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ABSTRACT

Background: Endothelin (ET) -1 was found to participate in the pathogenesis of bronchial asthma. At present, there is no
information regarding the role of ET-1 in the pathophysiology of atopic dermatitis (AD).

Objective: We assessed blood ET-1 levels during the exacerbation of AD and during the 4 months postexacerbation period,
to assess the relationships between blood ET-1 levels and clinical severity of AD and pruritus.

Methods: Patients with AD and during exacerbation were recruited from the dermatology department at the Chita Medical
Academy (Chita, Russia). Objective Severity Scoring of Atopic Dermatitis index, itch intensity, plasma concentrations of ET-1,
and serum total immunoglobulin E levels were measured at study entry and after 4 months.

Results: Eighty-two patients with AD, 35 women (45.1%) and 47 men (54.9%), mean (SD) age of 42.2 = 11.5 years were
included. Thirty healthy volunteers served as controls. The mean (SD) objective Severity Scoring of Atopic Dermatitis index
score during AD exacerbation was 48.8 * 19.4 and at the 4 months postexacerbation period was 16.1 = 8.3 (p < 0.01). Mean
(SD) itch score during AD exacerbation was 6.9 * 1.9 and, at 4 months postexacerbation was 2.6 * 0.7 (p < 0.01). Mean
(SD) plasma levels of ET-1 in patients with AD (0.74 * 0.45 fmol/mL) were significantly higher than in healthy subjects
(0.43 = 0.24 fmol/mL) (p < 0.001). Significant correlations were found between plasma ET-1 levels with the objective Severity
Scoring of Atopic Dermatitis index (r = 0.51; p < 0.001), Itch severity (r = 0.62; p < 0.001), and with serum immunoglobulin
E levels (r = 0.63; p < 0.001) at the exacerbation time point in patients with AD.

Conclusion: During AD exacerbation, plasma ET-1 levels were elevated and were positively correlated with AD clinical

severity, itch intensity, and serum IgE levels.

(Allergy Asthma Proc 36:320-324, 2015; doi: 10.2500/aap.2015.36.3846)

Atopic dermatitis (AD) is a chronic or chronically
relapsing, pruritic inflammatory skin disease.'
The majority of patients with AD exhibit high immu-
noglobulin E (IgE) levels, with high levels of the T-
helper (Th) 2 cytokines (interleukin [IL] 4, IL-13),
which promotes immunoglobulin class switching and
excessive IgE production.” Current pathophysiologic
models associate AD with T-cell activation, particu-
larly Th2 /Th22 polarization, with a contribution of Th1
and Th17 components in chronic AD.?

Endothelin-1 (ET-1) was originally characterized as a
potent vasoconstrictor,* but it is now recognized to
have many other biologic properties.” ET-1 was shown
to activate several inflammatory cells, including mac-
rophages® and mast cells,” and it has been reported to
exacerbate certain allergic reactions.*” ET-1 was also
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found to be expressed in airway epithelial and endo-
thelial cells, which play a role in the pathogenesis of
bronchial asthma.' In the airways, ET-1 has been
found mainly in the bronchial epithelium,11 and its
increased expression was correlated with the severity
of the disease.'?

At present, there is no information regarding the role
of ET-1 in the pathophysiology of AD. We hypothe-
sized that ET may be released during the exacerbation
of AD. In this observational study, we examined blood
ET-1 levels during the exacerbation of AD and at the
4-month postexacerbation period. We also assessed the
relationship between blood ET-1 levels and the clinical
severity of AD and pruritus.

