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Background

Atopic Dermatitis (AD) is a common inf lammatory skin disease worldwide, with a 
lifetime prevalence of 10–20% in children and 1-3% in adults.1-3 Population studies have 
suggested that the prevalence of AD in children has been increasing since World War 
II.4 The prevalence of AD in the Netherlands has been steady in the last three decades 
(Figure 1).
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Figure 1  |   Prevalence of AD (per 1000) in the Netherlands 1971-2003 (CMR-Nijmegen). 

Atopic dermatitis usually presents during early infancy and childhood, but it can persist 
into or start in adulthood. Approximately 85 percent of cases of AD start in children 
under five years of age.1 
AD is characterized by chronically persistent, as well as recurrent, pruritic, erythematous 
skin lesions. The clinical features of AD that allow diagnosis are summarized in Table 
I. The extent of involvement might range from mild and limited, to generalized and 
severe AD. Involvement can be lifelong, having a profound effect on the quality of 
life for both sufferers and their families. In addition to the effects of severe itching, 
skin damage, soreness, sleep loss and the social stigma of a visible skin disease, other 
factors such as frequent visits to doctors and the need to constantly apply messy topical 
applications all add to the burden of disease. Atopic hand dermatitis is the major cause 
of work-related disability caused by skin disease.5 Furthermore, studies have shown that 
atopic dermatitis poses a major burden on health care costs.6,7
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Atopic dermatitis as the cutaneous manifestation of a systemic disorder

AD has been proposed as the cutaneous manifestation of a systemic disorder that 
also gives rise to asthma, food allergy, and allergic rhinitis.8 These conditions are all 
characterized by increased serum IgE levels and peripheral eosinophilia. Furthermore, 
AD is often the initial step in the so called “atopic march”, with subsequent development 
of asthma and allergic rhinitis in the majority of patients with AD.9 
 

Table 1  |  Criteria for the Diagnosis of Atopic Dermatitis10

The diagnosis atopic dermatitis requires evidence of itchy skin (or parental report of scratching or 
rubbing) plus three or more of the following:

History of involvement of the skin creases (e.g., fronts of elbows, backs of knees, fronts of ankles, and 
areas around the neck or eyes)

History of asthma or hay fever (or history of atopic disease in a first-degree relative if the child is under 
four years of age)

History of generally dry skin in the past year

Onset in a child under two years of age (criterion not used if the child is under four years of age)

Visible flexural dermatitis (including dermatitis affecting the cheeks or forehead and outer aspects of 
limbs in children under four years of age)

Extrinsic versus intrinsic AD

Two forms of AD have been described, including an extrinsic form associated with IgE 
mediated sensitization involving the majority of patients and an intrinsic form without 
IgE-mediated sensitization. Although most investigations have reported 20-30% of 
patients presenting with the intrinsic form, Fölster-Holst et al recently showed a much 
lower prevalence of about 6% of adult AD patients presenting with the intrinsic form of 
AD.11 Both forms of AD have associated eosinophilia. In extrinsic AD memory T cells 
expressing the skin homing receptor cutaneous lymphocyte-associated antigen (CLA) 
have been shown to produce increased levels of T

H
2 cytokines, including IL-4 and IL-

13, which induce isotype switching to IgE synthesis, as well as IL-5, which plays an 
important role in eosinophil development and survival.8 Numerous studies have shown 
the importance of activated T cells in the skin of both forms. Intrinsic AD is associated 
with less IL-4 and IL-13 production than extrinsic AD and hence low serum IgE levels 
and absence of allergen sensitization.12

The pathogenesis of atopic dermatitis

The TH2 - TH1paradigm

Clinically unaffected skin of AD patients is not normal, but reveals a sparse perivascular 
T cell infiltrate. Acute AD skin lesions are characterized by increased numbers of CD4+ 

T cells that infiltrate the epithelium. These T cells are mainly of the T
H
2 phenotype, 
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expressing mRNA for IL-4 and IL-13 and little interferon gamma or IL-12.13,14 By 
contrast, chronic AD skin lesions display fewer cells expressing mRNA of IL-4 and IL-
13 , but increased numbers of cells expressing interferon gamma and IL-12.
Using the atopy-patch test (APT) as a model, lesions induced by house dust mites 
were also shown to have two phases: an initial (acute) phase with mostly T

H
2 cells 

producing IL-4 and a subsequent (chronic) phase after 24-48 hours with mainly T
H
1 

cells producing interferon gamma.15

Genetics

The cause of AD is unknown, though interactions between susceptibility genes, the host’s 
environment, defects in skin barrier function, and systemic and local immunological 
responses appear to be important in determining disease expression. 
Over the years, elevated IgE levels, asthma and AD have been linked to almost every 
chromosome.16-21 Interestingly, colocalization of certain chromosomal loci has been 
shown with psoriasis, asthma, rheumatoid arthritis, and insulin-dependent diabetes 
mellitus (Figure 2).19,22-24 Very recently, mutations in the filaggrin gene were reported to 
predispose to atopic dermatitis.25-28 Fillagrin represents an integral part of the epidermis 
and is important to maintain the skin barrier function.29-31

The genetic background alone can however not explain the rapid increase of atopic 
disorders.33 With regard to the environment, the hygiene hypothesis has been put 
forward.34 This hypothesis suggests that in genetically susceptible individuals inf luences 
from the environment in utero and in the early years of life can lead to the manifestation 
of allergic disease.35,36 However, most studies investigating the hygiene hypothesis have 
focused on asthma and hay fever. The association of the hygiene hypothesis with AD is 
now being questioned.37,38

Several systemic and local immunological pathways have been proposed involved in the 
pathogenesis of AD (Figure 3).
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Figure 2  |  Susceptibility loci identified by genome screens for atopic dermatitis, asthma, psoriasis, and other autoimmune diseases 
(including rheumatoid arthritis and insulin-dependent diabetes mellitus). Only loci with significant linkages are indicated 
(adapted from Cookson, Nature Rev Immunol 200432).

Figure 3  |  Immunologic pathways in AD. Increased numbers of CD4+CLA+ T
H
2 cells circulating in the peripheral 

blood of AD patients39 result in elevated serum IgE levels and eosinophils. These CD4+CLA+ T cells recirculate 
through the unaffected AD skin. Engagement with antigen-triggered IgE+ dendritic cells and mast cells 
contributes to the T

H
2 development. A number of signals, including skin injury by scratching, environmental 

allergens, and microbial toxins, has been suggested to activate keratinocytes to release proinflammatory 
cytokines and chemokines (i.e. TSLP40,41 and CCL27/CTACK42). In addition, endothelial cells, macrophages 
and dendritic cells have been found to release chemokines, including CCL1743 (TARC) and CCL2244 (MDC). 
These factors induce the expression of adhesion molecules (E-selectin and ICAM) on vascular endothelium 
and facilitate the extravasation of inflammatory cells into the skin. Activated T cells expressing FAS ligand 
have been shown to induce keratinocyte apoptosis, resulting in spongiosis.45 This process is mediated by 
IFN-gamma, which upregulates Fas on keratinocytes. Inflammation in AD is characterized by increased T

H
2 

cells in the acute skin lesions, but chronic AD results in the infiltration of inflammatory IDECs,46 macrophages, 
and eosinophils. Production of IL-12 by these sources has been suggested to results in the switch to a 
T

H
1-type cytokine milieu associated with increased IFN gamma expression.15,47,48 LC, Langerhans cell; IDEC, 

inflammatory dendritic epidermal cell; IL, interleukin.

1 2 3 4 5 6 7 8 9 10 11 12 1413 15 16 17 18 19 20 21 22 X Y

Asthma Other autoimmune diseasesAtopic dermatitis Psoriasis
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Skin homing T cells 

skin

AD skin, whether it is uninvolved, acute or chronic lesional skin is characterized by 
increased numbers of CD4+ T cells. In humans, the preferentially skin homing memory 
CD4+ T cells are characterized by the expression of the cutaneous lymphocyte associatedcutaneous lymphocyte associated 
antigen (CLA).49-53 
More than 90% of skin infiltrating T cells were shown to express CLA (Table 1),54 
and CLA was also found highly expressed (�60%) on lymph CD4highly expressed (�60%) on lymph CD4+ T cells derived 
from human skin.55 In contrast, CLA+ T cells never exceed 5% of lymphocytes within 
noncutaneous inf lamed sites.49

Recent studies have demonstrated that the antigen specific T cells responsible for AD 
are preferentially found in this CLA+ subset of memory T cells.56 In addition, it was 
shown that these memory T cells isolated from the skin of AD patients are mainly of 
the T

H
2 phenotype.57

peripheral blood

In healthy subjects CLA is found expressed on 10-20% of peripheral blood CD4+ T cells 
and expression is increased (2-3 fold) in AD patients (Table 1).39 CD4+CLA+ T cells 
isolated from peripheral blood of AD patients, but not from healthy subjects, were found 
to spontaneously produce T

H
2 cytokines IL-4 and IL-13 but not interferon gamma.58 

CLA serves as the major T cell ligand for the vascular adhesion molecule E-selectin, 
and it is thought that the CLA/E-selectin interaction is required for efficient T cell 
localization in skin.54,59,60 In addition to CLA, skin homing T cells also express several 
other markers, including chemokine receptors CCR4 and CCR10 (Table 2).

Table 2  |  Skin homing markers on blood (CD4+) and skin (CD3+) T cells.

Blood CD4+ T cells Skin resident CD3+ T cells

HC subjects AD patients HC subjects AD patients

CLA 10-20%49 25-30%39 90-93%61 >90%54

CCR4 5-13%43,62 22.4%43 87-95%61 ~33%63

CCR10 NA NA NA >90%64

Values represent percentages of T cells positive for the indicated marker. NA, Data Not Available

Most CLA+ cells were found to coexpress CCR4, both in AD patients (91%) and 
healthy subjects (83%).43 CCR10 is expressed on 2-40% of the CLA+ memory T 
cells,42,64 and CCR10 expression is restricted to CLA+ T cells64 Furthermore, most 
or all CLA+CCR10+ memory CD4+ T cells were found to coexpress CCR4.65 This 
demonstrates that the process of attracting CLA+ T cells into the skin is complicated 
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and complex and that overlapping signals rather than a single signal is responsible for 
the attraction of T cells. 

Chemokines in AD

Emigration of leukocytes from blood into sites of inf lammation and immune responses 
is essential for host defence mechanisms. Local tissue irritation causes leukocytes to 
stick to blood vessels, to pass through them, and finally to accumulate at irritated 
sites. A family of cytokines, called chemokines play important roles in recruiting 
selected subsets of leukocytes and are involved in a wide range of acute and chronic 
inf lammatory processes as well as other immunoregulatory and hematopoietic 
functions.66-69 Chemokines are potent cell signalling molecules active at nanomolarChemokines are potent cell signalling molecules active at nanomolar 
concentrations. Most chemokine receptors have multiple chemokine ligands, eg. CCR4 
binds Macrophage Derived Chemokine (MDC/CCL22) and Thymus and Activation 
Regulated Chemokine (TARC/CCL17). 
Several chemokines have been related to the T cell infiltrate that is found in patients with 
AD.69 TARC was first described by Imai et al. in 1996.70 In vitro studies have shown that 
TARC induces selective migration of lymphocytes, especially of the T

H
2 phenotype.71-

73 In addition, TARC induces integrin-dependent adhesion to the intercellular adhesion 
molecule 1 (ICAM-1) of skin memory T cells subset causing a rapid arrest of such 
cells under physiological f low conditions (Figure 4).74 In patients with AD, elevated 
expression of TARC was detected in the endothelial cells of the venules.74 In addition, 
increased serum TARC levels, correlating to disease activity were found in patients 
with AD.75,76 Another chemokine, cutaneous T cell attracting chemokine (CTACK/
CCL27) has also been suggested to play a key role in the migration of T cells to the 
skin in AD patients. CTACK was found to be expressed at high levels in the epidermisCTACK was found to be expressed at high levels in the epidermis 
of lesional skin biopsies from AD patients. This resulted in the hypothesis that TARC 
and CTACK might work in a sequential way. TARC acting mainly in the first steps 
of T-cell recruitment by inducing integrin dependent adhesion and transendothelial 
migration of T-cells and CTACK playing a major role in the migration of T cells into 
the upper layers of the skin.
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Figure 4  |  Mechanism of effector T cell recruitment mediated by TARC/CCL17. T cells are recruited from the circulation 
to the skin by a series of processes that occur in the following sequence: rolling, activation, firm adhesion, 
extravasation and chemotaxis. 

Regulatory T cells in AD

In the last decade it has become clear that regulatory T cells (Tregs) play a crucial role 
in immune regulation through the control of T cell responses. Attention has focused in 
particular on a subset of naturally occurring CD4+ T cells constitutively expressing the 
interleukin-2 receptor alpha chain, CD25.77-79 However, several phenotypically distinct 
CD4+ regulatory T-cell populations have been described (Table 3). 

Naturally occurring Tregs are generated as a distinct lineage in the thymus. They play 
a key role in the maintenance of tolerance, as was demonstrated by the development of 
autoimmune diseases following depletion or functional alteration of naturally occurring 
Tregs in normal animals.77 
The phenotypic characterization of naturally occurring Tregs among human circulating 
lymphocytes, which is the most readily available source of cells for immunological 
assessments in humans, has been complicated by the fact that CD25 is not exclusively 
expressed by Tregs, but also by nonregulatory lymphocytes, following activation. 
Furthermore, whereas initial studies in humans have focused on the overall CD4+CD25+ 
population that represents 6–10% of total CD4+ T cells, later only CD4+ T cells 
expressing the highest levels of CD25 (CD4+CD25bright) and expressing FOXP3 have 
been considered to be genuine Tregs.83 Very recently, CD127 was found to inversely 
correlate with FOXP3 and suppressive function in human CD4+ Treg cells.84,85 
Therefore, CD127 might represent the next marker for human Tregs.
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Table 3 |  Regulatory T cell populations

Suggested 
origin Suggested suppressive mechanism References

CD4+CD25+FOXP3+ Tregs Thymus In vitro: cell-cell contact
In vivo: multiple modes of action

77

CD4+IL-10+FOXP3- (T
R
1) cells Periphery IL-10 80

CD4+ TGFβ+ (T
H
3) cells Periphery TGFβ 81,82

CD4+ regulatory T cells are conceptually divided into three populations. CD4+CD25+FOXP3+ Tregs are 
thought to be thymus derived, and are termed naturally occurring T regulatory (Treg) cells; CD4+IL-10+FOXP3- 
regulatory T cells or T-regulatory 1 cells (T

R
1 cells) can be induced in vitro with various protocols or in vivo in 

response to exogenous antigen challenge, and are termed adaptive regulatory T cells, induced regulatory T 
cells or T-regulatory 1 cells (T

R
1 cells); CD4+TGFβ+ T cells are induced in the context of oral tolerance and are 

termed T
H
3 cells. Both the T

H
3 and T

R
1 subsets are generated in the periphery and allow the development 

of peripheral tolerance to self Ags not or poorly expressed in the thymus. Notably, in this classification, the 
cytokine pattern and suppressive modes are not mutually exclusive and they often overlap. 

The study of regulatory T cells (Tregs) in AD is only in the early stages, and results are 
not unanimous. It was obvious to hypothesize impairment of Tregs in AD. However, 
Ou et al. showed increased numbers of peripheral blood CD4+CD25+ Tregs with 
normal function in AD patients.86 They suggested that in the skin of AD patients, 
Staphylococcal superantigen might be responsible for subversion of Treg suppression, 
explaining the controversy of their results. Vukamanovic et al. on the other hand found 
no differences in the numbers and phenotype of peripheral blood Tregs from AD 
patients compared to healthy control subjects.87 
The currently available data on Tregs in the skin are also contradictory. Verhagen et 
al demonstrated absence of CD4+CD25+FOXP3+ Tregs in lesional skin of patients 
with AD and psoriasis.88 Interestingly, Caproni et al. on the other hand did find 
CD4+CD25+FOXP3+ Tregs in lesional skin of patients with AD.89 
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Treatment

Corticosteroids

Treatment of AD is mainly focused on eliminating effector T-cells from the skin. 
Topical corticosteroids are the mainstay of anti-inf lammatory treatment, showing 
efficacy in the control of both acute and chronic skin inf lammation.90 Corticosteroids 
mediate their anti-inf lammatory effects through a cytoplasmic glucocorticoid receptor 
(GCR) in target cells, resulting in the inhibition of the transcriptional activity of 
various proinf lammatory genes.91 These genes encode proinf lammatory proteins such 
as cytokines (including IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-11, IL-13, TNF-α, 
and GM-CSF), chemokines (including IL-8, RANTES, macrophage inf lammatory 
protein–1α, monocyte chemotactic protein-1, MCP-3, MCP-4, and eotaxin), and 
adhesion molecules (including ICAM-1,VCAM-1, and E-selectin).91 In most patients, 
AD can be managed by topical therapies. However, in patients with severe, widespread 
or refractory disease a more aggressive treatment is required.

Cyclosporin A

Cyclosporin A (CsA), introduced in the 1980s as a potent immunosuppressive agent, 
quickly became the first line of treatment in organ transplantation. More recent, CsA has 
shown potential in the treatment of severe refractory atopic dermatitis. The polypeptide 
immunosuppressant cyclosporine is a prodrug that binds an intracellular immunophilin. 
The complex cyclosporine-cyclophilin binds and inhibits the phosphatase activity of 
calcineurin interfering with the dephosphorilation of members of the nuclear factor of 
activated T-cells, which is involved in the regulation of genes encoding many cytokines 
including IL-2, which is essential for T cell proliferation. CsA thereby inhibits the 
activation of a number of key effector cells involved in AD, including T cells and mast 
cells. In addition, CsA has been shown, mainly in vitro, to have effects on a wide variety 
of other cell types, including eosinophils, basophils, keratinocytes and endothelial 
cells.92 
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Outline of this thesis 

Atopic dermatitis is a complex multifactorial disease that is suggested to result from 
interactions between susceptibility genes, the host’s environment and immunological 
factors. This thesis focuses on T cells, which are suggested to play a key role in the 
dysregulated immune response that is found in the skin of atopic dermatitis patients. 

We investigated chemokines involved in the specific migration (“homing”) of T cells 
to the skin in atopic dermatitis patients (“how they get in”). Serum chemokine levels 
of TARC (CCL17) and CTACK (CCL27) were investigated in patients with allergic 
inf lammatory disease, including atopic dermatitis patients, patients with allergic asthma 
and allergic rhinitis patients (chapter 2). 

The treatment of atopic dermatitis is essentially aimed at reducing T cell numbers 
in the skin (“how to get them out”). Topical corticosteroids have been the mainstay of 
atopic dermatitis treatment for the last 50 years. In addition, patients with severe atopic 
dermatitis can be treated with systemic cyclosporin A, also aimed at reducing skin 
resident T cell numbers (chapters 3 and 4).

Although treatment with cyclosporin A was found relatively safe and effective, little 
was known about the effects on peripheral blood T cells. We investigated the effects of 
cyclosporine A treatment on peripheral blood (regulatory) T cells (chapter 5).

Finally, we used a microarray approach to discover new factors involved in the increased 
migration and survival of T cells in AD patients (chapters 6 and 7). 
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Abstract

Tissue infiltration of CD4+ T cells plays an important role in the pathogenesis of allergic 
diseases. T cell trafficking is mediated by specific chemokines and their receptors. 

The purpose of this study was to investigate the participation of the chemokines 
thymus and activation-regulated chemokine (TARC) and cutaneous T cell attracting 
chemokine (CTACK) in a large population of patients with allergic diseases.

Serum TARC and CTACK levels were measured in 455 patients with allergic disease. 
Patients were characterized as atopic dermatitis (AD), allergic asthma, allergic rhinitis 
or combinations, and healthy control subjects. Serum TARC and CTACK levels were 
correlated to disease activity in AD patients. Furthermore, in seven AD patients, serum 
TARC and CTACK levels were studied after the start of systemic cyclosporin A treatment. 
Finally, TARC and CTACK localisation was checked by immunohistochemistry in 
lesional skin biopsies of AD patients. 

Both TARC and CTACK serum levels in patients with AD were significantly higher 
than those in healthy control subjects and from patients with allergic respiratory disease. 
Furthermore, serum TARC and CTACK levels significantly correlated to disease 
activity in AD patients. Serum TARC levels paralleled clinical improvement in patients 
treated with cyclosporin A. Immunoreactive TARC was found in infiltrating cells and 
endothelial cells of the dermis, but not in epidermal cells. 

The serum TARC level is an objective parameter for disease severity specific for AD. 
Furthermore it is a promising tool for treatment monitoring. 
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Introduction

Infiltration of inf lammatory cells into tissues is regulated by chemokines. Chemokines 
are small, secreted polypeptides that regulate the tissue specific recruitment and 
migration of lymphocytes by signaling through G protein-coupled seven transmembrane 
receptors. Important chemokines in the skin specific homing of T cells include 
thymus and activation-regulated chemokine (TARC) and cutaneous T cell attracting 
chemokine (CTACK). The receptor for TARC is CCR4,1 which is being expressed 
mainly on skin homing, cutaneous lymphocyte antigen (CLA+) positive T cells.2 In vitro 
studies have shown that TARC induces the selective migration of lymphocytes of the 
Th2 phenotype.1,3,4 

Infiltration of effector/memory CD4+ T cells of the Th2 phenotype in the skin or the 
airways plays an important role in the pathogenesis of allergic diseases, such as atopic 
dermatitis (AD), allergic rhinitis (AR) or allergic asthma (AA). Kakinuma et al. recently 
showed that serum TARC levels are elevated in AD patients compared to both patients 
suffering from psoriasis and healthy controls (HC). Furthermore, they showed that 
serum TARC levels correlate with the severity of AD.5

Various cell types, including endothelial cells,2 dendritic cells,6 and keratinocytes7 have 
been suggested to produce TARC. Furthermore, platelets have been found to contain 
large amounts of TARC,8 causing the large difference between plasma and serum 
TARC levels that have recently been published.8

Studies showing TARC production in bronchial epithelial cell lines9 and nasal epithelial 
cells,10 have suggested that TARC might also play a role in allergic respiratory diseases 
such as allergic asthma (AA), and allergic rhinitis (AR).11-15 However, clinical studies 
investigating serum levels in large groups of phenotypically well defined patients with 
allergic diseases have not been performed yet. 

CTACK is another recently identified chemokine which is thought to play an important 
role in the tissue specific homing of T cells to the skin.16 CTACK is constitutively 
expressed in epidermal keratinocytes of the skin16 and is the ligand for CCR10. Similarly 
to TARC, CTACK preferentially attracts CLA+ Th2 cells from peripheral blood.16-18 
However, since CTACK is constitutively expressed by epidermal cells, it may be involved 
in basal trafficking of T cells through the skin during normal immune surveillance.17 
Furthermore, in vitro experiments have demonstrated that CTACK production could 
be superinduced by proinf lammatory cytokines, which, together with the increased 
expression of vascular E-selectin, may further explain the increase of memory T cells in 
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the skin during cutaneous inf lammation.18 

The aim of this study was to investigate the specificity of increased TARC and CTACK 
serum levels in allergic disease. Furthermore, to evaluate TARC and CTACK as disease 
severity parameters in AD patients. Finally, we studied the specific location of TARC 
and CTACK in lesional skin biopsies of AD patients by immunohistochemistry.
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Patients and Methods

Patients and samples 

Sera from 455 human subjects were obtained (table 1). AD patients were diagnosed 
according to the criteria of Hanifin and Rajka.19 Patients with AR were diagnosed on 
the personal history of allergic symptoms and a positive nasal provocation, as described 
by Lebel.20 Patients with AA were selected on having a methacholine PC

20 
≤ 9.8 mg/ml, 

or a reversibility of 9% or more after inhalation of salbutamol. 

