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ABSTRACT

Purpose: Eosinophils are frequently found in atopic dermatitis (AD) and chronic 
spontaneous urticaria (CSU) that release eosinophil peroxidase (EPX) and eosinophil cationic 
protein (ECP). Continuous exposure to these proteins could trigger an autoimmune response 
which may contribute to the pathogenesis and severity of skin inflammation. In this study, we 
investigate the immunoglobulin E (IgE) response against eosinophil proteins in CSU and AD.
Methods: We recruited patients with severe AD, severe CSU and healthy subjects to explore 
the presence of IgE autoantibodies and cross-reactivity against EPX, ECP and thyroid 
peroxidase (TPO). The potential cross-reactive epitopes among the peroxidase family were 
determined using in silico tools.
Results: The frequencies of anti-EPX IgE (28.8%) and anti-ECP IgE (26.6%) were higher in 
the AD group, and anti-TPO IgE was higher in the CSU group (27.2%). In the CSU group, 
there was a correlation between the anti-EPX IgE and anti-TPO IgE levels (r = 0.542, P < 
0.001); TPO inhibited 42% of IgE binding to EPX, while EPX inhibited 59% of IgE binding 
to TPO, suggesting a cross-reactivity with EPX as a primary sensitizer. There was greater 
inhibition when we used a pool of sera CSU and AD, TPO inhibited 52% of IgE binding to 
EPX, while EPX inhibited 78% of IgE binding to TPO. In silico analysis showed a possible 
shared epitope in the peroxidase protein family.
Conclusions: IgE against eosinophil proteins may contribute to chronic inflammation in 
patients with AD and CSU. Cross-reactivity between EPX and TPO could explain thyroid 
problems in CSU patients.

Keywords: Allergy; atopic dermatitis; autoantibodies; eosinophil peroxidase;  
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INTRODUCTION

Atopic dermatitis (AD) and chronic spontaneous urticaria (CSU) are common skin diseases 
with a high impact on quality of life.1-4 Despite their clinical differences, they share some 
characteristics in the inflammatory process: production of Th1 and Th2 cytokines as well 
as immunoglobulin (Ig) E reactivity to several autoantigens has been reported,5-8 and skin 
infiltration of eosinophils is frequent.9,10

The clinical implications of auto-IgE and auto-antigens in allergic and non-allergic disorders 
are not fully understood,11,12 but multiple tests in vitro and a study in vivo suggested that these 
auto-antibodies induce the degranulation of mast cells in the skin and subsequent skin 
inflammation,13-16 indicating that IgE reactivity to self-proteins may represent an important 
mechanism involved in the maintenance of chronic inflammation.17 Why this reaction to 
self-proteins occurs is still unknown. A hypothesis is that, after chronic recognition and 
production of IgE to environmental allergens, these immunoglobulins by molecular mimicry 
could recognize similar epitopes present in human proteins and epitope spreading could 
enhance autoreactivity. Previous studies supported this hypothesis in dermatitis,6,18,19 but it is 
less clear in urticaria .

Additionaly, CSU was associated with an increased frequency of autoimmune diseases, 
particularly hypothyroidism.20 The bridge between this skin disease and the formation of IgE 
autoantibodies against thyroid proteins could be the result of cross-reactivity between thyroid 
peroxidase (TPO) and proteins exposed on the skin during the inflammation process.

In AD and CSU, cytokines are released, which results in the influx of inflammatory cells 
including basophils, neutrophils and eosinophils.21,22 Eosinophils and neutrophils can release 
inflammatory mediators such as major basic protein (MBP), eosinophil peroxidase (EPX), 
eosinophil cationic protein (ECP) and neutrophil myeloperoxidase (MPO). IgG response to 
EPX was detected in asthma,23 and this protein share common epitopes with TPO as they 
belong to the same family.24-26

Considering the eosinophil infiltrate in the skin in CSU and AD patients and their release 
of cytoplasmic granules in skin lesions, our hypothesis is that EPX and ECP may possibly be 
recognized by IgE autoantibodies generated during a primary immune response and then 
react later by cross-reactivity against proteins distant to the site of skin inflammation, such 
as TPO. The aim of this study was to explore the presence of IgE autoantibodies against 
eosinophil proteins and the possible IgE cross-reactivity of EPX and TPO.

MATERIALS AND METHODS

Study design and population
A cross-sectional study was performed using 3 groups based on their clinical status: 
patients with severe AD, patients with severe CSU and healthy subjects. The CSU population 
was recruited from the “Urticaria Research of Tropical Impact and Control Assessment” 
cohort,27,28 and severe AD patients were recruited from the “Tropical Environment Control for 
Chronic Eczema and Molecular Assessment” cohort.29,30 CSU was defined as the recurrence of 
hives, with or without angioedema, for at least 6 weeks.31 CSU group included patients older 
than 12 years with a urticaria activity score for 7 days > 28 points. Dermatitis group included 
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patients older than 12 years and diagnosed according to the international guidelines32-34 with 
a severe scoring for AD > 40 points. Healthy control group consisted of subjects older than 12 
years without a clinical history of autoimmune diseases, chronic urticaria or a history of acute 
urticaria in the previous 2 years.

Participants with a diagnosis of systemic or other skin diseases (e.g., mastocytosis or nodular 
prurigo) or pharmacologic treatment that could cause hives or eczema were excluded. 
Patients had received treatment with antihistamines or topical steroids, but not with 
immunosuppressants or biological therapy.

Antigen production
For EPX, there are several abbreviations (EPO; EPP; EPXD; EPX-PEN); in this article, we will 
use EPX because it is encoded in the UniProt database that we used for in silico analyses. TPO, 
ECP and EPX were obtained as recombinant proteins according to a previous protocol13 using 
Escherichia coli BL21 (DE3) as an expression vector (Supplementary Data S1). Commercial 
human EPX (Product Ref: SRP6187; Sigma-Aldrich, St Louis, MO, USA) was also used for 
performance comparison.

Determination of the total and specific IgE autoantibodies
Total IgE levels in the serum samples were determined using a flouroenzyme immunoassay 
(ImmunoCap System, Uppsala, Sweden). When total IgE levels were above the reading range 
of the equipment (> 100 KUA/mL), the sample was diluted at 1:5 or 1:10, depending on the 
serum samples, and the total concentration was calculated by conversion.

We explored the presence of IgE autoantibodies against TPO, EPX and ECP using a 
previously tested enzyme-linked immunosorbent assay (ELISA) protocol.13 The sera used 
for the quantification of IgE were previously depleted of IgG by immunoaffinity depletion. 
Considering a previous study,13 the cutoff value for the serum specific IgE level to TPO was 
defined as the mean and 3-fold standard deviation of absorbance values from 60 healthy 
controls with neither urticaria nor autoimmune diseases. The same method was used for 
the the cutoff value for serum anti-EPX IgE and anti-ECP IgE. The absorbance at 405 nm was 
determined using a spectrophotometer (Supplementary Data S1).

