
Background: Normal human skin harbors a single epidermal
dendritic cell (DC) population, the CD1a+++CD11b– Langer-
hans cells. In many chronic inflammatory skin diseases, the
epidermal DC pool bears a second population, the
CD1a+CD11b+++ inflammatory dendritic epidermal cells
(IDECs). Immunophenotypic, ultrastructural, and functional
aspects of IDECs have been investigated in chronic untreated
skin lesions of intrinsic and extrinsic atopic dermatitis (AD),
contact dermatitis (CD), and psoriasis, but little is known
about freshly induced early skin lesions.
Objective: We sought to characterize enumerative and
immunophenotypic changes in the epidermal DC pool during
the development of eczematous skin lesions.
Methods: The atopy patch test with aeroallergens and food-
protein allergens and a conventional patch test with standard-
series haptens were performed as models for early skin lesions
of extrinsic and intrinsic AD and CD, respectively. After 72
hours, epidermal cell suspensions were prepared, analyzed in a
standardized flow cytometric technique, and compared with
the results obtained from chronic lesions.
Results: The migration of IDECs into the epidermis occurs
within 72 hours and is thus an early event. It continues in
chronic AD, but not in chronic CD, lesions. The specific upreg-
ulation of FcεRI, especially on IDECs, occurs later during for-
mation of extrinsic but not intrinsic AD lesions. LCs were neg-
ative for CD36 in patch test lesions, whereas in chronic skin
lesions, LCs expressed CD36.
Conclusion: The DC alteration during skin lesion formation
can be subdivided into early and late events, with the influx of
IDECs as an early event and the alteration of the DC pheno-
type as a late event. (J Allergy Clin Immunol 2003;111:869-74.)
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Atopic dermatitis (AD) is a clinically defined, highly
pruritic, chronic inflammatory skin disease. Frequently
there is an association with increased IgE production
against aeroallergens and food allergens as well as a local
infiltration of mononuclear cells, mainly T cells, and
antigen-presenting cells.1-3 A so-called intrinsic type of
AD has been delineated from the more common extrinsic
AD by normal serum IgE levels, negative RAST, and
negative immediate-type skin reactions toward environ-
mental allergens.4,5

In extrinsic AD, there is growing evidence to suggest
that IgE-bearing Langerhans cells (LCs) initiate AD
lesions and contribute to the amplification of IgE
responses toward environmental allergens.6 This hypoth-
esis is strengthened by the demonstration of high-affini-
ty receptors for IgE (FcεRI) on LCs in normal skin7,8 and
the strongly and specifically increased FcεRI expression
on epidermal dendritic cells (DCs) in AD.9,10 Thus,
extrinsic AD might involve an IgE-mediated, delayed-
type hypersensitivity reaction in which FcεRI-bearing,
antigen-presenting epidermal DCs act as a link between
aeroallergens and lesional antigen-specific T cells.3,6

AD is associated with phenotypic and functional alter-
ations of the CD1a-expressing epidermal DCs.9,11-13 Two
distinct CD1a+ epidermal DC populations have been
identified in chronic AD lesions. One is LCs, which con-
tain Birbeck granules; the other is inflammatory dendrit-
ic epidermal cells (IDECs), which do not contain Birbeck
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granules. Compared with LCs, the IDECs show a higher
FcεRI expression, express higher amounts of costimula-
tory molecules,14 are capable of mannose receptor–medi-
ated endocytosis,15 and might therefore be the key DC in
AD.16 The immunophenotype of both LCs and IDECs
has been analyzed simultaneously in a recently standard-
ized flow cytometric test procedure, which is based on
the quantitative data obtained from a 3-color flow cyto-
metric test procedure.10 Whereas >800 tissue samples
have been analyzed from chronic, untreated, inflamed
skin lesions (Wollenberg et al, unpublished observa-
tions), including intrinsic and extrinsic AD,17 little is
known about the DC infiltrate of early AD lesions.

