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ackground: Eosinophils are encountered in many skin diseases, but the role of eosinophils in atopic
ermatitis (AD) remains uncertain.
bjective: To examine the role of serum eosinophil-derived neurotoxin (EDN), eosinophil cationic protein
CP), and total IgE as a biomarker of disease severity and relapse in severe recalcitrant AD.

Methods: We enrolled 99 patients with AD: 37 with severe recalcitrant AD, 20 with severe AD, and 42 with
mild to moderate AD. We examined the difference in serum level of total IgE, ECP, and EDN between the
groups and whether any correlation existed between disease severity and ECP or EDN. Lastly, difference in
levels of ECP or EDN between those who experienced relapse was examined in the severe recalcitrant group.
Results: Serum levels of total IgE, ECP, and EDN were significantly higher in the severe recalcitrant AD group
and severe AD group compared with the mild to moderate AD group. No significant difference was found in
serum levels of total IgE, ECP, and EDN between the severe recalcitrant group and severe group. EDN had a
significant positive correlation with the SCORing Atopic Dermatitis. No significant correlation was found
between EDN and ECP. In the severe recalcitrant group, 29.7% of patients experienced relapse, and EDN was
significantly higher in those who experienced relapse. The cutoff value of EDN for predicting relapse was
64.5.
Conclusion: EDN correlated with the disease severity of AD. EDN may predict relapse in severe recalcitrant
AD. The EDN serum level could be considered a candidate molecule as a clinical biomarker for evaluating AD
disease activity and a predictor of relapse.
� 2017 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.
Introduction and EDN are known to reflect the activity of eosinophils.2 In this
Eosinophils are encountered in many skin diseases, but their
functional role remains largely unclear. There is evidence that
eosinophils might contribute to pathogen defense, regulate inflam-
matory responses, and induce fibrosis/remodeling in skin disease.1,2

In atopic dermatitis (AD), tissue eosinophilia is a typical finding,
often associated with increased blood eosinophil levels and corre-
lating with disease severity.3 In the skin, eosinophils as part of the
perivascular inflammatory infiltrate and extracellular granule
protein deposits have been identified.4,5

Eosinophils can serve as major effector cells, inducing tissue
damage and dysfunction by releasing granule proteins, including
eosinophil cationic protein (ECP), eosinophil-derived neurotoxin
(EDN), inflammatory lipid mediators, and mitochondrial DNA.5 ECP
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regard, AD is characterized by blood and tissue eosinophilia and
increased ECP that correlates with the disease activity in patients.6

So far, the activity of eosinophils in AD remains uncertain. It seems
possible that eosinophils contribute to host defense against invading
microbes through thedefective skin barrier bygeneratingextracellular
DNA traps, regulating the immune response, and/or remodeling.7e9

Studies have focused on eosinophil and serum ECP as reflecting
disease severity in AD, but studies on eosinophils, serum ECP, and
serum EDN in severe recalcitrant AD that requires systemic
immunosuppressant are lacking.3,6 In this study, we aimed to
examine the level of eosinophil granule protein, ECP, and EDN,
which are known to reflect activity of eosinophils in AD.
Methods

Patients

Ninety-nine children with AD (mean [SD] age, 6.0 [4.9] years),
defined according to the Hanifin and Rajka criteria, were included
in the study. Severity of AD was assessed by SCORing Atopic
sevier Inc. All rights reserved.
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Dermatitis (SCORAD) on visiting the clinic. Patients were classified
as follows: patients with SCORADs greater than 50 and those who
needed systemic immunosuppressive treatment because of poor
response to topical steroids were defined as having severe recal-
citrant AD, patients with SCORADs greater than 50 and those who
had good response to topical steroids were defined as having severe
AD, and those with SCORADs less than 50 were defined as having
mild to moderate AD. No patients had SCORADs less than 50 and
required systemic immunosuppressive treatment. We included 37
consecutive patients whowere treatedwith cyclosporine for severe
recalcitrant AD, 20 consecutive patients with severe AD, and 42
consecutive patients with mild to moderate AD, who were treated
with topical steroids. Twenty individuals were included as a
healthy control group, selected from patients who visited the well-
child clinic and those who visited Uijeongbu St Mary’s hospital for
minor surgery with no history of AD and available measured serum
total IgE levels. Patients with a history of treatment with systemic
corticosteroids, cytotoxic agents, or phototherapy within 2 weeks
before entry, previous treatment with cyclosporine, abnormal renal
or liver function, and hypertension were excluded. Blood samples
were obtained before initiation of treatment. This research was
approved by the Uijeongbu St. Mary’s Hospital Institutional Review
Board. Written informed consent was obtained from parents or
guardians; assent was obtained from invited children.