IgE-binding inhibition assays
The cross-reactivity between thyroid and eosinophils proteins was evaluated using ELISA and 
immunoblotting IgE-binding inhibition assays according to a previous protocol with some 
modifications (Supplementary Data S1).35

Considering previous studies,24,36 for our ELISA and immunoblotting experiments, antigens 
were reduced with SDS and 5% β-mercaptoethanol, respectively. For immunoblotting, the 
proteins were electro-transferred onto nitrocellulose membranes and incubated overnight 
with the serum pool; strips were incubated with 2 mL of each pool, previously adsorbed (6 
hours at room temperature) with 100 μg/mL inhibitor. Bovine serum albumin (BSA) was used 
as a negative control.

In silico comparative analysis
We compared the amino acid sequences of TPO, EPX and ECP as well as included other 
peroxidases (MPO, lactoperoxidase [LPO], and peroxidasine-like) to determine the conserved 
regions (Supplementary Tables S1 and S2).
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The amino acid sequences of TPO, EPX, ECP, MPO, LPO and peroxidasine-like enzyme were 
obtained from the Uniprot database (https://www.uniprot.org/). Multiple and pairwise 
alignments were performed using the IBIVU server (http://www.ibi.vu.nl/programs/
pralinewww/). Detailed methods are presented in Supplementary Data S1.

Ethical considerations
The Ethics Committees of the University of Antioquia and the Clinic “IPS Universitaria” 
approved this study (Code F-017-00 from University of Antioquia and Code number CCEI-
5311-2016 from Clinic “IPS Universitaria”). Written informed consent was obtained from all 
participants or parents in cases of children.

Statistical analysis
Statistical analyses were performed using IBM SPSS Statistics for Windows, version 21.0 
(IBM, Inc, Chicago, IL, USA) and GraphPad Prism 8 (La Jolla, CA, USA). The Shapiro–Wilk 
test was used to check for normality, and our descriptive and statistical analyses were chosen 
according to the results. The data are presented as the means and standard deviation for 
variables with normal distribution and as the median and range for variables with non-
normal distribution. The Mann-Whitney U test and the Kruskal–Wallis test were used to 
compare specific IgE levels. Pearson's χ2 test was used to evaluate differences among groups 
and proportions. Correlations were assessed with the Pearson or Spearman coefficient (r).

Given the results of previous studies,13,18,37 we considered that a sample of at least 40 patients 
with CSU, 40 patients with AD, and 40 healthy subjects would be adequate to ensure a 
power of 80% and an alpha error of 0.05 for the primary outcome (the presence of IgE 
autoantibodies). A P value of < 0.05 was considered statistically significant as long as it had 
correspondence with the dispersion measures (standard deviation or confidence interval). 
For comparisons among the 3 study groups (e.g., the CSU, AD and control groups), we used 
the Kruskal-Wallis test for quantitative variables (e.g., IgE level) and a multiple comparison 
test to compare differences between the groups.

RESULTS

Patients characteristics
Sixty control subjects, 45 AD patients, and 56 CSU patients were recruited (Table 1). Due to 
selection criteria for each group, some differences were observed: patients with AD were 
younger than those with CSU and experienced the disease for a longer time. The AD group 
had higher levels of total IgE (P = 0.006) and blood eosinophils (P = 0.005). These variables 
were similar between the CSU and control groups.

Atopy to house dust mites or pet dander was present in 56% of the CSU patients. According 
to selection criteria, all patients in the AD group had atopy, while subjects in the control 
group did not.

IgE against eosinophil and TPO autoantigens
IgE autoantibodies against EPX and ECP were observed in the 3 groups. The frequency of 
eosinophil autoantibodies was higher in the AD group (anti-EPX IgE 28.8% and anti-ECP IgE 
26.6%) compared with the CSU group (10.9% and 5.4%, respectively) (P = 0.008) and the 
control subjects (3.3% and 1.6%, respectively) (P < 0.001) (Fig. 1A). The IgE autoantibody 
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levels were higher in the AD and CSU groups compared with the control group. The 
eosinophil autoantibody levels were higher in the AD group compared with the CSU group; 
however, the TPO autoantibody levels were higher in the CSU group (Fig. 1A).

Only the CSU group showed a significant correlation among the anti-TPO IgE and anti-EPX 
IgE levels (r = 0.542; P < 0.001; confidence interval, 0.316–0.708). The other correlations in 
all groups were less than 0.300 and were not statistically significant (Fig. 1B).

In the CSU group, anti-TPO IgE was the most prevalent autoantibody, and all patients with 
anti-EPX IgE were reactive to TPO (Fig. 1C). For the AD group, 4 patients with anti-TPO IgE 
also had IgE to EPX (n = 2) and ECP (n = 2). In the control group, only 5 patients were IgE-
sensitized to autoantigens: 1 patient was monosensitized to ECP; 2 patients were sensitized 
to EPX and also had anti-TPO IgE; and 4 patients were sensitized to TPO.

There was no association between autoantibody levels and blood eosinophils in terms of 
correlation or different cutoff stratification.

Cross-reactivity among eosinophil and thyroid proteins
The CSU serum pool (n = 16) and AD serum pool (n = 17) for the inhibition test were 
composed of sensitized patients with IgE autoantibodies defined according to the cutoff 
value (Fig. 1C). In CSU, TPO inhibited 42% of IgE binding to EPX, while EPX inhibited 59% 
of IgE binding to TPO (Fig. 2A), suggesting a cross-reactivity between these peroxidase 
proteins. We did not observe such inhibitions using an additional pool of CSU IgE-
monosensitized patients (n = 7) to TPO (higher than 20%). We also analyzed the inhibition 
of IgE binding using a pool of only 3 CSU patients with anti-ECP IgE; however, ECP inhibited 
less than 20% of IgE binding to TPO or EPX (data not shown).

With the AD serum pool, TPO inhibited 32% of IgE binding to EPX, while EPX inhibited 39% 
of IgE binding to TPO. ECP inhibited less than 20% of IgE binding to TPO or EPX. Similar 
results were obtained with the pool of 17 AD patients with IgE against at least one of the 
autoantigens (data not shown).

An elevation in the concentration of the solid phase antigen (2,500 μg/mL) using the CSU 
pool and AD pool did not increase the percentage of inhibition observed at 1,000 μg/mL.
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Table 1. Sociodemographic characteristics
General characteristics CSU (n = 55) AD (n = 45) Control (n = 60)
Age median (range) 33 (42) 16 (22) 25.5 (42)
Sex (female) 35 (63.6) 25 (55.5) 36 (60)
Atopy 31 (56.3) 45 (100) 0
Total IgE (IU/mL) 238.2 ± 282.8 688.0 ± 645.1* 152.6 ± 89.1
Eosinophil serum (cells/count) 115.7 ± 64.3 347.8 ± 47.7* 111.0 ± 44.7
Years with CSU/AD median (range) 2 (6) 13.2 (17) NA
SCORAD median (range) NA 50 (30) NA
UAS7 median (range) 31 (14) NA NA
DLQI score median (range) 17.5 (10) 18 (12) NA
Data are shown as mean ± standard deviation or number (%).
All subjects were over 12 years old. According to the selection criteria, all patients in the AD group had atopy, 
while the control group did not.
CSU, chronic spontaneous urticaria; AD, atopic dermatitis; IgE, immunoglobulin E; NA, not apply; SCORAD, 
severe score for atopic dermatitis; UAS7, urticaria activity score for 7 days; DLQI, dermatology life quality index.
*P < 0.01.