The atopy patch test (APT) has been used as a model
for early AD lesions18 and is performed like a normal
patch test with haptens (HPT), only with protein aller-
gens.19,20 The standardized APT technique that we used
has been developed in a series of multicenter trials and is
regarded as a suitable and reproducible procedure for
clinical and experimental use of this test.21-23

Using the APT and HPT as an experimental model for
early AD lesions and contact dermatitis (CD) lesions,
respectively, we performed the present study to compare
APT lesions with the previously described data from the
respective chronic skin lesions to better understand the
kinetics of lesion formation in AD. Positive HPT lesions
as well as samples of chronic untreated CD lesions
served as controls.

METHODS

Study patients

The study was undertaken at the Department of Dermatology
and Allergy, University of Munich, in 65 AD outpatients (17 male,
48 female; age, 3 to 66 years; mean age, 28.5 years). Our investiga-
tion was a substudy of a larger multicentric trial (Darsow et al, in
preparation). The diagnosis of AD was made according to the crite-
ria of Hanifin and Rajka24 and was confirmed for each patient on
clinical grounds by at least 2 different dermatologists.

Skin prick tests were performed with atopy patch-tested aeroal-
lergens (100 IR, in water/glycerol) and food allergens (33 IR, in
water/glycerol) in all patients with AD. Allergen-specific IgE levels
were determined by CAP-FEIA (Pharmacia, Uppsala, Sweden).

The control group consisted of 12 patients with allergic CD who
had a classic HPT performed with their relevant contact allergens.
Shave biopsy samples were taken from 3 test lesions positive for
nickel(II) sulfate and 1 positive test lesion each for cobalt, neomycin,
dibromdicyanobutan, thiuram mixture, p-methylaminophenolsul-
fate, fragrance mixture, thimerosal, methyl(chloro)-isothiazolinone,
and toluylenediamine.

To compare our results from APT and HPT lesions with the
immunobiological situation of chronic, naturally developed skin
lesions, epidermal DC phenotyping (EDCP) data of 80 chronic,
untreated skin lesions were analyzed from our EDCP data bank (7
intrinsic AD, 59 extrinsic AD, and 26 CD).10

This study was approved by the local ethics committee and was
conducted according to the principles expressed in the Declaration of
Helsinki. Written, informed consent was obtained from all patients.

APT procedure

APTs were performed according to a standardized, published
procedure.23 In brief, the patch-tested aeroallergens (house dust

mite [Dermatophagoides pteronyssinus], birch pollen, cat dander,
and grass pollen [Phleum pratense], all at 200 IR in petrolatum
[Stallergenes, Antony, France]), food allergens (egg white, celery,
and wheat flour, all at 1/3 w/v in petrolatum [Stallergenes]), and a
negative vehicle control (petrolatum [Stallergenes]) were applied
on the patients’ backs in large Finn chambers (11 mm in diameter)
and fixed with stretch plaster. After 48 hours the allergens were
removed and the tested areas were marked. The test was read after
48 and 72 hours. Positive reactions were classified according to the
European Task Force on Atopic Dermatitis (ETFAD) key, which is
based on the appearance of papules, erythema, and infiltration in
the tested area.25 Patients did not have an acute phase of eczema,
nor had they received prior treatment with topical steroids or UV
light on the test site.

Biopsy specimens and preparation of

epidermal cell suspensions

For EDCP, shave biopsy samples were obtained under local
anesthesia on day 3 from positive patch test lesions. Epidermal cell
suspensions were prepared by trypsinization of skin specimens, as
described.10 The resulting cell suspensions were processed for
immunolabeling and analyzed by flow cytometry to determine the
proportion of CD1a+ epidermal DCs (ie, LCs and IDECs) and the
expression of selected cell surface molecules.

