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ABSTRACT

Introduction: Atopic dermatitis (AD) is a frequent disease in infants with diverse clinical evolu-
tion. Although multiple studies have assessed inflammatory changes in chronic AD, little is known
about the molecular transition from symptomatic stage to clinical remission without
pharmacotherapy.

Objective: The aim of the study was to evaluate clinical and inflammatory factors and its rela-
tionship with AD clinical evolution.

Methods: Three groups of participants older than 10 years of age were recruited; 2 AD groups
and 1 non-AD group. The AD-remission group (more than 1 year without AD symptoms and
without pharmacotherapy), the AD-persistent group (AD symptoms and pharmacotherapy), and 1
non-AD group. We measured eosinophil peroxidase (EPX), eosinophil cationic protein (ECP), IgE
autoantibodies against these antigens, and natural moisturizing factor (NMF).

Results: Different inflammatory profiles within each group were observed: AD-persistent group is
characterized by a high frequency of IgE autoantibodies (55.5%), contrasting with the low
occurrence in the non-AD group (2%) and a moderate frequency in the AD-remission group
(21.4%). A similar distribution was observed for the other type 2 inflammatory biomarkers (Eo-
sinophils, total IgE, EPX, ECP) and NMF.

Conclusion: Patients with AD-remission maintain a minimal T2 inflammation. We identified
different potential biomarkers for prognosis of AD evolution. Further studies are necessary to
evaluate the mechanisms that allow the coexistence of the inflammatory process without clinical
symptoms.
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INTRODUCTION

Atopic dermatitis (AD) is a prevalent skin dis-
ease during infancy with a significant impact in the
quality of life of the patient and their family.1,2 AD
affects 20%–40% of children under 6 years of age,
and different studies suggest a remission rate of
20%–80% during the first decade of life.3–7 The
wide range in remission rate across studies may
be explained by environmental and genetic
factors8 but also reflects differences in the design
of the studies, for example, studies with tertiary
care centers usually included AD patients with
more severe symptoms and lower remission rate,
and population-based studies included a more
heterogeneous range of patients. Furthermore, a
consensus definition of AD remission is not yet
available. For some authors, AD remission refers to
clinical control secondary to treatment (pharma-
cological remission).9 However, several studies
support that a fraction of patients with AD in
childhood achieve sustained clinical remission
over time without pharmacological treatment.3–7

Characteristics of the patients who achieve AD
remission without pharmacotherapy have been
little studied.

AD pathogenesis involves different mecha-
nisms; most patients exhibit type 2 inflammation
with high IgE levels and serum eosinophilia.10,11

Several autoantigens have been associated with
AD severity12–16 and recently IgE autoantibodies
against eosinophil peroxidase (EPX), and
eosinophil cationic protein (ECP) were
detected.17 Natural moisturizing factor (NMF) has
been associated with AD activity, and AD age of
onset have been associated with AD severity.18–
21 Despite these associations, the impact of these
biomarkers in AD evolution has not been
explored thoroughly. Considering that prediction
of AD evolution could have significant medical
implications, the aim of this study was to
investigate clinical and molecular biomarkers
associated with the clinical evolution of AD. The
identification of these biomarkers will help to a
better understanding of the disease and
contribute to the development of clinical
diagnostic tools.
METHODS

AD definitions and study populations groups

Atopic dermatitis (AD) was defined according to
Hanifin and Rajka criteria, and AD patients with a
SCORADover 10pointswere recruited.ADpatients
with diagnoses of other diseases that could cause
eczema or similar skin injuries were excluded (eg,
mastocytosis, contact dermatitis, and prurigo).

AD persistent group were patients with AD
onset before 6 years of age in whom AD symptoms
continued after 10 years of age.

AD-remission group consisted of patients with
AD onset before 6 years old but experiencing
remission before 10 years old. Remission was
defined as the absence of AD skin symptoms for
more than 1 year, less than one point in the nu-
merical rating scale (NRS) of pruritus (not pruritus
at the begining of the phrase) and no need for
pharmacotherapy. The occasional use of moistur-
izing creams was not considered pharmaco-
therapy as it could be used for other indications.

The non-AD group comprised healthy subjects
without skin, autoimmune, or metabolic diseases.

Participants receiving therapies that could
affect the interpretation of serum markers were
excluded.

Study design

The main objective of the study was to evaluate
the association between clinical and molecular
factors and AD evolution. With a cross-sectional
design, we evaluated different factors (Sex, AD
age of onset, SCORAD, IgE anti-EPX, IgE anti-ECP,
total IgE, serum eosinophils, NMF). Participants
were recruited from 5 AD specialist centers from
Colombia.

