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cells exhibited an immature phenotype. Interestingly, we 
found Fc � RI and cell-bound IgE to be expressed not only 
on myeloid, but also on plasmacytoid DCs from both the 
skin and peripheral blood of AD patients.  Conclusions:  It 
is tempting to speculate that the disease-regulating role 
of infl ammatory DCs in AD is infl uenced by both Fc � RI 
occupancy and their degree of maturity. 

 Copyright © 2005 S. Karger AG, Basel 

   Introduction 

 Atopic dermatitis (AD) is the cutaneous manifestation 
of atopy (AD, allergic rhinitis, allergic asthma) occurring 
in 5–20% of children and 1–3% of adults  [1, 2] . It is gen-
erally assumed that the eczematous reaction results from 
a T-cell-mediated delayed-type hypersensitivity reaction 
against certain environmental and, perhaps, self-pro-
teins. Dendritic cells (DCs), because of their potent anti-
gen presentation function, are critical for this process to 
occur  [3] . These cells have the potential to decide about 
the initiation and the type of the immune response emerg-
ing. In AD skin they are apparently triggered by epithe-
lial-cell-derived thymic stromal lymphopoietin to mi-
grate to draining lymph nodes and to prime naïve T cells 
to preferentially produce IL-4, IL-5 and IL-13, while 
downregulating IL-10 and IFN- �   [4] . 

 Key Words 
 Dendritic cells  �  Atopic dermatitis  �  Fc �  receptor

  Abstract 
  Background:  Dendritic cells (DCs) represent a major por-
tion within the infi ltrate of atopic dermatitis (AD) lesions. 
As antigen-presenting cells they have the ability to regu-
late both the quantity and quality of T-cell responses and, 
thus, are likely to play a key role in the pathogenesis of 
T-cell-dominated skin diseases such as AD. Thus we 
sought to identify the DC repertoire occurring in AD pa-
tients.  Methods:  For this purpose, we phenotypically an-
alyzed various defi ned DC subsets of AD patients and 
healthy controls in skin biopsies and peripheral blood 
by immunofl uorescence staining.  Results:  In AD le-
sions, two infl ammation-associated DC subsets with 
varying expression of costimulatory molecules occurred 
besides epidermal Langerhans cells (LCs) and dermal 
myeloid DCs (dmDCs) indigenously residing in normal 
skin: (1) CD1a+/CD1c+/Fc � RI+/IgE+/CD207– myeloid DCs 
(mDCs) in the epidermis and dermis and (2) CD123+/
BDCA-2+/CD45RA+/CD68+ plasmacytoid DCs (pDCs) in 
the dermis. In the peripheral blood of the patients, these 
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 Distinct subsets of cutaneous DCs have been de-
scribed. Normal human skin (NS) harbors two types of 
resident DCs, i.e., epidermal Langerhans cells (LCs) and 
dermal myeloid DCs (dmDCs)  [5] . In the epidermis of 
AD skin, the emergence of other myeloid DCs (mDCs), 
termed infl ammatory dendritic epidermal cells (IDECs), 
has been well documented  [6] . 

 Recently, another DC subset, namely plasmacytoid 
dendritic cells (pDCs) has been detected in various hu-
man diseases including viral infections  [7] , cancer  [8] , 
neuroborreliosis  [9] , systemic lupus erythematosus  [10] , 
allergic rhinitis  [11] , psoriasis  [12]  and allergic contact 
dermatitis  [13] . They were shown to contribute to innate 
and adaptive immune responses by the production of 
type I interferons and the induction of antiviral T cell re-
sponses  [14, 15] , but their full functional spectrum has 
yet to be elucidated. 

 In this study, we immunophenotypically characterized 
DC subsets in atopic skin lesions and correlated their 
number and phenotype to that of DCs in peripheral blood. 
By doing so, we sought to build a basis for future investi-
gations aimed at defi ning the exact contribution of these 
cells to the pathogenesis of AD. 

   Materials and Methods 

 Patients and Tissue Material 
 The criteria of Hanifi n and Rajka  [16]  were used for the diag-

nosis of AD. Healthy individuals were selected based on the follow-
ing criteria: no current AD and/or allergic rhinitis/asthma, no his-
tory of AD and/or allergic rhinitis/asthma, total serum IgE within 
the normal range, no other skin disease, no clinically relevant oth-
er diseases, such as malignomas, infections (e.g. HIV, hepatitis B 
or C) or infl ammatory diseases (e.g. Crohn’s disease, rheumatoid 
arthritis). Ten AD patients (5 females, 5 males with a mean age of 
36  8  18 years) and 8 healthy controls (4 females, 4 males with a 
mean age of 32  8  8 years) were enrolled in the study after giving 
their informed consent. The investigational protocol was approved 
by the Ethics Committee of the Medical University of Vienna (EK 
408/2003). AD patients ceased atopy-specifi c therapy, such as ste-
roids and topical calcineurin inhibitors as well as antihistamines, 
at least 2 weeks before enrollment. All AD patients had a chronic 
recurrent course, elevated serum IgE levels (1,310  8  564.9 KU/l) 
and a moderate to severe exacerbation of the disease (Investigators’ 
Global Assessment 3–4) at the time of blood and skin sampling. 
Blood samples for fl ow cytometric analysis (approximately 50 ml 
peripheral venous blood) were obtained from all AD patients (n = 
10) and all healthy individuals (n = 8). For immunohistological 
analysis, 4-mm punch biopsies were taken under local anesthesia 
from 6 out of 10 AD patients and 5 out of 8 healthy individuals. 
The biopsies were embedded in OCT Tissue-Tek (Sakura Finetek 
Europe B.V., Zoeterwoude, The Netherlands), snap-frozen in liq-
uid nitrogen and stored at –80   °   C until further processing. 

   Immunofl uorescence Staining 
 Frozen tissue was cut into 5- � m-thick sections and mounted on 

capillary gap microscope slides (Dako, Glostrup, Denmark). The 
cryostat sections were air-dried for 20 min, fi xed in ice-cold acetone 
for 10 min and either stained immediately or stored at –20   °   C. To 
determine phenotype, distribution and number of the different DC 
subsets in lesional and healthy skin, single  or multicolor immuno-
staining was performed. The monoclonal antibodies used in the 
study and their sources are shown in  table 1 . Stainings with anti-
bodies against the high-affi nity Fc �  receptor (anti-Fc � RI) and the 
low-affi nity IgE receptor (anti-Fc � RII) were performed with and 
without elution of tissue-bound IgE by incubating frozen sections 
with glycine hydrochloride buffer (0.05  M  glycine, 0.085  M  NaCl, 
0.005  M  KCl, 0.01  M  ethylenediamine tetra-acetic acid, pH 2.5) 
for 30 min at 4   °   C  [17] . 

 Single staining was performed as follows: purifi ed/biotinylated 
antibodies were mixed with 2% bovine serum albumin (BSA; Sig-
ma-Aldrich, St. Louis, Mo., USA) in PBS (Gibco, Invitrogen 
GmbH, Lofer, Austria) and applied overnight to frozen sections in 
a humid chamber at 4   °   C. After washing with PBS, primary anti-
body binding was visualized by incubating the sections with either 
streptavidin-fl uorescein (1/100; Amersham Pharmacia Biotech 
UK Limited, Little Chalfont, UK) or rhodamine (TRITC)-conju-
gated Affi niPure F(ab � )2 fragment goat anti-mouse IgG (H+L) 
(1/200; Jackson ImmunoResearch Laboratories, West Baltimore, 
Pa., USA) for 45 min at room temperature. After washing, slides 
were placed in 96% ethanol, mounted in Vectashield Mounting 
Medium (Vector Laboratories, Burlingame, Calif., USA) and cov-
erslipped. 