Immunostaining of epidermal cell

suspensions

Flow cytometric analysis was performed in a triple-staining
method, as described previously.10 In short, approximately 200,000
crude epidermal cells were incubated with 1 of the following anti-
bodies at a concentration of 2.5 µg/mL for 30 minutes. The IgE-bind-
ing α-chain of FcεRI was detected by mAb 22E7 (IgG1; a generous
gift of Dr J. Kochan, Hoffmann-La Roche Co, Nutley, NJ); this anti-
body does not interfere with the binding site for IgE on the receptor.26

The mAb IV.3 (IgG2b, Medarex, West Lebanon, NH) is directed
against the human low-affinity IgG receptor FcγRII/CD32. The
FcεRI/FcγRII expression ratio is a highly specific marker for AD.27

The mAb IOP36 (IgG2b, Immunotech, Marseille, France) is specific
for CD36, the thrombospondin receptor, which represents a putative
collagen-binding structure. In situ expression of CD36 is indicative of
an inflammatory microenvironment.10 The mAb BEAR1 (IgG1,
Immunotech) reacts with the integrin chain CD11b, which is highly
expressed on IDECs but not on LCs.10 MOPC (IgG1, Sigma, Deisen-
hofen, Germany) and UPC10 (IgG2b, Sigma) were used at the same
concentration as the isotype control mAb. After primary labeling, the
cells were washed in PBS containing 1% FCS and 0.1% sodium azide
and then incubated for 30 minutes with FITC-conjugated goat anti-
mouse antibody (Jackson Laboratories, West Grove, Pa) at a dilution
of 1:100. Blocking was carried out for 15 minutes with normal mouse
serum (Sigma, 1:10). The cells were again washed and then counter-
stained for 30 minutes with a mixture of the phycoerythrin-labeled
T6/RD1 antibody (Coulter, Krefeld, Germany) and 7-amino-actino-
mycin D (7-AAD, Sigma), both at a concentration of 1 µg/mL. Phy-
coerythrin-labeled T6/RD1 antibody labels CD1a+ epidermal DCs—
ie, LCs and IDECs. The 7-AAD, which emits in the far red end of the
spectrum, labels dead keratinocytes and debris, which can be strong-
ly nonspecifically labeled with the anti-CD1a antibody.10 After a final
wash, the cells were analyzed by flow cytometry. All incubations and
washes were performed at 4°C.

Flow cytometric analysis of epidermal DCs

Unfixed cells were analyzed on a fluorescence-activated cell-
sorting system (FACScan, Becton Dickinson, Mountain View,
Calif). The vital CD1a+ DC populations were gated out by a com-
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bination of forward and side scatters and a CD1a/7-AAD gate set,
as described previously.10 Fluorescence parameters were collected
through use of a built-in logarithmic amplifier, and the data of
approximately 10,000 cells were collected and analyzed with the
CellQuest program (Becton Dickinson). For quantitative evaluation,
the CD1a+ populations (ie, LCs and IDECs) were gated out manu-
ally. Their proportions in the CD1a+ cell pool as well as the mean
fluorescence intensity (MFI) for each surface molecule were deter-
mined for each population of interest through use of CellQuest soft-
ware.10 Relative fluorescence indices (rFIs) of all surface receptors
were determined as follows:

rFI = (MFIreceptor – MFIcontrol)/MFIcontrol

RESULTS

Clinical aspects of APT reactivity

The APT was performed on 65 patients with AD, of
whom intrinsic AD was diagnosed in 6 (9%).17 Positive
APT reactions after 72 hours were seen in 26 patients
(40%), and 15 of them volunteered to have their positive
APT skin reaction shave-biopsied. The causative aller-
gens of the 15 biopsied lesions were house dust mite
(Dermatophagoides pteronyssinus; n = 11), birch pollen
(n = 2), grass pollen (Phleum pratense; n = 1), and wheat
flour (n = 1). Whereas 12 of the biopsied patients were
classified as having extrinsic AD, 3 patients fulfilled the
criteria of having intrinsic AD. The range of positive
APT reactions lay between + and +++++, and biopsy
samples were taken from + to +++ reactions. Most of the
reactions were +++. There was no relation between the
tested allergen and the intensity of the test reaction.