Table I  |  Demographics

Groups N Age (mean± SDev) LSSsev (mean ± SDev)

HC 31 30.0 ± 10,1 -

AA 16 29.6 ± 11,8 -

AA+AR 62 26.1 ± 12,4 -

AR 70 28.9 ± 10.0 -

AD 49 28.4 ± 11.4 23.00 ± 11.57

AD+AA 21 21.8 ± 10.2 18.90 ± 20.83

AD+AA+AR 120 26.3 ± 9.60 20.39 ± 12.15

AD+AR 86 27.0 ± 11.0 13.99 ± 6.52

Total 455 27.2 ± 10.8 -

Severity of AD was evaluated by using the Leicester Sign Score (LSS, range 0-108) in 
which severity is scored by six clinical features (erythema, purulence, excoriation or 
crusting, dryness or scaling, cracking or fissuring, and lichenification) graded at six 
defined body sites on a scale of 0 (none) to 3 (severe).21 For all 455 sera TARC levels 
were determined, from a subset of 163 samples, CTACK levels were determined. 
In seven patients with severe AD, experiencing a f lare, serum TARC and CTACK 
levels were determined before and during treatment with oral cyclosporin A (CsA)(3-5 
mg/kg/day). Response to treatment was scored using the Physician’s Global Assessment 
(PGA) score. The PGA is an overall assessment from 0-5 of a patients’ eczema, taking 
into consideration the quality and extent of lesions relative to the baseline assessment 
(0 = clear (100%), 1 = almost clear (90-99% improvement), 2 = marked improvement 
(50-89%), 3 = modest improvement (<50%), 4 = no change, and 5 = worse).

ELISA

Serum TARC measurements were performed using a f lexible 96 well polyvinyl chloride 
plate (Becton Dickinson, Franklin Lakes, USA) coated with a murine mAb against 
human TARC (MAB364, R&D Systems, Minneapolis, Minn). A goat biotinylated 
TARC antibody was used for detection (BAF364, R&D Systems). The monoclonal 
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antibody was applied to the plates overnight at 4°C. Plates were then washed 3 times 
with PBS containing 0,05% Tween-20 (PBS-T) and then blocked for 1 hour with 
200 µl PBS containing 1% BSA per well at room temperature. Subsequently, standard 
dilutions and samples were added and incubated for 1 hour at room temperature. After 
washing as above, plates were incubated for 1 hour with the biotinylated antibody. 
After washing as above, the plates were incubated with streptavidin-poly horseradish 
peroxidase (Sanquin Research, The Netherlands) diluted in PBS containing 2% milk 
(Protifar, Nutricia) for 40 minutes at room temperature. After washing as above, 
staining was performed by adding substrate (50-76-00, KPL, Gaithersburg, MD), the 
reaction was stopped by adding 1M phosphoric acid. Optical densities were measured at 
450 nm with a Bio-Rad microplate reader (Biorad Laboratories, Inc, Hercules, Calif ). 
Recombinant human TARC (364-DN, R&D Systems, Minneapolis, Minn) was used 
as a standard. The concentration of the chemokine was calculated from the standard 
curve generated by a curve-fitting program. The minimum detectable dose of TARC 
was 20 pg/mL. 
Serum CTACK measurements were performed using 96-wells Costar EIA/RIA high 
binding plates coated with a murine mAb against human CTACK (MAB3761,R&D 
Systems). A biotinylated goat anti human CTACK antibody (BAF376, R&D Systems) 
was used for detection. Recombinant human CTACK (376-CT, R&D Systems) was 
used as a standard. The same protocol as for the TARC ELISA (described above) was 
used. The minimum detectable dose of CTACK was 20 pg/mL. Data of TARC and 
CTACK levels obtained are presented as mean ± SD.

Immunohistochemistry

Punch biopsy samples (3mm) were taken from the (sub)acute lesional skin of patients 
with extrinsic AD (n=5), and healthy control subjects (n=3). The skin biopsies were 
snap frozen in liquid nitrogen, subsequently embedded in Tissue-Tek OCT compound 
(Miles Inc, USA) and stored at -80°C. Frozen 6 µm sections were cut and fixed in 
acetone. Samples were pre-incubated with normal goat serum (DAKO, Denmark) and 
subsequently incubated for one hour with rabbit anti-human TARC (Peprotech, USA). 
The samples were then incubated for 60 minutes with biotin-conjugated goat anti-rabbit 
IgG (Vector, USA). Samples were finally incubated for 30 minutes with streptavidin-
AP (DAKO, Denmark). After washing (PBS-Tween), samples were incubated for 30 
minutes with avidin biotinylated alkaline phosphatase complex (DAKO, Denmark). 
AP activity was demonstrated for both chemokines using naphthol AS-BI phosphate 
(Sigma) as substrate and new fuschin (Merck) as chromogen until red staining was 
visible. Exogenous AP activity was inhibited by addition of levamisole (Sigma) to the 
reaction mixture. Samples were finally counterstained with Mayer hematoxilin. 



Serum TARC and CTACK levels in allergic diseases 35

Statistical analysis

Data were analysed with the Mann-Whitney U test. Correlation coefficients were 
determined by using the Spearman rank correlation test. All comparisons were 2-sided. 
P values of less than 0,05 were considered statistically significant.
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Results

Serum TARC and CTACK levels are specifically elevated in AD patients

As shown in figure 1 and 2, serum TARC and CTACK levels were increased in all four 
groups of AD patients with statistical significance (p<0.001) compared to both non-
allergic subjects (HC) and patients with allergic respiratory disease only (AR, AA and 
AA+AR, respectively).
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Figure 1  |  Serum levels of TARC in patients with AD are significantly increased (*p<0.05) compared to HC, AA, AA+AR and AR 
patients. Serum TARC levels in patients with AA (n=16), AA+AR (n=62), AR (n=70), AD (n=49), AD+AA (n=21), 
AD+AA+AR (n=120), AD+AR (n=86), and healthy control subjects (n=31). Horizontal bars indicates mean 
values, log10 scale.

Figure 2  | Serum levels of CTACK in patients with AD are significantly increased (*p<0.05) compared to HC and AR patients. 
Serum CTACK levels in patients with AR (n=11), AD (n=36), AD+AA (n=14), AD+AA+AR (n=49), AD+AR 
(n=34), and healthy control subjects (n=19). Horizontal bars indicates mean values, log10 scale.
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Serum TARC and CTACK levels correlate to disease activity in AD

Serum TARC and CTACK levels correlated to LSS severity scores (r=0.56 and r=0.52 
respectively, p<0.001) (Figure 3). No significant correlation was found between 
serum TARC levels and Lebel score in any of the patient groups with AD and AR. 
Furthermore, no significant correlation was found between the serum TARC levels 
and pc20 methacholine in any of the AD patient groups with AA (data not shown). 
The relatively low mean serum TARC value (699.2±724 pg/ml) in the AD+AR group 
(Figure 1) can be explained by a lower mean LSS severity score for that specific group of 
patients (13.9 vs 23.0, 18.9 and 20.4, respectively in the other three AD positive patient 
groups). 
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Serum TARC levels during systemic treatment in AD patients

In all seven patients treated with systemic CsA, serum TARC levels showed a significant 
decline during the first month of treatment (p<0.01). Average serum TARC level 
decreased from 5058 pg/ml before treatment to 643 pg/ml after one month of treatment 
(Figure 4). The serum TARC concentration decrease paralleled clinical improvement 
(all patients showed a PGA≤2 within one month of treatment). 

Figure 3  |  Serum TARC and CTACK levels in patients with AD correlated with disease severity. Comparison between serum 
TARC levels (n=177) and disease severity (LSS) (A), serum CTACK levels (n=76) and disease severity (LSS) (B) 
in patients with AD.
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Localisation of TARC and CTACK in the skin

Immunoreactive TARC levels were detected in endothelial cells and dermal infiltrating 
cells in lesional skin of patients with AD (Figure 6A&B) and to a much lesser extent in 
the skin of healthy controls (data not shown). No epidermal keratinocytes in lesional 
AD skin biopsies nor in HC skin biopsies were staining positive for TARC (Figure 
6A&C). CTACK was detected mainly in the basal layers of the epidermis in both AD 
and HC skin biopsies (data not shown), as described previously.22 
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Figure 4  |  Serum TARC levels show a significant decrease during treatment with cyclosporin. The serum TARC level of seven 
AD patients with a flare were evaluated before and during treatment with cyclosporin A. Four patients 
were given cyclosporin at a dose of 5 mg per kg body weight per day and two patients received a dose of 3 
mg/kg/day for the duration of the study. All patients showed a 50 to 99% improvement after one month of 
treatment. Serum CTACK levels showed a less prominent decrease (1438.4 pg/ml before treatment to 832.6 
pg/ml after one month and 722.5 pg/ml after two months) compared to serum TARC levels.
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Figure 5  |  Immunoreactive TARC was detected in the lesional skin of patients with AD. (A) No positive staining was 
detected in the epidermis (B) TARC was detected in the dermal endothelial cells and infiltrating dermal 
cells of the lesional AD skin (C) isotype control (D) no immunoreactive TARC was found in biopsies from skin 
of healthy controls (original magnification, 200x).
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Discussion

In order to evaluate a possible role for serum chemokine levels in atopic diseases, we 
determined serum TARC and CTACK levels in phenotypically well-defined groups 
of allergic patients. We conclude that serum TARC levels are specifically elevated in 
patients with AD irrespective of allergic respiratory co-morbidity. Several recent reports 
have suggested that TARC might not only be important in allergic skin disease, but 
could also play an important role in allergic respiratory diseases (AA and AR).11,13 The 
discrepancy between our results and other studies that have investigated patients with 
allergic respiratory disease11,12 may be the result of the inclusion of patients with AD in 
the allergic respiratory disease patient groups. However, several findings have indicated 
that bronchial epithelial cells and nasal epithelial cells, can produce TARC.10,14,23 In AR 
patients, low serum TARC levels might be explained by local production of TARC 
in nose epithelial cells, being insufficient to lead to a systemic increase. However in 
AA patients, despite the large epithelial surface, we also did not find increased serum 
TARC levels. This indicates that the results of studies using bronchial cell lines and 
mouse models, can not be simply extrapolated to normal human airway cells in vivo. 
A large variety of laboratory24 and clinical measurements25 have been linked to disease 
severity in AD, which ref lects the difficulties in defining a selective and objective 
marker that best relates with disease severity. This has lead to a wide variation in 
outcome measurements in clinical studies which is itself hindering evidence-based 
practice.26 Chemokines TARC and CTACK have recently been suggested as useful 
objective markers for disease activity in AD.5,22 In this report we have additionally 
shown that TARC and CTACK serum levels correlate with LSS severity and are specific 
markers for AD. This substantiates the usefulness of these parameters as objective 
markers for disease severity in AD. Furthermore, we have shown that in patients with 
severe AD, serum TARC levels parallel disease severity during treatment with CsA. 
Moreover, the data indicate that TARC may play a role early in the cascade leading to 
skin inf lammation, making it a possible target for therapy. CTACK serum levels were 
also tested during CsA treatment, we however found a less pronounced correlation to 
disease severity in patients treated with CsA than for TARC. This may be explained by 
the more constitutive production of CTACK.17

We have measured TARC levels in serum. Fujisawa et al. have recently shown that 
platelets contain TARC, and furthermore that the TARC content of platelets in AD 
patients is dramatically elevated.8 We determined serum/plasma TARC ratios for 10 
AD patients and 10 HC (with comparable platelet counts) and also found an increased 
serum/plasma TARC ratio in AD patients (average±SD 6.2±2.0) compared to HC 
(average±SD 2.4±0.8). What could be the role of elevated TARC levels localized in 
platelets of AD patients, remains unknown, but might be explained by the phenomenon 
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of chemokine sink, as described in erythrocytes.27

The cellular source of TARC production has been subject of debate since it was first 
described in 1996.28 Early reports showed immunohistochemical staining for TARC 
localized to the endothelial and infiltrating cells in AD skin biopsies,2,29 and production 
primarily by monocytes and dendritic cells.6,30 However, other publications showed 
immunohistochemical staining for TARC in the epidermis, and no staining in the 
vessels of the skin.5,31 These latter findings were substantiated by in vitro experiments 
using the transformed keratinocyte cell line HaCaT,32-34 and by a mouse models for 
AD that also showed immunohistochemical staining for TARC in the epidermis.35 
However, Albanesi et al36 failed to induce TARC production in primary cultures of 
human keratinocytes. We found positive staining for TARC in endothelial cells and 
infiltrating cells in the dermis of lesional AD skin biopsies. No immunoreactive TARC 
was found in the epidermis of AD lesional skin biopsies. Our results further substantiate 
the suggestion that production of TARC is a phenomenon specific to the HaCaT cell 
line and is not relevant for normal human keratinocytes.37 CTACK was found to be 
expressed at high levels in the epidermis of lesional skin biopsies from AD patients 
compared to non-lesional skin and skin biopsies from HC. Taken together, these 
findings support the hypothesis that TARC and CTACK may work in a sequential 
way. TARC acting mainly in the first steps of T cell recruitment by inducing integrin 
dependent adhesion and transendothelial migration of T cells4 and CTACK playing a 
major role in the migration of T cells into the upper layers of the skin. Finally, T cells 
infiltrating the epidermis may result in the induction of apoptosis in keratinocytes, 
resulting in spongiosis, the histological hallmark of eczema.38

In conclusion, elevated serum TARC levels are specific for AD patients. Additionally, 
we have shown that serum TARC, but not CTACK levels correlate to disease severity 
during systemic treatment with CsA. In summary, we suggest that the use of TARC 
as a selective, objective and quantitative outcome measure will eventually lead to 
better interpretability of study results in the future. Further research will determine 
the potential roles of TARC as an objective and possibly predictive marker in the 
management and monitoring of AD. 
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Abstract

Cyclosporin A is being increasingly used in the treatment of severe refractory atopic 
dermatitis. Clinical efficacy and safety of short-term cyclosporin A treatment in atopic 
dermatitis patients has been proven, however data on long-term treatment are limited.
The aim of this study was to investigate the efficacy, safety and the effect of discontinuation 
of cyclosporin A treatment in atopic dermatitis patients, with a special focus on patients 
treated with cyclosporin A for more than six months.

We performed a retrospective study of clinical and adverse effects of cyclosporin A 
treatment in seventy-three atopic dermatitis patients with an average duration of 
cyclosporin A treatment of 1.3 years.

We included 73 patients, 31 women and 42 men with severe atopic dermatitis refractory 
to conventional therapy, with a mean age of 33.8 years treated with cyclosporine A. 
Treatment was successful in 56/73 patients. Increases in serum creatinine levels >30% 
compared to baseline were reported in 7/73 patients. Arterial hypertension appeared 
in 11/73 patients during treatment. After discontinuation of treatment, 40/73 patients 
experienced a relapse and 33/73 patients experienced clinical remission of al least three 
months. No correlation between treatment duration and nephrotoxicity or hypertension 
was found. Strikingly, 6/73 patients experienced a rebound phenomenon.

We conclude that CsA is an effective and safe treatment for patients with severe AD 
refractory to conventional treatment, provided that the recommended guidelines for 
its administration are strictly observed. However, in contrast to previous reports, we 
found that eight percent (6/73) of patients experienced a rebound phenomenon after 
discontinuation of treatment. 
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Introduction

Cyclosporin A (CsA), introduced in the 1980s as a potent immunosuppressive agent, 
quickly became the first line of treatment in organ transplantation. More recent, CsA has 
shown potential in the treatment of severe refractory atopic dermatitis (AD). Although 
clinical efficacy has been proven,1-4 studies on the efficacy and side effects of long-term 
(>6 months) CsA treatment are limited. 

We performed a retrospective study of clinical and adverse effects of CsA treatment 
in 73 patients with AD.  Three groups were defined based on treatment duration (<6 
months, 6-12 months, and >12 months). Efficacy and side effects were recorded at each 
visit as well as serum creatinine levels and blood pressures. Finally, a follow up after 
discontinuation of CsA therapy was performed.
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Patients and methods

Subjects

Seventy-three patients with atopic dermatitis, who fulfilled the criteria of Hanifin and 
Rajka,5 31 women and 42 men, 15-69 years of age (mean age 33.79 ± 11.24) were 
treated continuously with CsA doses varying between 2.5 and 5 mg/kg body weight 
per day in two doses. The mean duration of CsA treatment was 1.13 years (Table 1). All 
patients had a history of severe atopic dermatitis refractory to conventional treatment. 
Patients were divided in three groups based on treatment duration: less than 6 months 
(n=25), between 6 and 12 months (n=25), and longer than 12 months (n=23).

Table 1  |   Baseline patients characteristics (mean ± SDev)

Age years
(range)

Duration of treatment days
(range) M : F

<6 months (n=25) 33.60 ± 13.32
(15-69)

107.88 ± 48.94
(15-172) 15:9

6-12 months (n=25) 30.60 ± 9.00
(20-51)

272.44 ± 50.20
(191-364) 13:12

>1yr (n=23) 36.70 ± 9.46
(17-52)

894.22 ± 590.59
(407-2666) 13:10

M:F, Male: Female ratio. Based on cyclosporin A treatment duration, three groups of patients were defined; patients 
treated <6 months, 6-12 months and patients treated with CsA for more than one year.

Assessment of efficacy and tolerability

An overall treatment response was assessed. Treatment efficacy was assessed according 
to Physician’s Global Assessment (PGA) score. The PGA is an overall assessment from 
0 to 5 of a patient’s eczema, taking into consideration the quality and extent of lesions 
relative to the baseline (before start of CsA treatment) assessment (0 = clear [100%], 1 
= almost clear [90% to 99% improvement], 2 = marked improvement [50% to 89%], 3 
= modest improvement [<50%], 4 = no change, and 5 = worse). Based on this scoring 
system, patients were divided in three groups: good effect; patients successfully treated 
(PGA score of 0-2), moderate effect; patients with moderate improvement (PGA score 
3) or failure of treatment; (PGA score 4-5). Skin inspection was performed and side 
effects were recorded at each visit. 

Clinical course after discontinuation of CsA treatment

After discontinuation of CsA therapy, the clinical course was defined as (a) clinical 
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remission for at least three months, (b) relapse within three months after discontinuation 
(with clinical symptoms not returning to baseline severity), and (c) rebound, defined as: 
an exacerbation of the eczema with clinical symptoms more severe than at baseline.

Blood pressure and laboratory assessments

Hypertension was defined as a systolic blood pressure higher than 160 mmHg or a 
diastolic blood pressure higher than 95 mmHg on at least two consecutive occasions. 
Serum creatinine levels and blood pressure were determined at baseline and at 3-8 week 
intervals during therapy. Nefrotoxicity was defined as >30% increase over the patients’ 
baseline creatinine level on at least two consecutive occasions. 
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Results

Evaluation of success of therapy

Success of therapy was evaluated in 73 AD patients with CsA treatment (Table 2). 
Successful treatment was reported in 56/73 (77%) patients, 12/73 (16%) patients showed 
a moderate improvement, and in 5/73 (7%) patients eczema did not show improvement 
(failure of treatment). Most patients showed rapid improvement within the first few 
weeks of treatment.

Table 2  |  Clinical effect of treatment and discontinuation in 73 AD patients treated with CsA

        Effect
(nr of patients, %)

Follow up after discontinuation of 
treatment (nr of patients, %)

Duration of treatment good moderate failure remission relapse rebound

short (n=25) 16 5 4 10 11 4

intermediate (n=25) 21 3 1 12 12 1

long (n=23) 19 4 0 11 11 1

total (n=73) 56
(77%)

12
(16%)

5
(7%)

33
(45%)

34
(47%)

6
(8%)

Clinical effect of treatment was determined using the Physician’s Global Assessment (PGA) score. Based on this scoring 
system three groups were defined: I good effect; patients successfully treated (PGA score of 0-2), II moderate effect; 
patients with moderate improvement (PGA score 3), or III failure of treatment; (PGA score 4-5). After discontinuation of 
CsA treatment the clinical course was defined as: I remission for at least 3 months after discontinuation; II relapse within 
3 months after discontinuation with clinical symptoms not returning to baseline severity; III rebound of eczema with 
clinical symptoms more severe than at baseline. Short, <6 months; Intermediate, 6 months-1 year; Long, >1 year.

Evaluation of renal function

For all patients the maximum serum creatinine level increase during CsA treatment 
was determined (highest serum creatinine level / baseline level). The mean peak rise 
of serum creatinine levels was 15.79%, at a mean treatment duration of 192.90 days 
(Table 3A). 
In our protocol for CsA treatment the CsA dose was reduced or treatment was 
discontinued if serum creatinine levels rose more than 30% above the patients baseline 
level on two consecutive occasions (even if the serum creatinine level was still within the 
“normal range”). This was reported in 7/73 patients (9.6%). Increased serum creatinine 
levels >30% above baseline values were followed by withdrawal of CsA treatment in 
3/73 (4.11%) patients treated with CsA. Successful dose reduction was reported in 4/73 
(5.48%) patients (Table 4A). No correlation between duration of treatment or age and 
serum creatinine levels was found (data not shown).
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Table 3  |  Laboratory data and blood pressure from 73 atopic dermatitis patients during CsA treatment

Creatinine (µmol/l) Blood pressure (systolic/diastolic) (mmHg)

Baseline 79.81 ± 12.59 125 ± 12 / 80 ± 6

Peak level 92.45 ± 15.73 134 ± 15 / 88 ± 8

% increase 15.8% 7.4% / 10.7%

Days to peak level 192.90 ± 252.70 180.44 ± 300.58

Serum creatinine levels (mean ± SDev), and arterial blood pressures  (mean ± SDev) were determined at onset of 
treatment and at regular intervals during treatment. Mean baseline and maximum levels were calculated. In addition 
the mean number of days to maximum levels were determined.

Evaluation of arterial blood pressure

Baseline and monthly blood pressure measurements during treatment were recorded. 
Mean peak increases in systolic and diastolic blood pressure were 7.4% and 10.7% 
respectively, at a mean duration of treatment of 180.44 days (Table 3B). Hypertension, 
as defined in the methods and materials, was reported in 11/73 (15.1%) patients. 
Pharmacological treatment was given in four patients (calcium antagonist), in four 
patients CsA treatment was stopped, and in three patients the CsA dose was reduced 
(usually by 25-50%) successfully (Table 4B). No correlation between duration of 
treatment or age and frequency of hypertension was found (data not shown).

