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Atopic dermatitis (AD) is a distressing disease associated

with pruritus, sleep disturbance, and impaired quality of life.

Its pathophysiology is complex and involves the interplay of

Th2 and Th1 lymphocytes and chemokines (1). Chemokine

(C-C motif) ligand 18 (CCL18) is a small cytokine belonging

to the CC chemokine family that was previously called pul-

monary and activation-regulated chemokine (PARC) (2,3).

CCL18 is approximately 60% identical in amino acid

sequence to CCL13. It is expressed at high levels in lung and

at lower levels in certain lymphoid tissues, such as the lymph

nodes, and is chemotactic for activated T cells and non-acti-

vated lymphocytes (3). The gene for human CCL18 contains

three exons and is located on chromosome 17 (4). CCL18 is

present in skin biopsies of patients with AD but not in nor-

mal or psoriatic skin (5). The chemokine binds to CLA+ T

cells in peripheral blood of patients with AD and healthy

individuals and induces migration of AD-derived memory T

cells in vitro and in human skin–transplanted SCID mice. In

a previous study of 79 proteins using antibody array, CCL18

or PARC was found to be a significant marker of atopy in

children with AD (6). Thus, the biomarker is not confined to

the pulmonary system as the nomenclature of PARC might

imply but is involved in atopic and cutaneous pathophysiol-

ogy. We speculated that levels of CCL18 may correlate with

various clinical parameters of disease severity and common

laboratory makers of atopy in patients with AD regardless of

the status of airway hyper-reactivity. Thus, the purpose of

this study was to evaluate whether CCL18 levels were associ-

ated with disease severity, quality of life, nocturnal scratch-

ing, and laboratory markers of disease activity in AD.

Patients and methods

Patients with AD younger than 20 yr of age were recruited

from the pediatric dermatology clinic of a university teaching

hospital. AD was diagnosed according to criteria proposed

by Hanifin and Rajka (7), and its severity and symptomatol-

ogy including pruritus and sleep loss were evaluated using
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Abstract

Background: Childhood atopic dermatitis (AD) is a distressing disease associated

with pruritus, sleep disturbance, and impaired quality of life. The pathophysiology

of AD is complex, and the chemokine CCL18/pulmonary and activation-regulated

chemokine (PARC) may be involved.

Objective: To evaluate whether CCL18 was associated with disease severity, quality

of life, nocturnal scratching, serum eosinophil, and IgE levels.

Patients and methods: Patients with AD aged 20 yr or younger were recruited. Dis-

ease severity was assessed with the SCORing Atopic Dermatitis (SCORAD) index,

quality of life with the Children’s Dermatology Life Quality Index (CDLQI), and

nocturnal scratching with a wrist motion monitor. Concentrations of plasma

CCL18/PARC, serum total IgE, and eosinophil counts were measured in these

patients.

Results: One hundred and eight patients with AD (mean [s.d.] age of 10.5 [4.4] yr)

were recruited. The mean (s.d.) plasma concentration of CCL18/PARC was 162.2

(129.0) pg/ml, respectively. CCL18/PARC was significantly correlated with objective

SCORAD (r = 0.44, p < 0.001), extent (r = 0.45, p < 0.001), intensity (r = 0.43,

p < 0.001), the symptoms of pruritus (r = 0.20, p = 0.04), and sleep loss

(r = 0.19, p = 0.049) but not with CDLQI or nocturnal scratching activities.

CCL18/PARC levels were also correlated with eosinophil counts (r = 0.37,

p < 0.001) and IgElog (r = 0.27, p = 0.005). Positive correlation with SCORAD

was present even in patients without bronchial hyper-reactivity.

Conclusions: Serum levels of CCL18 correlate with the clinical severity score, serum

eosinophil, and IgE levels. CCL18 is associated with AD and atopy.
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SCORing Atopic Dermatitis (SCORAD) index (8,9). Quality