Of the 6 patients with intrinsic AD, 3 showed positive
APT reactions to house dust mite (n = 2) or birch pollen (n
= 1). All 3 had negative prick test results, negative RAST
results, low total serum IgE levels (23 kU/L, 55 kU/L, and
10 kU/L), and a negative family history for atopic dis-
eases.28 Nevertheless, the patients’ reported histories had
already suggested a clinically relevant sensitization against
the house dust mite (worsening of skin condition after dust
exposure) or birch pollen (worsening of skin condition
during birch pollen flight, especially in exposed skin
areas). EDCP of these patients’ APT reactions showed a
rather high number of IDECs compared with the extrinsic
AD test lesions but a comparably low FcεRI expression, a
pattern previously seen in naturally developed intrinsic AD
lesions.17 Hence, a clinically suggestive sensitization to
aeroallergens is detectable in a subset of patients with
intrinsic AD, indicating an allergic background even in the
absence of allergen-specific IgE.

IDEC migration into the epidermis starts

early during formation of AD lesions

The presence of IDECs is a hallmark of the skin lesions
in AD and CD, whereas nonlesional skin of patients with
AD and patients with CD does not contain relevant num-
bers of IDECs.10 In the APT-induced lesions, the amount
of CD1a+ cells was already increased in intrinsic and
patients with extrinsic AD in comparison with normal
skin. Moreover, a distinct IDEC population could already
be detected at day 3 in both APT and HPT (Fig 1). Chron-

ic lesions of intrinsic and extrinsic AD are characterized
by further increased numbers of IDECs, whereas in CD,
the IDEC population does not increase over time (Fig 1).
Taken together, there is an early immigration of IDECs in
AD and CD, but an ongoing influx of IDECs is present
only in both intrinsic and extrinsic AD.

Evidence for a time course of disease-

specific FcεRI expression

In general, chronic extrinsic AD lesions are character-
ized by high expression of FcεRI on the DC surface.17

The APT lesions of patients with intrinsic AD showed a
lower FcεRI expression on DCs than did HPT lesions,
although chronic intrinsic AD lesions showed higher
FcεRI expression than did chronic CD lesions (Fig 2, A).
In addition, the FcεRI expression on DCs increases over
time in intrinsic and extrinsic AD, whereas it decreases in
CD (Fig 2, A). These results indicate distinctive, dynam-
ic changes of the DC phenotype during formation of the
lesion in AD and CD and identify the disease-specific
upregulation of FcεRI as a late event during the forma-
tion of an extrinsic AD lesion.

The established FcεRI/FcγRII ratio is not

diagnostic for APT lesions

A high FcεRI/FcγRII expression ratio (>1.5) on epi-
dermal DCs is an established diagnostic marker for chron-
ic extrinsic AD.17,27 All chronic and patch test lesions of
both CD and intrinsic AD showed an FcεRI/FcγRII
expression ratio on epidermal DCs below 1.5, whereas the
majority of chronic AD lesions exceeded the 1.5 threshold
(Fig 2, B). In APT lesions this threshold value was
reached in only 4 of 15 samples, which were all taken
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FIG 1. Mean proportions of CD1a+ epidermal DCs and their sub-
classification into inflammatory dendritic epidermal cells (IDEC)
and Langerhans cells (LC). Mean proportions of IDECs and LCs
were determined by flow cytometric analysis of APT and HPT
lesions and chronic naturally grown lesions (APT intrinsic, n = 3;
IAD, n = 5; APT extrinsic, n = 12; EAD, n = 30; HPT, n = 12; CD, n =
21). Each column shows the proportion of CD1a+ cells as a per-
centage of the total epidermal cells. Highest percentages are pres-
ent in chronic lesions of both intrinsic and extrinsic AD. The
amount of CD1a+ cells in patch test lesions is already increased
compared with normal skin. APT lesions of patients with IAD
showed a higher number of IDECs than did the APT lesions of
EAD. Naturally developed lesions of both AD subtypes showed an
increased number of IDECs compared with test lesions, which
became significant for extrinsic AD.
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from patients with extrinsic AD. A low FcεRI/FcγRII
expression ratio (<1.5) was seen in 11 of 15 APT lesions,
including the 3 intrinsic AD cases with ratios of 0.26
(37% IDECs), 0.23 (61% IDECs), and 0.23 (70%
IDECs). With the frequently low FcεRI/FcγRII ratio on
DCs in APT lesions, the diagnostic use of EDCP is
restricted to chronic skin lesions.