 In order to further characterize the cells of interest, we per-
formed double and triple stainings. For these multicolor-staining 
procedures the fi rst step was always performed as described above. 
Thereafter, the slides were washed and incubated for 20 min with 
normal mouse serum (3%, Dako) to diminish background staining. 
A second antibody, either biotinylated or FITC-labeled, was then 
applied to the sections for at least 6 h at 4   °   C. To prevent FITC-la-
beled antibodies from early fading, another staining step was per-
formed with Oregon Green-labeled goat anti-FITC (1/300; Molec-
ular Probes, Eugene, Oreg., USA) for 30 min at room temperature. 
Sections stained with biotinylated antibodies were further incu-
bated for 45 min with streptavidin-FITC (1/200, Jackson Immu-
noResearch Laboratories) to visualize antibody binding. For triple 
stainings, sections stained with the primary antibody were exposed 
to two additional monoclonal antibodies (biotinylated and FITC-
labeled) and incubated for 1 h at room temperature. These were 
then visualized by simultaneous incubation with streptavidin-Cy5 
(1/250, Jackson ImmunoResearch Laboratories) and Oregon 
Green-labeled goat IgG anti-FITC fraction for 45 min at 20   °   C. 
Negative controls were obtained in all staining experiments by sub-
stituting isotype-matched IgG or IgM (purifi ed, biotinylated or 
FITC-labeled) for the primary antibody. 

   Evaluation of Immunofl uorescence Results 
 Biopsy specimens were read in a blinded fashion at 400 !  mag-

nifi cation by two independent investigators using a fl uorescence 
microscope (ocular 10 ! /25; Axiophot, Zeiss, Oberkochen, Ger-
many) equipped with a fi lter for double stainings. The mean ob-
server coeffi cient was under 10%. 

 Skin-infi ltrating DCs were quantifi ed separately in the epider-
mis and dermis. Labeled cells were enumerated per visual fi eld and 
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expressed as the number of cells per millimeter basement mem-
brane epidermis and square millimeter dermis  8  standard error of 
the mean (SEM). Only cells clearly positive for the antigen of inter-
est were counted. Statistical signifi cance between DC subsets in NS 
and AD lesions was determined by the Mann-Whitney U test. Con-
focal immunofl uorescence microscopy (LSM 510, Zeiss) was used 
to evaluate triple stainings and to document the sites of preferential 
expression. 

   Immunohistochemical Staining 
 Frozen tissue sections were prepared and stored as described 

above for the immunofl uorescence staining procedure. To deter-
mine the distribution and the number of CD1c+ and BDCA-2+ DCs 
in lesional skin, single immunostainings were performed. Type I in-
terferon production was visualized by immunostaining for the inter-
feron- � / � -inducible intracellular protein MxA (a gift of J. Pavlovic, 
PhD, Department of Virology, Zurich University Hospital)  [18, 19] . 
The monoclonal antibodies used in the study and their sources are 
shown in  table 1 . To prevent nonspecifi c protein binding, antibodies 
were mixed with 1% normal horse serum and 2% BSA  in PBS (Gib-
co) and applied overnight to frozen sections in a humid chamber at 
4   °   C. An IgG1 isotype monoclonal antibody was used as negative 
control. After incubation of the slides with biotinylated horse anti-
mouse IgG (Vector Laboratories) at room temperature for 45 min, 
the sections were rinsed and incubated with avidin-biotin peroxi-

dase complex (Vector Laboratories) at room temperature for 45 min. 
For visualization of the cells, 0.01% 3-amino-9-ethyl-carbazol in 
50 m M  acetate buffer (pH 5, 0.015% H 2 O 2 , 5% dimethylformamide) 
was used as chromogen. Sections were counterstained with hema-
toxylin (Merck, Darmstadt, Germany) and mounted in Aquamount 
(BDH Laboratory Supplies, Poole, UK). 

   Flow Cytometry 
 To characterize blood-derived DCs, peripheral blood mononu-

clear cells from 10 AD patients and 8 healthy donors were obtained 
by Ficoll-Paque density gradient centrifugation (Histopaque-1077, 
Sigma). For all immunostainings, cells were washed in ice-cold PBS 
and preincubated in blocking reagent (Octagam 5 mg/ml; Oc-
tapharma, Vienna, Austria) at 4   °   C for 20 min. Cells were then in-
cubated on ice for 20 min with anti-CD1c (BDCA-1) PE, anti-
BDCA-3 APC (both Miltenyi Biotech GmbH, Bergisch Gladbach, 
Germany), anti-CD14 PerCP, anti-CD19 PerCP (both Becton 
Dickinson, San Jose, Calif., USA) and anti-BDCA-2 FITC (Mil-
tenyi Biotech GmbH). To phenotypically analyze the designated 
DC subsets in greater detail, we performed triple or quadruple 
stainings with the indicated subset-defi ning antibodies (anti-CD1c 
PE, anti-BDCA-2 PE, anti-CD14 PerCP, anti-CD19 PerCP or anti-
BDCA-3 APC), several FITC-labeled antibodies [anti-CD80 FITC 
(Immunotech, Coulter, Marseille, France), anti-CD83 FITC (Im-
munotech), anti-CD86 FITC (Dako), anti-CD40 FITC (Immuno-

Antibody specifi city Clone and source of antibodies Isotype

CD1a (pur.)
CD1b (pur.)
CD1c (pur., biot.)
CD45RA (pur.)
CD68 (pur.)

WM35; PeliCluster, CLB, The Netherlands
4.A7.6; Immunotech, Coulter, Marseille, France
M241; Ancell, Bayport, Minn., USA
L48; BD, San Jose, Calif., USA
KP1; Dako, Glostrup, Denmark

mIgG2b
mIgG2a
mIgG1
mIgG1
mIgG1

CD14 (pur., PerCP)
CD19 (PerCP)
CD207 (pur.)
MHCII (pur., FITC)
CDw123 (biot.)

M�P9; BD
SJ25C1; BD
DCGM4; Immunotech
L243; BD
9F5; BD PharMingen

mIgG2b
mIgG1
mIgG1
mIgG2a
mIgG1

CLA (FITC)
CD80 (FITC)
CD83 (pur.)
CD83 (FITC)
CD86 (pur., FITC)

HECA-452; BD PharMingen
L304.4; BD PharMingen
HB15e; BD PharMingen
HB15a; Immunotech
BU63; Dako

rIgM
mIgG1
mIgG1
mIgG2b
mIgG1

CD40 (pur., FITC)
IgE (pur., biot.)
CD23 (FITC) (Fc�RII)
Fc�RI (pur., biot.)
Ki-67 (pur.)