To explore whether the recognized epitopes in CSU patients were the same as those in AD 
patients, we performed a pool combining the 2 pools (CSU pool and AD pool, 1:1 ratio) (Fig. 2C).  
We observed a higher inhibition of IgE binding to TPO by EPX (78%) and IgE binding to EPX 
by TPO (52%) than in the AD or CSU pool alone. This suggests that, in both diseases, there 
is recognition of autoantigens; however, the increase in inhibition suggests that they may be 
attributed to different epitopes recognized as well as cross-reactivity.
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The results of the immunoblotting inhibition tests were similar to those observed with the 
ELISA tests: ECP in the solid phase was almost completely inhibited with ECP, but remained 
virtually unchanged with TPO or EPX among the pool of sera from CSU and AD.

When EPX was in the solid phase, TPO decreased the reactivity to the EPX band, but when the 
TPO was in the solid phase, EPX more intensely decreased TPO. These results were observed 
in the CSU and AD groups; however, the decrease in intensity to TPO and EPX was greater in 
the CSU group.

Comparison of sequences by in silico analysis
The percent sequence identity according to the pairwise alignment was over 40% among 
EPX, TPO, LPO and MPO (Table 2). TPO shared an identity level of over 40% with MPO, 
EPX and LPO in their amino acid sequences. The lowest identity level was found with ECP 
(21%), as it does not belong to the peroxidase group. The highest sequence identity level was 
between MPO and EPX (70%).

Among the peroxidases, we observed several amino acids conserved and a sequence of 
54 residues located in the TPO and EPX at positions between 381 to 441 and 369 to 422, 
respectively. The percent sequence identity of this patch among TPO and EPX was 59% 
(Supplementary Fig. S1).

TPO and EPX showed the best results with MPO (5mfa.1.A) as a template. The most 
conserved sequence was identified in the protein structure. We observed that this sequence 
forms a secondary structure of alpha helices on both proteins (2 for TPO and 3 for EPX), 
distributed inside and on the surface of the protein (Fig. 3). Within this antigenic patch, an 
epitope was identified using the ELIPRO server.

DISCUSSION

IgE responses to autoantigens have been demonstrated in several diseases, particularly in 
severe conditions.38,39 Despite the fact that CSU and AD have a different pathogenesis,38-42 
multiple autoantigens have been reported in both diseases.5,12,20,42,43 The release of EPX and 
ECP by eosinophils appears to play an important role in the inflammatory process,44,45 and 
they have been used as in vitro parameters of inflammation in AD, urticaria and asthma.45-49

In this study, we described for the first time 1) IgE antibodies against eosinophil proteins 
(EPX and ECP) in patients with AD or CSU; 2) possible cross-reactivity between thyroid 
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Table 2. The matrix of identity among oxidases
Proteins 1 2 3 4 5
1 TPO
2 MPO 0.44
3 EPX 0.44 0.70
4 LPO 0.42 0.53 0.53
5 ECP 0.21 0.16 0.17 0.09
6 Peroxidasin-like protein 0.33 0.37 0.38 0.35 0.14
Matrix of identity among oxidases from 0 (%) to 1 (100%). The percent sequence identity was obtain using the 
PRALINE server from IBIVU.
TPO, thyroid peroxidase; MPO, myeloperoxidase; EPX, eosinophil peroxidase; LPO, lactoperoxidase; ECP, 
eosinophil cationic protein.



and EPX proteins (TPO and EPX, respectively); and 3) AD and CSU patients that identified 
different epitopes in TPO and EXP.

Unlike AD,50 there have been few studies on CSU in which IgE to autoantigens has been 
detected.51 Anti-TPO IgE has been most extensively studied12; however, IgE reactivity has also 
been described for cytokines, such as IL-24,51 and even double-stranded DNA molecules.52 
Anti-TPO IgE has previously been described in patients with CSU, demonstrating that it could 
induce basophil activation.14,37 The transfer of anti-TPO IgE was able to induce hives in healthy 
subjects.13 In this study, some patients with AD and healthy subjects demonstrated anti-TPO 
IgE; however, a higher frequency of anti-TPO IgE was found in patients with urticaria, and it 
is unknown why TPO—an extracutaneous human protein—induced an IgE response in 20% 
to 40% of CSU patients.12,13

Allergens, such as plant profilins,6 fungal manganese superoxide dismutase7 and mites fatty 
acid binding proteins,18 share IgE epitopes with human proteins in severe AD patients. A 
possible cross-reactivity between TPO and environmental proteins in CSU as in AD with 
certain autoantigens seems unlikely to occur. In a recent in silico study, the identity of TPO 
against 22 common allergens was evaluated. Although possible linear and conformational 
epitopes of TPO were identified, it appeared that these epitopes were not present among 
environmental allergens.53 Studies by Bang et al. 
24 with autoimmune thyroid disease (ATD) patients demonstrated that anti-TPO IgG 
autoantibodies show discrete patterns of cross-reactivity to other peroxidases including 
MPO, which were later confirmed by Haapala, et al.54 Epitopes recognized by auto-IgG in ATD 
and systemic vasculitis were different, suggesting a polyclonal anti-TPO response that varies 
according to diseases.36,54

According to the results of the inhibition tests, we found that CSU and AD patients generated 
autoantibodies with cross-reactivity to TPO and EPX. This was further supported by in 
silico analyses, where a large number of conserved amino acids were present among these 
peroxidases. Additionally, there was a correlation between the TPO and EPX levels. In CSU 
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Fig. 3. Modeling of epitope distribution. Three alpha helices with 3 loops for EPX and 2 alpha helices with 2 loops for TPO were found. Sequence with the higher 
identity among EPX (369-422) and TPO (388-441). The percent sequence identity was 59%. 
EPX, eosinophil peroxidase; TPO, thyroid peroxidase.



patients, the TPO IgE-binding inhibition with EPX was higher than the EPX IgE-binding 
inhibition with TPO, suggesting that IgE sensitization to EPX precedes that to TPO. These 
results provide a possible explanation for the relationship between the thyroid and the 
skin in CSU patients. The following scenario seems to be likely from the immunological 
point of view: the high release of eosinophil granule proteins or neutrophil MPO during an 
inflammatory reaction22,55,56 may induce a primary immune response involving stimulation 
of anti-EPX IgE production by plasma cells. The presence of EPX and TPO (and also MBP) 
might further boost the auto-IgE production by plasma cells due to their overlapping protein 
sequences promoting the development of epitope spreading among different proteins.50,57

The role of eosinophils in a type 2 classic model of allergic disease, such as AD, may not be 
expected. In contrast, little is known regarding this role of eosinophils in urticaria. Currently, 
researchers observed that eosinopenia in the blood was associated with the presentation of 
CSU and hypothesized that this is due to compartmental redistribution (recruitment into the 
skin during active disease).10 However, this was only based on epidemiological observations. 
Here, we observed that eosinophils were maintained at the same levels as in healthy controls. 
The reason for this could be that although the level of eosinophils is high, the reactivity of IgE 
to eosinophil products leads us to suspect their possible fundamental role in the persistence 
of the disease.

