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ABSTRACT

Background: Atopic dermatitis (AD) is a chronic inflammatory skin disease. Clusterin is a sensitive cellular biosensor of
oxidative stress and has been studied as a marker to assess inflammatory diseases. The clusterin levels in AD have not been
evaluated thus far.

Objective: We evaluated serum clusterin levels in children with AD and assessed the relationship between serum clusterin
levels and the severity of AD.

Method: The study enrolled a total 140 children, of whom 100 had AD (n � 100) and 40 were healthy (n � 40). The severity
of AD was scored by using the SCORing Atopic Dermatitis (SCORAD). Total serum immunoglobulin E and specific
immunoglobulin E levels against egg whites, cow’s milk, peanuts, soybeans, wheat, and Dermatophagoides farinae were
measured. Clusterin levels in serum were measured by enzyme-linked immunosorbent assay.

Results: The mean (interquartile range) age of the children was 5.1 years (1.3–8.4 years), and 92 (69.3%) of the children
were boys. The mean (standard deviation) SCORAD index was 50.4 � 17. The mean (standard deviation) clusterin level of
children with AD was higher than that in the healthy control group children (148.13 � 4.3 pg/mL versus 144.85 � 5.1 pg/mL;
p � 0.001). Serum clusterin levels were correlated with the SCORAD index (r � 0.327, p � 0.002).

Conclusions: The serum clusterin level was higher in children with AD than in the healthy control group and increased
with the severity of AD. Serum clusterin may be a candidate molecule that reflects AD and its severity.

(Allergy Asthma Proc 37:335–339, 2016; doi: 10.2500/aap.2016.37.3953)

Atopic dermatitis (AD) is a chronic or chronically
relapsing inflammatory skin disease character-

ized by typically distributed eczematous skin lesions.1

AD affects �20% of children in developed nations and
entails an important decline of their quality of life.2

Most cases of AD occur before 5 years of age, and up to
60% of these cases occur within the first year of life.3

The diagnosis of AD relies exclusively on clinical fea-
tures because there is no specific laboratory or histo-
logic diagnosis for AD.4

Although the pathogenesis of AD has been focused
on both skin barrier defects of the stratum corneum
and immunologic dysregulation, the underlying mech-
anisms of skin inflammation in AD have not been
completely understood.5,6 At present, gene-environ-

ment interactions and environmental factors that af-
fect skin barrier function have been studied as the
main causes and pathogenesis of AD.2,7,8 Results of
some studies indicated that oxidative stress is impli-
cated in the pathogenesis of AD based on an increase
in urinary 8-hydroxy-2�-deoxyguanosine (8-OHdG)
levels, a marker of oxidative stress, in children with
AD or AD exacerbation.6,9

Clusterin is a heterodimeric glycoprotein that com-
prises 449 amino acids and has a molecular weight of
�80 kDa.10 Clusterin is present in most human organs
and is found in numerous physiologic fluids, including
semen, urine, breast milk, cerebrospinal fluid, and
plasma.11,12 Stress-induced transcription of clusterin
mediated by the heat shock transcription factor 1 re-
sults in its upregulation in response to a variety of
stress conditions, including ischemia, neuronal injury,
aging, and oxidative stress.13 Clusterin is a widely
distributed protein with many functions, including cel-
lular protection in response to oxidative stress.14

Studies investigated the relationship between clus-
terin levels and oxidative stress or inflammatory dis-
ease.15,16 Although there have been studies regarding
clusterin’s involvement in a variety of diseases, partic-
ularly oxidative or inflammatory diseases, the role of
clusterin in AD has not yet been examined. The aim of
this study was to compare serum clusterin levels in
children with AD and in healthy children, and to assess
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the relationship between serum clusterin levels and the
severity of AD.

METHODS

Patients and Study Design
We evaluated children who visited the allergy clinic

for AD or for a general health workup at Severance
Children’s Hospital between June 2010 and November
2014. Children who were enrolled had no symptoms
of other allergic disease such as asthma or allergic
rhinitis besides AD. Children with AD fulfilled the
revised Hanifin and Rajka criteria.17 Disease severity
was assessed by using the SCORing Atopic Derma-
titis (SCORAD) index.18 Children with AD were sub-
divided into two groups, mild-to-moderate AD (SCO-
RAD score � 50) and severe AD (SCORAD score �
50).19 Healthy controls had no history of AD or other
allergic disease, such as asthma, allergic rhinitis, or
inflammatory disease.