MATERIALS AND METHODS

Subjects

The subjects were recruited during the period of 2011
to 2014 from the dermatology dispensary at the Chita
Medical Academy (Chita, Russia). Patients with AD,
ages between 15 and 40 years, were enrolled in this
study. AD was diagnosed by the criteria of Hanifin and
Rajka,"” with a duration [mteq]1 year. The disease se-
verity was graded by the objective Severity Scoring of
Atopic Dermatitis (SCORAD) index.'"* The objective
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SCORAD has a range of 0 to 83 (plus an additional 10
points for severe disfiguring eczema on the face and
hands). An objective SCORAD score of <15 was clas-
sified as mild, 15-40 as moderate, and >40 as severe.
The subjective itch intensity was obtained by the visual
analog scale, which ranges from 0 to 10, by the same
dermatologist (I.V.P.). Exclusion criteria were as follows:
any other chronic disease, acute infection, oral intake of
any medications, ultraviolet-therapy conducted less
than 2 months before the study entry, or pregnancy
and lactation. A group of age- and sex-matched
healthy volunteers served as controls. The study was
approved by the ethics committee at the Chita Medical
Academy (Chita, Russia), and all the participants gave
informed consent.

There were two main reasons for choosing subjects
with AD who were 15-40 years old: (1) in our region,
the prevalence of asthma in children with moderate-
to-severe AD ranged from 25% to 50%, and ~8% of
them had food allergy, so all our subjects had AD
without any other chronic disease; and (2) the children
with AD experienced increased rates of infection, es-
pecially during cold seasons in Siberia, therefore, we
suggested that it would be easier to find subjects with
AD and without comorbidities in those who were
15-40 years old, to eliminate the potential influence of
comorbidities on plasma ET-1 levels.

The subjects with AD were included during exacer-
bation, which was manifested by flares of eczema at =3
sites or by generalized skin lesions. Every recruited
subject was assessed at two time points: (1) during the
exacerbation (study entry), and (2) at the 4-month
postexacerbation period, after using emollients, anti-
histamines, and topical steroids. None of the subjects
had used oral corticosteroids and/or immunomodula-
tory medications during the study. Throughout the 4
weeks before the second assessment, the subjects were
allowed to use emollients only, with no additional
pharmacologic treatment.

Laboratory Analysis

Blood samples were collected from a cubital vein into
tubes by using sterile citrate plasma tubes. Plasma was
obtained by centrifugation at 3000 Relative Centrifugal
Force for 15 minutes within 30 minutes of blood col-
lection and was stored at —70°C before analysis. The
sampling was performed at the same time of day for
every subject. Plasma concentrations of ET-1 were
measured by using commercial enzyme-linked immu-
nosorbent assays (Biomedica Group, Vienna, Austria)
in accordance with the manufacturer’s instructions. Se-
rum samples were analyzed for total IgE levels by
using the immunometric assay of the Immulite 2000
system (DPC; Global Siemens Health Care, Erlangen,
Germany).
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Statistical Analyses

Results are presented as mean (SD). Differences in
clinical and laboratory characteristics between the
groups were analyzed by using x* or the Fisher exact
test when appropriate. Correlations among the vari-
ables were analyzed by the Pearson correlation and
Spearman rank test, depending on the distribution of
the data. Statistical significance was defined as two-
sided p value <.05. All statistical analyses were per-
formed by using the software Statistica 6 (StatSoft, Inc.,
Tulsa, OK).

RESULTS

The study included 82 subjects with AD, 35 women
(45.1%) and 47 men (54.9%), mean (SD) age 42.2 + 11.5
years. A group of 30 healthy volunteers, matched for
age and sex, served as controls. The clinical character-
istics of the subjects and controls are presented in Table 1.
The mean (SD) objective SCORAD score during the
exacerbation of AD was 48.8 = 19.4 and, at the 4-month
postexacerbation period, was 16.1 = 8.3 (p < 0.01). The
mean (SD) itch score during the exacerbation of AD
was 6.9 £ 1.9 and was 2.6 = 0.7 (p < 0.01) at the
4-month postexacerbation period. The mean (SD)
plasma level of ET-1 in subjects affected by AD (0.74 =
0.45 fmol/mL) was significantly higher than observed
in the healthy subjects (0.43 * 0.24 fmol/mL) (p <
0.001). No significant age- or sex-dependent influence
on the plasma ET-1 levels was observed in the subjects
with AD or in the control group (data not shown).

