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Significant elevation of serum levels of eotaxin-3/CCL26, but not of
eotaxin-2/CCL24, in patients with atopic dermatitis: serum eotaxin-3/CCL26 levels
reflect the disease activity of atopic dermatitis
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SUMMARY

Atopic dermatitis (AD) is a chronic and relapsing inflammatory skin disease characterized by the pre-
dominant infiltration of T cells, eosinophils and macrophages in lesional skin. Recently, eotaxin-2/
CCL24 and eotaxin-3/CCL26 were identified as CC chemokines that signal exclusively via the CCR3
receptor and have eosinophil-selective chemoattractant activity, as does eotaxin/CCL11. We previously
reported that serum levels of thymus and activation-regulated chemokine (TARC)/CCL17 and mac-
rophage-derived chemokine (MDC)/CCL22 were correlated with the severity of AD. In this report, we
investigated the participation of eotaxin-2/CCL24 and eotaxin-3/CCL26 in AD, first measuring the
serum levels of eotaxin-2/CCL24 and eotaxin-3/CCL26 in 30 patients with AD, 20 patients with psoriasis
vulgaris and 20 healthy controls. The serum levels of eotaxin-3/CCL26 (but not eotaxin-2/CCL24) were
significantly higher in patients with AD than in either healthy controls or patients with psoriasis vul-
garis; furthermore, the eotaxin-3/CCL26 levels in patients with moderate and severe AD were signifi-
cantly higher than eotaxin-3/CCL26 levels in patients with mild AD. The serum eotaxin-3/CCL26 levels
tended to decrease after treatment, but there was no significant difference between groups. Moreover,
the serum eotaxin-3/CCL26 levels were significantly correlated with the serum TARC/CCL17 and
MDC/CCL22 levels, eosinophil numbers in peripheral blood and the scoring AD (SCORAD) index.
Our study strongly suggests that serum levels of eotaxin-3/CCL26, but not of eotaxin-2/CCL24, have a
notable correlation with disease activity of AD and that eotaxin-3/CCL26, as well as TARC/CCL17 and

MDC/CCL22, may be involved in the pathogenesis of AD.
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INTRODUCTION

Atopic dermatitis (AD) is an inflammatory skin disease that is
characterized by pruritic and eczematous lesions which chroni-
cally persist. It is often associated with elevated serum immuno-
globulin E (IgE) levels and peripheral blood eosinophilia.
Histopathologically, the skin lesions in AD show infiltration of
eosinophils, T lymphocytes and macrophages [1,2]. We previously
showed that serum thymus and activation-regulated chemokine
(TARC/CCLI17) levels and serum macrophage-derived chemok-
ine (MDC/CCL22) levels are significantly correlated with the dis-
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ease activity of AD, as well as with eosinophil numbers in
peripheral blood [3,4].

Both eotaxin-2/CCL24 and eotaxin-3/CCL26 are CC
chemokines and functional ligands for CC chemokine receptor
3 (CCR3), which is preferentially expressed on eosinophils.
After identification of eotaxin/CCL11 as a relatively selective
chemokine for eosinophils [5,6], eotaxin-2/CCL24 was cloned
and showed chemotactic activity for eosinophils in a range simi-
lar to that of eotaxin/CCL11 [7,8]. More recently, a new mem-
ber of the eotaxin family — eotaxin-3/CCL26 — has been cloned
by two different research groups [9,10]. Only 34% of the amino
acids in eotaxin-2/CCL24 and eotaxin-3/CCL26 are identical
[10], but these two chemokines have a common characteristic
feature in terms of chemotaxis for eosinophils via the CCR3 [7-
11]. However, the precise role of these chemokines in AD
remained unclear.
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To clarify the relationship between AD, eotaxin-2/CCL24 and
eotaxin-3/CCL26, we measured the serum levels of eotaxin-2/
CCL24 and eotaxin-3/CCL26 and compared them in patients with
AD, patients with psoriasis vulgaris and healthy controls. We also
compared them with the clinical and laboratory data that
reflected the disease activity of AD.