Table 4  |  Side effects of CsA treatment

A Creatinine >30% over baseline B Hypertension

treatment duration nr
successful 

dose
reduction

discontinuation
of treatment

nr
successful 

dose
reduction

pharmacological 
intervention

discontinuation
of treatment

short  (n=25) 3 1 2 4 0 3 1

intermediate (n=25) 3 2 0 4 2 1 1

long (n=23) 2 1 1 3 1 0 2

total (n=73)
7

(9%)
4 3

11
(15%)

3 4 4

(A) Absolute numbers of patients subject to either dose reduction or discontinuation of treatment, after serum 
creatinine level showed an increase >30% compared to baseline, during CsA treatment. (B) Absolute numbers of 
patients subject to dose reduction, pharmacological intervention or discontinuation of treatment, after diagnosis of 
arterial hypertension, during CsA treatment. Short, <6 months; Intermediate, 6 months-1 year; Long, >1 year.
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Other side effects

Side effects were recorded at each visit. Side effects included; paresthesias (7), 
hypertrichosis (5), headaches (5), fatigue (4), nausea (4), gingival hyperplasia (3), muscle 
cramps (3), folliculitis (1) and tremors (1). Five patients discontinued CsA treatment 
because of one or more side effects mentioned. No basal cell carcinoma or squamous 
cell carcinoma were found by skin inspection and no other malignancies were reported 
during CsA treatment.

Discontinuation of CsA treatment

In 41/73 (56%) patients, CsA treatment was discontinued after prolonged remission, 
in 7/73 (9.6%) patients due to increased serum creatinine levels and/or blood pressure. 
Five (5/73) patients (6.8%) discontinued CsA therapy due to other adverse effects, 
4/73 (5.5%) patients due to failure of treatment, furthermore 5 women (6.8%) stopped 
because they wanted to become pregnant, and 11/73 (15%) patients stopped for other 
reasons. 
After discontinuation of CsA treatment all patients were followed up for at least three 
months (Table 2B). Once CsA treatment was stopped, 33/73 (45%) patients experienced 
clinical remission of at least three months. A relapse occurred in 40/73 (55%) of the 
patients treated, usually within weeks after cessation of CsA. This includes 6/73 (8%) 
patients experiencing a rebound phenomenon, with clinical symptoms more severe 
than at baseline.
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Discussion

This study confirms the results of previous reports1-4 that CsA induces significant 
improvement in the large majority (77%) of patients with AD. Improvement is rapid 
and generally occurs within the first few weeks of treatment. 
The limited number of publications on long term CsA treatment in AD patients, 
and serious side effects reported in transplant patients however, have hindered many 
dermatologists from exploiting its therapeutic capabilities. The most frequently noted 
side effects of CsA are nephrotoxicity and hypertension.
In the 73 AD patients, treated with CsA for several weeks to up to more than seven 
years, included in the current analysis we found relatively mild effects on serum 
creatinine levels and blood pressure. Increases of serum creatinine levels >30% over 
baseline requiring dose reduction or discontinuation of treatment, were reported in 
only nine percent of patients. After both dose reduction and discontinuation of CsA 
treatment, serum creatinine levels returned to levels within 30% of baseline in all 
patients. No correlation between serum creatinine levels and treatment duration or age 
was found. Increased blood pressures, requiring intervention, were reported in fifteen 
percent of patients. Again, no correlation to treatment duration or age was found. The 
latter frequency is comparable to that observed in other chronic inflammatory diseases 
(psoriasis, rheumatoid artritis, uveitis and Crohn’s disease).6 Other side effects reported 
in our study were similar to those reported by Berth-Jones et al.4 
The chronic use of immunosuppressive drug is associated with an increased risk of 
tumour development, particularly squamous cell carcinomas.7 The literature contains 
reports of lymphomas, other internal malignancies, and skin cancers8-10 in patients with 
transplant exposed to high doses of CsA (7-15 mg/kg/day). However, dermatologic CsA 
doses are relatively low (≤5 mg/kg/day). Furthermore, generally healthy dermatologic 
patients are normally not on other systemic immunosuppressives concurrently. Still, 
increased risks of skin malignancies have been described in psoriasis patients. This was 
however found almost exclusively in psoriasis patients previously treated with PUVA, 
UVB and/or methotrexate.7 In our retrospective study of 73 AD patients treated 
with CsA (2.5-5 mg/kg/day) to up to more than seven years, no skin malignancies, 
lymphomas or internal malignancies were observed. This might be explained by a 
lower frequency of PUVA, UVB and methotrexate treatment in AD patients compared 
to psoriasis patients.
Although CsA treatment was found to be highly effective, we found that 54.8% (40/73) 
of the patients (irrespective of treatment duration) experienced a relapse within three 
months after discontinuation of treatment. This includes eight percent (6/73 patients) 
of the patients treated, experiencing a rebound (with clinical symptoms more severe 
than at baseline). This is the first report describing a rebound phenomenon in AD 
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patients treated with CsA. Interestingly, we coincidentally observed that patients 
experiencing this phenomenon showed a large increase of total serum IgE levels (if 
measured) during CsA treatment (data not shown). Although observational and highly 
speculative we suggest that CsA treatment may be related to this rebound phenomenon 
with increasing serum IgE levels that was observed in a subpopulation of AD patients. 
The literature suggests a role for CsA in this phenomenon.11-13 Surprisingly, our results 
are in this aspect in contrast to previous studies, reviewed by Naeyaert et al.14 Here, 
the authors conclude from thirteen published studies, that there is no evidence for a 
rebound phenomenon after stopping CsA. Finally, clinical remission was seen in 45% 
of patients treated (Table 2), supporting the suggestion that CsA can induce sustained 
remission in some patients.15 
In conclusion, CsA is an effective and safe treatment for patients with severe AD 
refractory to conventional treatment, provided that the recommended guidelines for 
its administration are strictly observed. However in contrast to previous studies we 
found a small percentage of patients (8%) experiencing a rebound phenomenon. If 
this rebound phenomenon is related to CsA treatment associated increased serum IgE 
levels, or that it is a result of the volatile nature of the disease needs to be further 
elucidated. Treatment with CsA for more than six months did not increase the risk of 
nephrotoxicity or hypertension. In addition, no malignancies were reported in the 73 
AD patients investigated.
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Introduction

Cyclosporin A (CsA), introduced in the 1980s as a potent immunosuppressive agent, 
quickly became the first line of treatment in organ transplantation. CsA specifically acts 
on T lymphocytes. It binds to its intracellular receptor cyclophilin, thereby blocking 
the activity of calcineurin. Inhibition of the action of calcineurin results in a complete 
block in the translocation of the cytosolic component of the nuclear factor of activated 
T cells (NF-AT), resulting in a failure to activate the genes regulated by the NF-AT 
transcription factor. These genes include those necessary for T-cell proliferation such 
as IL-2.
More recent, CsA has shown potential in the treatment of severe refractory atopic 
dermatitis (AD). Although highly efficacious and relatively safe, in our experience 
there is a subpopulation of AD patients that exacerbate during CsA treatment with 
signs and symptoms more severe than at baseline. After seven to nine months of CsA 
treatment (and after an initial improvement), these patients develop a more severe 
eczema with a different clinical appearance then at the start of treatment, that cannot 
be controlled by increasing CsA doses. In order to characterize this subgroup of AD 
patients, disease severity scores, total serum IgE levels and serum TARC levels in this 
group were compared to a group of patients with a good response to CsA treatment.
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Methods

Subjects

Twenty patients with atopic dermatitis (AD), who fulfilled the criteria of Hanifin 
and Rajka1 were included. Nine women and eleven men, 19-56 years of age (mean 
34.85±10.88) were treated with CsA (5mg/kg/day) and after significant improvement 
continued with CsA doses varying between 3 and 5 mg/kg body weight per day in two 
doses. Mean total serum IgE levels were 4784±4660 IU/ml. All patients had a history 
of severe atopic dermatitis refractory to conventional treatment and were sensitized to 
at least two major allergens. 

Assessment of treatment efficacy

Severity of AD was evaluated using the six area, six sign atopic dermatitis severity score 
(SASSAD; range 0-108) in which disease severity is scored by six clinical features, 
graded at six defined body sites on a scale of 0 (none) to three (severe).2 In addition, 
serum thymus and activation-regulated chemokine (TARC/CCL17) levels were 
determined as a marker for disease severity as described previously.3

Total serum IgE determinations

Total serum IgE concentrations were measured at baseline and every three months 
during CsA treatment by ImmunoCAPTM (Pharmacia Diagnostics, Uppsala, Sweden). 

Statistical analysis

Significance was determined using a paired Students’ T-test. All values are presented as 
mean ± standard error (or median if indicated). All tests were 2-sided. P values <0.05 
were considered statistically significant.
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Results

Clinical response

We describe four patients experiencing a severe exacerbation of eczema during CsA 
treatment. These patients showed initial improvement of clinical signs and symptoms but 
exacerbated after 7-9 months during CsA treatment, with clinical signs and symptoms 
more severe than at baseline. SASSAD scores decreased significantly in the first 3-4 
months of treatment (from 51.50 ± 3.52 at baseline to 23.75 ± 5.54 after 3-4 months 
of treatment, p=0.028)(Figure 1). At 7-9 months of CsA treatment, SASSAD scores 
increased significantly compared to baseline (mean SASSAD at 7-9 months: 59.25 ± 
4.33, p=0.036). Because the exacerbations could not be controlled by increasing CsA 
doses, CsA treatment was discontinued in these patients, and admission to the hospital 
was required to achieve (partial) remission. Mean serum TARC levels in this group 
initially decreased by 64% during the first 3-4 months of treatment (from 2640 ± 902 
pg/ml at baseline, to 950 ± 593 pg/ml at 3-4 months, p=0.055), followed by a 238% 
increase at 7-9 months, compared to baseline levels (mean serum TARC level at 7-9 
months 6287 ± 1417 pg/ml, p=0.07) (Figure 1). 

Sixteen (16/20) patients were found to show a good clinical response to CsA treatment. 
The SASSAD score in this group decreased significantly (p<0.0001) from 47.31 ± 
3.79 at baseline to 15.38 ± 1.83 after 3-4 months of treatment, with a further decrease 
(in 5 patients) to 11.80 ± 2.18 after 7-9 months of treatment (p=0.005) (Figure 1). 
Eleven patients (11/16) discontinued CsA treatment within 7 months due to sustained 
remission. Clinical improvement in this group was paralleled by a significant (71%) 
decrease of the mean serum TARC level (from 5122 ± 1332 pg/ml at baseline to 1463 
± 578 pg/ml after 3-4 months of treatment, p=0.0061) (Figure 1). Mean serum TARC 
levels in five patients that continued CsA treatment for more than 7 months the mean 
serum TARC level decreased to 602 ± 439 pg/ml.
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Total serum IgE levels 

The patients experiencing an exacerbation of eczema during CsA treatment (after 7-9 
months of treatment), demonstrated an 8% increase of total serum IgE levels (NS) in 
the first 3-4 months of treatment (mean total serum IgE 6572 ± 3264 IU/ml at baseline, 
7109 ± 2316 IU/ml at 3-4 months of treatment), followed by an additional increase of 
183% (NS) at 7-9 months (mean total IgE at 7-9 months 12980 ± 6701 IU/ml) (Figure 
2).
Sixteen patients successfully treated with CsA, showed a 14% (NS) decrease of total 
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Figure 1  |  SASSAD score and serum TARC levels (pg/ml)during cyclosporine A treatment (mean±SDev). Patients with a good 
response (left) to treatment and patients with an exacerbation (right) of disease after 7-9 months of CsA 
treatment. 
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serum IgE levels compared to baseline after 3-4 months of CsA treatment (mean total 
serum IgE 4337 ± 1058 IU mL-1 at baseline, 3732 ± 941 IU/ml at 3-4 months) (Figure 
2). Five patients (5/16) from this group, continued CsA treatment for more than 7 
months demonstrated constant total serum IgE levels (3097 ± 1508 IU/ml at baseline, 
3186 ± 1394 IU/ml after 7-9 months of treatment). 

Figure 2  |  Total serum IgE levels. Patients with a good response (left) to treatment and patients with an 
exacerbation (right) of disease after 7-9 months of CsA treatment.

baseline 3-4 months 7-9 months
128

256

512

1024

2048

4096

8192

16384

32768

65536

to
ta

l s
er

um
 Ig

E 
le

ve
l (

IU
/m

l)
(lo

g2
)

baseline 3-4 months 7-9 months
128

256

512

1024

2048

4096

8192

16384

32768

65536

to
ta

l s
er

um
 Ig

E 
le

ve
l (

IU
/m

l)
(lo

g2
)

A B



C
ha

p
te

r 4
 

64

Discussion

CsA has shown potential in the treatment of severe, refractory AD. Although highly 
efficacious and relatively safe, we report a paradoxical effect of CsA treatment in AD 
patients. In a subpopulation of AD patients treated with CsA we found that after an 
initial clinical improvement, patients experienced a f lare with signs and symptoms 
more severe than at baseline after 7-9 months of treatment. The exacerbations were not 
preceded by changes in the CsA dosage (3-5 mg/kg/day). There was no co-morbidity 
or concomitant medications interfering with CsA treatment levels explaining the 
f lares. The exacerbations could also not be related to seasonal inf luences. Clinical 
exacerbation in these patients was paralleled by a large increase (198%) of total serum 
IgE levels and serum TARC levels (238%). Prolonged clinical admission and treatment 
with superpotent topical steroids resulted in (partial) remission of disease activity in 
three of four patients described here. One patient experiencing this phenomenon was 
successfully treated with mycophenolate acid (Myfortic®), showing improvement of the 
eczema paralleled by a reduction of total serum IgE levels (4914 IU/ml at baseline, 6438 
IU/ml after 8 months of CsA treatment, 4998 IU/ml after 2 months, of mycophenolate 
acid treatment, and 1883 after one year of mycophenolate acid treatment). 
Although the increase of total serum IgE levels was large, statistical significant could 
not be reached. This can be explained by the large inter-individual differences and 
by the relatively small number of patients described in this study, respectively. Serum 
TARC levels were found to ref lect disease severity in both groups, as was described 
previously.3

In contrast to the patients experiencing this paradoxical effect of CsA treatment, patients 
with a good clinical response to CsA treatment showed no relevant changes in total 
serum IgE levels (five patients successfully treated with CsA for 7-9 months showed a 
3% decrease of total serum IgE levels compared to baseline). 
We hypothesize that in a subpopulation of AD patients CsA induces a shift in T

H
1/T

H
2 

balance, towards T
H
2 resulting in exacerbation of eczema and increased IgE production. 

Several publications support this hypothesis. Experiments using mouse models have 
shown that CsA promotes IgE production,4 and it was found that CsA potentates IgE 
synthesis in PBMC cultures.5 Furthermore, T

H
2 clones have been shown to be more 

resistant to the action of CsA than T
H
1 clones.6 In addition, literature reports two cases 

of serum IgE increases during CsA therapy. Kawamura et al.7 reported a patient with X-
linked autoimmune enteropathy that was successfully treated with CsA, however during 
CsA treatment, serum IgE levels showed a 13 fold increase (190 IU/ml at baseline to 
2500 IU/ml after one year). In another publication, one of two highly atopic children 
described, treated with CsA showed a large increase of total serum IgE level during CsA 
therapy.8 In addition, in a recent study Niemeier et al. show that children treated with 
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CsA develop atopic dermatitis at an above-chance rate.9 Although the effects of CsA 
treatment on total serum IgE levels were not determined, this study also suggests that 
CsA causes alterations in the reactivity of the immune system in addition to immune 
suppression.
Total serum IgE levels have been suggested to correlate to disease activity in AD patients. 
However, Stone et al. have previously shown that, although f luctuating, no correlation 
exists between total serum IgE levels and disease severity.10 Total serum IgE level data 
from patients described in the current study confirm that IgE levels are not related to 
disease severity in patients successfully treated with CsA for up to nine months. Sowden 
et al. also reported that AD patients successfully treated with CsA did not show changes 
in total serum IgE levels during an eight week follow up.11 In the study on long-term 
efficacy and safety by Berth Jones et al., 7/100 patients were withdrawn from the study 
due to inadequate response to treatment.12 However, no data on total serum IgE levels 
or disease severity at withdrawal were reported in that study. 
In conclusion, our observations suggest that in a subgroup of AD patients, CsA induces 
a shift to T

H
2, resulting in increasing total serum IgE levels and an acute, severe eczema. 

Although this phenomenon needs to be studied in larger groups of AD patients treated 
with CsA, we suggest that in this subpopulation of AD patients treatment with other 
immunosuppressants, effecting both T and B cells (such as mycophenolate mofetil 
(MMF)13 or mycophenolate acid (Myfortic®)), might be considered. Furthermore, 
registration of airway symptoms in patients with concomitant asthma, may be useful, 
since increased serum IgE levels may increase severity of airway symptoms.14 
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Abstract

Cyclosporin A (CsA) is being increasingly used in the treatment of severe atopic dermatitis 
(AD). Although highly efficacious and relatively safe, recent reports have shown that in 
vitro CsA induces suppression of naturally occurring CD4+CD25+ T regulatory cells 
(Tregs). 

The objective of this study was to investigate the in vivo effects of CsA treatment on 
peripheral blood T cell subsets and in particular on naturally occurring CD4+CD25high 
Tregs, in AD patients. In addition, the effects of CsA treatment on the expression levels of 
genes related to T cell survival, previously found differentially expressed in AD patients, 
were investigated.

Ten patients with severe AD, treated with CsA, showed rapid improvement of disease 
activity. However, the percentages of CD4+CD25high Tregs significantly decreased. In 
addition, FOXP3 and GADD45A mRNA expression levels in CD4+ T cells significantly 
decreased. 

The current study is the first to show that CsA treatment in vivo significantly decreases the 
percentage of CD4+CD25high T cells and reduces FOXP3 and GADD45A expression in 
CD4+ T cells from patients with AD. Impairment of regulatory functions by CsA treatment 
may represent an important unwanted side effect of CsA treatment. 
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Introduction

The immunosuppressant drug Cyclosporin A (CsA) is being increasingly used in the 
treatment of severe atopic dermatitis (AD). Although highly efficacious and relatively 
safe,1 recent data from in vitro, and animal studies have suggested that CsA might induce 
suppression of naturally occurring CD4+CD25+ regulatory T cells (Tregs) function.2-6 
Naturally occurring CD4+CD25+ Tregs are characterized by their ability to suppress 
effector T cells involved in mediating inflammation. Consequently, they play a key role 
in balancing immune responses and maintaining tolerance against antigens and allergens. 
Naturally occurring CD4+CD25+ Tregs constitute a subset of the CD4+CD25+ T cell 
population, and it is assumed that only the CD4+CD25high population exerts regulatory/
suppressive activity.7 In addition, it has been shown that naturally occurring CD4+CD25+ 
Tregs specifically express the transcription factor FOXP3.8

AD skin lesions are characterized by the presence of large numbers of activated T cells. 
These skin resident T cells preferentially express several cell surface markers, including 
cutaneous lymphocyte-associated antigen (CLA) and chemokine receptor 4 (CCR4). The 
percentages of peripheral blood CD4+ T cells expressing these skin homing markers have 
also been shown increased in AD patients, thus mirroring their expression in the skin. 
However, studies on the effects of systemic (CsA) treatment on the peripheral blood T 
cells subsets are not available. 
Previously, we have shown differential expression of several genes involved in regulating 
T cell survival, including NR4A2, DUSP2, TNFAIP3, GADD45A and JUN family 
members.9 Expression levels of these genes were decreased in freshly isolated, unstimulated 
CD4+ T cells from AD patients compared to HC and patients with allergic asthma. It 
might be suggested that clinical improvement would result in increased expression levels 
of these genes. This prompted us to investigate the expression of these genes in AD patients 
during CsA therapy. 
The aim of this study was to investigate the in vivo effects of CsA treatment on peripheral 
blood T cell subsets and in particular on naturally occurring CD4+CD25+ Tregs, in 
AD patients. In addition, we wanted to investigate the effects of CsA treatment on the 
expression levels of genes related to T cell survival, that were previously described being 
differentially expressed in AD patients. 
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Methods

Patients 

Heparinized blood was obtained from ten adult patients (M:F;7:3, mean age, 41.6±4.5) 
with severe atopic dermatitis (mean total serum IgE level, 8781±3240 IU/ml), who 
fulfilled the criteria of Hanifin and Rajka.10 At baseline, after three weeks, and after six 
weeks of CsA treatment blood was obtained. All patients were treated continuously with 
CsA (Neoral®), 5 mg/kg body weight per day in two doses. This study was approved by 
the Institutional Review Board at the University Medical Center of Utrecht. Informed 
consent was obtained from all subjects before the study.

Efficacy of treatment

Severity of the eczema was evaluated by using the scoring atopic dermatitis score 
(SCORAD).11 In addition, serum thymus and activation-regulated chemokine (TARC/
CCL17) levels were determined as a marker for disease severity, as described previously.12

Isolation of T cells 

PBMCs were isolated by Ficoll (Amersham, Sweden) density gradient centrifugation of 
peripheral venous blood. Cells were washed three times and resuspended in PBS containing 
2mM EDTA (Merck, Germany) and 0.5% BSA (Sigma, St. Louis, MO). After CD14 
depletion using the magnet-activated cell separation system (MACS, Miltenyi Biotech, 
Bergisch Gladbach, Germany), CD4+ cells were isolated as indicated by the manufacturer. 
In brief, CD14-depleted cells were incubated with MACS microbead-conjugated anti-
CD4. Microbead-conjugated CD4+ T-cells were then recovered from a second MACS 
column. CD4+ cells were >95% pure as assessed by FACS analysis. 

RNA isolation and cDNA synthesis

RNA was isolated from purified CD4+ T cells (as described above) with the RNeasy 
mini kit (Qiagen, Hamburg, Germany), according to the manufacturer’s protocol. Reverse 
transcription was performed using iScript cDNA Synthesis Kit (Bio-Rad, Hercules, CA), 
according to the manufacturer’s protocol. From two samples (t=3 weeks), too little RNA 
could be isolated for RT-PCR analysis.
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Quantitative real-time PCR

Primers (Sigma-Genosys, The Woodlands, TX) were designed using Primer 3 software of 
the Whitehead institute/ MIT center for genome Research (Table 1).13 Prepared cDNA 
samples were amplified using SYBR Green supermix (Bio-Rad), in a MyiQ single-color 
real time PCR detection system (Bio-Rad), according to the manufacturer’s protocol. 
Results were normalized for PCR efficiency and for the reference genes GAPDH and 
HPRT-1, using the relative expression tool described by Pfaffl et al.14 RT-PCR data are 
shown as the normalized ratio between the gene of interest and two house keeping genes 
(GAPDH and HPRT-1). 