of life of these patients with AD was measured with a vali-

dated Chinese version of the Children Dermatology Life

Quality Index (CDLQI) (10). Data on bronchial challenge

testing with methacholine inhalation were available in older

children who managed to perform this test. Subjects were

excluded if information regarding pruritus or sleep loss could

not be recalled by patients and caregivers. Apart from the

subjective symptoms of pruritus and sleep loss as reported by

the patients in the SCORAD, we also documented the objec-

tive signs of nocturnal itch and scratching. Enrolled patients

were instructed to wear the DigiTrac monitor (IM Systems,

Baltimore, MD) on their dominant wrist before sleeping. In

our pilot testing on patients with AD (11), the DigiTrac was

found to be able to provide essential data on a wide spectrum

of frequencies of wrist movements and quantity of move-

ments in terms of acceleration or g values. The monitor was

programmed to record limb motion between 10 pm and 8 am

the following morning. The data were then downloaded to a

computer using DigiTrac 3.9 (IM Systems, Baltimore, MD,

USA). Wrist activities were expressed in unit of average value

of acceleration (g/min). We also found that wrist activities

between 1 and 3 Hz for the first 3 h of sleep were good indi-

cators of nocturnal itch as well as markers of AD severity in

children (12). The average activities over the first 3 h of sleep

(Ã) were used for the analyses of correlations.

Peripheral venous blood was collected from patients with

AD, centrifuged at 4�C and 2041 g for 10 minutes, and then

stored immediately at )70�C until analysis. Plasma concen-

trations of CCL18 (13–15) were measured by enzyme-linked

immunosorbent assays according to the manufacturer’s rec-

ommendations and expressed in picograms per milliliter

(R&D Systems, Abingdon, UK). The level of sensitivity was

7.82 pg/ml. Serum concentration of total IgE was log-trans-

formed before analysis. Eosinophil counts were measured by

Coulter STKS counter (Beckman-Coulter, Miami, FL, USA).

Informed written consent was obtained from parents, and

Clinical Research Ethics Committee of our University

approved this study.

Data were expressed as proportion or mean and standard

deviation (s.d.) unless otherwise stated. Chi-square was used

to compare proportions, and Student t-test or anova was

used to analyze numerical variables. The correlations between

different SCORAD components, inflammatory markers, and

DigiTrac data were analyzed by Pearson correlation coeffi-

cients. Distribution of plasma CCL18 concentrations in

patients with different degrees of AD severity was displayed

in a box plot. All comparisons were made two-tailed, and

p-values <0.05 were considered to be statistically significant.

Results

One hundred and eight patients with AD, with mean (s.d.)

age being 10.5 (4.4) yr, were recruited. Their mean (s.d.)

SCORAD and CDLQI were 48.7 (20.8) and CDLQI 8.7

(5.4), respectively. The mean (s.d.) plasma CCL18 concentra-

tion was 162.2 (129.0) pg/ml. Plasma CCL18 showed signifi-

cant correlation with objective SCORAD (r = 0.440,

p < 0.001; Fig. 1), the symptoms of pruritus (r = 0.201,

p = 0.040), and sleep loss (r = 0.193, p = 0.049) but not

with CDLQI or average nocturnal wrist scratching activity

(Table 1). Plasma CCL18 levels were also correlated with

eosinophil percentage (r = 0.373, p < 0.001) and IgE

(r = 0.267, p = 0.005). When patients with AD were classi-

fied by their objective SCORAD, plasma CCL18 concentra-

tions showed a significant and positive trend with increasing

disease severity. The respective mean (s.d.) levels in pg/ml

among patients with mild (n = 15), moderate (n = 38), and
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Figure 1 Scatter plot of objective SCORing Atopic Dermatitis

against plasma CCL18 concentrations in our patients (r = 0.424,

p < 0.001).

Table 1 Pearson correlation coefficients between clinical parame-

ters and laboratory markers in patients with atopic dermatitis

(n = 108)

Clinical parameters

Plasma

CCL18 p

Age )0.040 0.680

Total SCORing Atopic

Dermatitis (SCORAD) index

0.424 <0.001

Objective SCORAD 0.440 <0.001

SCORAD components

Extent 0.449 <0.001

Intensity 0.432 <0.001

Pruritus 0.201 0.040

Sleep loss 0.193 0.049

CDLQI 0.153 0.127

NESS 0.582 <0.001

IgElog 0.267 0.005

Eosinophil percentage 0.373 <0.001

Average wrist activity Ã 0.058 0.645

IgElog, log-transformed serum total IgE level

Pearson correlation coefficients between SCORAD and

CDLQI = 0.534 (p < 0.001): average wrist activity and

CDLQI = 0.212 (p = 0.085).
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severe (n = 55) AD were 68.3 (36.5), 127.5 (85.7), and 211.9

(147.6) (p < 0.001 for trend; Fig. 2).

