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Background: Although most patients with atopic dermatitis (AD)

show high total and allergen-specific serum immunoglobulin E

(IgE) levels, a small subgroup of AD patients have normal total

IgE levels and negative serum allergen-specific IgE. This subgroup

has been termed ‘intrinsic’ AD (IAD) as a counterpart to

‘extrinsic’ AD (EAD). However, the difference of chemokines

between IAD and EAD has not yet been evaluated.

Objective: We investigated the expression of CC chemokine ligand

(CCL) 17, CCL22, and CCL18 in patients with IAD and EAD,

which are known to be highly expressed in AD patients.

Methods: We assessed the protein levels of these chemokines in

peripheral blood mononuclear cells (PBMCs), sera and lesional

skins. We also evaluated CCL18 mRNA levels in monocytes,

Langerhans cell (LC)-like dendritic cells (DCs) and inflammatory

dendritic epidermal cell (IDEC)-like DCs from both types of AD

patients.

Results: There were no significant differences in CCL17 and

CCL22 expression in PBMCs, sera and lesional skins of patients

with IAD and EAD. CCL18 expression did not differ in PBMCs,

sera and LC-like DCs from the two subgroups, but strong CCL18

expression was observed in lesional skins and IDEC-like DCs in

patients with EAD. Lastly, serum CCL18 levels significantly

decreased after immunotherapy.

Conclusion: This study suggests that the chemokine micromilieu,

especially the level of CCL18, is different between EAD and IAD

patients. High Fc�RI surface-expressing DCs, such as IDEC, were

the major source of CCL18, and produced a prominent CCL18

microenvironment in EAD patients compared with IAD patients.
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Introduction

Atopic dermatitis (AD) is a highly pruritic chronic relaps-

ing skin disease characterized typically by distributed skin

lesions with multifactorial pathophysiological aspects (1,2).

An allergy or immunoglobulin E (IgE)-mediated hyper-

sensitivity has long been thought to be important in the

pathogenesis of AD because most patients have high con-

centrations of total and allergen-specific serum IgE, and

positive skin prick tests reactions of the immediate type to

common inhalant and food allergens (3,4). However, some

AD patients show the typical skin lesions and distribution

pattern of AD with no detectable sensitization and low

serum IgE levels (5). The term ‘intrinsic’ AD (IAD) was

proposed for this non-allergic type as a counterpart to

‘extrinsic’ AD (EAD) (3). The frequency of IAD ranges

from 16% to 45% and a female predominance is found in

IAD patients (4).

Several immunologic parameters, including Th2 cytokines

and IgE receptors, have been investigated in peripheral

blood mononuclear cells (PBMCs), lesional skin biopsies,

epidermal cell suspensions and sera of IAD and EAD

patients (6–9). Interleukin (IL)-4 and IL-5 were elevated in

patients with EAD, but patients with IAD showed high lev-

els of IL-5 with low IL-4 levels (6). These elevated IL-5 lev-

els in both groups might explain blood eosinophilia (10),

but more prominent dermal infiltration of eosinophils and

eosinophil granular proteins was observed in EAD patients

in comparison with IAD patients (11,12). Skin-derived T

cells from patients with EAD displayed an increased IL-13
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production, whereas lower levels of IL-13 were observed in

T cells from patients with IAD (7). Furthermore, CD1a-

positive epidermal dendritic cells and monocytes in EAD

patients showed increased Fc�RI surface expression com-

pared with IAD patients (8,9). Many chemokines, including

CC chemokine ligand (CCL) 17 ⁄ thymus and activation-reg-

ulated chemokine (TARC), CCL22 ⁄ macrophage-derived

chemokine (MDC), and CCL18, are known to be highly

expressed in AD patients, suggesting an important role of

chemokines in the pathogenesis of AD (13–16). However,

the differences of these chemokines between IAD and EAD

haves not yet been evaluated. In this study, we investigated

the expression of CCL17, CCL22 and CCL18 in patients

with IAD and EAD to provide better insight into the differ-

ent pathogenesis of IAD and EAD.