Prospective investigations are necessary to identify which source induces the primary 
response; however, our results suggested that anti-peroxidase IgE response occurs initially 
through anti-EPX IgE sensitization and subsequently by cross-reactivity with TPO. We found 
9 CSU patients with anti-TPO IgE and no anti-EPX IgE, which indicates that, in some cases, 
sensitization did not occur by cross-reactivity between peroxidases and that TPO could be 
a neoantigen. According to the in silico analysis, we observed that neutrophil MPO shared 
identity with TPO and EPX, which suggests that other peroxidases present in the skin could 
also have cross-reactivity with TPO and EPX.

In the AD group, all patients with anti-TPO IgE were co-sensitized to EPX, which supports 
that EPX is the primary sensitizer in this reaction. However, the percentages of TPO and EPX 
with IgE-binding inhibition were lower in the AD group than in the CSU group. This could be 
explained by a low concentration of the antibodies or a lower affinity for the antigen. Based 
on the detected optical density, the concentration of these antibodies in AD patients was 
similar to that in CSU patients; thus, the second hypothesis would be that a third protein 
(another peroxidase) could be the primary sensitizer (e.g., MPO).

IgE against the 2 eosinophilic proteins was more frequent among patients with AD than 
those with CSU or the control group. This may be because although eosinophils also play an 
important role in CSU, skin infiltration by these cells and degranulation is higher in AD.58 
Despite EPX and ECP both being produced by eosinophils during the inflammatory response, 
there was no correlation between anti-ECP IgE and anti-EPX IgE levels, suggesting that 
although they are released by the same cell, the intensity of the IgE response is different. 
ECP did not inhibit IgE binding to EPX or TPO, possibly because it does not belong to the 
peroxidase family and cross-reactivity with these antigens is unlikely to occur.

In both AD and CSU, IgE response to self-antigens appears to be a process that does not 
occur at the beginning of the disease, but as a result of the inflammatory process. The 
majority of self-antigens in AD have an intracellular location, which is why some authors have 
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suggested that they are exposed to the extracellular medium where they can be recognized 
by autoantibodies as a consequence of chronic skin inflammation. In CSU, based on our 
hypothesis of cross-reactivity between TPOs and eosinophils, an initial inflammatory process 
would be necessary to induce the infiltration of eosinophils (and perhaps other cells), 
the release of peroxidases in the skin, and IgE antibody formation with subsequent cross-
reactivity. However, in CSU, various autoimmune mechanisms have been elucidated, so the 
type of immunological response will vary among patients.

The in silico analysis showed that the proteins have a high degree of conservation. Certain 
epitopes have been reported in previous studies, and IgG-binding capacity has been 
evaluated in patients with thyroid diseases.36,59-62 A section of 59 conserved residues was 
identified between TPO and EPX. In a previous study, we identified 3 possible antigenic 
patches located in the linear structure of TPO.53 When comparing the sequence of the 
epitopes described with the most conserved sequence among the group of oxidases, we found 
that one of them is within it, suggesting that this epitope is possibly shared by this protein 
family. To our knowledge, this is the first study to report these associations with allergy 
diseases. Among the conserved sequence between TPO and EPX, an alpha helix fraction is in 
the intramolecular portion and is not exposed to the protein surface, suggesting that it could 
be a cryptoepitope and not normally exposed to the antibodies. Thus, performing inhibition 
assays of TPO and EPX using overlapping peptides to confirm that the role of these sequences 
is necessary within allergic and autoimmune diseases.

It was uncertain whether the recognized epitopes are the same or different between the 
3 groups studied. However, in inhibition tests using a mixture of AD and CSU sera, we 
observed an increase in the IgE-binding inhibition of TPO and EPX, suggesting that there 
was likely recognition of different epitopes—if they had been the same, epitope saturation 
of the junction points would have occurred. When increasing the concentration of the 
solid phase proteins, there was no significant increase in the inhibition, indicating that the 
greater inhibition of the AD + CSU pool compared to the pool of each disease alone was not 
secondary to an increase in the antibodies or the availability of the binding points.

One weakness of the study was that we performed the inhibition tests under reduced 
conditions and with denatured proteins, which are better conditions for exploring linear 
epitopes. Despite the fact that anti-TPO IgE was detected under non-reduction conditions, in 
silico studies suggested that antigenic patches are linear among peroxidases with the highest 
probability of cross-reactivity.

In conclusion, we demonstrated that IgE autoantibodies against eosinophil proteins EPX and 
ECP were present in CSU and AD. The different frequencies of the anti-TPO IgE and anti-EPX 
IgE sensitization and inhibition between CSU and AD suggested that they did not share the 
same epitopes recognized by IgE autoantibodies. The IgE cross-reactivity between thyroid 
and EPX proteins could be a plausible explanation of the link between ATDs and CSU, but 
these could also be related to autoimmune comorbidities in patients with AD. In the future, 
evaluating the role of IgE antibodies against eosinophilic proteins in inducing the activation 
of basophils, mast cells and other cells of the inflammatory response would be of interest.

756https://e-aair.org https://doi.org/10.4168/aair.2021.13.5.746

IgE Against Eosinophil Proteins in Urticaria and Dermatitis



ACKNOWLEDGMENTS

We thank the “IPS Universitaria” Clinic, the “Unidad Alergologíca” clinic, the “San Vicente 
de Paul” hospital and the University of Antioquia, for their logical support and for financing 
this project.

SUPPLEMENTARY MATERIALS

Supplementary Data S1
Evaluated methods

Click here to view

Supplementary Table S1
Peroxidase used in the in silico analysis

Click here to view

Supplementary Table S2
Quality parameters results of modeling by homology of TPO and EPX

Click here to view

Supplementary Fig. S1
Sequence alignments among oxidases using the PRILINE server are shown. The total 
aligment score was 56,372 and the score per aligned residue pair was equal to 13.26. The 
percent sequence identity among the proteins was 50%. The thyroid peroxidase antigenic 
patches are marked with colored squares (blue, red and green).