Significant correlations were found among plasma
ET-1 levels with the objective SCORAD (r = 0.56; p <
0.001) (Fig. 1), itch severity (r = 0.62; p < 0.001) (Fig. 2),
and serum IgE levels (r = 0.63; p < 0.001) (Fig. 3) at the
exacerbation time point in subjects with AD. No sig-
nificant correlations among these parameters were ob-
served at the 4-month postexacerbation period in sub-
jects with AD and in the control group. During the 3
months” active treatment period, 5 subjects (6.1%) ex-
perienced AD exacerbation; during the last 4 weeks, 7
additional subjects (8.5%) had flare while they were
using only emollients. For these subjects, the ET-1 lev-
els still positively correlated (r = 0.65, p = 0.021) with
the objective SCORAD at the second assessment.

DISCUSSION

In this study, we determined the plasma ET-1 levels
in subjects with AD and in healthy controls. The study
demonstrated that, during the exacerbation of AD,
plasma ET-1 levels were elevated and normalized at
the 4-month postexacerbation period. There are other
findings in this study: (1) during exacerbation, plasma
levels of ET-1 were positively correlated with the AD
clinical severity and itch intensity, and (2) plasma lev-
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Table 1. Demographic and laboratory data of the study population

AD,n = 82 Healthy Controls, n = 30 p Value
Age, mean (SD), y 245 +79 249 = 6.2 0.803
Female, no. (%) 37 (45.1) 14 (46.7) 1
Duration of AD, mean (SD), y 171 = 11.2 0 <0.001
Body mass index, mean (SD), kg/ m? 252 £ 22 254 +19 0.684
Objective SCORAD, mean (SD)
Exacerbation (baseline) 488 =194 0 <0.001
At end of 4-mo postexacerbation period 16.1 = 8.3* 0 <0.001
Clinical severity of itch, mean (SD)
Baseline exacerbation 69 =19 0 <0.001
At end of 4-mo postexacerbation period 2.6 =0.7% 0 <0.001
Plasma ET-1, mean (SD), fmol/mL
Baseline exacerbation, mean (SD) 0.74 = 0.45 043 +0.24 <0.001
At end of 4-mo postexacerbation period 0.49 = 0.24% 0.41+0.21 0.109
Serum IgE, mean (SD), kU/L
Baseline exacerbation, mean (SD) 355.6 = 331.2 492 =279 <0.001
At end of 4-mo postexacerbation period 281.5 = 194.7 457 + 32.1 <0.001
*p < 0.001 (exacerbation vs. remission time point).
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Figure 1. Correlations between plasma ET-1 levels with the ob-
jective SCORAD at the exacerbation time point in patients with
AD. Endothelin-1 (fmol/mL).

els of ET-1 were positively correlated with serum IgE
levels during AD exacerbation.

Pruritus is an essential feature of AD, with a great
impact on the quality of life. Although the pathophys-
iology of AD itch is not fully understood, recent stud-
ies demonstrated that a variety of mechanisms are
involved in its induction and maintenance.'® Both mast
cell-mediated and mast cell-independent mechanisms
underlie the AD-related pruritus.'® Clinically, hista-
mine, the major pruritogenic mediator from mast cells,
turned out to be disappointing as a target of anti-itch
medications, because antihistamines exhibit an unsat-
isfactory effect on the AD-related itch.'” ET-1 induces
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Figure 2. Correlations between plasma ET-1 levels with itch
severity at the exacerbation time point in patients with AD. En-
dothelin-1 (fmol/mL).

histamine-independent pruritus in mammals through
activation of its G protein—coupled receptor endothelin
A receptor.'® Recently, an intracellular neural pepti-
dase-1 (ECE-1) was identified as a key regulator of
ET-1-induced pruritus and neural signaling of itch."
Analysis of our results indicated that ET-1 might have
some pathophysiologic pruritogenic involvement in
AD, at least during AD exacerbation.