Table 1. Primers used in this study
Name Forward Primer Reverse Primer
CCR10 GAGGCCACAGAGCAGGTTTC GGAGACACTGGGTTGGAAGG
CCR4 GCACCAAAGAAGGCATCAAG AGGACCAGAACCACCACAGAA
CJUN GTCCCAGGAGCGGATCAA TCTGAGCTTTCAAGGTTTTCACTT
DUSP2 CTGCGAGGAGGCTTCGAC TGGTTTTGTCCCCTGTTGG
FUCT7 CTCGGGTCTCTTGGCTGAC CGTGCCCAGCATTATTCATC
GADD45A CAGAAGACCGAAAGGATGGATAAG TCGTACACCCCGACAGTGAT
GAPDH AGAAGGCTGGGGCTCATTT GAGGCATTGCTGATGATCTTG
HPRT-1 TGGTCAGGCAGTATAATCCAAAGA TCAAGGGCATATCCTACAACAAA
JUNB CTAAAATGGAACAGCCCTTCTACC GGCTCGGTTTCAGGAGTTTG
NR4A2 CGAAGAGCCCACAGGAGC TCGCCTGGAACCTGGAATAG
TNFAIP3 GGGCGTTCAGGACACAGAC CATCATTCCAGTTCCGAGTATCA
Sequences are shown from 5’ (left) to 3’ (right)

Flow cytometry

Full blood counts were measured using a routine haematology analyser. In addition, surface 
phenotyping was performed by flow cytometry using a FACS Calibur (Becton Dickinson, 
San Jose, CA, USA). The following conjugated antibodies were used: CD3-FITC, CD8-PE, 
CD45RO-PE, CD45RA-FITC, CD69-PE, CLA-FITC (HECA-452), CCR4-PE, mouse 
IgG1-FITC, rat IgM-FITC kappa, mouse IgG1-RPE (all obtained from BD Biosciences 
(San Jose, CA, USA)) and antibodies CD4-PE-Cy5, CD25-FITC (purchased from DAKO 
(Glostrup, Denmark)). Viable cells were gated based on their forward/sideward scatter 
profile, and analyzed using FCSexpress sofware (DeNovo Software, Thornhill, Canada).
There was no distinct boundary between CD25low and CD25high populations. We 
therefore investigated all samples and discriminated CD25high (CD69-) subsets from 
CD25low subsets by CD25 expression levels, as described previously, resulting in a cut off 
level of MFI>51 for all samples. For CD25+ cells, including low and high CD25 expressing 
subsets we defined a cut off level of MFI>25, based on isotype antibody controls.
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Statistics

Statistical analysis was performed with GraphPad Prism 4.0 (GraphPad software Inc, San 
Diego, CA). All data are shown as mean ± SEM. A one-way ANOVA test with post hoc 
Bonferroni correction was used to calculate differences between measurements. Differences 
in P values of .05 or less were considered significant. 
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Results

Cyclosporin A treatment results in a rapid improvement of disease severity 

CsA treatment resulted in a rapid improvement of disease severity (Figure 1A) in all ten 
AD patients described in this study. SCORAD levels decreased significantly from 38.2±4.4 
at baseline to 22.5±1.7 (p<0.01) after three weeks, and remained stable after six weeks of 
treatment (20.35±2.1). The clinical improvement was reflected by a significant decrease of 
serum TARC levels (Figure 1B). A significant decrease of serum TARC levels was found 
after three weeks of treatment (4167±1554 pg/ml at baseline to 481.2±145.8 pg/ml), and 
remained stable after six weeks of treatment (530.1±141.5 pg/ml).

t=0 t=3 t=6
8

16

32

64

128
p<0.01

p<0.01

SC
O

R
A

D
(lo

g2
)

t=0 t=3 t=6
64

128

256

512

1024

2048

4096

8192

16384

32768 p<0.05

p<0.05

se
ru

m
TA

R
C

le
ve

l (
pg

/m
l) 

(lo
g2

)

A B

Figure 1  |  CsA treatment results in a rapid improvement of disease severity. (A) Disease severity (SCORAD) during CsA 
treatment in ten AD patients, and (B) Serum TARC levels (pg/ml) during CsA treatment. Both parameters 
of disease activity show a rapid and consistent decrease particularly in the first three weeks of treatment. 
Horizontal bars represent mean values (log2 scales).
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Figure 2  |  Representative example of decreasing percentages of CD4+CD25high T cells during CsA treatment in a AD patient. (A,B) 
Baseline (C,D) after three weeks and (E,F) after six weeks of CsA treatment. (A,C,E) Isotype controls (B,D,F) CD25 
expression. The percentages of CD4+CD25+ T cells remained stable during therapy.
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During the six weeks of CsA treatment, no arterial hypertension or increased serum 
creatinine levels was reported. In addition, routine hematology analysis showed no 
significant changes in total lymphocyte or leukocyte counts (Figure 3). Furthermore, 
FACS analysis revealed no significant changes in the percentages of CD3+, CD4+, CD8+, 
CD45RA+, and CD45RO+ T cell populations (Supplemental Data S1). 
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Cyclosporin A treatment decreases the percentage of CD4+CD25high T cells of patients 

with atopic dermatitis

To investigate the effect of CsA treatment on naturally occurring Tregs, the percentages 
of CD4+CD25high Tregs were analyzed during CsA therapy (Figure 2). In addition, we 
studied the percentages of activated T cells, examined by the expression of CD25 and 
CD69. The percentages of CD4+CD25+ and CD4+CD69+ T cells remained stable during 
CsA therapy (Supplemental Data S1). However, a significant decrease in the percentage 
of CD4+CD25high T cells was observed after three weeks (from 5.0±1.4% at baseline, to 
2.5±0.8%) and six weeks (1.7±0.3%) respectively (Figure 3A). 

Figure 3 |  (A) CsA treatment reduces the percentage of CD4+CD25high T cells during CsA treatment (B) and decreases FOXP3 mRNA 

expression in CD4+ T cells. Horizontal bars represent mean values (log2 scale).
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Cyclosporin A treatment decreases FOXP3 mRNA expression in CD4+ T cells

The transcription factor FOXP3 is suggested to be specifically expressed in CD4+CD25high 
Tregs. It has recently been recently been shown that signalling through the interleukin-2 
(IL-2) receptor is crucial for the functional activity of Tregs.15 Using RT-PCR analysis, 
we determined the expression levels of FOXP3 and IL-2 in unstimulated freshly isolated 
CD4+ T cells during CsA therapy. A significant decrease of FOXP3 expression was found 
after three and six weeks of treatment (Figure 3B). IL-2 expression levels remained stable 
during therapy (Supplemental Data S2). 

CsA treatment decreases GADD45A expression in CD4+ T cells

We found that CsA treatment decreased the expression levels of GADD45A mRNA in 
unstimulated peripheral blood CD4+ T cells (9.2±1.6 at baseline, 2.7±.6 after 3 weeks and 
3.4±.7 after 6 weeks of treatment; Figure 4). 
No changes were found in the expression levels of the other genes investigated, including 
TNFAIP3, NR4A2, CJUN, JUNB and DUSP2 (Supplemental Data S2).

Figure 4  |  GADD45A mRNA expression levels in peripheral blood CD4+ T cells from AD patients decrease during CsA therapy. 
Horizontal bars represent mean values (log2 scale).
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We found that CsA treatment significantly decreases the expression levels of CCR4 (Figure 
5). No significant changes were found in the expression levels of skin homing related genes 
FUCT7, CCR10 and CRTH2 (Supplemental Data S2). In addition to gene expression 
analysis, the expression of skin homing related receptors CLA and CCR4 was investigated. 
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However, no significant changes were found in the percentages of CD4+CLA+ T cells, 
CD4+CCR4+ and CD4+CLA+CCR4+ T cells (Supplemental Data S1). 
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In addition to cell surface expression of chemokine receptors CLA and CCR4 by FACS 
analysis, we investigated the expression of skin homing related genes FUCT7, CCR4, 
CCR10 and CRHT2, using RT-PCR analysis. We found that CsA treatment significantly 
decreases the expression levels of CCR4 and FUCT7 (Figure 6B-C). The expression level 
of CCR10 showed a marked decrease in the first three weeks, but statistical significance 
was not observed (p=0.054). No significant changes were found in the expression levels of 
CRTH2 (Supplemental Data S2). 

Figure 5  | CsA treatment significantly reduces CCR4 expression levels. Horizontal bars represent mean values (log2 
scale).
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Discussion

Recent in vitro studies have implicated that calcineurin inhibitors might induce suppression 
of naturally occurring CD4+CD25+ Tregs function. Coenen and coworkers recently 
showed that CsA significantly reduced the function of allostimulated Tregs in vitro.16 In 
addition, Baan et al. and Mantel et al., have shown that calcineurin inhibitors, in contrast to 
rapamycin and corticosteroids, reduce FOXP3 expression in human Tregs in vitro.2,3 There 
are however limited data on how calcineurin inhibitors might influence Tregs in vivo.17 
Our study provides the first in vivo evidence that CsA treatment significantly decreases 
CD4+CD25high T cells and reduces FOXP3 expression in freshly isolated peripheral blood 
CD4+ T cells from patients with AD. 
In addition to decreasing CD4+CD25high T cells and reducing FOXP3 expression we 
found that CsA treatment reduces GADD45A expression in CD4+ T cells. Genes of the 
growth arrest and DNA damage-inducible (Gadd45) family have been found to play a 
critical role in the resolution of immune responses.18 Proteins of the Gadd45 family inhibit 
proliferation of cells by directly interacting with members of the cell cycle machinery. 
In addition, they have been shown critical for the initiation of the Th1 type response. 
The lack of GADD45A in mice results in autoimmune symptoms bearing similarities to 
lupus.19 Previously we have shown that the expression of several T cell survival related 
genes, including GADD45A is decreased in freshly isolated CD4+ T cells from AD patients 
compared to healthy subjects and patients with allergic asthma.9 In the current work we 
demonstrated further reduction of GADD45A expression during CsA treatment.
Taken together the further decrease of GADD45A expression and the decreasing numbers 
of Tregs during CsA treatment in AD patients shown here, may result in unwanted side 
effects of CsA treatment. These effects might be related to the high frequency of relapses 
after discontinuation of treatment. In addition, decreasing expression levels of GADD45A 
during CsA treatment, might be related to increasing total serum IgE levels recently shown 
during CsA treatment (Hijnen et al., Journal of Dermatitis, in press, Chapter 4).
Although current data suggest that CsA treatment induces impairment of important 
regulatory functions, most patients treated with CsA, including the AD patients described in 
this study, show significant clinical improvement in the first six weeks of treatment. Follow-
up studies of patients treated long-term with CsA, and follow-up after discontinuation of 
CsA treatment may reveal if the side-effects we have shown are related to the clinical 
phenomena we described above.
Data from the current study may have important implications not only for AD patients, 
but also for patients after clinical organ transplantation that are kept on maintenance 
immunosuppressive drugs. Also in transplant tolerance, naturally occurring T cells are 
suggested to play a significant role.17 
Compared to the effects on peripheral blood T cells subsets, the effects of CsA treatment 
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on skin resident T cells have been investigated in more detail. CsA treatment was previously 
shown to cause a significant reduction in the number of activated T cells (CD25+) in 
the skin of AD patients.20 Skin resident T cells are highly enriched for the expression of 
CLA and CCR4.21 The percentages of these “skin homing” markers have also been found 
increased on peripheral blood T cells from AD patients. Recently, Lee et al were the first 
to show that CsA treatment decreased the percentages of CD4+CLA+ T cells in children 
with AD, but had no effect on the percentages of CD3+, CD4+ and CD8+ T cells.22 In 
the current report, using RT-PCR analysis we showed that CsA significantly reduced the 
expression of CCR4 mRNA in CD4+ T cells during CsA treatment. However, by FACS 
analysis we showed that the number of CCR4+ expressing T cells did not change during 
CsA treatment. In addition, we found no effects of CsA treatment on complete leukocyte 
and lymphocyte counts, nor on the percentages of CD3+, CD4+, CD8+, CLA+, CD45RO+, 
CD45RA+, CD25+, and CD69+ T cells. 
In conclusion, this is the first in vivo evidence that CsA treatment significantly decreases 
the percentage of CD4+CD25+ Tregs, and reduces FOXP3 and GADD45A expression 
in freshly isolated peripheral blood CD4+ T cells from patients with AD. Impairment of 
regulatory functions on two different levels by CsA may represent an important unintended 
side effect of CsA treatment. 
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Supplemental data S1  |  CsA treatment in AD patients does not change the percentages of (A) CD3+, (B) CD4+, (C) CD8+, (D) 
CD4+CLA+, (E) CD4+CCR4+, (F) CD4+CLA+CCR4+ (G) CD4+CD45RA+, (H) CD4+CD45RO+, (I) CD4+CD25+, (J) CD4+CD69+, T cell populations 
and (K) complete leukocyte counts, (L) complete lymphocyte counts. Horizontal bars represent mean values.
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Supplemental data S2  |  CsA treatment showed no effect on gene expression levels of (A) IL-2, (B) TNFAIP3, (C) NR4A2, (D) C-JUN, 
(D) JUNB, (E) DUSP2, (F) CRHT2 and (G) CRTH2, (H) CCR10 and (I) FUCT7.  Horizontal bars represent mean values (log2 
scales).
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Abstract 

Cyclosporin A (CsA) is being increasingly used in the treatment of severe atopic 
dermatitis (AD). Although highly efficacious and relatively safe, recent reports have 
shown that in vitro CsA induces suppression of naturally occurring CD4+CD25+ T 
regulatory cells (Tregs). 

The objective of this study was to investigate the in vivo effects of CsA treatment on 
peripheral blood T cell subsets and in particular on naturally occurring CD4+CD25high 
Tregs, in AD patients. In addition, the effects of CsA treatment on the expression levels 
of genes related to T cell survival, previously found differentially expressed in AD 
patients, were investigated.

Ten patients with severe AD, treated with CsA, showed rapid improvement of disease 
activity. However, the percentages of CD4+CD25high Tregs significantly decreased. 
In addition, FOXP3 and GADD45A mRNA expression levels in CD4+ T cells 
significantly decreased. 

The current study is the first to show that CsA treatment in vivo significantly decreases 
the percentage of CD4+CD25high T cells and reduces FOXP3 and GADD45A 
expression in CD4+ T cells from patients with AD. Impairment of regulatory functions 
by CsA treatment may represent an important unwanted side effect of CsA treatment. 
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Introduction

Atopic dermatitis (AD) and allergic asthma (AA) are common, chronic, allergic 
inf lammatory diseases. AD is characterized by chronically persistent, as well as 
recurrent, pruritic, erythematous skin lesions. AD skin lesions typically show infiltration 
of immune cells, particularly CD4+ T cells in the dermis and epidermis, suggested 
to induce apoptosis of keratinocytes, resulting in spongiosis which is the histological 
hallmark of eczema.1 CD4+ T cells have also been shown to play a pivotal role in the 
initiation and maintenance of inf lammation in the asthmatic airways.2 
CD4+ T cells can be divided in T

H
1 and T

H
2 subsets, according to their cytokine 

secretion profile. Atopic diseases have been associated with a systemic T
H
2-cytokine 

predominance, contributing to high IgE levels and blood eosinophilia. However, 
investigating T cell populations in lesional AD skin has revealed a more complex 
picture than suggested by the classic T

H
1/T

H
2 paradigm, characterized by a T

H
2 profile 

in acute eczema and a T
H
1 profile in chronic eczema lesions.3 

The restricted expression of cytokines by polarized T cell subsets arises from the 
differential expression of transcription factors. GATA-3 is expressed during Th2 
differentiation via pathways that probably involve the IL-4 dependent activation of 
STAT-6. In addition, GATA-3 transactivates the expression of genes for IL-5 and IL-
13 directly in T

H
2 cells. T-bet is expressed exclusively in T

H
1 cells and its expression 

is mediated mainly by a STAT-4 dependent pathway inducing production of IFN-
gamma.4

Different subpopulations of CD4+ T cells have been shown to manifest preferential 
migration into tissues, such as skin versus lung. A preferential skin-homing memory T 
cell subset was characterized by expression of cutaneous lymphocyte antigen (CLA)5. 
Compared with peripheral blood, CLA+ memory T cells were shown to be highly 
enriched (expressed by more than 90% of T cells) in the skin, but not in other organs, 
like the lungs. Chemokines, a protein superfamily of structurally related small secreted 
proteins, have been shown to regulate the trafficking of distinct leukocyte subsets 
into peripheral tissues.6 Chemokine receptors CCR4 and CCR10 have recently been 
suggested to play a sequential role in the recruitment pathway of skin-homing T cells in 
AD patients.7 Furthermore, chemokines TARC (CCL17) and CTACK (CCL27) have 
been found to be increased in the serum of patients with AD, but not in AA.8 
To achieve a better understanding of the underlying processes in atopic diseases, several 
molecular approaches are currently being utilized. Genetic studies have identified several 
genes related to allergic diseases. In AD linkage was demonstrated to high-affinity IgE 
receptor (FCER1B) and to genes on chromosomes 1q21, 17q25 and 20p, previously 
found to be related to psoriasis9,10 ADAM33 was recently found to show linkage to AA, 
though its role in AA largely remains unknown.11 Despite the identification of several 
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atopic disease-related susceptibility loci, specific genes that play a causative role in 
disease progression still have to be identified. Genomics represents a promising approach 
that is being increasingly used to unravel the pathogenesis of complex diseases by the 
observation of gene expression. Much effort has been put in the investigation of gene 
expression in differentiated T cells of various types. Most data have been obtained by 
using established T cell lines, or at least T cells that have been cultured in vitro for some 
time.12,13 Relatively few experiments have addressed the question of gene expression of 
unstimulated peripheral blood T cells in atopic diseases14 
The aim of this study was to investigate the in vivo activation state of peripheral blood 
CD4+ T cells in AD, by comparing differential gene expression profiles of unstimulated 
peripheral blood CD4+ T cells of AD and AA patients, to gene expression patterns of 
HCs. 

Patients and Methods

Subjects for microarray analysis

For the microarray analysis, five patients, 3 female and 2 male, with chronic (extrinsic) 
AD experiencing an exacerbation of disease (mean age, 43 yr), who fulfilled the criteria 
of Hanifin and Rajka15 were selected (Table 1A). Two patients also had allergic rhinitis, 
none of the AD patients had AA. All were polyallergic and had positive skin prick tests 
to at least three aeroallergens. The patients were allowed to use topical corticosteroids. 
None of the AD patients had systemic immunosuppressive treatment at least 3 months 
before peripheral venous blood was taken. Seven healthy non-allergic individuals, 4 
female and 3 male (mean age, 33 yr) with no history of AD nor AA were included in the 
microarray study as normal control group. In AD patients, severity of the eczema was 
evaluated by the Leicester Sign Score (LSS; range, 0 to 108), in which severity is scored 
by 6 clinical features (erythema, purulence, excoriation or crusting, dryness or scaling, 
cracking or fissuring, and lichenification) graded at 6 defined body sites on a scale of 0 
(none) to 3 (severe).16 Furthermore, serum TARC (CCL17) levels were determined as 
a objective parameter for the severity of eczema in AD patients, as previously described 
(Table 1A).8 

Subjects for RT-PCR analysis

Real-time RT-PCR analysis was performed with AD patients and HCs additional to 
those included for microarray analysis. Because RNA samples from 2 HC subjects and 
1 AD patient were no longer available for RT-PCR analysis, 6 samples from different 
HCs and 4 samples from different AD patients were added to make up the RT-PCR 
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analysis set (Table 1B). Furthermore, eight patients with a medical history of allergic 
asthma (mean age, 37 yr), as defined by the American Thoracic Society 17 were 
included, all patients had allergic rhinitis, none of the AA patients had AD. All AA 
subjects were polyallergic and had positive skin prick tests to at least three aeroallergens. 
The AA patients were allowed to use inhaled corticosteroids. The PC

20
, histamine 

challenge test, was determined as a parameter for bronchial hyperresponsiveness in AA 
patients. Eight patients, 5 female and 3 male, with chronic (extrinsic) AD (mean age 
36 yr) who fulfilled the criteria described above were included. Three patients also had 
allergic rhinitis, none of the AD patients had AA. None of the AD nor AA patients 
had systemic immunosuppressive treatment at least 3 months before peripheral venous 
blood was taken. Eleven healthy individuals, 7 female and 4 male (mean age 34 years) 
with no history of AD nor AA were included in the study as healthy non-allergic 
control group (HC). Disease severity parameters for AD (LSS and serum TARC levels) 
were determined as described above. The medical ethical committee of the University 
Medical Center Utrecht approved all described studies and the participants gave their 
written informed consent. The study was conducted according to the Declaration of 
Helsinki Principles.

Table 1  |  Clinical parameters of individuals in the microarray experiments, and real-time PCR analysis.

A. Microarray age (yrs) total IgE (kU/l) LSS1 PC20
2 TARC (pg/ml)

Healthy Controls (n=7) 33 ± 9 37 ± 42 - - 136 ± 46

Atopic Dermatitis (n=5) 43 ± 10 8850 ± 11281 34 ± 6 - 6485 ± 5449

B. RT-PCR

Healthy Controls (n=11) 34 ± 8 34 ± 30 - - 128 ± 35

Atopic Dermatitis (n=8) 36 ± 11 4189 ± 3176 26 ± 17 - 1842 ± 2019

Allergic Asthma (n=8) 37 ± 9 363 ± 485 - 3.7 ± 3.1 171 ± 184

All values are shown as mean ± SD.  1LSS, Leicester Sign Score, 2PC
20

, Provocative Concentration of histamine 
causing a 20% fall in FEV

1

Cell isolation and RNA extraction 

PBMCs were isolated by Ficoll (Amersham, Sweden) density gradient centrifugation 
of peripheral venous blood. Cells were washed three times and resuspended in PBS 
containing 2mM EDTA (Merck, Germany), 0.5% BSA (Sigma, St. Louis, MO). After 
CD14 depletion using the magnet activated cell separation system (MACS, Miltenyi 
Biotech, Germany), CD4+ cells were isolated as indicated by the manufacturer. In 
brief, anti-CD14-depleted cells were incubated with MACS microbead-conjugated 
anti-CD4. Microbead conjugated CD4+ T cells were then recovered from a second 
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MACS column. CD4+ cells were >95% pure as assessed by FACS analysis. Total RNA 
was extracted using Trizol (Invitrogen, Carlsbad, CA), according to the manufacturers 
protocol.

RNA amplification, Microarray analysis and Quantitative real-time PCR

RNA amplification and labelling was performed as described previously18. The exact 
procedure is available as supplementary data (S2). Results of the microarray analysis are 
shown as fold change. The q-value determined for each gene is the lowest False Discovery 
Rate (FDR) at which that gene is called significant. It is like the well-known p-value, 
but adapted to multiple-testing situations. Q-values of lowest possible FDR (<50%) 
were used to generate a list of most relevant up- and downregulated genes. Finally genes 
with an intensity value of at least 50 (which is about 3 times above background signal), 
and showing differential expression of at least 1.5-fold, were selected.
Real-time PCR was performed for 25 genes (detailed information is available as 
supplementary data (S2), primers are shown in S3). Results were normalized for PCR 
efficiency and for the reference genes β-actin and GAPDH using relative expression 
software tool (REST©).19

Statistical analysis

Statistical significance of real-time PCR data (Table 5 and S4) was determined by 
REST© software, using a pair wise fixed reallocation randomization test.19 An associated 
probability (p value) p<0.05 was considered significant. Correlations between mRNA 
expression levels were calculated using Pearson’s correlation coefficient. Correlation 
coefficients r>0.7 (p<0.01) were considered relevant.
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Results 

In order to investigate differential gene expression in CD4+ T cells from atopic 
dermatitis (AD) patients, we compared gene expression profiles of CD4+ T cells from 
AD patients to HCs. Using SAM software, 52 genes with a FDR of less than 50% were 
found to show at least 1.5 fold increased or decreased expression in AD compared to 
HCs (Table 2). 