Click here to view

REFERENCES

	 1.	 Lloyd-Lavery A, Solman L, Grindlay DJC, Rogers NK, Thomas KS, Harman KE. What's new in atopic 
eczema? An analysis of systematic reviews published in 2016. Part 3: nomenclature and outcome 
assessment. Clin Exp Dermatol 2019;44:376-80. 
PUBMED | CROSSREF

	 2.	 Arias-Cruz A, González-Díaz SN, Macías-Weinmann A, Ibarra-Chávez JA, Sánchez-Guerra D, Leal-
Villarreal L, et al. Quality of life in chronic urticaria and its relationship with economic impact and 
disease control in patients attended to at the University Hospital of Monterrey, Mexico. Rev Alerg Mex 
2018;65:250-8. 
PUBMED | CROSSREF

	 3.	 Choi WS, Lim ES, Ban GY, Kim JH, Shin YS, Park HS, et al. Disease-specific impairment of the quality of 
life in adult patients with chronic spontaneous urticaria. Korean J Intern Med 2018;33:185-92. 
PUBMED | CROSSREF

	 4.	 Sánchez-Pérez J, Daudén-Tello E, Mora AM, Lara Surinyac N. Impact of atopic dermatitis on health-related 
quality of life in Spanish children and adults: the PSEDA study. Actas Dermosifiliogr 2013;104:44-52. 
PUBMED | CROSSREF

757https://e-aair.org https://doi.org/10.4168/aair.2021.13.5.746

IgE Against Eosinophil Proteins in Urticaria and Dermatitis

https://e-aair.org/DownloadSupplMaterial.php?id=10.4168/aair.2021.13.5.746&fn=aair-13-746-s001.doc
https://e-aair.org/DownloadSupplMaterial.php?id=10.4168/aair.2021.13.5.746&fn=aair-13-746-s002.xls
https://e-aair.org/DownloadSupplMaterial.php?id=10.4168/aair.2021.13.5.746&fn=aair-13-746-s003.xls
https://e-aair.org/DownloadSupplMaterial.php?id=10.4168/aair.2021.13.5.746&fn=aair-13-746-s004.ppt
http://www.ncbi.nlm.nih.gov/pubmed/30706507
https://doi.org/10.1111/ced.13886
http://www.ncbi.nlm.nih.gov/pubmed/30176203
https://doi.org/10.29262/ram.v65i3.398
http://www.ncbi.nlm.nih.gov/pubmed/27243229
https://doi.org/10.3904/kjim.2015.195
http://www.ncbi.nlm.nih.gov/pubmed/22841507
https://doi.org/10.1016/j.adengl.2012.11.005


	 5.	 Valenta R, Natter S, Seiberler S, Wichlas S, Maurer D, Hess M, et al. Molecular characterization of 
an autoallergen, Hom s 1, identified by serum IgE from atopic dermatitis patients. J Invest Dermatol 
1998;111:1178-83. 
PUBMED | CROSSREF

	 6.	 Valenta R, Duchêne M, Pettenburger K, Sillaber C, Valent P, Bettelheim P, et al. Identification of profilin 
as a novel pollen allergen; IgE autoreactivity in sensitized individuals. Science 1991;253:557-60. 
PUBMED | CROSSREF

	 7.	 Schmid-Grendelmeier P, Flückiger S, Disch R, Trautmann A, Wüthrich B, Blaser K, et al. IgE-mediated 
and T cell-mediated autoimmunity against manganese superoxide dismutase in atopic dermatitis. J 
Allergy Clin Immunol 2005;115:1068-75. 
PUBMED | CROSSREF

	 8.	 Mossabeb R, Seiberler S, Mittermann I, Reininger R, Spitzauer S, Natter S, et al. Characterization of a 
novel isoform of alpha-nascent polypeptide-associated complex as IgE-defined autoantigen. J Invest 
Dermatol 2002;119:820-9. 
PUBMED | CROSSREF

	 9.	 Tedeschi A, Asero R, Marzano AV, Lorini M, Fanoni D, Berti E, et al. Plasma levels and skin-eosinophil-
expression of vascular endothelial growth factor in patients with chronic urticaria. Allergy 2009;64:1616-22. 
PUBMED | CROSSREF

	10.	 Altrichter S, Frischbutter S, Fok JS, Kolkhir P, Jiao Q, Skov PS, et al. The role of eosinophils in chronic 
spontaneous urticaria. J Allergy Clin Immunol 2020;145:1510-6. 
PUBMED | CROSSREF

	11.	 Atta AM, Santiago MB, Guerra FG, Pereira MM, Sousa Atta ML. Autoimmune response of IgE antibodies 
to cellular self-antigens in systemic lupus erythematosus. Int Arch Allergy Immunol 2010;152:401-6. 
PUBMED | CROSSREF

	12.	 Altrichter S, Peter HJ, Pisarevskaja D, Metz M, Martus P, Maurer M. IgE mediated autoallergy against 
thyroid peroxidase--a novel pathomechanism of chronic spontaneous urticaria? PLoS One 2011;6:e14794. 
PUBMED | CROSSREF

	13.	 Sánchez J, Sánchez A, Cardona R. Causal relationship between anti-TPO IgE and chronic urticaria by in 
vitro and in vivo tests. Allergy Asthma Immunol Res 2019;11:29-42. 
PUBMED | CROSSREF

	14.	 Shin YS, Suh DH, Yang EM, Ye YM, Park HS. Serum specific IgE to thyroid peroxidase activates basophils 
in aspirin intolerant urticaria. J Korean Med Sci 2015;30:705-9. 
PUBMED | CROSSREF

	15.	 Grattan CE, Francis DM, Hide M, Greaves MW. Detection of circulating histamine releasing autoantibodies 
with functional properties of anti-IgE in chronic urticaria. Clin Exp Allergy 1991;21:695-704. 
PUBMED | CROSSREF

	16.	 Grattan CE. Histamine-releasing autoantibodies in chronic urticaria. Skin Pharmacol 1991;4 Suppl 1:64-70. 
PUBMED | CROSSREF

	17.	 Zeller S, Rhyner C, Meyer N, Schmid-Grendelmeier P, Akdis CA, Crameri R. Exploring the repertoire of 
IgE-binding self-antigens associated with atopic eczema. J Allergy Clin Immunol 2009;124:278-85, 285.e1-7. 
PUBMED | CROSSREF

	18.	 Sánchez J, Munera M, Arango J, Cardona R, Puerta L. IgE auto-antibodies to human fatty acid-binding 
proteins in atopic dermatitis patients. Curr Trends Immunol 2020;21:29-39.