EPX and ECP blood levels

EPX and ECP were measure using EPX ELISA Kit
(A79299) and ECP ELISA Kit (MBS700481)
following the manufacturer’s recommendations.
Briefly, specific antibodies for each antigen were
pre-coated onto a microtiter plate. Following in-
cubation, the wells were washed and then
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incubated with Biotinylated Anti-EPX Antibody or
Anti-ECP, which binds the captured EPX or ECP
present in each well. Following incubation, un-
bound biotinylated detection antibody is removed
by wash, and a streptavidin conjugate was added
to the wells and the microtiter plate was incubated.
Following incubation and washing, TMB substrate
solution was then used to visualize the enzymatic
reaction. The concentration of EPX and ECP can
then be calculated by reading the OD (Optical
density) absorbance at 450 nm in a microplate
reader and referring to the standard curve.
Total IgE, and specific IgE autoantibodies

Total IgE levels and specific IgE againt mites
(Dermatophagoides pteronyssinus, Dermatopha-
goides farinae, Blomia tropicalis), pet dander (Felis
domesticus, Canis familiaris) in the serum samples
were determined using a flouroenzyme immuno-
assay (ImmunoCap System, Uppsala, Sweden). A
limitation of the InmmunoCap system is that the
reading range of the equipment is up to 100 KUA/
mL. When the levels were above the reading range
of the equipment, the sample was diluted,
depending on the case, 1:5 or 1:10, and the total
concentration was calculated by conversion.
Each patient serum sample was evaluated
individually.17,22,23

Antigens ECP and EPX were obtained as re-
combinant proteins and we quantified IgE autoan-
tibodies against these human antigens using a
protocol previously described17,22 (Supplementary
material S1). The sera used for the quantification of
IgE were depleted of IgG by immunoaffinity
depletion. The cut-off value for serum anti-EPX IgE
and anti-ECP IgE were previously defined in 60
healthy controls. The results were expressed in OD.
The absorbance at 405 nm was determined using a
spectrophotometer.
Evaluation of allergenicity

The CD203c-based basophil activation assay
was used for ex vivo evaluation of the allergenic
activity of autoantibodies as described previ-
ously.17 Basophils of each patient were stimulated
with different concentrations of EPX or ECP
antigen (0.01, 0.1, or 1 mg/mL). The basophil
activation assay was quantified as the percentage
of basophils expressing more CD203c than the
critical point, which was 10.0% of the basophils
incubated with buffer only.17,24

Natural moisturizing factors

Natural moisturizing factors (NMF) was
assessed using a non-invasive tape-stripping
technique.18,20,21,25 In brief, stratum corneum was
recollected through 10 consecutive tape strips
from the same area. The selected skin was left
untreated for at least 5 days before tape strip
collection. The 4 first tape-stripe was discarded to
improve sample homogeneity and limit contami-
nation error.20 Small marks were made on the skin
using a pen, after placing the first tape-strip to
ensure consistent placement of each subsequent
tape-strip. In AD patients tape strips were recollect
from an injured skin, and for a non-lesioned sam-
ple located between 10 and 20 cm from injured
skin sample. Each tape was pressed against the
skin with a roller for 5 s (approx. 200 g/cm3). After
applying and releasing the pressure, tape-strips
were removed and immediately frozen on dry
ice, then stored in a �70 C freezer until the time of
shipment.

NMF was defined as the sum of the concentra-
tions from the components histidine, pyrrolidone-
5- carboxylic acid (PCA), and cis and trans iso-
mers of urocanic acid (cis-UCA and trans-
UCA).21,25 These components were measure using
high-performance liquid chromatography (HPLC)
analysis. The concentrations of NMF were cor-
rected for total protein and expressed as nmol/ug
protein.

Ethical considerations

The study received approval from the Ethics
committees (Code F-CBI-023 act 029). Written
informed consent was obtained from all partici-
pants and, for minor patients, from their parents.
We also request assent from minors.

Statistical analysis

Statistical analyses were conducted using
JAMOVI, (version 2.3 Sidney, Australia) and
GraphPad Prism 10 (La Jolla, CA). Considering the
data distribution, Pearson’s c2 test was used to
evaluate the differences in categorical variables
between groups. Student’s t-test was used to test
intergroup differences between 2 samples
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normally distributed. Kruskal-Wallis’s test and
Mann-Whitney test were employed for non-
normally distributed data. Correlations were
assessed with the Spearman coefficient (r). Multi-
variate regression was performed using AD evo-
lution (remission or persistence) as the outcome
(dependent variable). A “p” value of <0.05 was
considered statistically significant and clinically
relevant based on dispersion measures (standard
deviation, confidence interval, interquartile range).
Considering previous studies,20,23,26 and taking
into consideration the potential of AD-remission
(20–60%), we considered a sample size of at least
80 patients per group to be adequate.