CD36 expression on LCs is a marker for

chronic lesions

For many years it has been known that IDECs are
characterized by a high CD36 expression, whereas LCs
express little or no CD36 on their cell surfaces.9 We were
able to show for the first time that just as in normal
human skin, LCs do not express CD36 in patch test
lesions, whereas a low but significant CD36 expression
was seen on LCs in chronic lesions of AD and CD (Fig
3, A). This extends the diagnostic possibilities of EDCP

to assign an early or chronic stage to each biopsy sample.
Second, CD36 expression on IDECs was significantly
higher in HPT lesions than in APT lesions and decreased
during formation of chronic CD lesions (Fig 3, B).

DISCUSSION

By using the APT and the HPT as a model for early
AD and CD lesions, respectively, we were able to
demonstrate that the migration of IDECs into the epider-
mis occurs within 72 hours and is thus an early event.
This immigration of IDECs continues in chronic AD, but
not in chronic CD, lesions. The specific upregulation of
FcεRI, especially on IDECs, occurs later during forma-
tion of extrinsic, but not intrinsic, AD lesions. Conse-
quently, it is impossible to reliably differentiate early
inflammatory skin lesions by using the established high
FcεRI/FcγRII expression ratio. There is no CD36 expres-
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A B

FIG 2. Analysis of FcεRI expression and the FcεRI/CD32 expression ratio on epidermal DCs. A, The highest FcεRI
expression is present on epidermal DCs in extrinsic AD lesions. (APT intrinsic, n = 3; IAD, n = 7; APT extrinsic,
n = 12; EAD, n = 59; HPT, n = 12; CD, n = 26). IAD lesions showed even lower FcεRI expressions on DC lesions
than on CD lesions. FcεRI is further upregulated in extrinsic AD during the formation of chronic lesions, where-
as FcεRI is significantly downregulated during the formation of CD. B, An FcεRI/CD32 expression ratio of >1.5
on epidermal DCs is an established diagnostic tool for extrinsic AD and allows the delineation from intrinsic
AD and CD lesions (APT intrinsic, n = 3; IAD, n = 7; APT extrinsic, n = 12; EAD, n = 59; HPT, n = 12; CD, n = 26).
APT lesions in patients with extrinsic AD might be distinguished from HPT lesions by the FcεRI/CD32 expres-
sion ratio as well (P < .05), but the cutoff level for patch test–induced lesions would be lower.

A B

FIG 3. Analysis of CD36 expression on epidermal DCs. A, CD36 expression on LCs was quite low, whereas
LCs from patch test lesions did not express CD36. All chronic skin lesions showed a significantly higher
CD36 expression on their LCs than did the corresponding patch test lesions. Moreover, the CD36 expression
on LCs was significantly higher in both extrinsic and intrinsic AD than in CD: APT intrinsic, n = 3; IAD, n =
7; APT extrinsic, n = 12; EAD, n = 49; HPT, n = 12; CD, n = 26. B, The expression of CD36 on IDECs was gen-
erally much higher than on LCs and did not differ between the 2 subtypes of AD. HPT lesions showed a sig-
nificantly higher CD36 expression on IDECs than did extrinsic or intrinsic APT lesions or CD lesions (APT
intrinsic, n = 3; IAD, n = 7; APT extrinsic, n = 12; EAD, n = 52; HPT, n = 12; CD, n = 26).
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sion on LCs in patch test lesions, but CD36 is regularly
present on LCs in chronic skin lesions.