Methods

Participants
Blood samples were obtained with informed consent from

AD patients according to the criteria of Hanifin and Rajka

(17). IAD was diagnosed by the following criteria: (i) a clini-

cal phenotype of AD, (ii) low or moderate total serum IgE

levels (<150 kU ⁄ l) in combination with negative in vitro IgE

screening for aeroallergens and food allergens, as well as neg-

ative prick test results for standard aeroallergens and food

allergens, and (iii) absence of other atopic diseases such as

allergic asthma and rhinoconjunctivitis. Ten patients with

IAD, 25 patients with EAD and nine nonatopic healthy

controls were evaluated. Clinical severity was documented

independently and blindly by clinicians using the eczema

area and severity index (EASI) (18), Skin biopsy specimens

were taken from the patients with IAD (n = 9), EAD

(n = 17) and healthy individuals (n = 6). The patients did

not receive any systemic or topical treatment with immuno-

suppressive drugs for at least 4 weeks before collection of

blood samples and skin biopsies. All participants provided

written informed consent, and the institutional review board

approved this study.

Flow cytometry
Peripheral blood mononuclear cells from human blood

were stained for 30 min on ice with mouse anti-CCL17,

anti-CCL22 and anti-CCL18 monoclonal antibody (R&D

Systems, Minneapolis, MN, USA) in phosphate-buffered

saline containing 0.4% bovine serum albumin. After wash-

ing, cells were treated with fluorescein isothiocyanate-

conjugated secondary antibody, followed by fixing and

permeabilizing the cells with a formaldehyde ⁄ saponin solu-

tion (Sigma, St Louis, MO, USA). Analysis was performed

on a FACSCalibur flow cytometer (Becton Dickinson,

Mountain View, CA, USA). Results were expressed as the

relative fluorescence intensity (RFI) calculated from

the mean fluorescence intensity (MFI) as follows:

RFI = (MFIparameter evaluated – MFIcontrol) ⁄ MFIcontrol.

Enzyme-linked immunosorbent assay
Serum CCL17, CCL22 and CCL18 levels were determined

using commercially available enzyme-linked immunosor-

bent assay (ELISA) kits (R&D Systems) according to the

manufacturer’s instructions.

Immunohistochemistry
Acetone-fixed 6-lm cryostat sections were stained with

mouse anti-CCL17, anti-CCL22, anti-CCL18 monoclonal

antibody, or isotype control antibody (R&D Systems). The

samples were costained with anti-CD206 (BD Biosciences,

San Jose, CA, USA) or anti-CD207 (Beckman Coulter,

Fullerton, CA, USA) monoclonal antibody. Development of

the staining was performed with a Histostain-DS kit (Zymed

Laboratories, San Francisco, CA, USA) according to the

manufacturer’s recommendations. The intensities of the sta-

inings were evaluated by two independent investigators from

low (0) to high (6).

Cell culture
The culture media contained RPMI 1640 (Gibco Laborato-

ries, Grand Island, NY, USA), 2 lm l-glutamine (Gibco

Laboratories), 100 IU ⁄ ml penicillin (Gibco Laboratories),

100 lg ⁄ ml streptomycin (Gibco Laboratories), and 10%

fetal bovine serum (Hyclone, Logan, UT, USA). Monocytes

from study participants were isolated from PBMCs via the

cell attachment method (19). PBMCs were attached to six-

well plates for 40 min. The supernatant and the floating

cells were discarded, and the attached cells were used for

culture. Monocytes were plated in six-well plates at a final

concentration of 3 · 106 cells in 3 ml of culture medium.

For the generation of Langerhans cell (LC)-like dendritic

cells (DCs), cells were cultured in medium supplemented

with 1000 U ⁄ ml GM-CSF (R&D Systems), 500 U ⁄ ml IL-4

(R&D Systems) and 10 ng ⁄ ml transforming growth factor-

b1 (R&D Systems) at days 0, 2, 4, and 6, plus 10 ng ⁄ ml

tumor necrosis factor-a at day 6 (20,21). Inflammatory

dendritic epidermal cell (IDEC)-like DCs were generated

by culturing monocytes for 6 days in medium supple-

mented with 500 U ⁄ ml GM-CSF, 1000 U ⁄ ml IL-4 at days

0, 2, 4, 6, and the reducing agent 2-mercaptoethanol

(50 lm; Merk, Munchen, Germany) at days 4 and 6

(22,23). At days 2, 4 and 6, one-third of the medium was

removed, and an equivalent volume of fresh medium

supplemented with the above-mentioned cytokines.