We performed multiple regression as an
exploratory analysis to identify potential predictor
variables of the evolution of AD (AD remission or
persistent AD). Those variables with a p < 0.1 were
considered potential predictors following statisti-
cal recommendations.27 Collinearity between the
model variables was assessed using the variance
inflation factor (VIF) where a value greater than 5
indicates collinearity.
General characteristics AD-remissi
n ¼ 90

Sex: Female, n (%) 48 (53.4

Age median � SD 15 (SD 2.

AD onset age median � SD 3 (SD 1.3

AD remission age median � SD 8 (SD 3.4

Asthma, n (%) 14 (15.5

Rhinitis, n (%) 26 (30.9

Food IgE sensitization, n (%) 4 (4.4)

Atopy, n (%) 88 (97.7%

Total IgE (IU/ml), median � SD 177 (SD 28

Eosinophil serum (cells/mL),
median � SD

138 (SD 23

SCORAD index, median � SD N/A

Table 1. General characteristics Atopy evaluated by sIgE against house dus
group. Abbreviations: Atopic dermatitis (AD), severe score for atopic dermatitis
according to Pearson’s c2 test, Kruskal-Wallis test and Mann-Whitney test
RESULTS

Patients’ characteristics

Sociodemographic and clinical characteristics
are presented in Table 1. AD groups had higher
frequency of atopy and allergic comorbidities
compared to the non-AD group. The AD-
persistent group had higher levels of total IgE
and eosinophils. These biomarkers were similar
between the AD-remission group and control
group. Atopy was evaluated by sIgE against house
dust mites or pet dander, and it was similar be-
tween AD groups and lower in the control group.
EPX and ECP levels and IgE autoantibodies

Eosinophil levels in the non-AD group were
lower compared with the AD-persistent group or
the AD-remission group (Table 1). In the non-AD
group, 227 eosinophils/uL represented the high
normal level (median þ 2SD); 61% of patients in
the AD-persistent group had eosinophils above
this cutoff, and 28.5% in the AD-remission group
(Fig. 1A). Levels of EPX and ECP were lower in the
on AD-persistence
n ¼ 84

Non-AD
n ¼ 100 p

) 42 (50) 63 (63) 0.3

8) 15 (SD 2.8) 22 (SD 10.2) 0.2

9) 2 (SD 1.49) N/A 0.5

) N/A N/A N/A

) 23 (27.3) 6 (6) 0.03

) 42 (50) 15 (15) 0.04

8 (9.5) 2 (2) 0.3

) 78 (92.8%) 18 (18%) 0.03

7) 404 (SD 574) 122 (SD 87) 0.05

4) 294 (SD 248) 119 (SD 54) 0.06

32 (SD 15) N/A N/A

t mites or pet dander was similar between AD groups and lower in control
(SCORAD), N/A: Not apply. Median, SD: standard difference, “p” value

https://doi.org/10.1016/j.waojou.2024.100983


Fig. 1 EPX and ECP levels and IgE autoantibodies. A: levels of eosinophils. In non-AD group, the normal high range of eosinophil levels was
227 cells/uL (median þ 2SD). B: EPX and ECP levels. C: ant-EPX IgE and anti-ECP levels. D: patients with 1 or both IgE autoantibodies.
Eosinophil peroxidase (EPX), and eosinophil cationic protein (ECP). *p < 0.05, **0.01, ***<0.001, according to Pearson’s c2 test, Kruskal-
Wallis test and Mann-Whitney test
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non-AD group and there were no differences be-
tween the AD groups (Fig. 1B). Patients with anti-
EPX IgE, anti-ECP IgE, were higher in the AD-
persistent group (Fig. 1C). Patients in AD groups
had both IgE autoantibodies (Fig. 1D). In non-AD
patients only 3 participants had IgE
autoantibodies.

Significant association was observed between
EPX and ECP levels in AD groups (Fig. 2A). IgE
autoantibodies were associated with SCORAD in
the AD persistent group (Fig. 2B).

EPX and ECP allergenicity

IgE autoantibodies against EPX and ECP
induced BAT reaction in both AD groups (Fig. 3). In
the AD-persistent group CD203c expression was
higher than in the AD-remission group in the 3 EPX
and ECP concentrations. Non-AD patients had not
CD203c expression.