Results of methacholine bronchial challenges were avail-

able in 59 of our patients (Table 2). The correlation between

CCL18 and objective SCORAD was not significant in

patients with (n = 22) or without (n = 37) bronchial hyper-

responsiveness.

Discussion

This study demonstrates that CCL18 appears to be an impor-

tant CC chemokine that correlates with the extent, intensity,

pruritus, and sleep disturbance of patients with AD. Extent

and intensity represent the objective signs as observed by the

investigator, whereas pruritus and sleep disturbance are the

symptoms experienced by the patients. It is apparent that

better correlations exist between CCL18 and the objective

signs than the subjective symptoms. In addition, serum level

also correlates with two markers of allergy, namely eosino-

phil counts and IgE levels. The role of CCL 18 in skin dis-

ease is rarely studied. CCL18 is a chemokine, with unknown

receptor counterpart, frequently associated with inflammatory

Th2-type responses (16). The complex pathophysiology of

AD involves the interplay of Th2 and Th1 lymphocytes and

chemokines (1). The production of CCL18 by antigen-pre-

senting cells is enhanced by Th2 cytokines like IL-4 and

IL-13 and suppressed by IFN-c (17–19). Gunther et al. (5)

demonstrated that CCL18 contributes to the leukocytic

infiltration associated with AD and that patients with AD

have elevated levels of CCL18 in serum and lesional skin,

which mediates skin homing of human memory T cells. The

present study demonstrates that CCL 18 is definitely involved

in its pathophysiology and correlates with various clinical

and laboratory parameters. Nevertheless, the marker might

not be involved in the itch pathway as it does not correlate

with nocturnal wrist movements (12,20). Further studies are

required to evaluate whether this marker correlates with vari-

ous itch-associated (12,20) and Th2 pathway markers that we

previously studied (14).

CCL18 has also been investigated in other non-dermato-

logical diseases. In immune diseases, serum CCL18 levels are

positively correlated with disease activity score in rheumatoid

arthritis (21). Circulating levels of the chemokine CCL18 but

not CXCL16 are elevated and correlate with disease activity

in rheumatoid arthritis (22). Increased expression of CCL18,

CCL19, and CCL17 by dendritic cells from patients with

rheumatoid arthritis and regulation by Fc gamma receptors

are demonstrated (23). It has also been implicated in hyper-

sensitivity pneumonitis (24) and contact hypersensitivity (25).

In pulmonary diseases, the chemokine is an indicator of pul-

monary fibrotic activity in idiopathic interstitial pneumonias

and systemic sclerosis (26). CCL18 level in patients with sys-

temic sclerosis is a sensitive indicator of active pulmonary

fibrosis (27). CCL18/PARC is elevated in sputum specimens

from patients with asthma and may play important roles in

the development of airway eosinophilic inflammation in

asthma (28), although the old nomenclature of pulmonary

and activation-regulated chemokine may imply the exclusive

role of CCL18 in the pulmonary system. In this study, we

included a bronchial hyper-responsiveness-negative group

and documented positive correlation with AD severity even

in patients without bronchial hyper-reactivity. Although the

old nomenclature of pulmonary and activation-regulated che-

mokine may imply the exclusive role of CCL18 in the pul-

monary system, we included a BHR-negative group in this

study and documented positive correlation with AD severity

even in patients without bronchial hyper-reactivity. Thus,

CCL18 is associated with the atopic skin disease and its role

in atopy is definitely beyond the pulmonary system.
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Figure 2 Distribution of plasma CCL18 concentrations in patients

with different degree of atopic dermatitis severity (p < 0.001 for

trend; data are in parametric distribution).

Table 2 Plasma concentrations of CCL18 in atopic dermatitis

patients with and without bronchial hyper-responsiveness (BHR)

BHR (n = 22) No BHR (n = 37) p

SCORAD 54.8 ± 21.9 50.6 ± 19.5 0.466

CDLQI 8.2 ± 5.1 10.4 ± 7.1 0.229

IgElog 3.66 ± 0.49 3.26 ± 0.81 0.042

Eosinophil percentage 12.6 ± 6.6 9.6 ± 5.3 0.081

CCL18/pulmonary and

activation-regulated

chemokine

205.5 ± 151.7 136.9 ± 111.4 0.073

Correlation between SCORing Atopic Dermatitis (SCORAD) and

CCL18 is 0.302 in BCT-negative subjects (p = 0.070) and 0.371 in

BCT-positive subjects (p = 0.089).
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