The characterization of early skin lesions by analysis
of biopsy samples from naturally grown lesions of AD
and other chronic inflammatory skin diseases is ham-
pered by (1) the rareness of early lesions in our outpatient
setting and (2) the inaccurate history most patients are
able to provide for a single lesion. Although APT lesions
have not formally been shown to develop into chronic
eczematoid skin lesions, freshly induced APT and HPT
lesions have been used as a model for early AD and CD
lesions before.18,29,30 We have followed this approach
because it seems reasonable and guarantees uniform con-
ditions for the type and quality of the allergens, the expo-
sure time, and the clinical setting as such.

At present, little is known about the cascade of events
during the formation of an eczematous skin lesion. From
histology and immunohistology we know that lympho-
cytes, histiocytes (monocytes, macrophages, and DCs),
eosinophils, and other cell types are accumulating in the
inflamed skin.31 In HPT lesions, the pro-inflammatory
cytokine IL-1b is the first detectable cytokine, followed
by TNFα, which induces the migration of LCs from the
epidermal compartment.32-34 The switch from a TH2-
dominated to a TH1-dominated microenvironment in the
AD lesion might be induced by IL-12, and eosinophils as
well as IDECs might be the relevant source of this
cytokine.35,36 The chemokine MIP-3a, which is produced
by keratinocytes, induces the migration of CCR-
6–expressing LCs into the epidermis, whereas other
“inflammatory” DCs, such as IDECs, might migrate in

response to a wide array of different chemokines.37

On the basis of our assumption that the immunopheno-
type of the epidermal DCs might reflect the disease-specif-
ic inflammatory microenvironment of the underlying skin
disease, we proposed the technique of EDCP as a diagnos-
tic tool in inflammatory skin diseases.10,27 Diagnostic
EDCP criteria for AD and psoriasis have been identi-
fied.10,38 The high FcεRI/FcγRII expression (>1.5), which
is characteristic for naturally grown extrinsic AD lesions, is
not diagnostic for early AD as induced with the APT, nei-
ther for extrinsic nor intrinsic AD. Hence, the diagnostic
value of EDCP will continue to lie within the limits of
chronic untreated skin lesions.

Early lesions of CD and AD, as induced by the HPT
and APT, do not differ much in terms of the epidermal
DC immunophenotype. The early differences are an
accumulation of epidermal DCs in AD skin, as opposed
to the emigration of resident LCs from the epidermal
compartment toward the lymph nodes.39 Hence, the gen-
eration of eczematous skin lesions might involve an early
phase with DC immigration, followed by an alteration of
the DC immunophenotype. Because differences have
been identified on the RNA level between clinically dis-
tinct eczematous skin lesions,40 the modulation of the
DC immunophenotype might follow an earlier differenti-
ation on the RNA level.

The expression of CD36 has repeatedly been attributed
to be a specific delineation marker between LCs and
IDECs.41 Here we confirmed the previously known strong
expression of CD36 on IDECs and could confirm the pre-
viously suspected relation between the duration of a single
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FIG 4. Kinetics of epidermal DC trafficking. The influx of IDECs into the epidermal compartment of normal
human skin (NS) is a relatively early event during the formation of an eczematous skin lesion, inasmuch as
it can be witnessed in hapten patch test (PT) lesions and atopy patch test (APT) lesions. Later, atopic der-
matitis (AD) is characterized by a prolonged influx of IDECs, whereas in contact dermatitis (CD), FcεRI is
downregulated and LCs are depleted from the epidermis, as witnessed by a constant number of epidermal
DCs with an increased proportion of IDECs.
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lesion and the expression of CD36 on the lesional LC.10

Because LCs might express CD36 on inflammation, CD36
is not a useful delineation marker between LCs and IDECs.

In conclusion, the role of DCs during the formation of
inflamed skin lesions can be subdivided into early and
late events, with the influx of IDECs as an early event and
the alteration of the DC phenotype as a late event (Fig 4).
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