Expressed sequence tags, hypothetical genes and genes with an unknown function were 
excluded from this list. From the list of genes found to be differentially expressed, 20 
demonstrated a higher expression in AD compared to HC. Furthermore, 32 genes 
were found to have a decreased expression in AD compared to HC. To confirm gene 
expression changes observed by microarray analysis, Q-PCR analysis was performed 
on a selection of genes in larger groups of AD patients and HCs. Furthermore, Q-PCR 
analysis was extended to a group of patients with AA (without AD). 
For Q-PCR validation we choose ten genes that showed a relatively low Q-value and a 
high fold change (TYMS, FUCT7, NR4A2, TNFAIP3, ZNF331, GADD45A, JUNB, 
DUSP2, ZFP36, CXCR4, C-JUN), two genes (CRTH2 and CCR10) that have been 
suggested to be involved in the pathogenesis of AD,20,21 and one gene (FCER1A) that 
was unexpectedly showing differential regulation in the microarray analysis. 
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Table 2  |  Differentially expressed genes in atopic dermatitis compared to healthy controls.

Abbreviation Genbank Fold change Q value (%) Abbreviation Genbank Fold change Q value (%)

Increased Decreased

TYMS NM_001071 2.7 12.9 NR4A2 NM_006186 -9.1 6.7

FUCT7 NM_004479 1.9 12.9 ZNF331 NM_018555 -3.4 6.7

S100A11 NM_005620 1.6 12.9 GADD45A NM_001924 -3.2 6.7

ANX2P2 - 1.9 23.0 TNFAIP3 NM_006290 -3.2 6.7

FCER1A NM_002001 2.0 27.9 JUNB NM_002229 -3.1 6.7

CST3 NM_000099 1.7 27.9 DUSP2 NM_004418 -2.4 6.7

IFI30 NM_006332 1.6 27.9 ZFP36 NM_003407 -2.2 6.7

HLA-DRB1 NM_002124 1.5 27.9 BRF2 NM_006887 -2.2 6.7

SPI1 NM_003120 1.5 27.9 SBDS NM_016038 -1.9 6.7

FCER1G NM_004106 2.0 30.4 CXCR4 NM_003467 -1.8 6.7

LGALS1 NM_002305 1.9 30.4 CJUN NM_002228 -2.9 12.9

CRTH2 NM_004778 1.8 30.4 RNF139 NM_007218 -1.9 12.9

CD74 NM_004355 1.5 30.4 NY-REN-7 NM_173663 -1.6 12.9

HN1 NM_016185 1.6 33.2 FC(GAMMA)BP NM_003890 -2.2 16.7

SPAG1 NM_003114 1.6 33.2 HLA-DQA1 NM_002122 -1.8 16.7

CPVL NM_031311 1.6 36.3 TAF7L NM_024885 -1.7 16.7

HLA-DRB5 NM_002125 1.5 36.3 RRN3 NM_018427 -1.6 16.7

AHNAK - 1.6 39.7 PER1 NM_002616 -2.3 23.0

HLA-DRA NM_019111 1.5 39.7 LAP70 NM_004901 -1.9 23.0

CCR10 NM_016602 1.8 47.5 PHF1 NM_002636 -1.7 23.0

H3F3A NM_002107 -1.6 23.0

SUI1 NM_005801 -1.6 23.0

RNF138 NM_016271 -1.6 27.9

IDI1 NM_004508 -1.6 33.2

PDE4B NM_002600 -1.6 33.2

HSPC297 NM_021237 -1.6 36.3

HSF2 NM_004506 -1.9 39.7

ZNF395 NM_018660 -1.5 39.7

DEFA1 NM_004084 -2.5 43.9

DUSP1 NM_004417 -1.8 43.9

PCDHGB4 NM_003736 -1.5 43.9

IGKV1D-8 - -1.7 47.5
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Table 3  |  Fold changes of differentially expressed genes

AD vs HC AA vs HC

fold 
change p value* fold 

change p value*

Upregulated

CCR10 3.0 0.001 1.2 NS

CRTH2 1.8 0.045 -1.0 NS

FUCT7 1.5 NS 1.1 NS

FCERIA 1.1 NS 1.1 NS

TYMS 1.0 NS 1.1 NS

Downregulated

C-JUN -5.7 0.016 1.2 NS

NR4A2 -4.9 0.020 1.2 NS

TNFAIP3 -3.1 0.014 2.2 NS

JUNB -2.5 0.046 1.1 NS

GADD45A -2.4 0.050 -1.1 NS

DUSP2 -2.4 NS 1.0 NS

ZFP36 -1.5 NS -1.1 NS

CXCR4 -1.3 NS 1.1 NS

ZFP331 -1.2 NS 1.1 NS

Differentially expressed genes in AD patients (n=8) and AA patients (n=8), compared to healthy controls (n=11). *Pair wise 
fixed reallocation randomization test. NS = not statistically significant.

Q-PCR analysis showed statistically significant increased expression of CCR10 (3.0 
fold) and CRTH2 (1.8 fold), and decreased expression of NR4A2 (4.9 fold), GADD45A 
(2.4 fold), TNFAIP3 (3.4 fold), JUNB (2.5 fold) and C-JUN (5.7 fold) in AD patients 
(Table 3). However, Q-PCR analysis could not confirm statistically significant 
differential expression for FUCT7, FCERIA, TYMS, DUSP2, ZFP36, CXCR4 and 
ZFP331.
None of the thirteen genes studied by Q-PCR analysis were found to be differentially 
expressed in the AA patient group. By Q-PCR no differential expression of FCER1A 
was found. 
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Table 4  |  Fold changes in differential gene expression of Th1 and Th2 related genes

AD vs HC AA vs HC

fold change p value** fold change p value**

CCR4 2.3 0.005 1.2 NS

GATA-3 1.2 NS 1.1 NS

IFNG -1.3 NS 1.2 NS

IL-10 -1.4 NS 1.3 NS

IL-13 * * * *

IL-4 * * * *

IL-5 * * * *

STAT-4 1.5 NS 1.4 NS

STAT-6 1.0 NS -1.1 NS

T-BET -1.0 NS 1.2 NS

Differential gene expression in CD4+ T cells in AD (n=8) and AA (n=8) patients compared to HC (n=11). *Not detectable. 
**Pair wise fixed reallocation randomization test. NS = not statistically significant.

Because AD and AA are classically defined as T
H
2 mediated diseases, and the microarray 

analysis did not reveal differential expression of genes known to be associated with a 
T

H
2 phenotype, a selection of T

H
1 and T

H
2 related genes was analyzed by Q-PCR. 

We studied expression of transcription factors controlling T
H
1 and T

H
2 development 

(STAT-4, T-BET, STAT-6 and GATA-3), T
H
1 and T

H
2 cytokines (IFN-γ, IL-4, IL-5, 

IL-10 and IL-13), and CCR4 (which has been described to be preferentially expressed 
on T

H
2 cells22)(Table 4). By Q-PCR analysis no statistically significant differential 

expression of typical T
H
1 or T

H
2 transcription factors and cytokines was found. CCR4 

showed a statistically significant 2.3 fold increased expression in AD patients compared 
to HC. T

H
2-cytokines IL-4, IL-5 and IL-13 were expressed below detection level. 

Correlation coefficients between gene expression levels, determined by Q-PCR, of a 
selection of genes (showing at least 1.5 fold increased or decreased expression) are listed 
in supplementary data S4. Two groups of genes with highly correlating gene expressions 
were found (Figure 1). The first group includes genes, with increased expression in AD 
compared to HC, that are suggested to be important for homing of T cells to the skin; 
FUCT7, CRTH2 and CCR10. Gene expression levels of a second group of genes, 
including NR4A2, CJUN, JUNB, GADD45A, TNFAIP3 and DUSP2, showing 
decreased expression in AD compared to HC, were also found to correlate highly 
(Figure 1B). 
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CCR10

FUCTVII*

ZFP36*

NR4A2

GADD45a DUSP2*

CJUNA B

CRTH2
TNFAIP3 JUNB

Figure 1  |  Identification of two groups of genes with highly correlating gene expression levels. Lines represent 
statistically significant correlations (Pearsons’ correlation coefficient r>0.70, p<0.01 supplementary data 
S2) between gene expression levels. (A) Genes involved in skin homing of T cells. (B) Genes involved in 
apoptosis or proliferation. *No statistically significant differential expression levels found with Q-PCR 
analysis.
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Discussion

Atopic dermatitis and allergic asthma are systemic diseases in which CD4+ T cells play 
a pivotal role.23,24 Much effort has been put in the investigation of established T cell 
lines, or primary T cells that have been cultured in vitro. The limited amount of RNA 
that can be retrieved from primary T cells, has been a pitfall in the investigation of gene 
expression in primary cells.13 However, the introduction of mRNA amplification has 
enabled gene profiling of primary cell populations, with the possibility to understand 
the physiologic status of these cells in vivo. Using mRNA amplification, Matsumoto et 
al. recently showed differential gene expression (using f luorescent differential display) 
in CD3+ T cells from children with AD or AA14 In their study, fifteen genes being 
differentially expressed in both AD and AA children were described. However, no 
genes exclusively regulated in AD patients were found. By additional RT-PCR analysis, 
on genes known to be involved in atopy, increased expression of CCR4, decreased 
expression of GATA3, and no differences for TBET and IFNG in CD3+ T cells from 
AD children were found.
The current study is the first to investigate gene expression patterns that characterize 
freshly isolated, unstimulated CD4+ T cells from adult AD patients. Microarray analysis 
demonstrated 52 differentially expressed genes in AD patients. Subsequent Q-PCR 
analysis confirmed differential expression of several genes in AD. Since these genes 
were found differentially expressed in AD and not in AA patients, they seem to be 
related specifically to AD, rather than associated with atopy. 
Microarray analysis revealed differential gene expression of FCER1A in CD4+ T 
cells from AD patients. This might suggest contamination by FCER1A expressing 
plasmacytoid dendritic cells (pDCs). However, FACS analysis excluded contamination 
by pDCs (data not shown). Q-PCR confirmed expression of FCER1A in CD4+ T 
cells (which had also been described by Nakajima et al25), however, no differential 
expression of FCER1A between AD patients and HC could be detected.
In addition, Q-PCR analysis revealed two groups of genes with highly correlating gene 
expression levels. One group includes genes known to be involved in skin homing of 
T cells, while the other group includes genes suggested to be involved in apoptosis or 
proliferation. The first group includes FUCT7, CRTH2 and CCR10, showing increased 
expression in AD (Fig. 1A). Expression of FUCT7 has been suggested to regulate CLA 
expression,26 important for homing of CD4+ T cells to the skin in AD. Chemokine 
receptor CCR10 has also been proposed as critical mediator of skin-specific T cell 
homing.27 Furthermore, CTACK (CCL27), the ligand for CCR10 was found increased 
in serum of AD patients.8,28,29 The receptor for prostaglandin D2, CRTH2 has also been 
suggested to be involved in skin homing of T cells. Furthermore, a preferential increase 
of CRTH2 within the CLA+ T cell population has been described in AD patients20 
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Taken together, increased expression of these genes in peripheral blood CD4+ T cells 
from AD patients suggest a “pre-activated” status with increased potential to migrate to 
the skin. This idea was further supported by the detection of increased gene expression 
of CCR4. Since CCR4 expression on CD4+ T cells has been shown to correlate with 
disease severity in AD30 and Matsumoto et al also showed increased expression in CD3+ 
T cells,14 RT-PCR analysis for CCR4 was performed. Furthermore, CLA expression 
has been shown to correlate with CCR4 expression,31 and the ligands for CCR4 (TARC 
and MDC) were found increased in the serum of patients with AD.8,28,32 
Gene expression levels of a second subgroup of genes, including NR4A2, DUSP2, 
TNFAIP3, C-JUN, JUNB and GADD45A, were also found to show significant 
correlating gene expression levels. None of these genes have been associated with AD 
before, and are thought to be involved in regulating either proliferation or apoptosis 
(Figure 1B). A role for NR4A2 in a signal transduction pathway mediating multiple 
inf lammatory signals was suggested, after it was found to show increased expression 
in the synovial tissue in rheumatoid arthritis patients.33 TNFAIP3 has been related 
to activation induced cell death in T cells via NF-κB.34 DUSP2 has been reported to 
be involved in p53-mediated apoptosis.35 Jun family members are involved in T cell 
activation, IL-2 expression and have been implicated in T

H
2 polarization.36,37 T cells 

in GADD45A knockout mice, that develop an autoimmune disease similar to human 
systemic lupus erythematosus, were found to have a lower threshold for activation and 
proliferate to a greater extend after primary T cell receptor stimulation.38 In a recent 
study, Akdis and coworkers suggested that the T

H
2 predominance in AD is due to 

increased apoptosis of peripheral blood T
H
1 type cells.39 Taken together, differentially 

regulated genes involved in apoptosis or proliferation described in the current study, 
might be related to this phenomenon.
Our study suggests a “primed” state of peripheral blood CD4+ T cells in AD patients. 
Previously, an in vivo activated state of peripheral blood skin homing CD4+ T cells in 
AD patients was described by Akdis et al., characterized by spontaneous release of T

H
2 

cytokines.40 Remarkably, the microarray experiments revealed no increased expression 
of typical T

H
2 related genes, which was confirmed by Q-PCR analysis (Table 4). 

These results suggest that peripheral blood CD4+ T cells from AD patients, although 
being “primed” for migration to the skin and showing differential expression of genes 
involved in activation or proliferation, do not show polarization towards a T

H
1 or T

H
2 

cytokine profile in vivo. Several studies that investigated AD or AA patients support this 
observation. Differential gene expression analysis of unstimulated PBMCs or CD3+ T 
cells from AD patients did not show a marked T

H
2 type gene expression pattern.14,41 

Furthermore, in a genomic linkage analysis of a large population of AA patients, no 
T

H
2 gene involvement was found.11 These results support our results that, although 

being primed for skin-homing, peripheral blood CD4+ T cells from AD patients are not 
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expressing typical T
H
2 related genes.

Gene expression differences described in this study are the result of differentially 
expression of genes in the total population of CD4+ T cells. Future research will 
elucidate if these genes are preferentially expressed in subpopulation(s) of CD4+ T cells, 
and how they contribute to the pathogenesis of AD.
In conclusion, our results show that peripheral blood, unstimulated CD4+ T cells in AD 
patients show differentially expressed genes involved in tissue homing, proliferation and 
apoptosis, but no marked expression differences of “typical” atopy genes. Importantly, 
in peripheral blood CD4+ T cells from AD patients, we describe two groups of 
differentially expressed genes involved in T cell migration to the skin and in proliferation 
or apoptosis, that might be important in the pathogenesis of AD. 
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Appendix S1  |  Supplemental Abbreviations

ADAM33 A desintegrin and metalloprotease 33

AHNAK AHNAK nucleoprotein (desmoyokin) 

ANX2P2 human lipocortin (LIP) 2 pseudogene mRNA

BRF2 butyrate response factor 2 (EGF-response factor 2) 

CCR10 CC chemokine receptor 10 

CCR4 chemokine receptor 4

CD74 CD74 antigen 

C-JUN v-jun avian sarcoma virus 17 oncogene homolog 

CPVL carboxypeptidase, vitellogenic-like

CRTH2 Chemoattractant receptor-homologous molecule expressed on Th2 cells

CST3 cystatin C (amyloid angiopathy and cerebral hemorrhage)

CTACK Cutaneous T-cell attracting chemokine

CXCR4 chemokine (C-X-C motif), receptor 4 (fusin) 

DEFA1 defensin, alpha 1, myeloid-related sequence

DUSP1 dual specificity phosphatase 1

DUSP2 dual specificity phosphatase 2

FC(GAMMA)BP IgG Fc binding protein 

FCER1A Fc fragment of IgE, high affinity I, receptor for; alpha polypeptide

FCER1G Fc fragment of IgE, high affinity I, receptor for; gamma polypeptide

FUCT7 fucosyltransferase 7 (alpha (1,3) fucosyltransferase) 

GADD45A growth arrest and DNA-damage-inducible, alpha

GPR44/CRTH2 G protein-coupled receptor 44

H3F3A H3 histone, family 3A

HLA-DQA1 major histocompatibility complex, class II, DQ alpha 1

HLA-DRA major histocompatibility complex, class II, DR alpha 

HLA-DRB1 major histocompatibility complex, class II, DR beta 1

HLA-DRB5 major histocompatibility complex, class II, DR beta 5 

HN1 hematological and neurological expressed 1

HSF2 heat shock transcription factor 2

HSPC297 protein HSPC030 (protein HSPC297)

IDI1 isopentenyl-diphosphate delta isomerase 

IFI30 interferon, gamma-inducible protein 30

IFNG interferon gamma

IGKV1D-8 immunoglobulin kappa variable 1D-8 

IL-10 interleukin 10

IL-13 interleukin 13

IL-4 interleukin 4

IL-5 interleukin 5

JUNB jun B proto-oncogene

LAP70 apyrase, lysosomal 

LGALS1 lectin galactoside-binding soluble 1 (galectin 1)
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NR4A2 nuclear receptor subfamily 4, group A, member 2

NY-REN-7 NY-REN-7 antigen

PCDHGB4 protocadherin gamma subfamily B, 4

PDE4B phosphodiesterase 4B, cAMP-specific 

PER1 period (Drosophila) homolog 1 

PHF1 PHD finger protein 1

RNF138 strin protein

RNF139 patched related protein translocated in renal cancer

RRN3 RNA polymerase I transcription factor RRN3

S100A11 S100 calcium binding protein A11 (calgizzarin)

SBDS CGI-97 protein 

SPAG1 sperm associated antigen 1

SPI1 spleen focus forming virus (SFFV) proviral integration oncogene spi1

STAT-4 signal transducer and activator of transcription 4

STAT-6 signal transducer and activator of transcription 6

SUI1 putative translation initiation factor 

TAF7L TAF7-like RNA polymerase II

T-BET T-box expressed in T-cells

TNFAIP3 tumor necrosis factor, alpha-induced protein 3

TYMS thymidylate synthetase 

ZFP36 zinc finger protein 36

ZNF331 zinc finger protein 331

ZNF395 zinc finger protein 395
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Appendix S2 

RNA amplification and Microarray analysis
Total RNA was converted to double-stranded cDNA through the use of a T7 oligo(dT)

24
VN primer (Ambion, 

Austin, Texas), Superscript II RNAse H-reverse transcriptase (Invitrogen), DNA polymerase1, RNAse H, and 
DNA ligase (Promega, Madison, Wisconsin). cDNA was amplified using a T7 Megascript Kit (Ambion) 
(modified Eberwine42 RNA amplification), supplemented with amminoallyl-UTP (Sigma). Amplified 
RNA was purified using RNeasy mini cleanup kit (Qiagen, The Netherlands). RNA integrity was verified 
by spectrophotometry and by the Agilent 2100 Bioanalyser (Agilent, Switzerland). Amplified RNA was 
then labeled with Cy3 or Cy5 dye (Amersham, Sweden), purified using Chroma Spin columns (Clontech, 
Franlin Lakes, NJ) and hybridized to spotted oligonucleotide microarrays (Human Version 1, Operon, 
Department of Physiological Chemistry, UMC Utrecht, The Netherlands, www.genomics.med.uu.nl. The 
microarray contained 70-mer oligo-nucleotides representing 16,659 genes as well as 2541 additional 
features for control purposes. The slides were scanned on a microarray scanner (Agilent) followed by 
interpretation of the scanned image using Imagene software (Silicon Genetics, Redwood city, CA). A lowess 
normalization per print tip was performed.43 Ratios (LOG

2
) of QQCC data per dye swap were defined as 

one measurement and permutated using Significance Analysis of Microarrays (SAM) software44 using the 
following parameters: one class response, row average imputer, 500 permutations. The one class option 
tests whether the mean gene expression ratio differs from zero. The q-value determined for each gene 
is the lowest False Discovery Rate (FDR) at which that gene is called significant. It is like the well-known 
p-value, but adapted to multiple-testing situations. Q-values of lowest possible FDR (<50%) were used 
to generate a list of most relevant up- and downregulated genes. Finally genes were selected with an 
intensity value of at least 50 (which is about 3 times above background signal) and showing differential 
expression of at least 1.5-fold.

