DRB1*01:01 DKKCIEWEKAQHGA

DRB1*01:01 NKKCDKKCIEWEKAQHGA
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Table 2.

The median, minimum, first quartile, third quartile, and maximum percent of peptides predicted to bind among 

the set of HLA-DRB1 alleles.

Hom s 1 Hom s 2 Hom s 3 Hom s 4 H1N1 HA HBVSAg Tuberculin

IEDB

median 5.92% 14.18% 9.04% 20.35% 21.05% 38.21% 1.33%

min 1.65% 2.99% 0.00% 2.60% 3.81% 1.42% 0.00%

Q1 3.34% 10.20% 2.26% 12.12% 9.35% 21.34% 0.00%

Q3 21.60% 22.01% 18.75% 35.01% 34.30% 51.06% 18.00%

max 33.84% 35.82% 28.19% 47.40% 45.37% 61.79% 34.67%

NetMHCIIpan

median 2.67% 7.96% 1.33% 10.15% 8.26% 11.79% 0.00%

min 0.64% 1.99% 0.00% 2.38% 3.81% 0.00% 0.00%

Q1 1.94% 6.09% 0.00% 9.13% 4.90% 5.78% 0.00%

Q3 4.55% 12.06% 2.66% 11.83% 9.03% 14.98% 0.00%

max 9.16% 15.92% 7.98% 14.04% 11.62% 22.64% 4.00%
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Table 3.

Most common peptide core sequences among the predicted epitopes and associated HLA-DRB1 alleles for 

Hom s 1, Hom s 2, Hom s 3, and Hom s 4.

Autoallergen Core Sequence Epitope Count 
IEDB

Epitope Count 
NetMHCIIpan HLA-DRB1 Alleles (IEDB and NetMHCIIpan overlap)

Horn s 1

FRQLSHRFH 28 63 15:03, 12:02, 11:04, 11:01, 08:04, 03:02,01:02

IRAKLRLQA 38 60 15:03, 13:01, 12:02, 12:01, 11:04, 11:01, 08:04, 07:01, 
03:02, 03:01,01:02

Horn s 2 IRKSKNILF 127 110 All alleles except 01:01

Horn s 3
FKWVPVTDS 34 24 08:02, 04:07, 04:05, 04:04, 04:01

MAAIEKVRK 36 21 12:02, 11:04, 11:01, 08:04, 08:03, 08:02, 03:02, 03:01

Horn s 4 FRYFATLKV 106 138 All alleles except 13:02
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