	19.	 Fedorov AA, Ball T, Mahoney NM, Valenta R, Almo SC. The molecular basis for allergen cross-reactivity: 
crystal structure and IgE-epitope mapping of birch pollen profilin. Structure 1997;5:33-45. 
PUBMED | CROSSREF

	20.	 Kolkhir P, Borzova E, Grattan C, Asero R, Pogorelov D, Maurer M. Autoimmune comorbidity in chronic 
spontaneous urticaria: a systematic review. Autoimmun Rev 2017;16:1196-208. 
PUBMED | CROSSREF

	21.	 Ying S, Kikuchi Y, Meng Q, Kay AB, Kaplan AP. TH1/TH2 cytokines and inflammatory cells in skin biopsy 
specimens from patients with chronic idiopathic urticaria: comparison with the allergen-induced late-
phase cutaneous reaction. J Allergy Clin Immunol 2002;109:694-700. 
PUBMED | CROSSREF

	22.	 Kay AB, Ying S, Ardelean E, Mlynek A, Kita H, Clark P, et al. Elevations in vascular markers and 
eosinophils in chronic spontaneous urticarial weals with low-level persistence in uninvolved skin. Br J 
Dermatol 2014;171:505-11. 
PUBMED | CROSSREF

	23.	 Mukherjee M, Bulir DC, Radford K, Kjarsgaard M, Huang CM, Jacobsen EA, et al. Sputum autoantibodies 
in patients with severe eosinophilic asthma. J Allergy Clin Immunol 2018;141:1269-79. 
PUBMED | CROSSREF

758https://e-aair.org https://doi.org/10.4168/aair.2021.13.5.746

IgE Against Eosinophil Proteins in Urticaria and Dermatitis

http://www.ncbi.nlm.nih.gov/pubmed/9856836
https://doi.org/10.1046/j.1523-1747.1998.00413.x
http://www.ncbi.nlm.nih.gov/pubmed/1857985
https://doi.org/10.1126/science.1857985
http://www.ncbi.nlm.nih.gov/pubmed/15867868
https://doi.org/10.1016/j.jaci.2005.01.065
http://www.ncbi.nlm.nih.gov/pubmed/12406326
https://doi.org/10.1046/j.1523-1747.2002.00518.x
http://www.ncbi.nlm.nih.gov/pubmed/19485983
https://doi.org/10.1111/j.1398-9995.2009.02069.x
http://www.ncbi.nlm.nih.gov/pubmed/32224275
https://doi.org/10.1016/j.jaci.2020.03.005
http://www.ncbi.nlm.nih.gov/pubmed/20197682
https://doi.org/10.1159/000288293
http://www.ncbi.nlm.nih.gov/pubmed/21532759
https://doi.org/10.1371/journal.pone.0014794
http://www.ncbi.nlm.nih.gov/pubmed/30479075
https://doi.org/10.4168/aair.2019.11.1.29
http://www.ncbi.nlm.nih.gov/pubmed/26028921
https://doi.org/10.3346/jkms.2015.30.6.705
http://www.ncbi.nlm.nih.gov/pubmed/1723343
https://doi.org/10.1111/j.1365-2222.1991.tb03198.x
http://www.ncbi.nlm.nih.gov/pubmed/1722416
https://doi.org/10.1159/000210984
http://www.ncbi.nlm.nih.gov/pubmed/19541355
https://doi.org/10.1016/j.jaci.2009.05.015
http://www.ncbi.nlm.nih.gov/pubmed/9016715
https://doi.org/10.1016/S0969-2126(97)00164-0
http://www.ncbi.nlm.nih.gov/pubmed/29037900
https://doi.org/10.1016/j.autrev.2017.10.003
http://www.ncbi.nlm.nih.gov/pubmed/11941321
https://doi.org/10.1067/mai.2002.123236
http://www.ncbi.nlm.nih.gov/pubmed/24665899
https://doi.org/10.1111/bjd.12991
http://www.ncbi.nlm.nih.gov/pubmed/28751233
https://doi.org/10.1016/j.jaci.2017.06.033


	24.	 Banga JP, Tomlinson RW, Doble N, Odell E, McGregor AM. Thyroid microsomal/thyroid peroxidase 
autoantibodies show discrete patterns of cross-reactivity to myeloperoxidase, lactoperoxidase and 
horseradish peroxidase. Immunology 1989;67:197-204.
PUBMED

	25.	 Furtmüller PG, Zederbauer M, Jantschko W, Helm J, Bogner M, Jakopitsch C, et al. Active site structure 
and catalytic mechanisms of human peroxidases. Arch Biochem Biophys 2006;445:199-213. 
PUBMED | CROSSREF

	26.	 Williams DE, Le SN, Hoke DE, Chandler PG, Gora M, Godlewska M, et al. Structural studies of thyroid 
peroxidase show the monomer interacting with autoantibodies in thyroid autoimmune disease. 
Endocrinology 2020;161:bqaa016. 
PUBMED | CROSSREF

	27.	 Sánchez J, Zakzuk J, Cardona R. Evaluation of a guidelines-based approach to the treatment of chronic 
spontaneous urticaria. J Allergy Clin Immunol Pract 2018;6:177-182.e1. 
PUBMED | CROSSREF

	28.	 Sánchez J, Amaya E, Acevedo A, Celis A, Caraballo D, Cardona R. Prevalence of inducible urticaria 
in patients with chronic spontaneous urticaria: associated risk factors. J Allergy Clin Immunol Pract 
2017;5:464-70. 
PUBMED | CROSSREF

	29.	 Sánchez J, Sánchez A, Cardona R. Particular characteristics of atopic eczema in tropical environments. 
The Tropical Environment Control for Chronic Eczema and Molecular Assessment (TECCEMA) cohort 
study. An Bras Dermatol 2017;92:177-83. 
PUBMED | CROSSREF

	30.	 Sánchez J, Toro Y, Cardona R. Clinical impact in the real life of guidelines recommendations for atopic 
dermatitis in a tropical population (TECCEMA cohort). Rev Alerg Mex 2017;64:260-9. 
PUBMED | CROSSREF

	31.	 Zuberbier T, Aberer W, Asero R, Abdul Latiff AH, Baker D, Ballmer-Weber B, et al. The EAACI/GA2LEN/
EDF/WAO guideline for the definition, classification, diagnosis and management of urticaria. Allergy 
2018;73:1393-414. 
PUBMED | CROSSREF

	32.	 Wollenberg A, Barbarot S, Bieber T, Christen-Zaech S, Deleuran M, Fink-Wagner A, et al. Consensus-
based European guidelines for treatment of atopic eczema (atopic dermatitis) in adults and children: part 
I. J Eur Acad Dermatol Venereol 2018;32:657-82. 
PUBMED | CROSSREF

	33.	 Wollenberg A, Barbarot S, Bieber T, Christen-Zaech S, Deleuran M, Fink-Wagner A, et al. Consensus-
based European guidelines for treatment of atopic eczema (atopic dermatitis) in adults and children: part 
II. J Eur Acad Dermatol Venereol 2018;32:850-78. 
PUBMED | CROSSREF

	34.	 Sánchez J, Páez B, Macías A, Olmos C, de Falco A. Atopic dermatitis guideline. Position paper from the 
Latin American Society of Allergy, Asthma and Immunology. Rev Alerg Mex 2014;61:178-211.
PUBMED

	35.	 Acevedo N, Sánchez J, Erler A, Mercado D, Briza P, Kennedy M, et al. IgE cross-reactivity between Ascaris 
and domestic mite allergens: the role of tropomyosin and the nematode polyprotein ABA-1. Allergy 
2009;64:1635-43. 
PUBMED | CROSSREF

	36.	 Arscott PL, Koenig RJ, Kaplan MM, Glick GD, Baker JR Jr. Unique autoantibody epitopes in an 
immunodominant region of thyroid peroxidase. J Biol Chem 1996;271:4966-73. 
PUBMED | CROSSREF