Quantitative real-time PCR
Real-time PCR was performed using a MyiQ real-time PCR detection system (Biorad, Hercules, CA) using 
SYBR Green I (Biorad). The primers (Sigma-Genosys, Woodlands, TX) were designed using Primer 3 software 
of the whitehead institute/ MIT center for genome Research (supplementary data S3).45 Amplification was 
performed using 0.2 µl of cDNA, 10 µl of 2× SYBR Green I mastermix and 300 nM of each primer, according 
to the following conditions: 3 minutes at 95°C to activate DNA polymerase, 45 cycles of 10 seconds at 
95°C, 20 seconds at 62°C and 25 seconds at 72°C. PCR was checked for a-specific products by performing 
dissociation curves after each PCR run. The signal of SYBR Green I was measured against the passive signal 
of the reference dye, fluorescein, to normalize for non-PCR-related fluorescence fluctuations occurring 
from well to well. Each assay included a standard curve of four serial concentrations of a pool of all cDNA 
samples to determine linearity and PCR efficiency. Results were normalized for PCR efficiency and for the 
reference genes β-actin and GAPDH using relative expression software tool (REST©),19 according to the 
following method:

ratio = (E
target

)∆CP
target 

(control - sample)/(E
ref

)∆CP
ref 

(control - sample)

Reference genes were checked for stable expression using Best-Keeper® software.46 
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Appendix S3  |  Primers used in this study

Name Forward Primer Reverse Primer
CCR4 GCACCAAAGAAGGCATCAAG AGGACCAGAACCACCACAGAA
CCR10 GAGGCCACAGAGCAGGTTTC GGAGACACTGGGTTGGAAGG
CJUN GTCCCAGGAGCGGATCAA TCTGAGCTTTCAAGGTTTTCACTT
CXCR4 GCCACCGCATCTGGAGAA CATGGAGTCATAGTCCCCTGAG
DUSP2 CTGCGAGGAGGCTTCGAC TGGTTTTGTCCCCTGTTGG
FCERIA TCCCATTGTTGGTGGTGATT TGGCTTAGGATGTGGGTTCA
FUCT7 CTCGGGTCTCTTGGCTGAC CGTGCCCAGCATTATTCATC
GADD45A CAGAAGACCGAAAGGATGGATAAG TCGTACACCCCGACAGTGAT
GATA-3 GGCAGGGAGTGTGTGAACTG CCTTCGCTTGGGCTTAATG
HIP55 CAACTGGACAGGCGAGGG TGCGTTGATGGTCACATGG
IFNG TTTGGGTTCTCTTGGCTGTTACT GTTCCATTATCCGCTACATCTGAAT
IL-4 AGCAGTTCCACAGGCACAAG ACTCTGGTTGGCTTCCTTCAC
IL-10 GAGAACCAAGACCCAGACATCA GTGGAGCAGGTGAAGAATGC
IL-12 ATGCCGTTCACAAGCTCAAGT GGTGGGTCAGGTTTGATGATG
IL-13 CACGGTCATTGCTCTCACTTG AGCGGAGCCTTCTGGTTCT
JUNB CTAAAATGGAACAGCCCTTCTACC GGCTCGGTTTCAGGAGTTTG
NR4A2 CGAAGAGCCCACAGGAGC TCGCCTGGAACCTGGAATAG
STAT-4 GCAACCGAAGATTTGTACTTTGTG GACAGCCCTCATTTCCTTTACCT
STAT-6 GTGTACCCACCACACTCTCACTC GGTCAAAGGGCAGGCTCAT
T-BET GGGAAACTAAAGCTCACAAACAAC GCACAATCATCTGGGTCACATT
TNFAIP3 GGGCGTTCAGGACACAGAC CATCATTCCAGTTCCGAGTATCA
TYMS AATTCAGCTTCAGCGAGAACC TGGATGCGGATTGTACCCTT
VEGFB GAGGAAAGTGGTGTCATGGATAGA CTCCACAGTCAAGGGCACC
ZNF331 CGCCGACGTAGCCATAGAC TGCTGACTCCAAATCCAGTGA
ZNF36 GATCTGACTGCCATCTACGAGAG GGAGTCGGAGGGGCTCAG

Sequences are shown from 5’ (left) to 3’ (right)
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Appendix S4  |  Pearson’s correlation coefficients

NR4A2 FUCT7 CCR4 CCR10 CRTH2 GADD45A DUSP2 CJUN JUNB ZFP36 TNFAIP3

NR4A2 1.000 * * * * 0.874 0.855 0.721 0.800 0.721 0.748

FUCT7 - 1.000 * 0.748 0.737 * * * * * *

CCR4 - - 1.000 * * * * * * * *

CCR10 - - - 1.000 0.750 * * * * * *

CRTH2 - - - - 1.000 * * * * * *

GADD45A - - - - - 1.000 0.825 0.771 0.818 0.712 0.788

DUSP2 - - - - - - 1.000 0.765 0.889 0.712 0.700

CJUN - - - - - - - 1.000 0.881 * 0.756

JUNB - - - - - - - - 1.000 0.781 0.741

ZFP36 - - - - - - - - - 1.000 *

TNFAIP3 - - - - - - - - - - 1.000

Pearson’s correlation coefficients of mRNA expression levels (Q-PCR) between selected genes (all 
correlations p<0.01). Correlation coefficients >0.7 were considered relevant. * not relevant: <0.7
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Abstract 

Recently, we have identified two groups of differentially expressed genes in freshly 
isolated peripheral blood CD4+ T cells from AD patients compared to healthy controls 
(HC). One group of genes, related to skin homing of T cells demonstrated increased 
expression. Another group of genes, related to T cell apoptosis showed decreased 
expression. 

The aim of this study was to investigate the expression levels of these skin homing and 
apoptosis related genes in the skin homing CD4+CLA+ T cell population. 

CD4+CLA+ and CD4+CLA- T cell subsets from AD patients and HC subjects were 
isolated by MACS and subsequent FACS sorting. Gene expression in these subsets was 
determined by quantitative RT-PCR. 

The expression levels of apoptosis related genes, including DUSP2, TNFAIP3, CJUN, 
and JUNB were found decreased in CD4+CLA+ T cells compared to CD4+CLA- T 
cells from AD patients. Decreased expression of apoptosis related genes may increase 
their survival. In addition, the skin homing CD4+CLA+ T cells were not only found 
increased in AD patients, but were also showing increased expression of genes that may 
increase their migratory capacities.
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Introduction

CD4+ T cells play a critical role in the pathogenesis of atopic dermatitis (AD). Recently, 
we have identified differentially expressed genes related to T cell survival in freshly isolated 
peripheral blood CD4+ T cells from AD patients compared to healthy controls (HC).1 
Gene expression levels of TNFAIP3, DUSP2, JUNB, C-JUN, GADD45A and NR4A2 
were found decreased in peripheral blood CD4+ T cells. In addition, we found increased 
expression of genes related to skin homing, including CCR10, CRTH2 and FUCT7. 
The CD4+ T cell subset that was investigated was however a heterogeneous population. 
We hypothesized that the differential expression that was observed, would be the result 
of differential expression in the T cell subset with the potential to migrate to the skin. 
An important marker for skin homing T cells is the cutaneous lymphocyte associated 
antigen (CLA).2 CLA is found expressed on 10-20% of peripheral blood CD4+ T cells and 
expression is increased in AD patients.3 The aim of this study was to investigate expression 
of these T cell survival related genes in the skin homing CD4+CLA+ T cell population. 
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Patients and methods

Eleven patients, five male and eight female, with atopic dermatitis (mean age 35.31±13.1) 
who fulfilled the criteria of Hanifin and Raijka4 were included. Patients had moderate 
to severe AD, mean SASSAD score was 21.7±3.0. All were polyallergic and had positive 
cutaneous tests to at least two aeroallergens. Patients were allowed to use topical steroids, 
but none of the patients had systemic immunosuppressive treatment at least three months 
before peripheral venous blood was taken. Eight healthy non-allergic individuals, four 
female and four male (mean age 33.9±9.9 yr) with no history of atopy were included in 
the healthy control (HC) group.
CD4+ T cells were isolated using magnetic cell sorting as described previously.1 CD4+ T 
cells were labeled with CLA-FITC (HECA-452, BD Pharmingen, San Diego, CA) for 30 
minutes on ice. Cells were subsequently sorted into positive and negative fractions using a 
FACSVantage (Becton Dickenson, San Jose, CA, USA) cell sorter. Total RNA was isolated 
and real time PCR was performed as described previously.1 RT-PCR data are shown as 
the normalized ratio between the gene of interest and two house keeping genes (GAPDH 
and HPRT-1). Statistical analysis was performed with GraphPad Prism 4.0 (GraphPad 
software Inc, San Diego, CA). A paired Students t test was used to calculate differences 
between measurements. Differences in P values of 0.05 or less were considered significant. 
The medical ethical committee of the Utrecht University Hospital approved the study 
described and the study was conducted according to Declaration of Helsinki principles. 
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Results

Decreased expression of apoptosis related genes in CD4+CLA+ T cells from AD patients

The expression levels of DUSP2, TNFAIP3, JUNB, and CJUN were decreased (1.9 to 
4 fold) in the CD4+CLA+ subset compared to the CD4+CLA- T cell subset from AD 
patients. In addition, gene expression levels were all found decreased in the CD4+CLA+ 
T cell subset from AD patients compared to the CD4+CLA+ T cell subset HCs (Figure 1). 
No significant differences were found in the expression levels of GADD45A and NR4A2 
(data not shown).
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Figure 1  |  Decreased expression of apoptosis related genes in CD4+CLA+ T cells from AD patients. (A) DUSP2, (B) TNFAIP3, (C) 
JUNB, and (D) C-JUN. Data are shown as normalized ratios, the horizontal lines represent mean values (log 
2 scale).
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CD4+CLA+ T cells show increased expression of skin homing related genes 

Expression levels of genes related to skin homing, including CCR10, CRTH2 and FUCT7 
were found significantly increased (5-26 fold, p<0.05) in the CD4+CLA+ compared to the 
CD4+CLA- T cell population from both AD patients and HC (Figure 2). In addition, the 
expression levels of CCR10 were about three fold increased (p<0.05) in CD4+CLA+ T 
cells from AD patients compared to CD4+CLA+ T cells from HCs. 
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Figure 2 |  Increased expression levels of genes related to skin homing in CD4+CLA+ T cells. (A) FUCT7, (B) CRHT2 and (C) 
CCR10. Data are shown as normalized ratios, the horizontal lines represent mean values (log 2 scale).
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Discussion

We found decreased expression levels of DUSP2, TNFAIP3, CJUN, and JUNB in 
CD4+CLA+ T cells compared to CD4+CLA- T cells from AD patients. Although JUNB 
and C-JUN were found decreased in CD4+CLA+ T cells from both HC and AD patients, 
suggesting this may be intrinsic to CD4+CLA+ T cells, CD4+CLA+ T cells from AD patients 
showed significantly lower expression levels of all four genes compared to HC subjects. 
These four genes have not been related to AD before, but have been found to be related 
to T cell survival. DUSP2 has been reported to be involved in p53-mediated apoptosis.5 
TNFAIP3 has been related to activation induced cell death in T-cells via NF-κB.6 Jun 
family members are involved in T-cell activation and IL-2 expression.7,8 
Reduced apoptosis of peripheral blood skin homing CD4+CLA+ T cells might result in 
their increased survival after skin entry, which may contribute to the chronic inflammation 
found in AD lesions. This phenomenon may contribute the decreased apoptosis of skin 
resident T cells that was found in the lesional skin of AD patients.9 However, the exact 
result of decreased expression of these four genes together on peripheral blood CD4+CLA+ 
T cell survival is still unclear and needs to elucidated.
In addition, we found increased expression levels of genes related to skin homing in 
CD4+CLA+ T cells from both AD patients and HC subjects. Expression levels of FUCT7, 
CRTH2, and CCR10 were found increased. Nakayama et al. have suggested that FUCT7 
regulates the expression of CLA.10 Additionally, we found higher frequencies of CD4+CLA+ 
in AD patients compared to HCs (data not shown), as was described previously.3 CRTH2 
has been suggested to be involved in skin homing of T cells, and was previously shown 
increased in AD patients.11 Furthermore, CCR10 was found significantly increased in 
CD4+CLA+ T cells from AD patients compared to CD4+CLA+ T cells from HCs. This 
suggests that CLA+ T cells from AD patient may have increased potential to migrate to the 
skin compared to CLA+ T cells from healthy controls.
In conclusion, our study shows that skin homing CD4+CLA+ T cells from AD patients 
show decreased expression of genes related to apoptosis, potentially resulting in their 
increased survival. In addition, skin homing CD4+CLA+ T cells were not only found 
increased in AD patients, but were also showing increased expression of the chemokine 
receptor CCR10, suggesting increased migratory capacities.



C
ha

p
te

r 7
 

116

References

Hijnen DJ, Nijhuis E, Bruin-Weller M, Holstege F, Koerkamp MG, Kok I, et al. Differential expression of genes involvedDifferential expression of genes involved 
in skin homing, proliferation, and apoptosis in CD4+ T cells of patients with atopic dermatitis. J Invest Dermatol 2005 
Dec;125(6):1149-55.

Picker LJ, Michie SA, Rott LS, Butcher EC. A unique phenotype of skin-associated lymphocytes in humans. 
Preferential expression of the HECA-452 epitope by benign and malignant T cells at cutaneous sites. Am J Pathol 1990 
May;136(5):1053-68.

Teraki Y, Hotta T, Shiohara T. Increased circulating skin-homing cutaneous lymphocyte-associated antigen (CLA)+ type 2 
cytokine-producing cells, and decreased CLA+ type 1 cytokine-producing cells in atopic dermatitis. Br J Dermatol 2000 
Aug;143(2):373-8.

Hanifin JM, Rajka G. Diagnostic features of atopic dermatitis. Acta Derm Venereol 1980;92(Suppl.):44-7.

Yin Y, Liu YX, Jin YJ, Hall EJ, Barrett JC. PAC1 phosphatase is a transcription target of p53 in signalling apoptosis and 
growth suppression. Nature 2003 Apr 3;422(6931):527-31.

Malewicz M, Zeller N, Yilmaz ZB, Weih F. NF kappa B controls the balance between Fas and tumor necrosis factor cell 
death pathways during T cell receptor-induced apoptosis via the expression of its target gene A20. J Biol Chem 2003 Aug 
29;278(35):32825-33.

Petrak D, Memon SA, Birrer MJ, Ashwell JD, Zacharchuk CM. Dominant negative mutant of c-Jun inhibits NF-AT 
transcriptional activity and prevents IL-2 gene transcription. J Immunol 1994 Sep 1;153(5):2046-51.

Hartenstein B, Teurich S, Hess J, Schenkel J, Schorpp-Kistner M, Angel P. Th2 cell-specific cytokine expression and 
allergen-induced airway inflammation depend on JunB. EMBO J 2002 Dec 2;21(23):6321-9.

Akdis M, Trautmann A, Klunker S, Daigle I, Kucuksezer UC, Deglmann W, et al. T helper (Th) 2 predominance in atopic 
diseases is due to preferential apoptosis of circulating memory/effector Th1 cells. FASEB J 2003 Jun;17(9):1026-35.FASEB J 2003 Jun;17(9):1026-35.

Nakayama F, Teraki Y, Kudo T, Togayachi A, Iwasaki H, Tamatani T, et al. Expression of cutaneous lymphocyte-associatedExpression of cutaneous lymphocyte-associated 
antigen regulated by a set of glycosyltransferases in human T cells: involvement of alpha1, 3-fucosyltransferase VII and 
beta1,4-galactosyltransferase I. J Invest Dermatol 2000 Aug;115(2):299-306.

Iwasaki M, Nagata K, Takano S, Takahashi K, Ishii N, Ikezawa Z. Association of a new-type prostaglandin D2 receptor 
CRTH2 with circulating T helper 2 cells in patients with atopic dermatitis. J Invest Dermatol 2002 Sep;119(3):609-16.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.







General Discussion





General Discussion           121

Serum TARC levels in atopic diseases

Chemokines TARC (CCL17) and CTACK (CCL27) have been shown to play a pivotal 
role in the activation of T cells rolling over endothelial cells of skin venules (Figure 
1). The binding of a chemokine to its specific G-protein-coupled receptors results in 
the activation of integrins, increased adherence, and finally emigration into the site 
of inf lammation. In chapter two it was shown that serum TARC and CTACK levels 
are increased in AD patients compared to patients with allergic asthma (AA), allergic 
rhinitis (AR) and healthy control (HC) subjects.

The patients included in the study described in chapter two were phenotypically 
defined as atopic dermatitis (AD), allergic rhinitis (AR), allergic asthma (AA), or healthy 
control (HC) subjects or a combined phenotype resulting in eight groups. Serum TARC 
and CTACK levels were specifically increased in the four groups of patients with atopic 
dermatitis (Figure 2). Differences in serum chemokine levels between the groups could 
not be attributed to differences in age or disease severity. 
Because CTACK is being produced exclusively by epidermal keratinocytes,2 these results 
were as expected. However, there has been much debate about the involvement of 
TARC in airway inf lammatory disease. Since TARC expression has been demonstrated 
by different cell types, including endothelial cells, monocytes, macrophages and 
dendritic cells, it was reasonable to assume that TARC may also play a role in airway 
inf lammation.
Because new therapies targeting chemokines and chemokine receptors are currently 
being developed (discussed later in this chapter), and clinical trials are usually initiated 
in patients with AA rather than AD, it is important to determine if TARC does also 

Figure 1  |  T cells rolling over endothelial cells (SEM image reproduced with permission of Anderson AO).1
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play a role in allergic inf lammatory airway diseases.
In contrast to previous publications, our data suggest that TARC does not play a role 
in airway inf lammatory diseases. Several explanations for this discrepancy might be 
suggested: because of the high frequency of co-morbidity, the presence of AD may 
have been unnoticed in studies describing increased serum TARC levels in patients 
with AA. In addition, the extent of the inf lammation may be different, resulting in a 
much smaller increase of serum TARC levels. Moreover, it me be that TARC is not 
being released in the circulation after being transcytosed to the luminal endothelial cell 
surface in the lung.
Suggestions that TARC may also play a role in AA came from studies showing increased 
serum or plasma TARC levels in AA patients. However, these studies did not provide 
essential data on co-morbidity, suggesting they may have unintentionally included 
patients with AD.3-5 Moreover, serum TARC levels described in these studies were in 
the same concentration range as the levels we demonstrated in HC subjects and patients 
with airway allergic inf lammatory disease (AA or AR).
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Figure 2  |  Serum levels of (A) TARC and (B) CTACK in patients with AD are significantly increased (* p<0.05) compared to HC, 
AA, AA+AR and AR patients.
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In addition, it has been suggested that the size of the organ in which the chronic 
inf lammatory process takes plays may inf luence plasma levels.3 An average adult has 
about 600 million alveoli, giving a total surface area of about 100m². This is much 
larger than the total skin surface area (about 1.8 m2), and it is therefore not plausible 
to hypothesize that size explains the difference in serum TARC levels in AA patients. 
It may however explain the lower serum levels in patients with only AR compared to 
AD patients, because the surface area of the nose epithelium totals only about 160 cm2. 
Moreover, it might be hypothesized that the lower plasma/serum TARC levels in AA 
and AR patients compared to AD patients are related to a difference in the clearance of 
TARC after exposition on the luminal endothelium. After exposition on the luminal 
surface of the skin blood vessels, TARC is released in the circulation and seems to 
be stored in platelets (Figure 3).  However, thus far differences in the mechanism of 
clearance or number of platelets between AA/AR and AD have not been found.

Figure 3  |  TARC is released in the circulation after exposure on the luminal endothelial surface. Chemokines are 
taken up at the abluminal surface of the endothelium and transcytosed in caveolae. At the luminal 
site chemokines are released (resulting in increased plasma levels) and bound to glycosaminoglycans 
preferentially on luminal tips of projections.6 Chemokines bound at the luminal endothelial cell surface 
build up in concentration, activate receptors on the leukocyte cell surface, leading to activation and 
finally migration into the tissue. Platelets have been suggested to play a role in the storage and active 
release of chemokines from granules.7-9

TARC / CCL17 released in the circulation

stored in platelets

Platelet

T cell

CCR4

CCR4



C
ha

p
te

r 8
 

124

Recently, increased immunoreactivity for TARC on ciliated bronchial epithelial cells 
from asthma patients compared to healthy control subjects has been described.10,11 In 
addition, increased TARC levels were found in the bronchoalveolar lavage (BAL) f luid 
after allergen challenge.11 It remains however unclear what could be the functional 
relevance of these outcomes. In order to reach the luminal surface of the endothelium, 
chemokines are being actively transcytosed by endothelial cells.6 It might be suggested 
that the much lower chemokine levels that were found in the peripheral blood of 
AA compared to AD patients result from the chemokine not being transcytosed to 
the luminal site of the lung endothelium, and therefore not resulting in increased 
blood levels. TARC produced by lung epithelial cells might still function as a local 
chemoattractant.
However, the much lower frequencies of CCR4+ T cells that were found in the lungs 
and BAL f luid of asthma patients compared to the skin of AD patients (about 10 fold 
lower CCR4 expression),12 further support our suggestion that TARC plays a role 
specifically in the migration of T cells to the skin but not the lung. 

Sky-high serum chemokine levels 

In vitro, chemokines are active at nanomolar concentrations. TARC has been shown to 
induce calcium mobilization and leukocyte migration in vitro at levels of 10-100 nM.13-

16 Patients with AD have been reported to have highly increased serum chemokine 
levels of a great diversity of chemokines.17,18 Patients with AD were found to have 
average serum TARC and CTACK levels in the range of  1000 pg/ml. Therefore, it 
might be argued that chemokines can hardly be functionally relevant regarding these 
enormously increased serum levels. Chemokines present in these high levels may act 
as a decoy. Because disease severity has been shown to correlate with serum levels of 
several chemokines, including TARC this does however not seem to be the case.
It has been shown that the high serum TARC levels in AD patients can be partially 
explained by release from platelets upon blood clotting.19 Platelets were found to contain 
high levels TARC, being released by stimulation or blood clotting. Platelet derived 
TARC therefore accounts for a major part of the increased serum levels. Serum TARC 
levels were found about 16 fold higher compared to plasma levels in AD patients.19 
Additionally, it was found that platelets contained relatively more TARC in AD patients 
compared to HC subjects. Platelets have been suggested to play a role not only as a 
“chemokine sink” but also in the active release of chemokines, including TARC.7-

9,19,20 Platelets were found not only to contain chemokines, but also to express several 
chemokine receptors, including CCR1, CCR3, CCR4 and CXCR4. Therefore, they 
may be activated, and release chemokines resulting in further activation in an autocrine 
fashion.21 This mechanism does not seem to play a role for other chemokines involved 
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in T cell migration to the skin, including MDC and CTACK, since no differences were 
found between serum and plasma levels.

Chemokines and chemokine receptors as new therapeutic targets

Chemokines represents a particularly attractive new target for intervention, because 
this network of more than 50 ligands and 20 receptors plays a central role in the precise 
temporal and spatial control of leukocyte recruitment, directing specific subsets of 
leukocytes to particular addresses with superb accuracy. 
If the right combination of chemokine signals could be specifically blocked, it seems 
plausible that a particular undesirable inf lammatory response could be attenuated, 
without causing widespread disruption to the rest of the immune system. Many new 
developments in this field come from HIV and cancer research.22,23 The HIV-1 virus 
was found to enter the cell by interaction of the viral envelope glycoprotein gp120 with 
CD4 and a co-receptor.24 Chemokine receptors CCR5 and CXCR4 are the primary 
HIV-1 co-receptors, and are attractive targets for the development of new anti-HIV-1 
drugs. Several small-molecule antagonists of CCR5 and CXCR4 that block chemokine 
binding and HIV-1 entry have been identified in recent years and are now in pre-
clinical or clinical development as drug candidates.22 
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Table 1  |  Status of chemokine-receptor antagonists in development.

Chemokine 
Receptor Clinical Indication Trial Status and Sponsor as of Winter 2005–2006

CCR1 Rheumatoid arthritis
Phase 2, Pfizer
Phase 1, Millennium–Aventis

Multiple sclerosis Phase 2, Berlex

CCR2 Rheumatoid arthritis 
Phase 2b, Millennium
Phase 1, AstraZeneca
Phase 1, Incyte

Type 2 diabetes Phase 1, Incyte

Multiple sclerosis
Phase 2, Merck 
Phase 1, Millennium
Phase 1, Incyte

CCR3 Allergic rhinitis and asthma
Phase 2, Cambridge Antibody Technology
Phase 2, GlaxoSmithKline

CCR5 HIV
Phase 3, Pfizer
Phase 2, Schering-Plough

CCR9 Inflammatory bowel disease Phase 2, ChemoCentryx

CXCR1, CXCR2 COPD Phase 1, GlaxoSmithKline

CXCR3 Psoriasis Phase 2, Tularik–Amgen

CXCR4 Stem-cell mobilization Phase 3, AnorMED

Adapted from Charo and Ransohoff NEJM 200625

Besides playing a role in the pathogenesis of HIV, CXCR4 has also been shown 
involved in cancer progression and metastasis and rheumatoid arthritis.26 Blockade of 
the CXCR4/SDF-1 signalling axis by targeting either the ligand or the receptor has 
been shown to inhibit cancer metastasis.27,28 Several phase I and II studies using small 
molecule antagonists are currently being performed (Table X).25,29,clinicaltrials.gov

If this strategy would be successful, chemokine receptors may also represent attractive 
novel targets in the treatment of AD. A variety of chemokine receptors including 
CCR1-CCR6, CCR8, CCR10 and CX3CR1 has been implicated to play a role in 
attracting leukocytes to the skin in AD patients. Furthermore, an even larger number 
of chemokines including CCL1, CCL3-CCL5, CLL7, CCL11, CCL13, CCL17, 
CCL18, CCL20, CCL22, CCL26, CCL27, and CX

3
CL1 have been associated with T 

cell migration to the skin of AD (Table 2). Given the redundancy of the chemokine 
–chemokine receptor network, it might be desirable to target more than one 
chemokine(receptor) at a time in order to maximize the effect on disease modulation. 
One of the advantages of selecting a chemokine receptor over a chemokine, might 
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be the expression on circulating leukocytes. In order to be functional it would not 
necessarily have to enter the skin. However, patients generally prefer topically applied 
therapies for which targeting a chemokine might be more appropriate.