At first visit, blood samples were obtained from all
the children. Peripheral white blood cells, eosinophil
counts, and neutrophil counts were determined by
using a hematology analyzer (NE-8000; Sysmex, Kobe,
Japan). Total immunoglobulin E (IgE) and specific IgE
levels were measured by using the Pharmacia CAP
assay (Uppsala, Sweden). A specific IgE test was per-
formed with six common allergens in Korea, including
egg whites, cow’s milk, peanuts, soybeans, wheat, and
Dermatophagoides farinae. Atopy was defined as a spe-
cific IgE level of �0.7 KUa/L against more than one
allergen or a total IgE level of 150 IU/mL. This study
was approved by the institutional review board of
Severance Hospital, and written informed consent was
obtained from participants and their parents.

Measurement of Serum Clusterin Levels
At first visit, blood samples were taken from all the

subjects to measure their clusterin level. After centrif-
ugation at 400 � g for 10 minutes, the supernatants
were then stored at �70°C for the subsequent assay of
clusterin levels. Serum clusterin levels were measured
by using a commercially available enzyme-linked im-
munosorbent assay kit (R&D Systems, Minneapolis,
MN) according to the manufacturer’s instructions.

Statistical Analyses
All the statistical analyses were performed by using

SPSS 20 (SPSS, Inc., Chicago, IL). Normally distributed
data were analyzed by using one-way analysis of vari-
ance and the Student t-test; non-normally distributed
data were analyzed by using the Mann-Whitney U test.
Numerical parameters with a non-normal distribution
(blood eosinophil count and serum total IgE) were
log-transformed (natural logs) before analysis. Corre-
lations between clusterin levels and SCORAD scores,

total serum eosinophil counts, or total IgE levels were
evaluated by using the Spearman’s rank correlation. A
result was deemed significant at p 	 0.05.

RESULTS

Characteristics of Subjects
This study included 140 children (100 with AD and

40 normal controls) with a median (interquartile range
[IQR]) age of 5.1 years (1.3–8.4 years), and the male to
female ratio was 2.3:1. Median (IQR) blood eosinophil
counts were higher in children with AD than in con-
trols (650 �L [360–1093 �L] versus 145 �L [83–238 �L],
p 	 0.001). Children with AD also had a higher median
(IQR) total IgE compared with controls (511.5 IU/mL
[206–1637 IU/mL] versus 32.6 IU/mL [20–68 IU/mL],
p 	 0.001). The median (IQR) specific IgE level was 3.0
kU/L (0.06–26.9 IU/mL) for egg whites, 0.99 IU/mL
(0.37–7.1 IU/mL) for milk, and 0.42 IU/mL (0.07–3.83
IU/mL) for peanut in children with AD. Of those with
AD, there were 24 children with mild-to-moderate AD
(median [IQR] age 1.5 years [0.6–5.4 years]; 16 boys
[66.7%]) and 61 with severe AD (median [IQR] age, 3.2
years [0.8–6.9 years]; 47 boys [77.0%]) (Table 1). Pa-
tients with severe AD had a higher median (IQR) total
blood eosinophil count and total IgE level compared
with the those with mild-to-moderate AD (840 mL
[535–1290 mL] versus 500 mL [330–720 mL], p � 0.025;
and 715 IU/mL [316–2369 IU/mL] versus 337 IU/mL
[86–740 IU/mL], p 	 0.001, respectively (Table 1).

Clusterin Levels in AD and in Healthy Controls
Mean (SD) serum clusterin levels were higher in

children with AD than in the healthy controls (148.13 �
4.3 ng/mL versus 144.85 � 5.1 ng/mL; p 	 0.001) (Fig.
1). Children with severe AD had higher mean (SD)
serum clusterin levels than those with mild-to-moder-
ate AD (149.25 � 3.2 ng/mL versus 147.07 � 5.0 ng/
mL; p � 0.01) (Fig. 1). There also were significant
differences in clusterin levels between AD and con-
trols, and between children with mild-to-moderate AD
and children with severe AD after adjusting for differ-
ences in age.

Correlation of Serum Clusterin Levels with Disease
Severity

Serum clusterin levels were significantly correlated
with the SCORAD index (r � 0.327, p � 0.002) (Fig. 2).

Correlation of SCORAD with Blood Eosinophil
Counts and IgE Levels

The SCORAD index in children with AD showed
significant correlations with blood eosinophil counts
and total IgE levels (r � 0.360, p � 0.001 and r � 0.285,
p � 0.008, respectively) (Fig. 3, A and B).
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Correlation of Serum Clusterin Levels with Blood
Eosinophil Counts and IgE Levels

In children with AD, serum clusterin levels showed
significant correlations with total IgE levels (r � 0.434,
p 	 0.001) (Fig. 3, C) but not serum eosinophil counts.