Treatment With Cyclosporine

All patients given a dose of 5.0 mg/kg of cyclosporine (San-
dimmun Neoral soft gelatine capsules or oral solution, Novartis
Pharmaceuticals Ltd, Seoul, Korea) per day, which was reduced to
1.5 to 3.0 mg/kg after 4 weeks according to response. Treatment
was stopped at week 12 after a 4-week dose-tapering period, and
treatment was discontinued in all patients who had not already had
treatment discontinued. Treatment was restarted at 5.0 mg/kg
when patients relapsed or when the investigator or patient
believed that further systemic therapy was required. Patients were
followed for up to 1 year. Use of topical corticosteroids was allowed
throughout the study, with no restriction on the potency. The dose
of cyclosporine was reduced by 25% in the following cases: those
with an increase of serum creatinine of 30% to 50% above baseline,
those with significant hypertension after 2 consecutive visits, and
those with an increase of more than 3 times the upper normal limit
for any liver function parameter. The dose of cyclosporine was
reduced by 50% if the increase in creatininewas 50% to 100% greater
than baseline, and the patient was withdrawn from the trial if the
increase exceeded 100%.

Measurement of Blood Eosinophils, Serum ECP, and EDN

The NE-8000 system (Sysmax, Kobe, Japan) was used to count
white blood cells and eosinophils automatically in peripheral blood.
Blood samples for determination of serumECP and EDNwere drawn
into vacuum tubes (Vacutainer SST, Becton Dickinson, Mountain
View, California) and allowed to clot at room temperature for 60
minutes, followed by centrifugation at 1300g for 10 minutes at 4�C.
Each sample was aliquoted into a fresh plastic tube and stored
at �20�C until the assays for serum ECP and EDN were performed.
Serum ECP was measured with the CAP radioallergosorbent tech-
nique (UniCAP. Pharmacia and Upjohn, Uppsala, Sweden). Sensi-
tivity for ECP was 2.00 ng/mL, and the normal serum ECP rangewas
4 to 20 ng/mL. Serum EDN was measured with an enzyme-linked
immunosorbent assay kit (MBL, Nagoya, Japan) according to the
manufacturer’s instructions. Briefly, 100 mL of each sample was
transferred to a microwell coated with antihuman EDN antibody
and incubated at room temperature for 1 hour. After the samplewas
rinsedwithwash solution,100mL of conjugate solutionwas added to
thewells, and incubationwas continued at room temperature for an
additional hour. After another washing, 3,3’, 5,5;-tetrame-
thylbenzidine chromogen solution (100 mL per well) was added and
allowed to incubate for 10 minutes at room temperature. Enzyme
reactions were stopped with 0.2 M sulfuric acid (100 mL per well)
and the absorbance measured at 450 nm with a microplate reader
within 30minutes of stopping. According to themanufacturer’s data
sheet, the sensitivity for EDN was 0.62 ng/mL, and the linear range
was 0.62 to 40 ng/mL. Values that exceeded the linear range were
calculated after dilution. All assays were performed in duplicate for
each sample, with the mean values reported here.

Measurement of Total IgE

Total IgE levels were measured with the ImmunoCAP immu-
nofluorimetric assay (Thermo Fisher Scientific, ImmunoDiagnos-
tics, Uppsala, Sweden). Measures of total IgE levels were expressed
in international units per unit volume (1 IU ¼ 2.4 ng). The
measuring range of total IgE was 2 to 5,000 IU/mL.

Statistical Analysis

Statistical analyses were performed using SPSS software,
version 20.0 (IBM Inc, Armonk, NY). All continuous variables are
expressed as mean (SD) and categorical variables as number (per-
centage). The Shapiro-Wilk test was used to verify normality of
nonparametric variables, The Bonferroni method was used for post
hoc analysis. A linear regression analysis was applied for correla-
tions between SCORAD and laboratory variables of the patients. The
t test was used to compare the differences in laboratory findings in
those who experienced relapse and those who did not. A receiver
operating characteristic (ROC) curve was constructed, and the area
under the curve for each parameter was compared with 0.5 to es-
timate the optimal cutoff levels for detecting relapse of severe
recalcitrant AD. Sensitivity, specificity, positive predicted value, and
negative predicted value were calculated. Statistical significance
was defined at P < .05 in a 2-tailed test.