Table 2  |  T cell attracting AD associated chemokines and their receptors.

Chemokine Corresponding receptor(s) Associated with 
disease activity

Increased serum/
plasma levels

CCL1 (I-309) CCR8 No Yes

CCL3 (MIP-1 alpha) CCR1, CCR5 Yes Yes

CCL4 (MIP-1 beta) CCR5 Yes Yes

CCL5 (RANTES) CCR1, CCR3, CCR5 Yes Yes

CCL7 (MCP-3) CCR1, CCR3, CCR5 No No

CCL11 (eotaxin) CCR3 Yes* Yes

CCL13 (MCP4) CCR2, CCR3 No No

CCL17 (TARC) CCR4 Yes* Yes

CCL18 (PARC) ? Yes Yes

CCL20 (MIP-3 alpha) CCR6 Yes Yes

CCL22 (MDC) CCR4 Yes* Yes

CCL26 (eotaxin-3) CCR3 Yes* Yes

CCL27 (CTACK) CCR10 Yes* Yes

CX3CL1 (fractalkine) CXCR1 No* Yes

*Serum or plasma levels were found to correlate with disease activity (for references see Homey et al.17 
and Pivarcsi et al.18)

Besides redundancy, a potential problem may be related to the expression of chemokine 
receptors on Tregs. It was recently demonstrated that Tregs express CCR4.30,31 In 
addition, it was shown that allograft tolerance could not be achieved in a CCR4 
knockout mouse model, resulting from insufficient inf lux of FOXP3 expressing Tregs 
to the transplanted organ.32 In another model it was demonstrated that MDC (CCL22) 
but not TARC (CCL17) was found induce migration of Tregs.33 Therefore, in the case 
of AD it seems preferable to target TARC (CCL17) over MDC (CCL22). This might 
reduce effector T cell inf lux, but would leave the Tregs unaffected.
In addition to blocking chemokines, inhibition of the first step of the multi-step adhesion 
cascade (Introduction, figure 4) by the inhibition of CLA is under investigation.34-

37 Finally, there is a lot of research is currently going on modulation cytokines and 
inhibiting T cell activation. Again, these studies are initiated in the fields of rheumatoid 
arthritis, atherosclerosis, inf lammatory bowel disease and psoriasis.38-42
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CsA treatment and disappearing T cells

In chapter five we studied the effects of CsA treatment on peripheral blood T cell 
subsets. T cell surface markers were analyzed at baseline, after 3 and 6 weeks of CsA 
treatment. We hardly found any changes in absolute numbers and percentages of T 
cell subsets studied. This was surprising because it can be estimated that successful 
treatment resulting in improvement of disease severity and a reduction in the involved 
body surface area, results in a massive shift of T cells from skin to blood. (In this section 
an estimate will be given of the magnitude of the T cells that disappears from the skin 
upon successful CsA treatment.) 

Figure 4  |  Approach used for estimating the total number of T cells in the skin. (A) The total number of T cells present 
in the anatomic compartments of the dermis and epidermis were counted in sections of 5 micrometer 
thick and 1 cm wide. (B) T cell counts were used to calculate the number of T cells present in a 1 cm x 1 
cm area of the skin. (C) The number of T cells per square centimetre and the total surface area of the skin 
(1.8 square meter) were used to estimate the total number of T cells resident in the skin (Adapted from 
Clark et al.43) 
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In order to estimate numbers of T cells in AD skin, first the number of skin resident T 
cells in normal healthy skin needs to be estimated. This has recently been performed 
by Clark et al. (Figure 4) 43 It was calculated that an average 70kg individual has about 
2.0x10E10 total skin resident T cells.

It is known that skin resident T cells numbers are increased in both lesional and non-
lesional AD skin (Figure 5).44-46 Thepen et al. calculated the number of CD3+ cells per 
square millimetre slide area by counting all CD3+ cells located in the area from the 
cornified layer to the base of the hair follicles. They found that the number of skin 
resident CD3+ T cells in non-lesional skin of AD patients was more then two fold 
increased compared to HC skin (31±6 cells/mm2 versus 73±21 cells/mm2).44 In addition, 
they found an about 10 fold increase in lesional AD skin versus HC skin (301±45 cells/
mm2 versus 31±6 cells/mm2).44 Oldhoff et al. recently described even higher numbers 
(439±61 cells/mm2 and 356±69 cells/mm2) of skin resident CD3+ T cells in two groups 
of lesional AD skin biopsies (Figure 5C, manuscript in preparation).

Figure 5  |  Increased numbers of skin resident CD3+ T cells in AD. Numbers of skin resident (A,C) CD3+ and (B) CD4+ 
cells per square millimetre are highly increased in AD patients. (A,B) Number of T cells in healthy control 
subjects (HC), non-lesional AD skin and lesional AD skin, adapted from Thepen et al. and Langeveld et 
al.44-46 (C) CD3+ T cell numbers per square millimetre from lesional AD skin biopsies in two groups of AD 
patients before UV treatment (M. Oldhoff , personal communication). Note that the numbers in the studies 
by Clark et al. (this section, second paragraph) and the studies described are not comparable, because of 
the different approaches that were used (square centimetre surface area versus square millimetre slide 
area). normal healthy control (HC) subjects, AD non-lesional skin and lesional skin of AD patients.
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An estimate suggests that in patients with AD there are at least twice as many T cells 
in the skin compared to healthy control subjects because lesional skin contains even 
higher numbers of T cells. We therefore assume that the amount of skin resident T cells 
correlates with the extent of the lesions (or body surface area involved) (Figure 6). 
Next step is to estimate the number of T cells in peripheral blood. This can easily be 
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done as follows: an average 70-kg male has about 5 L of peripheral blood, an average of 
7.55x10E3 white blood cells per cubic millimetre of blood, and an average percentage of 
lymphocytes of 29.5%. The amount of T cells in the circulation can then be estimated 
at 1.11x10E10 total T cells. We found that these figures are equal in healthy control 
subjects and AD patients (data not shown). 

Figure 6  |  Peripheral blood and skin resident T cells in AD patients. Total number of T cells in the peripheral blood 
of AD patients and HC are comparable. Peripheral blood CLA+ T cells AD patients were found increased in 
AD patients compared to HC subjects. Patients with AD have increased numbers of skin resident T cells. 
Note that the first AD estimate (3.37x10E10) of the total number of skin resident T cells in AD skin is an 
underestimate, because it was assumed that this hypothetical patient did not have any affected/lesional 
skin. The lower four figures show changes in the number of skin resident T cells after treatment. Treatment 
results in a major decrease in the number of skin resident (CLA+) T cells. These T cells are not found in the 
blood and the majority (~80%) of these cells does not have potential to retain in lymph nodes. 

Peripheral blood Skin

Healthy
subject

AD patient

1.11 x1010 T cells 
1.7 x109 CLA+  T cells 

2.04 x1010 T cells 
1.84 x1010 CLA+  T cells 

1.11 x1010 T cells 
1.9 x109 CLA+  T cells 

3.37 x1010 T cells 
2.94 x1010 CLA+  T cells 

AD patient
25% body surface area a�ected

AD patient
50% body surface area a�ected

1.9 x109 CLA+  T cells 11 x1010 CLA+  T cells 

1.9 x109 CLA+  T cells 7.4 x1010 CLA+  T cells 
3.6 x1010 CLA+  T cells 
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In addition to total T cell numbers, we estimated the absolute numbers of CLA+ T 
cells in both compartments. Although the percentage of peripheral blood CLA+ T cells 
was increased on the CD4+ subset of AD patients compared to HC,47 and in addition 
we found an increase on CD3+ T cells (data not shown), this increase only results in 
a relatively small difference in the absolute numbers of peripheral blood CLA+ T cells 
in patients versus healthy controls (1.7x10E9 versus 1.9x10E9 CLA+ T cells). Since theSince the 
majority of skin T cells (>90%) were found to express CLA in both healthy control 
subjects43 and patients with AD,48 it can be estimated that in AD patients about 95% of 
all CLA+ T cells (1.9x10E9/3.37x10E10) are resident in the skin (Figure 6). 
In the study described in chapter five patients showed rapid improvement of disease 
severity in the first three weeks of CsA treatment (Figure 7A). In addition, the 
percentage of the body surface area involved decreased significantly, from 48.9%±14.8 
at baseline to 23.6±13.8 after three weeks of treatment (Figure 7B). Using the figures 
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Figure 7  |  Cyclosporin A treatment results in good clinical improvement. Significant decrease of (A) Disease severity 
(SCORAD) and (B) Percentage of the body surface area involved, during cyclosporin A (CsA) treatment. AD 
patients with severe eczema were treated with CsA (5 mg/kg/day). 

from Table 1 it can be estimated that a decrease of the affected body surface area from 
about 50% to about 25% implies a decrease in the number of skin resident CLA+ T cells 
equaling 3.68x10E10 after three weeks of CsA treatment (Table 1). This suggests that a 
more than 3 fold magnitude of the total number of T cells present in peripheral blood 
disappears from the skin. Moreover, since the majority of these skin resident T cells 
(>90%) are CLA+, this means that 0.9x3.68=3.3x10E10 CLA+ T cells disappear from 
the skin, which is about 17 times the number of CLA+ T cells present in the peripheral 
blood. A significant CsA induced reduction of CD3+ T cells in the skin of AD,49,50 and 
psoriatic skin has been shown previously.51-55 
Surprisingly, the patients treated with CsA described in chapter f ive did not show an 
increase in peripheral blood total leukocyte or lymphocyte counts, but on the contrary 
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showed a small but significant decrease in the percentage of peripheral blood CD4+CLA+ 
T cells during the first three weeks of CsA treatment (from 22.7±3.4% to 18.3±2.9%). 
This raised the question where these incredible numbers of T cells disappear to. 
It was shown that less than 5% of CLA+ T cells reside at extracutaneous sites,56 making 
it unlikely to suggest that CsA treatment would stimulate skin resident CLA+ T cells to 
migrate to another organ, such as the gut. 
Because they disappear from the skin and are not recovered from peripheral blood, it 
might be suggested that these cells migrate to and reside in skin draining lymph nodes. 
Essentially all CLA+ T cells are memory T cells, and two subsets of memory T cells 
have been described. The first subset was designated central memory T cells, expressing 
CCR7 and L-selectin and has the capability to enter lymph nodes.57 A second subset 
known as effector memory T cells, are suggested to recirculate between the blood 
and skin, but do not to retain in lymph nodes. Initially, all skin resident CLA+ T cells 
were considered as effector memory T cells, however, it was recently shown that the 
division between central and effector memory T cells in the skin-homing population is 
less clear. About 80% of peripheral blood, and 20% of skin resident CLA+ T cells were 
found to co-express CCR7 and L-selectin, and are thus considered central memory T 
cells,58 suggesting they may also have access to the lymph nodes. However, even when 
all skin resident central memory CLA+ T cells would migrate to the lymph nodes, that 
still would not fully explain the massive T cell shift described above. 
Finally, it might also be suggested that CsA induces apoptosis of skin resident CLA+ T 
cells. However, this would imply massive apoptosis that has never been shown in AD 
or psoriasis patients treated with CsA. In addition, in vitro and mouse model studies 
have shown that CsA inhibit apoptosis.59,60 However, apoptosis may also occur after the 
T cells leave the skin via the afferent lymph, resulting in loss of interactions to extra 
cellular matrix (ECM) proteins and perhaps death by anoikis (homelessness).61,62 The 
model described Yawalkar et al., might elucidate this phenomenon.63 Furthermore, it 
would be interesting to investigate effects of treatment on the expression of T cell 
homing markers. 
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What have  microarrays taught us?

Microarrays have introduced the opportunity to study large scale gene expression. 
There are however several drawbacks. The first is related to the selection of the cell 
type of interest. Given the complexity of the immune pathways that lead to AD (shown 
schematically in figure 3, introduction), this is the first big challenge and at the same 
time a risk that is encountered when setting up a microarray experiment. Because of the 
involvement of several cell types (discussed in the next paragraph) it would theoretically 
have been most logical to investigate gene expression levels in whole skin AD biopsies. 
However, skin biopsies are consisting of a variety of cell types, including epidermal 
keratinocytes, Langerhans cells, dermal fibroblasts, dendritic cells, monocytes, adnex-
derived cells, T cells, eosinophils, basophils, macrophages, IDECs, fat-tissue and many 
more. Therefore, results from a microarray analysis on skin biopsies should be corrected 
for the relative amounts of all cell types present. Because cell specific “house keeping 
genes” are not available, this is technically still very complicated, and would require a 
semi-quantitative estimate based on histology. 
Consequently, until now there have only been few reports describing microarray analysis 
of AD skin biopsies. Nomura et al. compared gene expression levels in AD to psoriasis 
skin and essentially found increased expression levels of genes encoding chemokines 
known to be increased in AD.64 Sugiura et al. compared gene expression levels from AD 
patients to healthy controls and found differences related to epidermal differentiation.65 
However, although expression levels were corrected for  standard house keeping genes 
(including GAPDH and beta-actin), a correction for the relative contribution of the 
different cell types was not performed. Therefore, in our opinion “the first step to 
success” would be to determine which cell types play a role and select the best possible 
candidate (which still might be a blind guess).

Which components are involved?

The factors that contribute to skin inf lammation66,67 may be divided in a static and 
dynamic component. The static component include keratinocytes, fibroblasts and 
endothelial cells, which are involved in the production of pro-inf lammatory cytokines 
and chemokines. In addition, there is a dynamic component including T cells, 
Langerhans cells, dendritic cells, eosinophils, IDECs and mast cells that are present in 
different numbers and ratios during different phases.
It is generally being accepted that CD4+ T cells play a key role in the pathogenesis of 
AD. Besides playing a role in the a role in the local inf lammatory process, representing 
the majority of infiltrating inf lammatory cells, peripheral blood CD4+ T cells from 
AD patients were also found to show increased expression of activation markers such 
as HLA-DR and CD25. In addition, about 15%-20% of peripheral blood CD4+ T cells 
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co-express CLA, suggesting they include recirculating skin T cells.
Furthermore, CLA+ T cells from AD patients have been shown to express T

H
2 

cytokines,68-70 thus mirroring the cytokine expression seen in early AD skin lesions.71 
Because peripheral blood CD4+ T cells in AD patients were suggested to be different 
from HC subjects we initially investigated differential expression in peripheral blood 
CD4+ T cells.
In chapter 6 we described that peripheral blood CD4+ T cells differentially expressed 
genes related to skin homing and apoptosis. Because it is known that only CLA+ T 
cells have the potential to migrate to the skin and constitute more then 90% of skin 
resident T cells, subsequently expression levels of the genes described in chapter 6 were 
investigated in the skin homing CLA+ subset.

Increased survival of peripheral blood CLA+ T cells?

We hypothesized that the differential expression of genes found in CD4+ T cells would 
result from differences in the skin homing (CLA+) subset. Accordingly, we found several 
apoptosis related genes showing decreased expression in peripheral blood CD4+CLA+ 
compared to CD4+CLA- T cells (chapter 7). Decreased expression of apoptosis related 
genes, including DUSP2, TNFAIP3, CJUN, and JUNB in peripheral blood CLA+ T 
cells may suggest their increased survival. Decreased apoptosis of CLA+ T cells in AD 
patients may be related to increased percentages of peripheral blood CLA+ T cells, as was 
recently demonstrated in AD patients compared to HC subjects.47 Moreover, this might 
ref lect the enormous increase of CLA+ T cells in the skin of AD patients. Decreased 
(susceptibility to)  apoptosis of skin resident CLA+ T cells might be an important factor 
contributing to the persisting inf lammation found in lesional AD skin (figure 10).
However, our results are in this respect in disagreement with a recent publication by 
Akdis et al.,72 suggesting that there is increased apoptosis in peripheral blood CLA+ 
T cells from AD patients compared to HC subjects. They showed that directly after 
purification CLA+ T cells in vitro are more susceptible to apoptosis than CLA- T cells. 
This was further increased in AD patients compared to HC subjects.
Additional experiments will have to elucidate the exact effects of differential expression 
of the genes we found to have a decreased expression in AD compared to HC. Only 
when the exact role of increased or decreased apoptosis has been revealed, apoptosis 
stimulating or inhibiting new therapies (recently reviewed by Green et al.73) may be 
considered.
Patients included in this study were allowed to use topical corticosteroids, that have 
been suggested to have an effect on T cell survival. Therefore, it might be suggested 
that the decreased expression of genes related to apoptosis found in our study, might 
result from the use of topical steroids. Topical steroids theoretically may have an effect 
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on peripheral blood CD4+CLA+ T cells by diffusion or by effecting recirculating T 
cells. However, treatment with topical steroids typically results in the improvement of 
disease activity and extent, resulting in a significant reduction of skin resident T cells 
(as described above). We have data showing that treatment with topical steroids results 
in a significant reduction, rather than an increase, of peripheral blood CD4+CLA+ T 
cells (figure 8).

Figure 8  |  Treatment with highly potent topical corticosteroids significantly decreases the percentages of skin homing 
CD4+CLA+ T cells in AD patients (n=5). Patients showed significant improvement of (A) disease severity score 
(SASSAD), (B) serum TARC levels, and (C) a significant decrease in the percentage of CD4+CLA+ T cells. 
Peripheral blood was obtained at admission and at discharge (mean duration of admission ~2.5 weeks).

Therefore, we would have expected increased (rather than decreased) expression of 
apoptosis related genes in patients using topical steroids, resulting in decreasing numbers 
of CLA+ T cells, making our observations even more interesting. 
In addition, we also found a tendency (for DUSP2 and TNFAIP3) or significantly 
decreased expression levels (for JUNB and CJUN) of apoptosis related genes in 
CD4+CLA+ T cells compared to CD4+CLA- T cells from healthy control subjects. This 
further contributes to the suggestion that these observations are not related to the use of 
topical steroids, but may play an important role in the pathogenesis of AD. 
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The role of Tregs in atopic dermatitis

What is known about Tregs in atopic dermatitis

Regulatory T cells have been suggested to play an important role in the pathogenesis 
of allergic inf lammatory diseases.74 It was obvious to hypothesize that decreased Treg 
numbers or impaired Treg function would underlie the chronic skin inf lammation in 
atopic dermatitis patients. However, Ou et al. found that patients with AD had increased 
percentages of peripheral blood CD4+CD25+ T cells compared to AA patients and HC 
subjects. These cells were found to be anergic and showed normal immunosuppresive 
activity.75 However, addition of staphylococcal enterotoxin B (SEB) to CD4+CD25+ T 
cells was found to results in loss of suppressive function. SEB is an enterotoxin derived 
from Staphylococcus aureus. It was shown that patients with AD are commonly colonized 
with S. aureus. Colonization occurs in more than 90% of patients compared to about 5% 
in healthy control subjects. It occurs on both lesional, and to a lesser extent, non-lesional 
AD skin.76 The main consequence of the increased colonization of AD skin by S. aureus 
is the release of staphylococcal enterotoxins, including SEB, SEA, and toxic shock 
syndrome toxin (TSST)-1, also referred to as “superantigens” (SAgs).77 Superantigens 
have been shown very potent T-cell and macrophage activators,78,79 that can induce an 
inf lammatory reaction when applied on the intact skin in both healthy control subjects 
as AD patients.80,81 Based on their in vitro experiments on peripheral blood CD4+CD25+ 

T cells, Ou et al. suggested that superantigens (SAgs) in the skin of AD patients may 
contribute to T cell activation by impairing Treg function (Figure 7). 
So far, there have been two reports on the presence of Tregs in the skin of AD 
patients, showing contradictory results. Although, Verhagen et al. recently showed that 
CD4+FOXP3+ T cells are absent from the skin of AD patients,82 Caproni et al. were able 
to demonstrate CD3+FOXP3+ T cells in the skin of AD patients.83 

Preliminary data suggest increased percentages of FOXP3+ Tregs in the skin of AD patients

We now have data demonstrating that normal human skin contains about 5-10% 
CD3+FOXP3+ T cells (I. Schornagel, personal communication). In addition, we 
recently found that adult patients with AD have significantly increased percentages 
of CD3+FOXP3+ T cells (26%) in both lesional (n=4) and non-lesional skin biopsies 
(n=4) (Figure 9). Notably, no differences were found in the percentages CD3+FOXP3+ 
T cells between lesional and non-lesional AD skin. This suggests that although Tregs 
are being actively attracted to the skin, the system fails to suppress the inf lammatory 
process. Therefore, it could be hypothesized that CD3+FOXP3+ Tregs present in 
the skin of AD patients may be functionally impaired. This functional impairment 
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might result from the presence of microbial toxins, that have recently been shown to 
undermine suppressive effects of peripheral blood Tregs.75 In addition, it has previously 
been shown that staphylococcal SEB penetrates deep into the dermis, suggesting SEB 
might also impair Treg function beyond the epidermis.84 

Figure 9  |  Presence of high numbers of CD3+FOXP3+ T cells in lesional AD skin. Sections of lesional AD skin were co-
stained with directly conjugated antibodies to CD3 (blue) and FOXP3 (red). FOXP3+ Treg were clearly 
visible as cells with blue membranes and red nuclei. (A) Tregs present throughout epidermis and dermis 
(B) Magnification of a dermal T cell infiltrate

Tregs have been proposed to mediate suppression by several mechanisms, including direct 
and indirect effects (via APCs) on conventional T cells (Figure 10). First, competitive 
consumption of IL-2  was shown.85-87 Tregs were found to express a heterotrimeric IL-
2 receptor, that has a 100 fold higher affinity for IL-2 than the dimeric form expressed 
by conventional T cells. In addition, Tregs might release IL-10 and TGF-beta, and 
directly inhibit T cell activation and suppress APC function, or enable APCs to express 
IL-10. Moreover, activated Tregs have been shown to directly kill APCs and T cells 
through perforin- or granzyme B-dependent pathways.88,89 Tregs may also induce T 
cell apoptosis or anergy via CTLA4.90 Recently, Tregs have been shown to induce T-
cell cycle arrest through B7-H4 on antigen-presenting cells.91-93 
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Although high frequencies of skin colonization with S. aureus were found, the skin of 
a small percentage of AD patients is not colonized with S. aureus (~10%). In addition, 
AD patients colonized with S. aureus strains not secreting SAgs have been described.94 
This suggest that other mechanisms should be involved (figure 10). 
During inf lammatory processes, T cells migrate into tissues and interact with 
extra cellular membrane (ECM) proteins. This process is mediated by integrins on 
leukocytes that attach to ECM proteins. This mechanism have been shown important 
in the regulation of T cell survival.95,96  T cell apoptosis was found to be suppressed in 
the synovium of rheumatoid arthritis patients.97 Moreover, Akdis et al have recently 
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shown that ECM components, including fibronectin, collagen IV, laminin, and 
tenascin significantly inhibited apoptosis of CLA+ T cells.72 In addition, Clark et al. 
recently showed that T cells cultured in matrices colonized with dermal fibroblasts, 
specifically enhanced the survival of CLA+ T cells.98 However, the effects of skin micro-
environmental components on Tregs have not been investigated so far. In addition, it 
needs to be elucidated if there is a differential effects on T

(reg)
 cell apoptosis of AD skin 

ECM components versus HC skin ECM components.
Finally, we found that peripheral blood skin homing CLA+CD4+ T cells demonstrate 
decreased expression of genes related to apoptosis. This may suggest that CLA+CD4+ 

T cells from AD patients are less susceptible to apoptosis, resulting in their increased 
survival (figure 10).
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Future prospects -  Tregs:  linking AD and tumour immunology

As described above, we surprisingly found increased percentages of Tregs in both 
lesional and non lesional AD skin compared to HC skin. An increase of Tregs has also 
been demonstrated in several types of tumours including melanoma,99,100 as was recently 
reviewed by Zou.101 Although skin resident Tregs in AD apparently are dysfunctional 
(figure 10), tumour associated Tregs have been demonstrated to actively induce 
peripheral tolerance by suppressing self-antigen-reactive T cells.85,102 
In chapter five we suggested that the decreasing Treg numbers in AD patients during 
CsA treatment might be harmful. On the contrary, in the field of tumour immunology 
low doses of CsA have been suggested useful in promoting tumour immunity, by 
depleting Tregs.31 In addition, inhibition of Treg migration to tumours by blocking 
MDC has been suggested as a novel anti-cancer therapy.31 This might have interesting 
implications for the treatment of AD, because MDC has been demonstrated to mediate 
migration of effector T cells to the skin of AD patients.103,104 

Using a novel model for the isolation of skin resident T cells, recently described by 
Clark et al.98 it has now become possible to investigate effects of treatment on skin 
resident (regulatory) T cells. The research described in this thesis has led to many new 
research questions, in which this new method may be helpful answering:
1. Are skin resident Tregs isolated from AD skin biopsies still suppressive? 
2. Which factors contribute to the apparent dysfunction of skin resident Tregs?
3. Are skin resident Tregs from AD skin biopsies functionally different from Tregs 

isolated from skin tumours.
4. Does the induction of early lesions by atopy patch testing (APT) result in an 

additional inf lux of functional Tregs that explains the self-limiting character of the 
APT?