LOB7/6; Serotec, Oxford, UK
B3102E8; SouthernBiotech, Ala., USA
9P25; Immunotech
15.1 [20]
Ki-S5; Dako

mIgG1
mIgG1
mIgG1
mIgG1
mIgG1

BDCA-1 (PE)

BDCA-2 (FITC, PE)
BDCA-3 (APC)
CD11b (FITC)
CD203c (PE)
MxA

AD5-8E7; Miltenyi Biotech GmbH,
Bergisch Gladbach, Germany
AC144; Miltenyi Biotech
AD5-14H12; Miltenyi Biotech
BEAR1; Immunotech
97A6; Immunotech
2c12; gift of J. Pavlovic, PhD, Department of 
Virology, Zurich University Hospital, Switzerland

mIgG2b

mIgG1
mIgG1
mIgG1
mIgG1
mIgG1

Table 1. List of monoclonal antibodies 
used in this study



 Dendritic Cells in Atopic Dermatitis  Int Arch Allergy Immunol 2005;138:278–290 281

tech), anti-CLA FITC (PharMingen), anti-CD23 FITC (Immuno-
tech)] as well as the biotinylated anti-IgE (SouthernBiotech, Bir-
mingham, Ala., USA) and anti-Fc � RI  � -chain antibodies  [20] . The 
anti-CD14 and anti-CD19 antibodies described above were includ-
ed in the staining to allow separation of monocytes and B cells from 
the selected DC gates  [21] . Following incubation with these mono-
clonal antibodies, PBMCs were washed twice with ice-cold PBS 
and subjected to fl ow cytometric analysis using a FACSCalibur fl ow 
cytometer (Becton Dickinson). Before staining with anti-Fc � RI or 
anti-Fc � RII, samples were treated with lactic acid to dissociate IgE 
from its receptor. To this end, cells were incubated with lactic acid 
on ice (pH 3.9) for 7 min and washed twice with RPMI/FCS  [22] . 
PBMCs stained with biotinylated anti-Fc � RI and anti-IgE were 
visualized by incubation with streptavidin-fl uorescein (1/200; Am-
ersham Pharmacia Biotech UK Limited) and analyzed thereafter. 

   Results 

 Phenotypic Characterization of Epidermal and 
Dermal DC Subsets in AD and Healthy Control Skin 
 For the identifi cation of LCs, both Langerin (CD207) 

and CD1a were used as markers. A single staining with 
CD1a for their characterization is not suffi cient due to 
the presence of IDECs in the epidermis of AD skin, which 
are known to express CD1a, but not CD207. CD1c was 
applied as a marker for dermal DCs of myeloid origin and 
BDCA-2 and CD123 for pDCs. 

   In situ Staining of LCs in NS and AD Lesions 
 As in a previous study [13] and similarly to other teams 

 [23, 24] , we detected large numbers of CD207+/CD1a+ 

LCs in the epidermis of NS ( fi g. 1 ). Only few of these cells 
were found to be located in the dermis ( fi g. 1 ). Interest-
ingly, we observed a notable increase in CD207+/CD1a+ 
cells in the dermis of AD lesions, while their density in 
the epidermis was not signifi cantly different from that of 
NS ( fi g. 1 ). 

   Occurrence of Increased Numbers of CD1c+ DCs in 
AD Lesions 
 We found CD1c+ DCs in the dermis of NS in numbers 

reported previously  [13]  ( fi g. 1 ). This population was al-
most doubled in AD lesions, where CD1c+ cells were 
present not only in the dermal, but also in the epidermal 
compartment ( fi g. 1 ,  2 a). Further phenotyping of CD1c+ 
DCs revealed coexpression of CD11b and CD1a on the 
majority of DCs, whereas CD1b was expressed only on a 
small subpopulation of these cells in NS ( fi g. 2 b). 

 To obtain information on whether the CD1c+/CD1a+ 
dermal DC subset belongs to the LC versus the dmDC 
population, double and triple stainings of these cells with 
anti-CD207 were performed. Due to the lack of CD1c+/
CD1a+ cells coexpressing the LC-specifi c marker CD207, 
these cells are likely to represent dmDCs or IDECs rath-
er than LCs ( fi g. 2 b, c). 

 Concerning their level of maturity, approximately 
20% of the CD1c+ DCs were found to express CD80 and 
CD40 in both NS and AD skin, whereas CD83 and CD86 
were almost absent ( fi g. 2 b). 
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  Fig. 1.  Detection of LCs, dmDCs and pDCs in the epidermis ( a ) and dermis ( b ) of AD patients versus healthy 
controls. Frozen skin sections of 6 AD patients and 5 healthy individuals were subjected to immunofl uorescence 
double labeling (CD207 TRITC/CD1a FITC; CD1c TRITC; CD123 TRITC/BDCA-2 FITC). Clearly positive 
cells were enumerated and recorded separately. Data represent the mean number of cells  8  SEM. Statistical sig-
nifi cance between DC populations of NS and AD lesions was determined using the Mann-Whitney U test. 
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  Fig. 2.  Distribution and phenotypic char-
acterization of dmDCs in AD lesions.  a  In 
situ immunohistochemical stainings of 
atopic lesions with an anti-CD1c monoclo-
nal antibody revealed considerable num-
bers of dmDCs in the dermis (arrows, inset) 
and, to a much lesser extent, in the epider-
mis (arrowheads). Original magnifi cation: 
 ! 100. The picture is representative of all 
evaluated biopsies.  b  A detailed analysis of 
the phenotypic profi le of CD1c+ dmDCs 
was performed by immunofl uorescence 
double stainings with an anti-CD1c anti-
body and the indicated antibodies of inter-
est. The data are given as mean percentages 
 8  SEM of the individual markers of the 
total CD1c+ DC population (bar chart). 
The absolute number  8  SEM of the entire 
CD1c+ cell population occurring in the der-
mis of either NS (23.3  8  9.9 cells/mm 2 ) or 
AD skin (44.7  8  13.2 cells/mm 2 ) served as 
reference value.  c  Lack of CD207 expres-
sion by CD1c+CD1a+ DCs occurring in 
the dermis of lesional AD skin. Triple stain-
ings were performed using antibodies 
against CD207 (TRITC), CD1a (FITC) 
and CD1c (Cy5). The big arrows indicate 
CD1c+CD1a+CD207– cells. Please also 
note the presence of a single CD1c–
CD1a+CD207+ LC (small arrow). Original 
magnifi cation:  ! 400. 
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   Lesional AD Skin Is Characterized by the Presence of 
Substantial Numbers of pDCs within the Dermis 
 Immunoperoxidase single staining disclosed substan-

tial numbers of BDCA-2+ cells in the dermis of AD le-
sions ( fi g. 3 a) and barely in NS. Double-staining experi-
ments revealed that these cells are CD123+, but lack the 
basophil marker CD203c  [25] , and, thus, presumably rep-
resent pDCs ( fi g. 1  and data not shown). Indeed, these 
cells exhibited anti-MHC II, anti-CD45RA and CD68 
reactivity ( table 2 ). In AD skin, proportions thereof ex-
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Table 2. Phenotypic characterization of pDCs in NS and AD 
 lesions