Reverse transcriptase-polymerase chain reaction
Total RNA was extracted after the seventh day of culture

from LC-like DCs or IDEC-like DCs using the RNeasy

mini kit (Qiagen, Hilden, Germany) following the manu-
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facturer’s protocol. Reverse transcription reactions were

performed using 1 lg of total RNA. The following primers

were used: CCL18: sense, 5¢-ATC ATG AAG GGC CTT

GCA GCT GC-3¢; antisense, 5¢-TCA GGC ATT CAG CTT

CAG GTC GC-3¢, which yielded a 273-bp product and b-

actin: sense, 5¢-GGC GGA CTA TGA CTT AGT TG-3¢;
antisense 5¢-AAA CAA CAA TGT GCA ATC AA-3¢, result-

ing in a 238-bp product. Amplification was performed on a

GeneAmp polymerase chain reaction (PCR) system 2700

(Applied Biosystems, Foster city, CA, USA). PCR was con-

ducted under the following conditions: for CCL18, dena-

turation at 94�C for 30 s, annealing at 67�C for 30 s, and

extension at 72�C for 30 s for 40 cycles, followed by a final

extension at 72�C for 7 min; for b-actin, 94�C for 30 s,

53�C for 30 s, and 72�C for 30 s for 25 cycles, followed by

a final extension at 72�C for 7 min. Specific PCR fragments

were separated on a 1% agarose gel and visualized using

ethidium bromide staining. The amounts of PCR products

were determined by densitometry using TINA 2.10e soft-

ware (Raytest, Straubehardt, Germany) and evaluated semi-

quantitatively by grading the ratio between the specific

products and the b-actin band.

Statistical analysis
Statistical differences were analysed with the Mann–

Whitney U-test for unpaired samples and with the

Wilcoxon signed-rank test for paired samples. P < 0.05 was

considered statistically significant.

Results

Clinical and laboratory features of IAD and
EAD patients
The clinical and laboratory findings of this study are

presented in Table 1. There was no significant difference in

clinical severity between the two subgroups according to

EASI score. The total serum IgE level was markedly

elevated in EAD patients. There was also a female pre-

dominance in IAD patients.

CCL17, CCL22 and CCL18 expression in
PBMCs, sera and lesional skins of patients
with IAD and EAD
There were no significant differences in CCL17, CCL18 and

CCL22 expression in PBMCs of patients with IAD and

EAD (Fig. 1). In particular, CCL18 expression in PBMCs of

both groups was barely detected. The sera of both AD

patient groups had increased CCL17, CCL18 and CCL22

expression compared with healthy controls, but no signifi-

cant differences between IAD and EAD were observed (data

not shown). CCL17 and CCL22 expression in lesional skins

using immunohistochemistry revealed no significant differ-

ences between the two subgroups (Table 2), but lesional

skins of patients with EAD expressed more CCL18 than

those of IAD patients (Fig. 2a,b). CCL18 was expressed in

CD206-expressing DCs and CD207-expressing LCs of AD

patients (Fig. 2c,d).

CCL18 expression in LC-like DCs and IDEC-like
DCs of IAD and EAD patients
Monocytes from the two AD subgroups did not express

CCL18, but LC-like DCs in both groups expressed a low

level of CCL18, which did not differ between IAD and

EAD patients. Strong CCL18 expression was induced in

IDEC-like DCs in EAD patients, but a lower level of

CCL18 was detected in IAD patients (Fig. 3).