NMF status

NMF level was different in each group; higher in
the non-AD group and lower in the AD-persistence
group (Fig. 4). In the AD-persistence group, pa-
tients with low NMF had higher SCORAD
(p ¼ 0.008). There was a tendency to correlation
between NMF and levels of IgE autoantibodies,
but it was not statistically significant.
Factors associated with AD evolution

To identify prognosis biomarkers for AD remis-
sion or AD persistence, we performed a multi-
variable regression model (Fig. 5). Among the
variables explored (Fig. 5A), those that had a
p < 0.1 were evaluated as potential prognosis
biomarkers; NMF, AD age of onset, IgE
autoantibodies, total IgE and serum eosinophils
(Fig. 5A). NMF had a protective effect and had
an inverse association with the outcome AD
persistence. Anti-EPX IgE, and anti-ECP IgE, were
included together as IgE autoantibodies to
improve prediction performance. There was not
collinearity between variables (VIF <5), which
means that each one makes their own contribution
to the model. The predictive performance of the
model had an accuracy greater than 75% (Fig. 5B,
C, D).



Fig. 2 Interaction between levels of eosinophil biomarkers. A: Spearman correlation between eosinophils (Eo), EPX, ECP, anti-EPX IgE, anti-
ECP IgE, in AD-remission group (ADr), AD-persistence group (ADp) and non-AD group (nonAD). B: SCORAD According to the presence or
not of anti-EPX IgE, anti-ECP IgE. *p < 0.05, **0.01, ***<0.001

Fig. 3 Human antigens allergenicity. CD203c expression was measure in each group according to Median and interquartile range.
Statistical comparison (*p < 0.05), was done between AD remission group and AD persistence group. *p < 0.05, Kruskal-Wallis test and
Mann-Whitney test
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DISCUSSION

Atopic dermatitis is a frequent disease in infants.
Some AD patients achieve clinical remission dur-
ing childhood, while other patients persist with
symptoms into adolescence and adulthood. Over
the last 2 decades numerous studies have sug-
gested that biomarkers could be associated with
AD severity; however, it is unclear which factors
determine the clinical AD evolution. Some studies
have suggested changes in the inflammatory and
proteomic profile of both symptomatic and non-
symptomatic skin in AD patients or following AD
therapies.9,28 However, little has been studied on
the immunological and skin profiles of those
patients who achieved AD remission without
pharmacological treatment.

https://doi.org/10.1016/j.waojou.2024.100983


Fig. 4 Natural moisturizing factor (NMF) was the sum of 4
components (histidine, pyrrolidone-5-carbolix acid, cis and trans
isomers of urocanic acid) expressed as mmol/g protein.
***p < 0.001, according to, Kruskal-Wallis test and Mann-Whitney
test
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This study provided interesting information
about the AD pathogenesis and its evolution:

(i) Patients with AD remission exhibits distinctive
features than AD patients or non-AD subjects.

(ii) The presence of autoantibodies is an impor-
tant factor in AD evolution.

(iii) Although epithelial barrier damage and type 2
inflammation participate in AD evolution, both
are independent mechanisms.
Fig. 5 Potential predictors of AD evolution. A: Variables evaluated as p
biomarkers with p < 0.1 C: ROC curve of the regression model includin
regression model. AD-remission group (ADr), AD-persistence group (A
(iv) Different biomarkers could be useful in a pre-
diction model for AD evolution.

Patients with AD-remission presented a partic-
ular immunological response compared to that
observed in AD patients and non-AD subjects. In
AD-remission, clinical control was achieved
without pharmacotherapy, however subclinical
inflammation persists, similar to what occurs in
other type 2 inflammatory diseases, and it has
been called “minimal persistent inflammation”
(MPI) in asthma and rhinitis.29,30 From a technical
point of view, we define MPI in AD as the
presence of inflammatory markers above the
levels observed in the control group. To our
knowledge, this is the first study demonstrating
MPI in AD patients with clinical remission without
pharmacotherapy for an extended period. Our
finding supports previous observations reported
by Tsoi et al,28 based in global transcriptome
suggesting that the AD evolution is associated
with quantitative rather than qualitative molecular
characteristics. AD clinical control without
pharmacotherapy despite MPI may be attributed
to an increase in the tolerance threshold
secondary to the development of immune or skin
regulatory mechanisms. Theoretically the increase
in the expression of anti-inflammatory mediators
and the formation of regulatory T lymphocytes
could reduce the intensity of type 2 inflammation
otential biomarkers in AD groups. B; risk effect of potential
g potential biomarkers with p < 0.1. D: Accuracy evaluation of the
Dp), AUC: Area under the curve
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to a level where it is clinically not sufficient for the
development of symptoms.31,32 This hypothesis is
supported by the immunological changes of
allergic rhinitis patients with immunotherapy with
allergens, where type 2 inflammation persist but
regulatory response is stimulated. Another
example is food allergy where some patients
reach a tolerance to foods like milk or eggs but
sIgE response persist.33,34 Furthermore, the
formation of other skin moisturizing components
due to hormonal changes or microbiota changes
could compensate the lack of NMF
components.35,36 The evaluation of these
patients over a longer period is necessary to
define whether they present relapses or clinical
control continues indefinitely.