NS AD

BDCA-2/CD123
Epidermis, cells/mm
Dermis, cells/mm2

0
1.680.9

0
21.286.1

CD45RA/CD123
Epidermis, cells/mm
Dermis, cells/mm2

0
0.480.3

0.480.7
19.284

MHCII/CD123
Epidermis, cells/mm
Dermis, cells/mm2

0
3.281.1

0.280.3
20.483.7

CD68/CD123
Epidermis, cells/mm
Dermis, cells/mm2

0
4.681.1

0.580.3
21.282.8

CD80/CD123
Epidermis, cells/mm
Dermis, cells/mm2

0
0.180.2

0
4.881.2

CD83/CD123
Epidermis, cells/mm
Dermis, cells/mm2

0
1.880.5

0
6.682.6

CD86/CD123
Epidermis, cells/mm
Dermis, cells/mm2

0
0.380.4

0
8.682.2

CD40/CD123
Epidermis, cells/mm
Dermis, cells/mm2

0
0.680.8

0.280.1
11.485.3

CLA/CD123
Epidermis, cells/mm
Dermis, cells/mm2

0
0.480.5

0.280.4
9.683.2

A detailed evaluation of the phenotypic profi le of pDCs in the 
epidermis and dermis of NS and AD lesions was performed by im-
munofl uorescence double stainings with anti-CD123 and further 
subset-defi ning antibodies as well as antibodies against costimula-
tory and skin-homing molecules. Data represent the absolute 
number of cells 8 SEM.

  Fig. 3.  Detection and phenotypic characterization of pDCs in AD 
skin lesions.  a  BDCA-2+ pDCs (arrows) were mainly observed in 
the dermis of AD lesions. Original magnifi cation:  ! 100. The pic-
ture is representative of all evaluated biopsies.  b  A detailed analy-
sis of the phenotypic profi le of pDCs was performed by immuno-
fl uorescence double stainings with anti-CD123 and the indicated 
antibodies of interest. The data are given as mean percentage  8  
SEM of the individual markers of the total CD123+ pDC popula-
tion (bar chart). The absolute number  8  SEM of the entire CD123+ 
pDC population occurring in the dermis of either NS (1.6  8  
0.9 cells/mm 2 ) or AD skin (21.2  8  6.1 cells/mm 2 ) served as refer-
ence value.  
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pressed the costimulatory molecules CD40, CD86, CD83 
and CD80 with decreasing frequency ( fi g. 3 b,  table 2 ). It 
thus appears that, in AD lesions, pDCs exhibit activation 
markers more frequently than mDCs ( fi g. 2 b,  3 b). 

 Double staining with the proliferation marker Ki-67 
and anti-CD123 yielded negative results (data not shown), 
indicating that the CD123+ infi ltrate is not generated by 
precursors  proliferating in situ. 

   Presence of Fc � RI and Cell-Bound IgE on DC Subsets 
in AD Biopsies 
 Fc � RI may play an important role in the pathogenesis 

of AD, as it mediates IgE-facilitated antigen presentation 
by DCs  [26] . To search for these cells in NS and AD, we 
used the anti-Fc � RI �  antibody 15.1. Because this anti-
body defi nes the IgE-binding site of the receptor  [20] , we 
performed experiments with and without elution of cell-
bound IgE by acid treatment. In untreated AD tissue sec-
tions, the proportion of CD1c+ DCs and CD123+ pDCs 
co-expressing Fc � RI was approximately 80% for each 
subset ( table 3 ,  fi g. 4 a, c). These percentages were barely 
increased upon elution of IgE ( table 3 ). In contrast to 
Fc � RI, Fc � RII was not detectable on either DC type with-
in the investigated tissues, either before or after elution 
of IgE ( table 3 ).  

 The lack of a signifi cant increase in Fc � RI � + DCs 
upon acid treatment can be explained by intracellular 
Fc � RI �  expression in the majority of cells. 

 Cell-bound IgE was present on more than 80% of 
CD1c+ DCs ( table 3 ,  fi g. 4 b) and more than 60% of pDCs 
in AD lesions ( table 3 ,  fi g. 4 d). As expected, it disappeared 
upon elution. 

   Expression of MxA in Atopic Skin Lesions 
 To obtain an indirect measure of the type I interferon-

producing capacity of pDCs occurring in AD lesions, we 
examined the cellular expression of the interferon- � / � -
inducible protein marker MxA. Whereas NS was devoid 
of MxA+ cells ( fi g. 5 a), AD samples consistently con-
tained MxA+   cells. These cells represented the vast ma-
jority of keratinocytes within the epidermis and scattered 
infi ltrating cells in the dermis ( fi g. 5 b).  

Table 3. Presence of IgE and Fc�RI on CD1c+ mDCs and CD123+ pDCs

Dermis Epidermis

NS AD NS AD

CD1c (total population) 14.388.6 (100) 35.185.5 (100) 0 1.580.7 (100)
Fc�RI/CD1c (unstripped) 11.981.7 (83.2) 27.685.6 (78.6) 0 1.180.9 (73.3)
Fc�RI/CD1c (stripped) 13.883.2 (96.5) 33.786.1 (96) 0 1.480.7 (93.3)
Fc�RII/CD1c (unstripped) 0 0 0 0
Fc�RII/CD1c (stripped) 0 0 0 0
IgE/CD1c (unstripped) 0.780.6 (4.9) 28.584.3 (81.2) 0 1.280.7 (80)
IgE/CD1c (stripped) 0 0 0 0
CD123 (total population) 1.380.6 (100) 20.281.9 (100) 0 0
Fc�RI/CD123 (unstripped) 0.680.7 (46.2) 16.181.4 (79.7) 0 0
Fc�RI/CD123 (stripped) 0.980.8 (69.2) 18.582.8 (91.6) 0 0
Fc�RII/CD123 (unstripped) 0 0 0 0
Fc�RII/CD123 (stripped) 0 0 0 0
IgE/CD123 (unstripped) 0.680.7 (46.2) 12.983.9 (63.9) 0 0
IgE/CD123 (stripped) 0 0 0 0

The presence of IgE and its receptors on CD1c+ DCs and CD123+ DCs in the epidermis and dermis of NS 
and AD lesions was evaluated by immunofl uorescence double stainings before and after elution of cell-bound IgE. 
Data represent the absolute number of cells 8 SEM. The mean percentages of the individual markers of the total 
CD1c+ and CD123+ cell population are indicated in parentheses.

 Fig. 4.  Detection of Fc � RI and IgE on dmDCs and pDCs in the 
dermis of AD lesions. CD1c+ DCs in the dermis of AD skin express 
Fc � RI [ a ; CD1c (blue)/Fc � RI (red)] and bear IgE [ b ; CD1c (green)/
IgE, (red)] as shown by double stainings. Experiments were per-
formed without prior elution of tissue-bound IgE. Arrows denote 
examples of clearly double-positive cells. PDCs display Fc � RI and 
IgE as shown by immunofl uorescence triple stainings of the dermis 
of AD lesions for CD123 (blue)/MHCII (green)/Fc � RI (red) ( c ) and 
CD123 (blue)/MHCII (green)/IgE (red) ( d ). Experiments were per
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 formed without prior elution of tissue-bound IgE. Arrows denote 
examples of clearly triple-positive cells. Original magnifi cation: 
 ! 400. Pictures are representative of all evaluated biopsies. 
  Fig. 5.  Detection of MxA+ cells in AD lesions. In situ immunohis-
tochemical stainings of NS ( a ) and atopic lesions ( b ) were per-

formed with an anti-MxA monoclonal antibody. NS showed no 
anti-MxA reactivity ( a ), stainings of AD lesions ( b ) revealed expres-
sion of MxA in infi ltrating cells in the dermis (arrows) and in kera-
tinocytes (arrowheads). Original magnifi cation:  ! 100. Pictures are 
representative of all evaluated biopsies. 