SUBJECTS AND METHODS

Subjects

Thirty patients [mean age *standard deviation (s.d.):
28-7 £7-1 years] with AD, 20 patients (28-2 £ 6-1 years) with pso-
riasis vulgaris, and 20 control subjects (30-4 +10-3 years) were
enrolled in this study. All patients with AD were given diagnoses
according to the criteria of Hanifin & Rajka [1], and were treated
with topical corticosteroids in combination with oral antihista-
mines. Disease activity of AD was determined by the modified
scoring atopic dermatitis (SCORAD) index [12,13]. We divided
the patients with AD into three categories, based on severity of
the condition, using only objective criteria of SCORAD
(mild, < 15; moderate, 15-40; severe,>40) [13]. In eight patients
with AD, we collected the sera before and after treatment. The 20
healthy controls had no history of allergy or psoriasis. All sera
were stored at —20°C until use.

Enzyme-linked immunosorbent assay (ELISA)

TARC/CCL17 and MDC/CCL22 immunoassay Kkits were
obtained from Genzyme TECHNE (Minneapolis, MN). Eotaxin-
2/CCL24 and eotaxin-3/CCL26 immunoassay kits were from R &
D systems (Minneapolis, MN). Serum levels of eotaxin-2/CCL24,
eotaxin-3/CCL26, TARC/CCL17 and MDC/CCL22 were mea-
sured according to the manufacturer’s instructions. Optical den-
sities were measured at 450 nm using a Bio-Rad Model 550
microplate reader (Bio-Rad Laboratories Inc., Hercules, CA).
The concentrations were calculated from the standard curve gen-
erated by a curve-fitting program. Data obtained from the ELISA
are presented as mean * s.d.

Statistical analysis

Data were analysed using the Mann—Whitney U-test. A P-value
of <0-05 was considered to be statistically significant. Correlation
coefficients were determined by using the Spearman rank corre-
lation test. Statistical analysis was also performed, and a P-value
of <0-05 was considered statistically significant.

RESULTS

Serum eotaxin-2/CCL24 and eotaxin-3/CCL26 levels in patients
with AD, patients with psoriasis vulgaris and healthy controls

The mean serum eotaxin-2/CCL24 levels of patients with AD,
patients with psoriasis vulgaris and control subjects were
179-8 £ 114-2 pg/ml, 246-4 £ 1782 pg/ml, and 223-1 + 128-6 pg/ml,
respectively; there was no significant difference between these
groups (Fig. 1a). In contrast, the mean serum level of eotaxin-3/
CCL26 of patients with AD was 46-1 £ 20-5 pg/ml, which was sig-
nificantly higher than that of patients with psoriasis vulgaris
(242+47 pg/ml, P<0-001), or controls (34-1+153 pg/ml,
P <0-01) (Fig. 1b). In AD patients, in the categories of mild, mod-
erate and severe, the serum eotaxin-3/CCL26 levels were
27-6 £ 3-1 pg/ml, 48-8 £ 161 pg/ml and 62-2 +24-2 pg/ml, respec-
tively (Fig. 1c). The levels in the groups with moderate and severe

AD were significantly higher than those in the group with mild
AD (P <0-001, P < 0-005, respectively).

Serum eotaxin-2/CCL24 and eotaxin-3/CCL26 levels in patients
with AD, before and after treatment

In eight patients with AD, we evaluated serum eotaxin-2/CCL24
and eotaxin-3/CCL26 levels before and after topical corticoster-
oid treatment in combination with oral antihistamines. The serum
eotaxin-2/CCL24 levels decreased from 343-0 £182-6 pg/ml to
194-8 £ 112-5 pg/ml after the treatment (Fig.2a) and the serum
eotaxin-3/CCL26 levels decreased from 42-6 £18-2 pg/ml to
32-8 £13-5 pg/ml (Fig. 2b). However, there was no significant dif-
ference between these levels.

Correlation between serum eotaxin-2/CCL24 and eotaxin-3/
CCL26 levels and other clinical or laboratory data

Because the serum eotaxin-3/CCL26 levels in patients with AD
were significantly higher than those in patients with psoriasis vul-
garis and in healthy controls, we next compared them with other
clinical or laboratory data: serum TARC/CCL17 and MDC/
CCL22 levels; eosinophil numbers in peripheral blood; and SCO-
RAD. The serum eotaxin-3/CCL26 levels correlated significantly
with the serum TARC/CCL17 levels (r=0-50, P <0-05), the
serum MDC/CCL22 levels (r=0-46, P <0-05), eosinophil num-
bers in peripheral blood (r=0-44, P<0-05) and SCORAD
(r=055, P<0-01) (Table1). In addition, the serum TARC/
CCL17 and MDC/CCL22 levels were significantly correlated with
the SCORAD, eosinophil numbers in peripheral blood and each
other, consistent with our previous reports (data not shown) [3,4].
In contrast, serum eotaxin-2/CCL24 levels were not correlated
with these clinical or laboratory data (data not shown).