DISCUSSION
The main finding of this study was that serum clus-

terin levels were increased in children with AD and
correlated with disease severity. AD remains a clinical
diagnosis and assessment because there is no objective,
reliable biomarker to confirm the diagnosis of AD and to
monitor control of the disease.20 Skin is exposed to oxi-
dative stress from endogenous and exogenous sources:
endogenous sources include enzymes and inflammatory
cells (e.g., neutrophils, ischemia, inflammation), and en-

dogenous sources include pollutants, ozone, chemicals,
and ultraviolet irradiation.21

Previous studies sought to measure a specific urinary
marker, 8-OHdG, one of the major oxidative DNA
lesions induced by radical agents, as a biomarker for
oxidative stress in children with AD.6,9,22 The studies
were conducted with the hypothesis that impaired ho-
meostasis of oxygen and/or nitrogen radicals may par-
ticipate in the development and progression of inflam-
matory processes in childhood AD.6,9,22 Traditionally,
reactive oxygen species have been known to be impli-
cated in the progression of various kinds of inflamma-
tory diseases, including AD.13 Cellular damage by in-
creased oxidative stress may be reflected in DNA,
proteins, and lipids.23 Results of one study indicated
that excess reactive oxygen species generated allergic
inflammatory sites and accelerated oxidative damage
to DNA and other macromolecules in the skin of pa-
tients with AD.24

Because an increase in clusterin levels reflects a state
of oxidative stress or accompanying inflammation in
related diseases,23 our findings indicated that oxidative
stress in tissues of children with AD was more than
that of healthy controls, similar to the results of previ-
ous studies.6,9 Clusterin might play a role similar to
that of 8-OHdG in previous studies6,9, in which it was
increased in oxidative stress and children with AD.
Moreover, serum clusterin levels were also increased
according to the severity of AD, unlike previous stud-
ies6 in which 8-OHdG was not correlated with severity
according to SCORAD.

The reported serum biomarkers for severity of AD
were eosinophilic cationic protein, total IgE, soluble
interleukin-2 receptor, interleukin 17, interleukin 23,
endothelin-1, and thymus and activation-regulated
chemokine.25–28 The current study showed that the
SCORAD index was correlated with total IgE levels,

Table 1 Patient characteristics

Characteristics Control Atopic Dermatitis (n � 100)

(n � 40) Mild to Moderate (n � 51) Severe (n � 49)

Age, median (IQR), y 8.3 (6.6–11.1)* 2.3 (0.8–5.4) 4.4 (0.7–6.9)
Boys, no. (%) 20 (50.0) 36 (70.6) 41 (83.7)
Eosinophils, median (IQR), �L 145 (83–238)* 500 (330–720)† 840 (535–1290)§
Total IgE level, median (IQR), IU/mL 32.6 (20–68)* 337.0 (86–740)† 715.0 (316–2369)§
SCORAD, mean (SD) 36.9 � 8.9¶ 63.5 � 10.8

IQR � interquartile range; IgE � immunoglobulin E; SCORAD � Scoring Atopic Dermatitis; SD � standard deviation.
*p 	 0.01 compared with mild-to-moderate atopic dermatitis by using the Kruskal-Wallis test and the Dunn method for
multiple comparisons.
†p 	 0.01 compared with severe atopic dermatitis by using the Kruskal-Wallis test and the Dunn method for multiple
comparisons.
§p 	 0.01 compared with healthy controls by using the Kruskal-Wallis test and the Dunn method for multiple comparisons.
¶p 	 0.01, as compared with severe atopic dermatitis when using the Mann-Whitney U test.

Figure 1. Serum clusterin levels in patients with atopic dermatitis
and controls according to severity.
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and serum clusterin levels in children with AD were
significantly correlated with not only total IgE level but
also the SCORAD index. Our results demonstrated that
serum clusterin levels might be useful markers for
disease severity in childhood AD.

Recently, many studies identified that AD preva-
lence is positively associated with traffic-related air
pollution, nitrogen dioxide, and nitric oxide.29–31 The
skin barrier related to the main pathogenesis of AD
seems to be directly damaged by oxidative stress ini-
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Figure 2. Correlation between serum clusterin levels
and severity of atopic dermatitis.

Figure 3. Correlation of serum clusterin and Scoring Atopic Dermatitis (SCORAD) index with serum eosinophil count and total
immunoglobulin E (IgE). (A) The SCORAD index was significantly correlated with total IgE (log transformed) in children with atopic
dermatitis (AD). (B) Correlation between the SCORAD index and the blood eosinophil count (log transformed). (C) Correlation between
serum clusterin level and total IgE level (log transformed).
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tiated by external pollutants.32 These findings corrob-
orate our results of significantly higher clusterin levels
in AD and its correlation with the severity of AD based
on the SCORAD index.

CONCLUSION
Serum clusterin levels were significantly elevated in

patients with AD, particularly in those severely af-
fected by the disease, compared with patients with
mild-to-moderate AD and healthy controls. The serum
clusterin levels were significantly correlated with the
clinical severity of AD. Therefore, the serum clusterin
level could be considered as a candidate molecule in
the diagnosis of AD and an objective indicator for
evaluating AD disease activity.
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