5. CsA decreases peripheral blood Tregs. Does CsA also reduce skin resident Tregs? 
Is this different for other commonly used immunosuppressants (corticosteroids, 
mycophenolic acid, tacrolimus) 

6. Do differences in Treg depletion explain the differences between patients with a 
good clinical response to CsA treatment and non-responders.
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Concluding remarks

This thesis has addressed several aspects of the behaviour of T cells in the pathogenesis 
of atopic dermatitis. 

Chemokines TARC and CTACK are important regulators of  T cell migration to the 
skin. We have demonstrated that serum TARC and CTACK levels are increased in 
AD patients, but not in patient with allergic respiratory disease. In addition, we have 
shown that serum TARC levels correlate with disease severity. Because an objective 
marker for AD disease severity has been lacking, studies of patients with AD have been 
using a large variety of subjective clinical measurements (including SCORAD, EASI, 
SASSAD, LSS). This has resulted in difficulties interpreting studies making use of 
different clinical measurements. Serum TARC levels were found to represent a useful 
objective parameter for disease severity, and have been used throughout this thesis

We have shown that CsA treatment in AD patients is highly effective and relatively safe 
with regard to side effects on kidney function and blood pressure. However, we were 
the first to report a small subset of patients treated with CsA that deteriorate during 
CsA treatment, with signs and symptoms, more severe than at onset of treatment. 
Deterioration of disease in these patients was paralleled by increasing total serum IgE 
levels. This phenomenon may represent an unwanted side effect of CsA. 

In addition to increasing total serum IgE levels during long term CsA treatment, we 
reported a rapid CsA induced decrease of peripheral blood regulatory T cells (within 
3 weeks of treatment). If the latter finding is related to problems encountered upon 
discontinuation of CsA treatment, is subject of further research. 

Finally, we demonstrated differential expression of skin homing and apoptosis related 
genes in CD4+(CLA+) from AD patients. By promoting T cell homing to the skin, and 
perhaps facilitating increased survival of skin resident CD4+CLA+ T cells, these genes 
may represent important aspects contributing to the sustained inf lammation that is 
found in chronic AD lesions.

Taken together, this thesis provides novel insights into T cell behaviour in atopic 
dermatitis. A better understanding of the mechanisms contributing to the chronic 
inf lammatory process in the skin of AD patients will contribute to the development 
of novel, more specific therapies, that may finally help improving the quality of life of 
patients with atopic dermatitis.  
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Samenvatting

Constitutioneel eczeem is een chronische ontstekingsziekte van de huid gekenmerkt door 
rode,  schilferende en bovenal jeukende huidafwijkingen. Onder de microscoop wordt de 
huid van patiënten met constitutioneel eczeem gekenmerkt door de aanwezigheid van 
grote aantallen CD4+ T cellen. Deze cellen spelen een centrale rol bij het ontstaan en in 
stand houden van deze huidaandoening. 

T cellen worden aangetrokken naar de huid door chemokines. Voorbeelden van chemokines 
die hierbij betrokken zijn, zijn TARC (CCL17) en CTACK (CCL27). Deze chemokines 
worden door verschillende cellen in de huid geproduceerd. Nadat ze geproduceerd zijn 
worden ze in de bloedvaten van de huid gepresenteerd aan passerende T cellen. Hierdoor 
worden deze T cellen geactiveerd, wat tenslotte leidt tot het verplaatsen van deze T cellen 
van het bloed naar de huid.

Nadat deze chemokines zijn gepresenteerd in het bloedvat worden ze als het ware 
“geloosd” in het bloed. Door middel van een ELISA analyse kunnen we de concentratie 
van deze chemokines in het bloed meten. In hoofdstuk twee wordt beschreven dat 
de concentraties van TARC en CTACK in het bloed (serum) bij patiënten met 
constitutioneel eczeem verhoogd zijn. Ook laten we in hoofdstuk twee zien dat bij twee 
andere allergische ontstekingsziekten, waarbij T cellen ook een belangrijke rol spelen, de 
serum concentraties van TARC en CTACK niet verhoogd zijn. Tenslotte schuiven we 
serum TARC concentraties naar voren als objectieve parameter voor het bepalen van de 
ernst van het eczeem. 

Patiënten met constitutioneel eczeem worden primair behandeld met locale medicatie 
(zalven en crèmes). Corticosteroïden (‘hormoonzalven’) zijn de belangrijkste primaire 
behandeling. Bij patiënten met ernstig constitutioneel eczeem, onvoldoende reagerend 
op locale middelen, wordt regelmatig gestart met ciclosporine A (Neoral®). In hoofdstuk 
drie beschrijven we dat deze behandeling effectief en relatief veilig is met betrekking 
tot de meest voorkomende bijwerkingen, te weten verhoogde bloeddruk en nierfunctie 
stoornissen. Echter, binnen drie maanden na het staken van ciclosporine A behandeling 
vlamt het eczeem bij ruim de helft van de patiënten weer op. Tevens beschrijven we in 
hoofdstuk vier dat het eczeem bij een kleine subgroep van patiënten, tijdens het gebruik 
van ciclosporine A, significant verslechtert. Deze patiënten krijgen, na een aantal maanden 
behandeling en na initiële verbetering, een ernstig, acuut eczeem dat lastig te behandelen 
is. Deze patiënten vertonen een stijging van hun totaal serum IgE. Wij suggereren dat 
ciclosporine A bij deze patiënten de T

H
1/T

H
2 balans verstoort, wat resulteert in deze 

paradoxale verslechtering van het eczeem.
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In hoofdstuk vijf wordt dieper ingegaan op het effect van ciclosporine A behandeling op T 
cellen in het bloed van patiënten met constitutioneel eczeem. De nadruk in dat hoofdstuk 
ligt op regulatoire T cellen. Regulatoire T cellen werden ruim tien jaar geleden voor het 
eerst beschreven. Zij worden gezien als de controleurs van diverse ontstekingsprocessen. 
Een voor de hand liggende hypothese was dat er iets mis zou kunnen zijn met de regulatoire 
T cellen van patiënten met constitutioneel eczeem. Tot dusver is hier echter geen bewijs 
voor gevonden. We beschrijven in hoofdstuk vijf dat ciclosporine A behandeling resulteert 
in een significante vermindering van het aantal regulatoire T cellen in het bloed van 
patiënten met constitutioneel eczeem. Tevens vonden we een significante gereduceerde 
expressie van de belangrijke T cel regulatie markers: FOXP3 en GADD45A. Ondanks dit 
ogenschijnlijke verlies van regulatie, verbetert het eczeem bij deze patiënten aanzienlijk. 
Een verklaring voor deze paradoxale bevinding hebben we echter nog niet. 

Microarray experimenten zijn een moderne manier om de expressie van genen te 
onderzoeken. In een microarray experiment kan de expressie van honderden tot duizenden 
genen tegelijkertijd onderzocht worden. De expressie van deze genen geeft een indicatie 
voor de processen die plaatsvinden in de onderzochte cellen. Op deze manier kan 
bijvoorbeeld de expressie van genen in cellen van patiënten en van gezonde vrijwilligers met 
elkaar vergeleken worden. In hoofdstuk zes beschrijven we een microarray analyse studie. 
Hierbij werd genexpressie in CD4+ T cellen van patiënten met constitutioneel eczeem, 
patiënten met astma (zonder eczeem) en gezonde vrijwilligers met elkaar vergeleken. We 
bestudeerden patiënten met astma omdat deze ook een chronische allergische ontsteking 
hebben, in een ander orgaan dan de huid. We vonden twee groepen genen die, specifiek bij 
patiënten met constitutioneel eczeem, meer of minder tot expressie kwamen. Eén groep 
genen, met verhoogde expressie, is betrokken bij de migratie van T cellen naar de huid. 
Dit suggereert dat de CD4+ T cellen bij patiënten met constitutioneel eczeem beter naar 
de huid kunnen migreren dan bij gezonde vrijwilligers of bij patiënten met astma. Een 
tweede groep genen, betrokken bij T cel overleving, toonde verminderde expressie bij 
patiënten met constitutioneel eczeem. Wij hypothetiseren dat dit laatste kan resulteren in 
een betere overleving van CD4+ T cellen, wat bij zou kunnen dragen aan het chronische 
aspect van de ziekte.

Behalve CD4 kunnen T cellen verschillende andere moleculen op het celoppervlak tot 
expressie brengen, waaronder het “cutaneous lymphocyte associated antigen” (CLA). 
Door middel van CLA kunnen T cellen uit het bloed binden aan specifieke structuren 
(E-selectine) op de bloedvaten van de huid. Het is bekend dat meer dan 90 procent van 
de CD4+ T cellen in de huid ook CLA+ op hun membraan tot expressie brengen. In het 
bloed worden ook CD4+CLA+ T cellen teruggevonden, maar het percentage is veel lager 
(5-15%). Deze cellen worden voorondersteld naar de huid te kunnen migreren.
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In hoofdstuk zeven onderzochten we genexpressie in huid-specifieke (CD4+CLA+) 
T cellen, geïsoleerd uit het bloed van patiënten met constitutioneel eczeem. We laten 
zien dat diverse genen, betrokken bij T cel overleving (zoals beschreven in hoofdstuk 6), 
verminderd tot expressie komen in deze huid-specifieke celpopulatie. Wij hypothetiseren 
dat deze verminderde expressie leidt tot verbeterde overleving van T cellen in de huid. 
Deze verbeterde overleving kan een belangrijk mechanisme zijn dat bijdraagt aan de 
chronische ontsteking in de huid bij patiënten met constitutioneel eczeem.

Het in dit proefschrift beschreven onderzoek heeft geleid tot nieuwe inzichten in diverse 
T cel karakteristieken, betrokken bij het proces wat leidt tot constitutioneel eczeem. We 
hebben aanwijzingen dat T cellen bijdragen aan chronische huidontsteking, doordat ze 
beter overleven dan T cellen van mensen zonder constitutioneel eczeem. Tevens beschreven 
we specifieke factoren welke betrokken zijn bij het aantrekken van T cellen naar de huid. 
Een betere kennis van deze processen zal resulteren in de ontwikkeling van nieuwe, meer 
specifieke therapieën en uiteindelijk tot een betere kwaliteit van leven voor patiënten met 
constitutioneel eczeem.
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Dankwoord

Na vier jaar onderzoek is mijn proefschrift een feit! Hoog tijd voor een dankwoord. 
Iedereen die op wat voor manier dan ook heeft bijgedragen aan de totstandkoming van 
mijn proefschift wil ik natuurlijk bedanken en een aantal mensen in het bijzonder.

Allereerst wil ik mijn promotor, Carla Bruijnzeel-Koomen bedanken. Carla, bedankt 
voor de mogelijkheid om na mijn wetenschappelijke stage het promotieonderzoek te 
mogen verrichten, wat geleid heeft tot dit proefschrift. Bedankt voor je klinische en 
wetenschappelijke begeleiding in de afgelopen jaren en zeker ook voor de mogelijkheid 
die je me biedt om mijn (wetenschappelijke) horizon in het komende jaar te verruimen 
in Boston.

Vervolgens natuurlijk mijn copromotoren Edward Knol en Marjolein de Bruin-Weller. 
Edward, jouw enorme enthousiasme heeft me menig keer geholpen om een experiment 
wat niet ik niet meer zag zitten toch maar uit te voeren. Ik herinner me nog goed onze 
eerste trip naar het CLB in Amsterdam voor de sera die tot het JACI stuk hebben geleid 
en later onze trips naar Parijs, New York, San Antonio en Tübingen. Bedankt voor de 
laagdrempelige begeleiding en de vrijheid die je me gaf. Jammer dat je Comic Sans een 
mooi lettertype vindt! Daar moeten we het toch nog maar eens over hebben :).
Marjolein, jij ook enorm bedankt voor je begeleiding vanaf het prille begin. Ik heb het 
als erg prettig ervaren om onder jouw supervisie, naast basaal lab onderzoek, patiënten te 
blijven zien. Bedankt voor je enorme enthousiasme, duidelijke taal en positieve instelling. 
Je bent een ware “onderzoeksmoeder”! 

Toen ik startte als promovendus was er een grote gezellige groep arts-onderzoekers. De 
mensen van het eerste uur: Marja Oldhoff, Feiko Rijken, Suzanne Bolhaar, Annebeth 
Flinterman, Ines Schornagel, Joke Afke van der Zee. Een goed begin is het halve werk, 
bedankt daarvoor!

Natuurlijk ook alle andere (oud)collega’s; Inge Beeren, Kim Peeters, Machteld Tiemessen, 
Bert Ruiter, Adrie van Ieperen, Audrey Routheut, Mayke Koek, Mayke Houtappel, 
Rebecca Kiekens, Wendy Kölgen, Els van Hoffen, Peter Lee, Titia Lindner en Maurice 
Verburg.
Een aantal hiervan zijn me al voorgegaan in het academiegebouw, maar de mensen die nog 
volgen, veel succes met de laatste loodjes!
De mensen die het lab draaiend houden of hielden: Marloes Laaper-Ertman, Inge de Vegt-
Krikken, Ilse Bihari, Annemieke van Kraats en Kees Guikers, enorm bedankt voor jullie 
hulp.
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Alle mensen van het longen lab bedankt voor jullie bijdrage. Laurien, bedankt voor je 
hulp bij onze pogingen tot rollen! Jan en Miranda, bedankt voor jullie ondersteuning bij 
het FACS-sorten. 
De nieuwe “eczeemkindjes” Onno en Inge. Bedankt voor jullie gezelligheid en heel veel 
succes nog bij jullie onderzoek!

Alle arts-assistenten dermatologie: bedankt voor jullie hulp, gezelligheid en begrip bij het 
uitplannen na mijn korte klinische start! 

Feiko, ik moest hard lachen toen je vertelde dat je dermatoloog wilde worden. Ik begreep 
je keuze pas na mijn co-schap dermatologie en ging je zelfs achterna. Het was erg leuk 
om samen een tijdje onderzoek te doen en nu nog even samen in opleiding te zijn. Het is 
goed om jou als vriend en collega te hebben!

Ines, jij introduceerde me in de wereld van de microarrays. Toen ik daarmee begon was 
jij al meer dan een jaar aan het stoeien met de 406-genen-32P-gelabelde-nylon-cDNA-
microarrays. Ik zette die stoeipartij voort, maar met hetzelfde resultaat (behoeft geen 
verdere uitleg denk ik!). Uiteindelijk kwam Evert ons ondersteunen in onze microarray 
queeste. Mede dankzij hem is het uiteindelijk toch gelukt! Evert, jij ook enorm bedankt 
voor je hulp.

Iemand die ook erg belangrijk is geweest voor mijn “wetenschappelijke vorming” en die 
hier ook zeker genoemd en geroemd moet worden is Gerard Pasterkamp. Lang geleden 
was jij mijn erg enthousiaste supervisor tijdens mijn laatste stage voor Medische Biologie. 
Mijn stage leverde me niet alleen twee leuke publicaties op maar ook een date met Suzan! 
Leuk dat je ook nu weer enthousiast was om plaats te nemen in de oppositie commissie! 
Zelfs tien jaar na mijn stage voel ik me nog steeds welkom op het experimentele cardiologie 
lab. Arjan, Joost en Chaylendra, jullie natuurlijk ook bedankt voor jullie enthousiasme en 
hulp!

De dames van het stafsecretariaat, Jantine, Marjan en Miranda, jullie wil ik ook bedanken 
voor jullie hulp en gezelligheid.

#:-], Engelsman, Paul, enorm bedankt voor je hulp bij het schrijven van manuscripten, 
onderzoeksvoorstellen en brieven, maar bovenal ook voor de gezelligheid. We moeten ook 
snel weer eens gaan duiken!

Mijn collegae arts-onderzoekers van andere afdelingen; Caroline, Maurice, Berber, Jocea, 
Erik-Jan en Marjan. Bedankt voor jullie gezelligheid tijdens de broodnodige coffee-
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breaks! Goed om te horen dat het gras op geen enkele afdeling veel groener is dan bij de 
dermatologie!

Ineke Kok, bedankt voor je goede hulp bij het rekruteren van astma patiënten.

Dames van de allergie poli. Bedankt voor de gezelligheid voor en tijdens het 
eczeemspreekuur. 

Alle studenten die hun steentje hebben bijgedragen aan het onderzoek: Thomas, Marjolein, 
Moniek en Onno.  Dank voor jullie inzet!

Mijn paranimfen, Marcel en Maurice.Maurits,altijd goed om jou in de buurt te hebben! OfMarcel en Maurice.Maurits,altijd goed om jou in de buurt te hebben! Of en Maurice.Maurits,altijd goed om jou in de buurt te hebben! Ofen Maurice.Maurits,altijd goed om jou in de buurt te hebben! Of Maurice.Maurits,altijd goed om jou in de buurt te hebben! Ofaurice. Maurits, altijd goed om jou in de buurt te hebben! Of 
het nou bij het plaatsen van een Velux dakraam is of bij een promotie, succes gegarandeerd! 
Succes nog met het afronden van jouw promotie!
Marcel, ondanks dat je de jongste Hijnen telg bent, was je me toch te snel af! Jij promoveerde 
al een jaar eerder, maar daar kon ik als “grote broer” en paranimf alleen maar trots op zijn. 
Jammer dat je het afgelopen half jaar wat verder weg zit, maar ook in Australië weet ik je 
te bereiken! Fijn dat je op mijn promotie aan mijn zij wilt staan.

Pap en mam, bedankt dat jullie mij altijd ondersteund hebben in mijn keuzes. Bedankt 
ook dat jullie altijd voor ons klaar stonden: “we hoefden maar te piepen” zoals jullie het 
zelf noemen! 

Suzan, Niels en Hijnen-junior-2. Zonder jullie was dit nooit gelukt! Jullie compenseerden 
voor alle dipjes en stress die  promoveren soms opleverden. Suus, goed dat je me zo nu en 
dan een beetje afremde! Op naar de volgende uitdaging! Duizendmaal dank!
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Curriculum Vitae

DirkJan Hijnen werd geboren op 14 maart 1974 te Beek en Donk. Na het behalen van 
het Atheneum-B diploma aan het Macropediuscollege te Gemert, begon hij in 1992 aan 
de studie diergeneeskunde aan de Universiteit van Antwerpen. Na een jaar stapte hij over 
naar de studie Medische Biologie aan de Universiteit van Amsterdam. Tijdens zijn studie 
deed hij wetenschappelijk onderzoek naar Neisseria meningitidis op de afdeling medische 
microbiologie in het Academisch Medisch Centrum te Amsterdam onder supervisie van 
Dr. Arie van de Ende en Drs. Aldert Bart. Het onderwerp van zijn afstudeerproject was 
het remodelleren van de vaatwand bij atherosclerose. Dit werd verricht bij de vakgroep 
experimentele cardiologie in het Universitair Medisch Centrum te Utrecht, onder 
supervisie van Dr. Gerard Pasterkamp. 
In 1997 begon hij met de studie geneeskunde aan de Universiteit van Utrecht. In de 
wachttijd voor zijn co-schappen deed hij een keuze co-schap heelkunde in het Queen 
Elisabeth Central Hospital te Blantyre, Malawi. In maart 2002 behaalde hij zijn artsexamen 
waarna hij startte met het promotieonderzoek dat heeft geleid tot dit proefschrift. In 
januari 2006 begon hij met de opleiding tot dermatoloog (opleider: professor dr. Carla 
Bruijnzeel-Koomen).
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Abbreviations

AA, allergic asthma;
AD, atopic dermatitis;
APC, antigen presenting cell;
AR, allergic rhinitis;
BSU, Body Surface Area;
CCL, CC chemokine ligand;
CCR, CC chemokine receptor;
CLA, cutaneous lymphocyte-associated antigen;
CsA, cyclosporin A;
CTACK, cutaneous T cell attracting chemokine;
CTLA-4, cytotoxic T-lymphocyte-associated antigen 4;
DC, dendritic cell;
FDR, False Discovery Rate;
FOXP3, forkhead box P3;
HC, healthy control;
HKG, house keeping gene;
IDEC, inflammatory dendritic epidermal cell;
IFN, interferon;
IL, interleukin;
LC, Langerhans’ cell;
LSS, Leicester sign score;
PGA, physician’s global assessment;
Q-PCR, Quantitative PCR (‘Real-time’ RT-PCR);
SASSAD, Six Area Six Sign AD (Severity Score);
SCORAD, Scoring AD (Severity Score);
SEB, Staphylococcal Enterotoxin B (microbial toxin);
SAgs, Superantigens (microbial toxins);
TARC, thymus and activation regulated chemokine;
TGF, transforming growth factor;
T

H
, T helper;

Tregs, T regulatory cells



“This is not the end.
It is not even the beginning of the end.

But it is, perhaps, the end of the beginning.”

Sir Winston S. Churchill
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