	37.	 Sánchez J, Sánchez A, Cardona R. Clinical characterization of patients with chronic spontaneous urticaria 
according to anti-TPO IgE levels. J Immunol Res 2019;2019:4202145. 
PUBMED | CROSSREF

	38.	 Chen Q, Zhong H, Chen WC, Zhai Z, Zhou Z, Song Z, et al. Different expression patterns of plasma Th1-, 
Th2-, Th17- and Th22-related cytokines correlate with serum autoreactivity and allergen sensitivity in 
chronic spontaneous urticaria. J Eur Acad Dermatol Venereol 2018;32:441-8. 
PUBMED | CROSSREF

	39.	 Dema B, Pellefigues C, Hasni S, Gault N, Jiang C, Ricks TK, et al. Autoreactive IgE is prevalent in 
systemic lupus erythematosus and is associated with increased disease activity and nephritis. PLoS One 
2014;9:e90424. 
PUBMED | CROSSREF

759https://e-aair.org https://doi.org/10.4168/aair.2021.13.5.746

IgE Against Eosinophil Proteins in Urticaria and Dermatitis

http://www.ncbi.nlm.nih.gov/pubmed/2546881
http://www.ncbi.nlm.nih.gov/pubmed/16288970
https://doi.org/10.1016/j.abb.2005.09.017
http://www.ncbi.nlm.nih.gov/pubmed/32022847
https://doi.org/10.1210/endocr/bqaa016
http://www.ncbi.nlm.nih.gov/pubmed/28709817
https://doi.org/10.1016/j.jaip.2017.06.002
http://www.ncbi.nlm.nih.gov/pubmed/27838325
https://doi.org/10.1016/j.jaip.2016.09.029
http://www.ncbi.nlm.nih.gov/pubmed/28538875
https://doi.org/10.1590/abd1806-4841.20175140
http://www.ncbi.nlm.nih.gov/pubmed/29046024
https://doi.org/10.29262/ram.v64i3.244
http://www.ncbi.nlm.nih.gov/pubmed/29336054
https://doi.org/10.1111/all.13397
http://www.ncbi.nlm.nih.gov/pubmed/29676534
https://doi.org/10.1111/jdv.14891
http://www.ncbi.nlm.nih.gov/pubmed/29878606
https://doi.org/10.1111/jdv.14888
http://www.ncbi.nlm.nih.gov/pubmed/25177854
http://www.ncbi.nlm.nih.gov/pubmed/19624559
https://doi.org/10.1111/j.1398-9995.2009.02084.x
http://www.ncbi.nlm.nih.gov/pubmed/8617771
https://doi.org/10.1074/jbc.271.9.4966
http://www.ncbi.nlm.nih.gov/pubmed/31886301
https://doi.org/10.1155/2019/4202145
http://www.ncbi.nlm.nih.gov/pubmed/28846158
https://doi.org/10.1111/jdv.14541
http://www.ncbi.nlm.nih.gov/pubmed/24587356
https://doi.org/10.1371/journal.pone.0090424


	40.	 Thorsteinsdottir S, Stokholm J, Thyssen JP, Nørgaard S, Thorsen J, Chawes BL, et al. Genetic, clinical, 
and environmental factors associated with persistent atopic dermatitis in childhood. JAMA Dermatol 
2019;155:50-7. 
PUBMED | CROSSREF

	41.	 Grattan C. Autoimmune chronic spontaneous urticaria. J Allergy Clin Immunol 2018;141:1165-6. 
PUBMED | CROSSREF

	42.	 Natter S, Seiberler S, Hufnagl P, Binder BR, Hirschl AM, Ring J, et al. Isolation of cDNA clones coding for 
IgE autoantigens with serum IgE from atopic dermatitis patients. FASEB J 1998;12:1559-69. 
PUBMED | CROSSREF

	43.	 Seiberler S, Natter S, Hufnagl P, Binder BR, Valenta R. Characterization of IgE-reactive autoantigens 
in atopic dermatitis. 2. A pilot study on IgE versus IgG subclass response and seasonal variation of IgE 
autoreactivity. Int Arch Allergy Immunol 1999;120:117-25. 
PUBMED | CROSSREF

	44.	 Kolkhir P, Church MK, Altrichter S, Skov PS, Hawro T, Frischbutter S, et al. Eosinopenia, in chronic 
spontaneous urticaria, is associated with high disease activity, autoimmunity, and poor response to 
treatment. J Allergy Clin Immunol Pract 2020;8:318-325.e5. 
PUBMED | CROSSREF

	45.	 Breuer K, Kapp A, Werfel T. Urine eosinophil protein X (EPX) is an in vitro parameter of inflammation in 
atopic dermatitis of the adult age. Allergy 2001;56:780-4. 
PUBMED | CROSSREF

	46.	 Remes S, Korppi M, Remes K, Savolainen K, Mononen I, Pekkanen J. Serum eosinophil cationic protein 
(ECP) and eosinophil protein X (EPX) in childhood asthma: the influence of atopy. Pediatr Pulmonol 
1998;25:167-74. 
PUBMED | CROSSREF

	47.	 Kim TY, Park HJ, Kim CW. Eosinophil cationic protein (ECP) level and its correlation with eosinophil 
number or IgE level of peripheral blood in patients with various skin diseases. J Dermatol Sci 1997;15:89-94. 
PUBMED | CROSSREF

	48.	 Lorenzo GD, Mansueto P, Melluso M, Candore G, Cigna D, Pellitteri ME, et al. Blood eosinophils and 
serum eosinophil cationic protein in patients with acute and chronic urticaria. Mediators Inflamm 
1996;5:113-5. 
PUBMED | CROSSREF

	49.	 Haas N, Motel K, Czarnetzki BM. Comparative immunoreactivity of the eosinophil constituents MBP and 
ECP in different types of urticaria. Arch Dermatol Res 1995;287:180-5. 
PUBMED | CROSSREF

	50.	 Maurer M, Altrichter S, Schmetzer O, Scheffel J, Church MK, Metz M. Immunoglobulin E-mediated 
autoimmunity. Front Immunol 2018;9:689. 
PUBMED | CROSSREF

	51.	 Schmetzer O, Lakin E, Topal FA, Preusse P, Freier D, Church MK, et al. IL-24 is a common and specific 
autoantigen of IgE in patients with chronic spontaneous urticaria. J Allergy Clin Immunol 2018;142:876-82. 
PUBMED | CROSSREF

	52.	 Hatada Y, Kashiwakura J, Hayama K, Fujisawa D, Sasaki-Sakamoto T, Terui T, et al. Significantly high 
levels of anti-dsDNA immunoglobulin E in sera and the ability of dsDNA to induce the degranulation of 
basophils from chronic urticaria patients. Int Arch Allergy Immunol 2013;161 Suppl 2:154-8. 
PUBMED | CROSSREF

	53.	 Sánchez A, Cardona R, Munera M, Sánchez J. Identification of antigenic epitopes of thyroperoxidase, 
thyroglobulin and interleukin-24. Exploration of cross-reactivity with environmental allergens and 
possible role in urticaria and hypothyroidism. Immunol Lett 2020;220:71-8. 
PUBMED | CROSSREF