Multiple autoantigens have been reported in AD
and their recognition by immunoglobulin E has
been associated with AD severity.12,37,38 The
release of EPX and ECP by eosinophils appears to
play an important role in type 2 inflammatory
process,39 and they have been used as in vitro
parameters of inflammation in asthma and skin
diseases.39–42 The reason for the reaction to self-
proteins is unknown. One hypothesis is that, after
a chronic recognition and production of IgE to
environmental allergens, these immunoglobulins
by molecular mimicry could recognize similar
epitopes presents in human proteins and epitope
spreading could enhance autoreactivity. This
hypothesis is supported in AD for some
autoantigens.13,23,43 Another hypothesis suggest
that the IgE response against autoantigens may be
due to their greater expression in AD, which
facilitates their recognition by the polyclonal IgE
that occurs in this disease.44 This hypothesis is
supported in this study by the fact that about half
of the subjects in the AD groups presented a
response with EPX and ECP, maybe because both
are expressed in eosinophil grains. Additionally,
IgE autoantibodies were more frequent in patients
with high SCORAD, and its inflammatory capacity
was demonstrated with BAT, suggesting an
association between these autoantibodies and the
intensity of the inflammatory process.

Like what was reported by Basu et al,20 we
observed differences between patients with AD-
remission, AD-persistence and non-AD in relation
to NMF. According to the statistical analyses, immu-
nological and NMF changes were independent
factors, suggesting that both contribute to disease
activity by they have different origins. Similarly,
although eosinophils and the IgE response are part
of type 2 inflammation, their production responds to
different cytokines, which could explain the low cor-
relation found between the levels of EPX, ECP, au-
toantibodies and eosinophils in the blood.45 As has
been described in other studies, some populations
located in tropic region like ours, present high
levels of eosinophils and IgE, even among
individuals without allergic diseases, which makes it
difficult to find correlations.45–47

From a clinical perspective, it would be useful to
know whether AD in children will persist over time
requiring anti-inflammatory treatment or if it will
have a sustained remission that allows the future
suspension of pharmacotherapy. Different molec-
ular and clinical biomarkers for AD severity and
prognosis have been described21,25,39,48,49 and
our results support the usefulness of some of
them especially when they are evaluated
together for example in a regression model.
Although the magnitude of the effect for the
level of serum eosinophils and total IgE was low,
in the regression analysis they demonstrated a
significant contribution. The AD age of onset was
also a factor associated with AD evolution, with
remission being more common among patients
with onset of the disease before 3 years of age.
The highest prediction coefficient in the model
was provided by the presence of anti-EPX and
anti-ECP autoantibodies, and by NMF levels. Un-
fortunately, these variables are not easily acces-
sible in clinical practice, which highlights the need
to implement the use of tape-stripping technique
in clinical practice.

Our study includes some limitations. A longitu-
dinal study presents several advantages over our
cross-sectional design to study AD progression.
However, considering that the main objective of
the study was to establish the immunological and
clinical patterns related to the persistence or
remission of AD, the cross-sectional design used
allows us to identify those variables with the
highest probability of being useful as predictors of
the disease. Because AD is a disease where mul-
tiple mechanisms intervene, it is difficult to estab-
lish the role of IgE in the pathogenesis of the
disease. In fact, some previous studies suggest that
most AD patients treated with omalizumab have

https://doi.org/10.1016/j.waojou.2024.100983
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not a good clinical response. However, regardless
of IgE autoantibodies is and epiphenomenon or
no, our results suggest that it could be a useful
biomarker to predict AD evolution.

In conclusion, AD remission is a particular
endophenotype where the absence of symptoms
and the presence of subclinical inflammation
coexist. It is necessary to confirm our results
through prospective studies and evaluates poten-
tial prognostic biomarkers for example, the role of
IgE autoantibodies in AD evolution. It is also
necessary to explore the possible factors that in-
crease the tolerance threshold in AD-remission
patients.
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