  5  

  4  
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   Phenotypic Characterization of DCs in 
Peripheral Blood of AD Patients and Healthy 
Controls 

 Flow Cytometric Analysis of DC Subsets 
 In a next series of experiments, we assessed CD1c+ 

mDCs, BDCA-2+ pDCs and BDCA-3+ DCs in the pe-
ripheral blood of AD patients and healthy individuals by 
fl ow cytometry. BDCA-3 identifi es a CD11c+CD123–
CD1c– myeloid DC subset  [21] , which is not yet charac-
terized in detail. 

 As opposed to the situation in skin, where AD lesions 
are marked by increased numbers of mDCs and pDCs, 
we were not able to detect any signifi cant differences in 
the absolute numbers of such cells in peripheral blood of 
AD patients and healthy individuals. Comparing their 
relative numbers, certain AD patients exhibited a higher 
ratio of pDCs to mDCs, but this fi nding was not consis-
tent and statistically not signifi cant (data not shown). The 
BDCA-3+ DC subset was found to represent only a small 
part of all blood-derived DCs in atopic and non-atopic 
individuals, and the number of such cells in AD biopsies 
was negligible (data not shown). 

   Cell-Bound IgE and IgE-Binding Receptors on 
CD1c+ mDCs and BDCA-2+ pDCs in the Peripheral 
Blood of AD Patients 
 In healthy controls, approximately 45% of CD1c+ 

mDCs and 20% of pDCs displayed very weak reactivity 
with the anti-Fc � RI �  reagent 15.1. Similarly, cell-bound 
IgE was barely detectable on either CD1c+ mDCs or 
pDCs ( table 4 ,  fi g. 6 a, b). Compared to healthy individu-
als, a substantially higher percentage of CD1c+ mDCs 
and pDCs bore cell-bound IgE (90.4 and 81%) and ex-
pressed Fc � RI (72 and 65%) in AD patients ( table 4 ). 

Moreover, atopic patients exhibited a far higher surface 
density of these molecules on both DC populations ( fi g. 
6 a, b). Peripheral-blood-derived BDCA-3+ cells from 
healthy individuals were essentially devoid of cell-bound 
IgE and Fc � RI, and the situation in AD patients was not 
much different ( table 4 ,  fi g. 6 c). 

 Fc � RII was barely displayed on either DC subset of 
atopic and healthy individuals ( table 4 ,  fi g. 6 a–c). 

   Surface Expression of Maturation and Adhesion 
Molecules on CD1c+ mDCs, BDCA-2+ pDCs and 
BDCA-3+ DCs 
 When investigating the maturation status of DC sub-

sets in the peripheral blood of AD patients, we were some-
what surprised not to fi nd signifi cant amounts of CD40, 
CD80, CD83 and CD86 on either CD1c+ mDCs, pDCs 
or BDCA-3+ mDCs ( fi g. 6 a–c). We also found that, in 
both healthy and atopic individuals, these DC subsets 
were reactive, to a varying extent, with antibodies against 
the cutaneous lymphocyte-associated antigen (CLA), i.e. 
the E- and P-selectin ligand on endothelial cells ( fi g. 6 d) 
 [27] . 

   Discussion 

 Our knowledge about the potential infl uence of DCs 
on  the extent of the allergen-specifi c T-cell-mediated cu-
taneous infl ammation in AD is incomplete. We therefore 
attempted to characterize and quantify these cells in the 
skin and blood of AD patients and, for control purposes, 
in healthy individuals.  

 We observed comparable numbers of CD1a+/CD207+ 
LCs in the epidermis of atopic as well as normal indi-
viduals and an increase in LCs in the dermis of AD pa-

Table 4. Cell-bound IgE and IgE-binding receptors on DC subsets in peripheral blood

CD1c+ DC BDCA-2+ DC BDCA-3+ DC

Hco AD Hco AD Hco AD

IgE, % 35.4811.9 90.481.5* 23.6811.5 8183.5* 0.380.3 28.387.3*
Fc�RI, % 45.689.5 7286.6** 21.889.3 6586.9* 0.380.3 14.685.4
Fc�RII, % 4.881.4 5.981.9 5.982.5 10.483.7 0 181

 CD1c+, BDCA-2+ and BDCA-3+ DC subsets of 10 AD patients and 8 healthy controls were analyzed for 
cell-bound IgE and surface expression of Fc�RI and Fc�RII. Results (means 8 SEM) show the percentages of cells 
positive for the indicated molecules. Statistical signifi cance of difference between DC subsets in atopic and healthy 
individuals was determined by the Mann-Whitney U test. * p ^ 0.01; ** p ^ 0.05.
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tients only. This increase may refl ect a dynamic process 
which keeps the number of epidermal LCs stable under 
infl ammatory conditions. Dermal LCs may either repre-
sent LCs recruited from peripheral blood precursors on 
their way to the epidermis  [28–31] , and/or LCs migrating 
to the draining lymph nodes after antigen capture. Alter-
natively, it is also conceivable that these cells arise from 
CD1a–/Langerin– dermal precursors, i.e. CD14 LC pre-
cursors  [32] . Besides CD1a+/CD207+ LCs, we found in-

creased numbers of CD1c+/CD207– DCs mainly located 
in the dermal and, to a lesser extent, in the epidermal 
compartment of lesional skin. Due to their lack of CD207 
expression, these cells are distinct from immature LCs 
 [33] . We can however not rule out that these cells are LC 
progenitors. Alternatively, they could be matured LCs, 
but this is unlikely, because CD1c is downregulated upon 
LC maturation  [34] . Double stainings revealed coexpres-
sion of CD11b, CD1a and CD1b on a signifi cant part of 

Hco
AD

Hco
AD

Hco
AD

Hco
AD

450

400

350

300

250

M
ea

n
 f

lu
o

re
sc

en
ce

 in
te

n
si

ty

200

150

100

50

p < 0.01

CD80 CD83 CD86 CD40 IgE Fc�RI Fc�RII

150

125

100

M
ea

n
 f

lu
o

re
sc

en
ce

 in
te

n
si

ty

75

50

25

p < 0.03

CD80 CD83 CD86 CD40 IgE Fc�RI Fc�RII

150

125

100

M
ea

n
 f

lu
o

re
sc

en
ce

 in
te

n
si

ty

75

50

25

CD80 CD83 CD86 CD40 IgE Fc�RI Fc�RII

4,000

3,000
M

ea
n

 f
lu

o
re

sc
en

ce
 in

te
n

si
ty

2,000

1,000

CD1c BDCA-2 BDCA-3

a b

c d

  Fig. 6.  Phenotypic characterization of DC subsets in peripheral 
blood of AD patients and healthy controls. To phenotypically ana-
lyze the designated DC subsets, we performed triple or quadruple 
stainings with subset-defi ning antibodies and several FITC-labeled 
antibodies by fl ow cytometry. Cell-bound IgE was evaluated in 
samples not exposed to acid stripping. For the detection of IgE-
binding receptors (Fc � RI and Fc � RII), cells were exposed to lactic 
acid before immunolabeling. CD1c+ mDCs ( a ) and BDCA-2+ 
pDCs ( b ) show increased expression levels of cell-bound IgE and 
Fc � RI in peripheral blood of AD patients as compared to healthy 

controls (Hco). BDCA-3+ mDCs only display low reactivity to anti-
Fc � RI �  and anti-IgE ( c ). CLA is expressed to a varying extent on 
DC subsets in healthy individuals and AD patients ( d ).  a – d  Data 
represent the specifi c geometric mean fl uorescence intensity (geo-
metric mean fl uorescence intensity of antibodies of interest minus 
geometric mean fl uorescence intensity of isotype controls)  8  SEM 
of each population. Statistical signifi cance between the marker ex-
pression of DCs of AD patients and healthy controls was deter-
mined by the Mann-Whitney U test. 
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these CD1c+ dmDCs. As a substantial proportion there-
of were found to bear cell-bound IgE and Fc � RI, their 
phenotypic marker profi le corresponds to that of IDECs 
 [6, 35] . 