Most of our subjects were characterized with high
serum IgE, so we can claim that they were classified as
having extrinsic AD. The significant positive correla-
tion between IgE levels and objective SCORAD in our
subjects was comparable with the previous study.*
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Figure 3. Correlations between plasma ET-1 levels and serum IgE
levels at the exacerbation time point in patients with AD. Endo-
thelin-1 (fmol/mL), IgE (immunoglobulin E) (kU/L).

The cellular and molecular mechanisms that regulate
higher IgE production and function in AD are more
complex than simply Th2 activation and B-cell class
switching.*' There are no reports with regard to the
role of ET-1 in IgE regulation in AD, and most of the
previous studies investigated interactions between
ET-1 and other cytokines in asthma and anaphy-
laxis.?*** The biologic actions of IgE in allergic dis-
eases are mainly connected with mast cell activation.”
Interestingly, the monoclonal anti-IgE antibody omali-
zumab reduces not only serum IgE levels and the
high-affinity receptor for the Fc region of immunoglob-
ulin E (FceRI) receptor expression on key cells in the
inflammatory cascade,” but it also decreases ET-1 ex-
pression in airways of patients with persistent severe
asthma.””

The current understanding of the role of mast cells in
the pathogenesis of AD has resemblances to the under-
standing of mast cells in asthma in the 1990s: several
models have strongly demonstrated the lack of an in-
crease in IgE levels and/or any significant role of IgE in
causation of AD skin lesions.*® Currently, little is
known about the role of mast cells in modulating the
clinical course of AD. Rat tissue-cultured mucosal
mast cells have been shown to produce ET-1, inhibit
messenger RNA expression of Th2-type cytokines
(IL-4, IL-10, and IL-13), and increase IL-12 release.””
Thus, ET-1 may play an important role in modulating
the cytokine network by regulating Th1/Th2 cytokine
production by mast cells.”” The modulation of the mast
cells immune response by ET-1 in AD deserves further
investigation.

White dermographism is a characteristic symptom of
AD due to reduced cutaneous blood flow.*® AD lesions
are characterized by activation of endothelial and vas-
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cular smooth muscle cells, which are ultimately in-
volved in clinical symptoms of AD.*! A secondary
Raynaud-like phenomenon in AD has been observed
with elevated ET-1 in infants with severe AD.*” The
circulating half-life of ET-1 is 2-3 minutes, and it is
almost completely metabolized in the pulmonary cap-
illaries by neutral endopeptidase.’® Therefore, it is not
clear whether an elevated level of circulating ET-1 is
essential for its actions because the most biologic ef-
fects of ET-1 are detected long after the normalization
of the plasma level.>* Moreover, patients with AD have
significantly larger wheals with ET-1 in intradermal
testing and/or skin prick testing.* If the pathophysi-
ologic role of ET-1 in AD will be confirmed in future
basic and clinical studies, then ET-1 and endothelin A
receptors might be potential targets for developing
drugs to treat AD.*

Several limitations of our study warrant consider-
ation. First, it has to be considered that plasma levels
do not accurately reflect the pathophysiologic situation
at the site of skin inflammation. Second, although we
observed a significant association between plasma
ET-1 levels during AD exacerbation and clinical find-
ings, at this stage, the biological mechanisms of this
association are unclear, and the reasons for the appar-
ent ET-1 elevation and ET-1 contribution to the patho-
physiology of AD need further investigation. Third,
for ET-1 to be a potential biomarker for AD, it should
be evaluated against other known biomarkers of this
disease. In previous studies, the level of thymus and
activation-regulated chemokine ligand 17 (also
known as thymus and activation regulated chemo-
kine [TARC]) was shown to correlate with both the
severity and disease activity of AD.>”"*" Ideally, this
marker should be used as a control in testing of ET-1
in future studies.
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