	54.	 Haapala AM, Hyöty H, Parkkonen P, Mustonen J, Soppi E. Antibody reactivity against thyroid peroxidase 
and myeloperoxidase in autoimmune thyroiditis and systemic vasculitis. Scand J Immunol 1997;46:78-85. 
PUBMED | CROSSREF

	55.	 Caproni M, Giomi B, Volpi W, Melani L, Schincaglia E, Macchia D, et al. Chronic idiopathic urticaria: 
infiltrating cells and related cytokines in autologous serum-induced wheals. Clin Immunol 2005;114:284-92. 
PUBMED | CROSSREF

	56.	 Caproni M, Volpi W, Macchia D, Giomi B, Manfredi M, Campi P, et al. Infiltrating cells and related 
cytokines in lesional skin of patients with chronic idiopathic urticaria and positive autologous serum skin 
test. Exp Dermatol 2003;12:621-8. 
PUBMED | CROSSREF

760https://e-aair.org https://doi.org/10.4168/aair.2021.13.5.746

IgE Against Eosinophil Proteins in Urticaria and Dermatitis

http://www.ncbi.nlm.nih.gov/pubmed/30427975
https://doi.org/10.1001/jamadermatol.2018.4061
http://www.ncbi.nlm.nih.gov/pubmed/29102068
https://doi.org/10.1016/j.jaci.2017.09.014
http://www.ncbi.nlm.nih.gov/pubmed/9806765
https://doi.org/10.1096/fasebj.12.14.1559
http://www.ncbi.nlm.nih.gov/pubmed/10545765
https://doi.org/10.1159/000024229
http://www.ncbi.nlm.nih.gov/pubmed/31472293
https://doi.org/10.1016/j.jaip.2019.08.025
http://www.ncbi.nlm.nih.gov/pubmed/11488674
https://doi.org/10.1034/j.1398-9995.2001.056008780.x
http://www.ncbi.nlm.nih.gov/pubmed/9556008
https://doi.org/10.1002/(SICI)1099-0496(199803)25:3<167::AID-PPUL6>3.0.CO;2-J
http://www.ncbi.nlm.nih.gov/pubmed/9279689
https://doi.org/10.1016/S0923-1811(97)00614-2
http://www.ncbi.nlm.nih.gov/pubmed/18475708
https://doi.org/10.1155/S0962935196000191
http://www.ncbi.nlm.nih.gov/pubmed/7539247
https://doi.org/10.1007/BF01262329
http://www.ncbi.nlm.nih.gov/pubmed/29686678
https://doi.org/10.3389/fimmu.2018.00689
http://www.ncbi.nlm.nih.gov/pubmed/29208545
https://doi.org/10.1016/j.jaci.2017.10.035
http://www.ncbi.nlm.nih.gov/pubmed/23711867
https://doi.org/10.1159/000350388
http://www.ncbi.nlm.nih.gov/pubmed/32027873
https://doi.org/10.1016/j.imlet.2020.02.003
http://www.ncbi.nlm.nih.gov/pubmed/9246211
https://doi.org/10.1046/j.1365-3083.1997.d01-90.x
http://www.ncbi.nlm.nih.gov/pubmed/15721839
https://doi.org/10.1016/j.clim.2004.10.007
http://www.ncbi.nlm.nih.gov/pubmed/14705803
https://doi.org/10.1034/j.1600-0625.2003.00010.x


	57.	 McLachlan SM, Rapoport B. Thyroid autoantibodies display both “Original Antigenic Sin” and epitope 
spreading. Front Immunol 2017;8:1845. 
PUBMED | CROSSREF

	58.	 Wu KG, Li TH, Chen CJ, Cheng HI, Wang TY. Correlations of serum Interleukin-16, total IgE, eosinophil 
cationic protein and total eosinophil counts with disease activity in children with atopic dermatitis. Int J 
Immunopathol Pharmacol 2011;24:15-23. 
PUBMED | CROSSREF

	59.	 Tandon N, Freeman M, Weetman AP. T cell responses to synthetic thyroid peroxidase peptides in 
autoimmune thyroid disease. Clin Exp Immunol 1991;86:56-60. 
PUBMED | CROSSREF

	60.	 Hecker M, Fitzner B, Wendt M, Lorenz P, Flechtner K, Steinbeck F, et al. High-density peptide microarray 
analysis of IgG autoantibody reactivities in serum and cerebrospinal fluid of multiple sclerosis patients. 
Mol Cell Proteomics 2016;15:1360-80. 
PUBMED | CROSSREF

	61.	 Guo J, McLachlan SM, Pichurin PN, Chen CR, Pham N, Aliesky HA, et al. Relationship between thyroid 
peroxidase T cell epitope restriction and antibody recognition of the autoantibody immunodominant 
region in human leukocyte antigen DR3 transgenic mice. Endocrinology 2005;146:4961-7. 
PUBMED | CROSSREF

	62.	 Guo J, Pichurin PN, Morris JC, Rapoport B, McLachlan SM. Naked deoxyribonucleic acid vaccination 
induces recognition of diverse thyroid peroxidase T cell epitopes. Endocrinology 2004;145:3671-8. 
PUBMED | CROSSREF

761https://e-aair.org https://doi.org/10.4168/aair.2021.13.5.746

IgE Against Eosinophil Proteins in Urticaria and Dermatitis

http://www.ncbi.nlm.nih.gov/pubmed/29326719
https://doi.org/10.3389/fimmu.2017.01845
http://www.ncbi.nlm.nih.gov/pubmed/21496383
https://doi.org/10.1177/039463201102400103
http://www.ncbi.nlm.nih.gov/pubmed/1717189
https://doi.org/10.1111/j.1365-2249.1991.tb05773.x
http://www.ncbi.nlm.nih.gov/pubmed/26831522
https://doi.org/10.1074/mcp.M115.051664
http://www.ncbi.nlm.nih.gov/pubmed/16081633
https://doi.org/10.1210/en.2005-0760
http://www.ncbi.nlm.nih.gov/pubmed/15123538
https://doi.org/10.1210/en.2004-0303

	Presence of IgE Autoantibodies Against Eosinophil Peroxidase and Eosinophil Cationic Protein in Severe Chronic Spontaneous Urticaria and Atopic Dermatitis
	INTRODUCTION
	MATERIALS AND METHODS
	Antigen production
	Determination of the total and specific IgE autoantibodies
	IgE-binding inhibition assays
	In silico comparative analysis
	Ethical considerations
	Statistical analysis

	RESULTS
	IgE against eosinophil and TPO autoantigens
	Cross-reactivity among eosinophil and thyroid proteins
	Comparison of sequences by in silico analysis

	DISCUSSION
	SUPPLEMENTARY MATERIALS
	Supplementary Data S1
	Supplementary Table S1
	Supplementary Table S2
	Supplementary Fig. S1

	REFERENCES