 A comparative phenotypic analysis revealed that, with 
the exception of CD1b and cell-bound IgE expression, 
dmDCs of normal healthy skin are essentially indistin-
guishable from CD1c+ DCs/IDECs (CD1a+/CD11b+/
CD1b+/Fc � RI+) occurring in the infl ammatory infi ltrate 
of AD skin. This observation can be interpreted in differ-
ent ways. First, it is conceivable that IDECs of infl amed 
and dmDCs of normal skin originate from different blood 
precursor cells and use perhaps different stimuli for their 
migration into the tissue. Alternatively, one could argue 
that both populations derive from the same precursor cell 
either in the blood or in the skin  [32]  and, dependent on 
the cellular and molecular composition of the environ-
ment, differentiate into low IgE-bearing dmDCs under 
physiological conditions and into high IgE-bearing in-
fl ammatory DCs occurring in lesional skin  [6] . The fi rst 
hypothesis gains support from our fi nding that, both in 
peripheral blood and skin, the marker profi le of mDCs in 
healthy individuals differs from that in AD patients con-
cerning surface expression of Fc � RI and cell-bound IgE. 

 While the epidermis of both AD and healthy skin was 
almost devoid of pDCs  [12] , we observed sizeable num-
bers of such cells in the dermis of AD lesions. In fact, they 
accounted for approximately one third of the entire DC 
population in the dermis. 

 As opposed to the situation in skin, which showed a 
dramatic increase of mDCs and pDCs in atopic individ-
uals when compared to healthy controls, no signifi cant 
differences in the absolute numbers of these cells were 
noted in peripheral blood. However, some AD patients 
had a polarization of the mDCs:pDCs ratio towards pDCs 
confi rming previous results in patients with atopic disor-
ders  [36–38] . 

 The precise role of pDCs in AD is not completely un-
derstood. Similar to LCs and dmDCs, these cells are able 
to stimulate antigen-specifi c T cell proliferation  [39]  
[Bangert, unpubl. obs.] and to prime naïve T cells to pro-
duce allergy-promoting Th2 cytokines  [40] . Besides these 
functions in the adaptive immune system, pDCs are well 
known to produce large amounts of type I interferons in 
response to viruses and bacteria and may thus play a role 
in innate immunity  [41] . In cutaneous lupus erythemato-
sus their presence is accompanied by the induction of le-
sional type I interferon activity, as detected by the expres-
sion of the interferon- � / � -inducible protein MxA  [10] . In 
this study, we clearly identifi ed MxA+ cells in AD lesions 

indicating local type I interferon production. At fi rst 
glance this fi nding was unexpected. However, AD skin is 
frequently colonized by  Staphylococcus aureus.  It is thus 
conceivable that MxA is produced as a consequence of 
type I interferon secreted by bacterially stimulated pDCs 
 [41] . If so, pDCs may transmit signals from innate to 
adaptive immunity. Given the potent Th1 polarization 
elicited by virus-activated pDCs  [42] , in AD these cells 
may contribute to the switch from a Th2-mediated acute 
disease to a Th1-driven chronic disease  [43, 44] .  

 We also found that pDCs and infl ammatory mDCs of 
AD skin display anti-Fc � RI �  as well as anti-IgE reactiv-
ity. It is likely that both DC subsets use these receptor 
sites for more effi cient allergen presentation  [26, 45] , 
thereby contributing to the exacerbations typical of this 
disease. These results are in accordance with recent stud-
ies demonstrating increased expression of Fc � RI by pDCs 
from patients with asthma  [46]  and AD  [47] . 

 Depending on their state of activation and maturation 
 [48] , both subsets of DC can promote Th-1  [15 ,42] , Th-2 
 [40, 49]  and T-regulatory responses  [50, 51] . Slightly dif-
ferent from what was reported by Novak et al.  [47] , we 
found that, in the peripheral blood, both mDCs and pDCs 
exhibit only low levels of surface-bound maturation 
markers. In sharp contrast, more than 50% of skin-infi l-
trating pDCs had upregulated expression of CD40 and, 
to a lesser extent, CD86, CD83, and CD80. This phenom-
enon was less pronounced in the case of mDCs. Thus, it 
is conceivable that the ratio immature:mature pDCs as 
well as the ratio mDCs:pDCs in lesional skin critically 
infl uences the extent of the allergen-specifi c infl amma-
tion and, consequently, the course of the disease. Future 
therapeutic strategies should thus be aimed at altering the 
pDC phenotype in a way that endows these cells with im-
munoinhibitory properties. 

   Acknowledgements 

 The authors thank Sebastian Graffi  and Sabine Altrichter for 
their advice, Andreas Ebner for preparing the fi gures and Dr. Jo-
hannes Stary for his support in statistical issues. This work was 
supported by a program project grant (SFB F1812) from the Aus-
trian Science fund and a grant from the Federal Reserve Bank (Pro-
ject Nr. 10931), and benefi ted from the European Community Pro-
gram Global Allergy and Asthma European Network (GA 2 LEN).   



 Dendritic Cells in Atopic Dermatitis  Int Arch Allergy Immunol 2005;138:278–290 289

 References 

  1 Schultz Larsen F: Atopic dermatitis: a genetic-
epidemiologic study in a population-based 
twin sample. J Am Acad Dermatol 1993;   28:  

 719–723. 
  2 Schultz Larsen F, Diepgen T, Svensson A: The 

occurrence of atopic dermatitis in north Eu-
rope: an international questionnaire study. J 
Am Acad Dermatol 1996;   34:   760–764. 

  3 Banchereau J, Steinman RM: Dendritic cells 
and the control of the immunity. Nature 1998;  

 392:   245–252. 
  4 Soumelis V, Reche PA, Kanzler H, Yuan W, 

Edward G, Homey B, Gilliet M, Ho S, An-
tonenko S, Lauerma A, Smith K, Gorman D, 
Zurawski S, Abrams J, Menon S, McClanahan 
T, de Waal-Malefyt Rd R, Bazan F, Kastelein 
RA, Liu YJ: Human epithelial cells trigger den-
dritic cell mediated allergic infl ammation by 
producing TSLP. Nat Immunol 2002;   3:   673–
680. 