Results

Characteristics of Patients

A total of 119 patients were included in the study, and their
characteristics are summarized in Table 1. Therewere 37 patients in
the severe recalcitrant group, 20 patients in the severe group, 42
patients in themild tomoderate group, and 20 in the control group.
Sex, age, and white blood cell count showed no significant differ-
ence, but SCORAD was significantly higher in the severe group
compared with the mild to moderate group. Total IgE was signifi-
cantly higher in the severe group compared with the control group.
In regard to the number of eosinophils and eosinophil granule
protein levels, the number of eosinophils was significantly higher in
the severe group and mild to moderate group compared with
control group. EDN was significantly higher in the severe group
compared with mild to moderate group and control group. Like-
wise, ECP was significantly higher in the severe group and mild to
moderate group compared with the control group (Table 1).

Correlation of Initial Total IgE, Blood Eosinophil Counts, ECP, and
EDN With Disease Severity

SCORAD had significant correlations with EDN (r ¼ 0.365,
P< .001). Total IgE levels, blood eosinophil counts, and ECP failed to
show significant correlations with SCORAD (r ¼ 0.154, P < .001,
r ¼ .081, P ¼ .004, and r ¼ 0.087, P ¼ .003, respectively) (Fig 1).

Correlation of EDN With ECP

EDN and ECP failed to show a significant correlation with each
other (r ¼ 0.131, P < .001) (Fig 2).



Table 1
Patient Characteristics

Characteristic Severe recalcitrant AD (n ¼ 37) Severe AD (n ¼ 20) Mild to moderate AD (n ¼ 42) Control (n ¼ 20) P value

Male, n 22 10 33 11 .65
Age, y 6.5 (5.2) 8.4 (5.5) 4.5 (4.0) 4.0 (3.7) .006
SCORAD 65.5 (11.6) 64.1 (11.7) 20.8 (8.9) NA <.001
WBCs, �104 10,175.4 (5,189.0) 9,750.0 (3,560.0) 9,923.6 (3,356.2) 10,115.5 (3,330.5) .98
Total IgE, IU/mL 1,480.7 (1,659.4) 1,469.0 (1,670.6) 305.2 (509.4) 44.9 (34.4) <.001a

Eosinophils, �104 872.9 (997.2) 813.6 (708.5) 488.8 (526.4) 140 (102.1) .001b

EDN, ng/mL 54.1 (24.4) 56.7 (24.1) 25.7 (17.8) 13.2 (9.6) <.001c

ECP, ng/mL 72.0 (55.7) 68.3 (52.2) 47.6 (43.1) 12.3 (8.0) <.001d

Abbreviations: AD, atopic dermatitis; ECP, eosinophil cationic protein; EDN, eosinophil-derived neurotoxin; NA, not applicable; SCORAD, SCORing Atopic Dermatitis; WBCs,
white blood cells.
NOTE. Data are presented as mean (SD) unless otherwise indicated.
aP < .05: severe recalcitrant AD vs mild to moderate AD, severe recalcitrant AD vs control, severe AD vs mild to moderate AD, and severe AD vs control.
bP < .05: severe recalcitrant AD vs control and severe AD vs control.
cP <.05: severe recalcitrant AD vs mild to moderate AD, severe recalcitrant AD vs control, severe AD vs mild to moderate AD, and severe AD vs control.
dP < .05: severe recalcitrant AD vs control, severe AD vs control, and mild to moderate AD vs control.
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Comparison of Initial SCORAD, ECP, and EDN Between Relapse and
No Relapse

In the severe recalcitrant AD group, 11 patients (29.7%) experi-
enced relapse. No significant difference was observed in SCORAD
(P ¼ .052), ECP (P ¼ .56), and total IgE (P ¼ .70) between patients
who experienced relapse and those who did not. EDN was signifi-
cantly higher in those who experienced relapse than those who did
not (P < .001) (Table 2).
Predictive Value of EDN to Predict Relapse in Severe Recalcitrant AD

ROC curves were constructed to determine the cutoff levels of
EDN for predicting relapse in severe recalcitrant AD. The area under
curve was 0.874 (Fig 3). The cutoff value for predicting relapse in
severe recalcitrant AD was 64.5 ng/mL, with a sensitivity of 72.7%, a
specificity of 76.9%, a positive predictive value of 72.7%, and a
negative predictive value of 23.1%.With a cutoff value of 64.5 ng/mL,
Figure 1. Correlation of SCORAD with (A) total IgE, (B) blood eosinophil counts, (C)
8 patients had titers higher than 64.5 ng/mL in the relapse group
(data not shown).

Discussion

In this study, we found that level of total IgE, number of eosin-
ophils, level of ECP, and level of EDNwere significantly higher in the
severe recalcitrant AD group and severe AD group compared with
the mild to moderate AD group. Only EDN correlated with SCORAD.
Lastly, 29.7% of patients with severe recalcitrant AD had relapse
after treatment with cyclosporine, and EDN was significantly
higher in those who experienced relapse than those who did not.