DISCUSSION

Eosinophils are involved in allergic diseases, such as asthma, rhin-
itis and AD [14]. Elucidation of the mechanisms underlying the
accumulation of eosinophils in inflamed tissues is of critical
importance for understanding the onset and progress of these
eosinophilic diseases. Previous studies reported that the serum
eotaxin/CCL11 levels were significantly correlated with the dis-
ease activity of AD [15] and that immunoreactivity and tran-
scripts of eotaxin/CCL11 and CCR3 were significantly increased
in lesional skin from AD [16]. Furthermore, a previous study
reported that rhinovirus infection up-regulated eotaxin-2/CCL24
expression in bronchial epithelial cells [17]. However, little is
known about the relationship between eotaxin-2/CCL24, eotaxin-
3/CCL26 and AD.

In this study, we clearly showed that the serum levels of
eotaxin-3/CCL26, but not of eotaxin-2/CCL24, in patients with
AD were significantly higher than those in patients with psoriasis
vulgaris and healthy controls, although the serum level of eotaxin-
3/CCL26 was lower than that of eotaxin-2/CCL24. Moreover, the
serum eotaxin-3/CCL26 levels significantly increased in accor-
dance with the clinical severity of AD. However, there was no sig-
nificant difference before and after treatment for AD, although
the elevated serum eotaxin-3/CCL26 levels tended to decrease
after the treatment.

To clarify the relationship between eotaxin-3/CCL26 and AD
in detail, we next compared the serum eotaxin-3/CCL26 levels
with the disease activity of AD and found that these levels are sig-
nificantly correlated with SCORAD, the serum TARC/CCL17
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Fig. 1. Enzyme-linked immunosorbent assay (ELISA) results of eotaxin-2/CCL24 (a) and eotaxin-3/CCL26 (b) using sera of patients with
atopic dermatitis (AD), patients with psoriasis vulgaris and control subjects. (c) Serum eotaxin-3/CCL26 levels of the three groups (mild,
moderate and severe) of patients with AD.

levels, the serum MDC/CCL22 levels and eosinophil numbers in eotaxin-3/CCL26 levels and disease duration of AD. However, we
peripheral blood. This indicates that the serum levels of eotaxin- did not find any significant association (data not shown). This is
3/CCL26 are also correlated with the disease activity of AD. the first report describing the serum eotaxin-3/CCL26 and its pos-
Because we found a wide range in the eotaxin-3/CCL26 levels of sible role in the disease activity of AD. We also found that serum
patients with AD, we analysed the association between serum eotaxin-3/CCL26 levels were not significantly correlated with
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(a) Table 1. Correlation coefficient () among serum eotaxin-3/CCL26 levels
800 r and other clinical and laboratory data in patients with atopic dermatitis
(AD)

Eotaxin-3

600 [ P-value

TARC 0-50 <005
MDC 0-46 <0-05
Eosinophils 0-44 <005
SCORAD 0-55 <0-01

Eotaxin-2 021 025
400

MDC, macrophage-derived chemokine; SCORAD, scoring atopic der-
matitis index; TARC, thymus and activation-regulated chemokine.

Serum eocaxin-2 levels (pg/ml)

/7

serum eotaxin-2/CCL24 levels, although both chemokines have

similar biological functions in terms of recruitment of eosinophils

via the CCR3. An in vitro study reported that eotaxin-3/CCL26 is

strongly expressed and produced in vascular endothelial cells by

stimulation with interleukin-4 (IL-4) [10], whereas eotaxin-2/

CCL24 is not produced in vascular endothelial cells. Thus, the

0 production of eotaxin-3/CCL26 is distinct from that of eotaxin-2/

Before treatment After treatment CCL24, which might explain the results of our in vivo data.

In conclusion, we have clearly shown that serum levels of

eotaxin-3/CCL26, but not of eotaxin-2/CCL24, are significantly

(b) correlated with the disease activity of AD. This strongly suggests

that eotaxin-3/CCL26 might have an important role in the patho-

genesis of AD in conjunction with TARC/CCL17 and MDC/
CCL22.
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