  5 Meunier L, Gonzalez-Ramos A, Cooper KD: 
Heterogeneous populations of class II MHC+ 
cells in human dermal cell suspensions. Iden-
tifi cation of a small subset responsible for po-
tent dermal antigen-presenting cell activity 
with features analogous to Langerhans cells. J 
Immunol 1993;   151:   4067–4080. 

  6 Wollenberg A, Kraft S, Hanau D, Bieber T: 
Immunomorphological and ultrastructural 
characterization of Langerhans cells and a nov-
el, infl ammatory dendritic epidermal cell 
(IDEC) population in lesional skin of atopic 
eczema. J Invest Dermatol 1996;   106:   446–
453. 

  7 Zou W, Borvak J, Wei S, Isaeva T, Curiel DT, 
Curiel TJ: Reciprocal regulation of plasmacy-
toid dendritic cells and monocytes during viral 
infection. Eur J Immunol 2001;   31:   3833–
3839. 

  8 Zou W, Machelon V, Coulomb-L’Hermin A, 
Borvak J, Nome F, Isaeva T, Wei S, Krzysiek 
R, Durand-Gasselin I, Gordon A, Pustilnik T, 
Curiel DT, Galanaud P, Capron F, Emilie D, 
Curiel TJ: Stromal-derived factor-1 in human 
tumors recruits and alters the function of plas-
macytoid precursor dendritic cells. Nat Med 
2001;   7:   1339–1346. 

  9 Pashenkov M, Teleshova N, Kouwenhoven M, 
Smirnova T, Jin YP, Kostulas V, Huang YM, 
Pinegin B, Boiko A, Link H: Recruitment of 
dendritic cells to the cerebrospinal fl uid in bac-
terial neuroinfections. J Neuroimmunol 2002;  

 122:   106–116. 
 10 Farkas L, Beiske K, Lund-Johansen F, Brandt-

zaeg P, Jahnsen FL: Plasmacytoid dendritic 
cells (natural interferon-alpha/beta-producing 
cells) accumulate in cutaneous lupus erythe-
matosus lesions. Am J Pathol 2001;   159:   237–
243. 

 11 Jahnsen FL, Lund-Johansen F, Dunne JF, Far-
kas L, Haye R, Brandtzaeg P: Experimen-
tally induced recruitment of plasmacytoid 
(CD123high) dendritic cells in human nasal al-
lergy. J Immunol 2000;   165:   4062–4068. 

 12 Wollenberg A, Wagner M, Gunther S, To-
warowski A, Tuma E, Moderer M, Rothenfus-
ser S, Wetzel S, Endres S, Hartmann G: Plas-
macytoid dendritic cells: a new cutaneous 
dendritic cell subset with distinct role in in-
fl ammatory skin diseases. J Invest Dermatol 
2002;   119:   1096–1102. 

 13 Bangert C, Friedl J, Stary G, Stingl G, Kopp T: 
Immunopathologic features of allergic contact 
dermatitis in humans: participation of plasma-
cytoid dendritic cells in the pathogenesis of the 
disease? J Invest Dermatol 2003;   121:   1409–
1418. 

 14 Cella M, Sallusto F, Lanzavecchia A: Origin, 
maturation and antigen presenting function of 
dendritic cells. Curr Opin Immunol 1997;   9:  

 10–16. 
 15 Fonteneau JF, Gilliet M, Larsson M, Dasilva 

I, Munz C, Liu YJ, Bhardwaj N: Activation of 
infl uenza virus-specifi c CD4+ and CD8+ T 
cells: a new role for plasmacytoid dendritic 
cells in adaptive immunity. Blood 2003;   101:  

 3520–3526. 
 16 Hanifi n JM, Rajka G: Diagnostic features of 

atopic dermatitis. Acta Derm Venereol Suppl 
(Stockh) 1980;   92:   44–47. 

 17 Ishizaka T, Ishizaka K: Mechanisms of passive 
sensitization. IV. Dissociation of IgE mole-
cules from basophil receptors at acid pH. J Im-
munol 1974;   112:   1078–1084. 

 18 Gilliet M, Conrad C, Geiges M, Cozzio A, 
Thurlimann W, Burg G, Nestle FO, Dummer 
R: Psoriasis triggered by toll-like receptor 7 
agonist imiquimod in the presence of dermal 
plasmacytoid dendritic cell precursors. Arch 
Dermatol 2004;   140:   1490–1495. 

 19 Simon A, Fah J, Haller O, Staeheli P: Inter-
feron-regulated Mx genes are not responsive to 
interleukin-1, tumor necrosis factor, and other 
cytokines. J Virol 1991;   65:   968–971. 

 20 Wang B, Rieger A, Kilgus O, Ochiai K, Mau-
rer D, Födinger D, Kinet JP, Stingl G: Epider-
mal Langerhans cells from normal human skin 
bind monomeric IgE via Fc epsilon RI. J Exp 
Med 1992;   175:   1353–1365. 

 21 Dzionek A, Fuchs A, Schmidt P, Cremer S, 
Zysk M, Miltenyi S, Buck DW, Schmitz J: 
BDCA-2, BDCA-3, and BDCA-4: three mark-
ers for distinct subsets of dendritic cells in hu-
man peripheral blood. J Immunol 2000;   165:  

 6037–6046. 
 22 Pruzansky JJ, Grammer LC, Patterson R, 

Roberts M: Dissociation of IgE from receptors 
on human basophils. I. Enhanced passive sen-
sitization for histamine release. J Immunol 
1983;   131:   1949–1953. 

 23 Fithian E, Kung P, Goldstein G, Rubenfeld M, 
Fenoglio C, Edelson R: Reactivity of Langer-
hans cells with hybridoma antibody. Proc Natl 
Acad Sci USA 1981;   78:   2541–2544. 

 24 Bauer J, Bahmer FA, Worl J, Neuhuber W, 
Schuler G, Fartasch M: A strikingly constant 
ratio exists between Langerhans cells and other 
epidermal cells in human skin. A stereologic 
study using the optical disector method and the 
confocal laser scanning microscope. J Invest 
Dermatol 2001;   116:   313–318. 

 25 Ghannadan M, Hauswirth AW, Schernthaner 
GH, Muller MR, Klepetko W, Schatzl G, Sperr 
WR, Buhring HJ, Valent P: Detection of novel 
CD antigens on the surface of human mast cells 
and basophils. Int Arch Allergy Immunol 2002;  

 127:   299–307. 
 26 Maurer D, Fiebiger S, Ebner C, Reininger B, 

Fischer GF, Wichlas S, Jouvin MH, Schmitt-
Egenolf M, Kraft D, Kinet JP, Stingl G: Periph-
eral blood dendritic cells express Fc epsilon RI 
as a complex composed of Fc epsilon RI alpha- 
and Fc epsilon RI gamma-chains and can use 
this receptor for IgE-mediated allergen presen-
tation. J Immunol 1996;   157:   607–616. 

 27 Fuhlbrigge RC, King SL, Dimitroff CJ, Kup-
per TS, Sackstein R: Direct real-time observa-
tion of E- and P-selectin-mediated rolling on 
cutaneous lymphocyte-associated antigen im-
mobilized on Western blots. J Immunol 2002;  

 168:   5645–5651. 
 28 Merad M, Hoffmann P, Ranheim E, Slaymak-

er S, Manz MG, Lira SA, Charo I, Cook DN, 
Weissman IL, Strober S, Engleman EG: Deple-
tion of host Langerhans cells before transplan-
tation of donor alloreactive T cells prevents 
skin graft-versus-host disease. Nat Med 2004;  

 10:   510–517. 
 29 Strunk D, Egger C, Leitner G, Hanau D, Stingl 

G: A skin homing molecule defi nes the Lan-
gerhans cell progenitor in human peripheral 
blood. J Exp Med 1997;   185:   1131–1136. 