Before treatment, the number of eosinophils had a significant
positive correlation with ECP and EDN (data not shown). This
finding indicated that our measurement of ECP and EDN could be
considered to be reliable. Eosinophils are known to release granule
proteins, including ECP and EDN.5

Level of total IgE, number of eosinophils, and levels of ECP and
EDN were significantly higher in the severe recalcitrant AD group
eosinophil-derived neurotoxin (EDN), and (D) eosinophil cationic protein ECP.



Figure 3. Receiver operating characteristic (ROC) curve of eosinophil-derived
neurotoxin for predicting relapse in severe recalcitrant atopic dermatitis.

Figure 2. Correlation of eosinophil-derived neurotoxin (EDN) with eosinophil
cationic protein (ECP).
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and severe AD group compared with the mild to moderate AD
group and control group. Eosinophils are known to be involved in
allergic and infectious immune responses.10e14 The regulative po-
tential of eosinophils in both innate and adaptive immune re-
sponses has been realized during the past decade and became the
target for therapeutic strategies in allergic diseases.11 Eosinophils
are frequently increased in childhood asthma and AD.15e18 Similar
findings from our study have been observed in previous studies;
patients with AD and eosinophilia (>500 cells/mL) had high
symptom scores and long duration of the disease.15

Other than eosinophils, various biomarkers, such as total IgE,
ECP, soluble interleukin (IL) 2 receptor, IL-17, IL-23, endothelin 1,
thymus and activation-regulated chemokine, and clusterin have
been studied, which reflected the severity of AD.19e23 Two studies
reported that serum EDN24 and urinary EDN25 acted as markers for
disease severity in AD. In concordance with previous studies, the
current study found that EDN correlated with SCORAD. Our finding
suggests that eosinophils and eosinophil granule proteins might
play a differential role in severe recalcitrant AD compared with
mild to moderate AD. Further supporting the role of EDN in AD,
cyclosporine is known to be an immunomodulant. Cyclosporine
lowers the level of serum IL-8, a cytokine that plays a crucial role in
eosinophil activation and migration, in accordance with the
decrease in the eosinophil count.26e28 A reason for poor correlation
with SCORAD and ECP might be because ECP was measured on
visiting the outpatient clinic, which meant that ECP was not
measured at a fixed time. ECP is known to have poor consistency
with diurnal variation.29 We examined the correlation between
EDN and ECP, but there was no significant correlation. This finding
also might be because ECP has a diurnal variation.

Relapse is known to be common in children treated with
cyclosporine. In our study, 11 patients (29.7%) experienced relapse
Table 2
Comparison of Mean (SD) SCORAD, EDN, ECP, and Total IgE Values Between Patients
With and Without Relapse in Severe Recalcitrant Atopic Dermatitis

Variable Relapse (n ¼ 11) No relapse (n ¼ 26) P value

SCORAD 71.5 (3.3) 63.0 (2.2) .052
EDN, ng/mL 78.6 (5.6) 46.6 (4.2) <.001
ECP, ng/mL 79.5 (18.1) 67.9 (10.4) .56
Total IgE, IU/mL 1,645.1 (546.0) 1,411.7 (318.4) .70

Abbreviations: EDN, eosinophil-derived neurotoxin; ECP, eosinophil cationic pro-
tein; SCORAD, SCORing Atopic Dermatitis.
after treatment with cyclosporine. This relapse rate in children was
higher than 20% and lower than 41.7% reported by Bunikowski
et al30 and Sibbald et al,31 respectively.30,31 We examined whether
SCORAD, ECP, EDN, or total IgE levels were different between those
who experienced relapse and those who did not, and EDN pro-
duced a significant difference. We used ROC analysis to determine
the cutoff value of EDN to predict relapse and found that it was 64.5
ng/mL. To the best of our knowledge, this is the first study to
examine whether any laboratory data act as predictive markers for
relapse. Further studies with a larger study population investi-
gating the role of EDN or discovering other novel biomarkers for
relapse appear to be worthy.

A limitation of our study is our failure to measure cytokines,
such as IL-4 and IL-5, which are known to specifically promote the
development, differentiation, and activation of eosinophils.32,33

Secondly, as mentioned earlier, ECP was measured on visiting the
outpatient clinic, which means that ECP was not measured at a
fixed time. Hence, interpretation of our datamust be done carefully.

In conclusion, EDN reflects disease severity in AD and may
predict relapse in severe recalcitrant AD. The serum level of EDN
could be considered as a clinical biomarker for evaluating disease
activity of AD. Further studiesmay reveal novel biomarkers that can
more accurately predict relapse in severe recalcitrant AD than
serum levels of EDN.
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