CCL17, CCL22 and CCL18 expression in the sera
of EAD patients undergoing immunotherapy
The initial sera of 10 EAD patients with specific IgE to

Dermatophagoides were compared to the follow-up sera

with an improved EASI score after hyposensitization with

Table 1. Characteristics of the study participants

EAD IAD

No. of patients (M:F) 25 (14:11) 10 (2:8)

Age (years) 17.5 ± 7.5 20.9 ± 10.8

Onset of AD (%)

Infant 56 30

Early childhood 12 40

Late childhood 24 0

Adolescent 4 10

Adult 4 20

Total IgE 2558.3 ± 1813.01 78.4 ± 84.6

EASI score 18.3 ± 14.5 15.9 ± 16.9

Data of age, total IgE and EASI score are presented as mean ± SD.

AD, atopic dermatitis; EAD, extrinsic AD; IAD, intrinsic AD.
1Statistically significant in comparison with IAD.

Figure 1. Flow cytometry analyses of CCL17, CCL22 and CCL18 in

PBMCs of EAD (n = 10, black column), IAD (n = 5, grey column)

patients and healthy controls (n = 6, white column). There were no

significant differences in CCL17, CCL22 and CCL18 between EAD and

IAD groups. CCL22 was highly expressed among these chemokines and

CCL18 expression was barely detected in both AD groups.

Increased expression of CCL18 in patients with extrinsic AD
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Alavac (Bencard, Brenford, UK) for more than 1 year

(Fig. 4). Eight patients showed a CCL17 and CCL22

decrease at follow-up visits after Alavac therapy compared

with initial presentations, but two patients showed a slight

increase of these chemokines. In the case of CCL18, all

patients showed a decrease after immunotherapy.

Discussion

Previous studies have demonstrated several immunologic

differences between EAD and IAD, such as expression

level of Th2 cytokines and IgE receptors (6–9). Although

various chemokines were suggested to mediate leucocyte

recruitment during atopic skin inflammation (24,25), the

differences of these chemokines between IAD and EAD

have not yet been evaluated. CCL17, secreted by keratino-

cytes and dermal endothelial cells, may mediate the

recruitment of Th2 cells expressing the CC chemokine

receptor (CCR) 4 (26,27). An increased CCL17 serum

level was observed in AD patients in comparison with

healthy controls and was correlated with disease activity

(13). CCL22 also has a chemotactic effect on Th2 cells

moving into the skin and serum CCL22 levels correlated

with the clinical severity of AD (14,28). CCL18 was

known to be specifically associated with AD, which was

the most highly expressed chemokine in epidermal and

dermal DCs, the major source of CCL18 in AD patients

(15). A DNA microarray also identified CCL18 as one of

the genes showing the strongest association with AD

(29,30). Recent study showed CCL18 induces homing of

memory T cells to human skin in vivo (16).

In this study, CCL17 and CCL22 expression showed no

significant differences in PBMCs, sera and lesional skins of

patients with EAD and IAD. CCL18 serum levels of both

groups were also not significantly different, and there was

very low CCL18 detection in PBMCs from both AD

patients. In particular, lesional skins of EAD patients

showed increased CCL18 expression compared with IAD

patients and also showed more prominent CCL18 expres-

sion in IDEC-like DCs from EAD relative to IAD patients.

In the previous report, CCL18 was significantly induced in

AD patients with a history of house dust mite allergy after

atopy patch tests with Dermatophagoides species, indicating

a role for this chemokine in an allergen-specific immune

response (15). Our results suggest that high Fc�RI surface-

expressing DCs, such as IDEC in EAD patients, is the

major source of CCL18, which produce a prominent

CCL18 microenvironment in the skin of EAD patients

compared with that of IAD patients. Although the CCL18

receptor is still unknown, it was observed that CCL18 binds

to cutaneous lymphocyte-associated antigen-positive mem-

Table 2. Immunohistochemistry analysis of CCL17, CCL22 and

CCL18 in lesional skins of EAD and IAD patients

CCL17 CCL22 CCL18

EAD 1.37 ± 1.15 3.03 ± 0.93 2.71 ± 0.711

IAD 1.42 ± 0.58 3.21 ± 0.56 1.71 ± 0.71

The data are presented as mean ± SD from 17 EAD patients and 9

IAD patients. The staining intensities were evaluated by two inde-

pendent investigators from low (0) to high (6) grade.
1Statistically significant in comparison with IAD.