 30 Robert C, Fuhlbrigge RC, Kieffer JD, Ayehu-
nie S, Hynes RO, Cheng G, Grabbe S, von An-
drian UH, Kupper TS: Interaction of dendritic 
cells with skin endothelium: A new perspective 
on immunosurveillance. J Exp Med 1999;   189:  

 627–636. 
 31 Charbonnier AS, Kohrgruber N, Kriehuber E, 

Stingl G, Rot A, Maurer D: Macrophage in-
fl ammatory protein 3alpha is involved in the 
constitutive traffi cking of epidermal Langer-
hans cells. J Exp Med 1999;   190:   1755–1768. 

 32 Larregina AT, Morelli AE, Spencer LA, Logar 
AJ, Watkins SC, Thomson AW, Falo LD Jr: 
Dermal-resident CD14  8   cells differentiate 
into Langerhans cells. Nat Immunol 2001;   2:  

 1151–1158. 
 33 Valladeau J, Duvert-Frances V, Pin JJ, Dezut-

ter-Dambuyant C, Vincent C, Massacrier C, 
Vincent J, Yoneda K, Banchereau J, Caux C, 
Davoust J, Saeland S: The monoclonal anti-
body DCGM4 recognizes langerin, a protein 
specifi c of Langerhans cells, and is rapidly in-
ternalized from the cell surface. Eur J Immunol 
1999;   29:   2695–2704. 



 Stary/Bangert/Stingl/Kopp

 

 Int Arch Allergy Immunol 2005;138:278–290 290

 34 Teunissen MB, Wormmeester J, Krieg SR, Pe-
ters PJ, Vogels IM, Kapsenberg ML, Bos JD: 
Human epidermal Langerhans cells undergo 
profound morphologic and phenotypical 
changes during in vitro culture. J Invest Der-
matol 1990;   94:   166–173. 

 35 Wollenberg A, Haberstok J, Teichmann B, 
Wen SP, Bieber T: Demonstration of the low-
affi nity IgE receptor Fc epsilonRII/CD23 in 
psoriatic epidermis: infl ammatory dendritic 
epidermal cells (IDEC) but not Langerhans 
cells are the relevant CD1a-positive cell popu-
lation. Arch Dermatol Res 1998;   290:   517–
521. 

 36 Uchida Y, Kurasawa K, Nakajima H, Nakaga-
wa N, Tanabe E, Sueishi M, Saito Y, Iwamoto 
I: Increase of dendritic cells of type 2 (DC2) by 
altered response to IL-4 in atopic patients. J 
Allergy Clin Immunol 2001;   108:   1005–1011. 

 37 Matsuda H, Suda T, Hashizume H, Yokomura 
K, Asada K, Suzuki K, Chida K, Nakamura H: 
Alteration of balance between myeloid den-
dritic cells and plasmacytoid dendritic cells in 
peripheral blood of patients with asthma. Am 
J Respir Crit Care Med 2002;   166:   1050–
1054. 

 38 Reider N, Reider D, Ebner S, Holzmann S, 
Herold M, Fritsch P, Romani N: Dendritic 
cells contribute to the development of atopy by 
an insuffi ciency in IL-12 production. J Allergy 
Clin Immunol 2002;   109:   89–95. 

 39 Kohrgruber N, Halanek N, Groger M, Winter 
D, Rappersberger K, Schmitt-Egenolf M, 
Stingl G, Maurer D: Survival, maturation, and 
function of CD11c– and CD11c+ peripheral 
blood dendritic cells are differentially regulat-
ed by cytokines. J Immunol 1999;   163:   3250–
3259. 

 40 Rissoan MC, Soumelis V, Kadowaki N, 
Grouard G, Briere F, de Waal Malefyt R, Liu 
YJ: Reciprocal control of T helper cell and den-
dritic cell differentiation. Science 1999;   283:  

 1183–1186. 
 41 Siegal FP, Kadowaki N, Shodell M, Fitzgerald-

Bocarsly PA, Shah K, Ho S, Antonenko S, Liu 
YJ: The nature of the principal type 1 inter-
feron-producing cells in human blood. Science 
1999;   284:   1835–1837. 

 42 Cella M, Facchetti F, Lanzavecchia A, Colon-
na M: Plasmacytoid dendritic cells activated 
by infl uenza virus and CD40L drive a potent 
TH1 polarization. Nat Immunol 2000;   1:   305–
310. 

 43 Grewe M, Bruijnzeel-Koomen CA, Schopf E, 
Thepen T, Langeveld-Wildschut AG, Ruzicka 
T, Krutmann J: A role for Th1 and Th2 cells 
in the immunopathogenesis of atopic dermati-
tis. Immunol Today 1998;   19:   359–361. 

 44 Hashizume H, Horibe T, Yagi H, Seo N, 
Takigawa M: Compartmental imbalance and 
aberrant immune function of blood CD123+ 
(plasmacytoid) and CD11c+ (myeloid) den-
dritic cells in atopic dermatitis. J Immunol 
2005:   174:   2396–2403. 

 45 Maurer D, Ebner C, Reininger B, Fiebiger E, 
Kraft D, Kinet JP, Stingl G: The high affi nity 
IgE receptor (Fc epsilon RI) mediates IgE-de-
pendent allergen presentation. J Immunol 
1995;   154:   6285–6290. 

 46 Foster B, Metcalfe DD, Prussin C: Human 
dendritic cell 1 and dendritic cell 2 subsets ex-
press FcepsilonRI: correlation with serum IgE 
and allergic asthma. J Allergy Clin Immunol 
2003;   112:   1132–1138. 

 47 Novak N, Allam JP, Hagemann T, Jenneck C, 
Laffer S, Valenta R, Kochan J, Bieber T: Char-
acterization of FcepsilonRI-bearing CD123 
blood dendritic cell antigen-2 plasmacytoid 
dendritic cells in atopic dermatitis. J Allergy 
Clin Immunol 2004;   114:   364–370. 

 48 Mahnke K, Schmitt E, Bonifaz L, Enk AH, 
Jonuleit H: Immature, but not inactive: the 
tolerogenic function of immature dendritic 
cells. Immunol Cell Biol 2002;   80:   477–483. 

 49 Farkas L, Kvale EO, Johansen FE, Jahnsen FL, 
Lund-Johansen F: Plasmacytoid dendritic cells 
activate allergen-specifi c TH2 memory cells: 
modulation by CpG oligodeoxynucleotides. J 
Allergy Clin Immunol 2004;   114:   436–443. 

 50 Gilliet M, Liu YJ: Human plasmacytoid-de-
rived dendritic cells and the induction of T-
regulatory cells. Hum Immunol 2002;   63:  

 1149–1155. 
 51 Jonuleit H, Schmitt E, Steinbrink K, Enk AH: 

Dendritic cells as a tool to induce anergic and 
regulatory T cells. Trends Immunol 2001;   22:  

 394–400. 
  