(a) (b)

(c) (d)

Figure 2. CCL18 expression in lesional skin of 17 EAD and 9 IAD

patients. (a, b) Lesional skin of an EAD patient (b) expressed more

CCL18 than that of an IAD patient (a); (c) CCL18-positive staining

(black) in CD206-expressing DCs (light brown) from lesional skin of an

AD patient; (d) CCL18-positive staining (black) in CD207-expressing LCs

(light brown) from an EAD patient. Representative results are shown.

Figure 3. RT-PCR analysis of CCL18 in monocytes (MO), IDEC-like DCs

and LC-like DCs of healthy control (HC) (n = 5), IAD (n = 5) and EAD

(n = 5) patients. Upper panel: representative photograph shows bands

corresponding to RT-PCR amplification of CCL18 mRNA; lower panel:

graph shows mean ratio of CCL18 expression in three groups.

Monocytes from the two AD subgroups did not express CCL18, but LC-

like DCs in both groups expressed a low level of CCL18, which did not

differ between IAD and EAD patients. Significant CCL18 expression was

detected in IDEC-like DCs in EAD patients compared with IAD patients.
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ory T cells in the peripheral blood of AD patients in vitro

and induces the migration of memory T cells into human

skin in vivo (16). It should be determined whether CCL18

efficiently mediates the recruitment of Th2 cells that secrete

cytokines such as IL-4 and IL-13 in parallel with the high

serum IgE levels of EAD patients.

We also evaluated the changes of CCL18 expression in

EAD patients who showed improvement of EASI scores

after specific immunotherapy. The significant serum CCL18

decrease after immunotherapy also supports the important

role of CCL18 in EAD. Although comparable studies on

the effectiveness of specific immunotherapy (SIT) against

House Dust Mite (HDM) sensitizations in patients with

AD are rare, SIT has been an attractive therapeutic option

for long time treatment in AD (31). The most recent and

relevant study was a placebo-controlled multicentre study

performed in a total of 89 adult patients with AD, in which

a significant reduction of the Scoring of Atopic Dermatitis

(SCORAD) after 4 months of weekly injections of HDM

allergens has been observed (32). Beyond that, recent

review suggests that proper selection of patients and intro-

duction of highly purified allergen and improvement in the

route of administration facilitates the introduction of SIT

as an additional safe therapeutic option (31).

It is still unknown whether EAD and IAD represent the

extreme ends of clinical manifestations of a continuous AD

spectrum, or if there are different immunologic mecha-

nisms in IAD and EAD. The former hypothesis is sup-

ported by recent studies that children with IAD became

EAD with a positive skin prick test to allergens within a

decade (33). Furthermore, positive atopy patch test reac-

tions to aeroallergens were induced in IAD patients without

allergen-specific serum IgE, and allergen-specific IgE to

microbial components was determined in some IAD

patients (34,35). Some adult IAD patients, however, are

present persistently without any specific allergen, and there

are many different immunologic mechanisms between EAD

and IAD, indicating a different underlying pathophysiology

between the two subgroups.

LCs and IDECs in the lesional skin of AD patients have

an important function in the pathophysiology of AD. LCs

prime naı̈ve T cells into Th2 cells during the initial phase of

AD, inducing the release of chemotactic signals and the

recruitment of IDECs. IDECs lead to the release of Th1

cytokines in the chronic phase of AD, thereby amplifying

the allergic immune response (36). High CCL18 expression

in IDEC-like DCs of EAD patients suggests that CCL18 may

play a pivotal role in the maintenance of allergen-mediated

skin inflammation, especially in patients with EAD. There-

fore, development of drug targeting CCL18 might be a new

therapeutic approach in AD, such as CCR3 antagonists.

Observing an EAD patient’s serum CCL18 level after immu-

notherapy also could be helpful in monitoring disease sever-

ity. However, the number of patients and healthy controls

included in this study is not enough to make epidemiologi-

cal conclusions, because it is known that there are large

inter-individual variations within the patient groups. A

large-scale study is needed to confirm this finding.

In conclusion, this study demonstrated different chemo-

kine micromilieu between EAD and IAD. Furthermore,

IDEC might maintain allergic response through CCL18,

attracting T cells in EAD patients.
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