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Abstract
Allergic contact dermatitis (ACD) resulting from skin sensitization is an allergic skin reaction after contact 
with a substance. Dendritic cells of the skin (Langerhans cells) play a key role in the development of 
ACD. After the uptake of a chemical allergen they become activated, migrate to the local lymph node and 
induce a specific T lymphocyte response. Upregulation of CD86 expression is a hallmark of dendritic cell 
activation and maturation. Because Langerhans cells are difficult to isolate in an adequate quantity and 
quality monocyte derived dendritic cells (MoDC) are discussed as Langerhans cell surrogates to predict skin 
sensitization in vitro. We have examined the use of MoDC with the well know maturation marker CD86 as a 
tool to predict skin sensitization in vitro. 
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Introduction
Contact allergy (also known as type IV or delayed 

hypersensitivity reaction) is an allergic skin reaction 
from contact with a substance that is usually harmless. 
It occurs in two stages, (i) sensitization: the allergen 
is presented to T-lymphocytes, which then proliferate 
and produce memory cells that can remember that 
particular allergen and (ii) elicitation: the allergen is 
recognized by the T-lymphocytes, which activates 
them and causes an immune reaction resulting in the 
eczema-like inflammation of the skin at the site of 
contact. Therefore skin sensitization is an important 
toxicological endpoint which has to be determined for 
new chemicals, agrochemicals etc. This is nowadays 
only possible by in vivo assays. 

Dendritic cells (DCs) play an important role in the 
sensitization phase and isolated DCs are discussed as 
an alternative in vitro method (Ryan et al. 2007) to the 
current animal tests in use (BT, GPMT, LLNA). We 
have analyzed the expression of the most important 
maturation marker CD86 of dendritic cells derived 
from monocytes after incubation with a panel of 
test substances. Here we discuss the limitations and 
opportunities of these assays which could be powerful 
tools as part of a test battery (structural alerts, 
bioavailability, peptide reactivity, T-cell activation) 
predicting skin sensitization in vitro.

Materials and methods
Generation of MoDCs:

Peripheral blood mononuclear cells (PBMCs) were 
seperated by Ficoll-Hypaque (PAA Laboratories 
GmbH) gradient centrifugation from buffy coats 
(University of Düsseldorf, Blutspendezentrale). 
Monocytes were isolated from PBMCs by negative 
selection using the Monocyte isolation kit II 
(Miltenyi Biotec, Bergisch Gladbach) according 
to the manufacturer's instructions. For generating 
MoDCs monocytes were incubated for 5 days in 
medium supplemented with rhIL4 (500 U/ml) and 
rhGM-CSF (200 U/ml). To evaluate the purity and 
quantity of monocytes and MoDCs staining with 
FITC conjugated anti-CD1a and anti-CD14 (BD 
Pharmingen) was done. 

Treatment and staining of cultured MoDCs:
MoDCs were seeded in 24 well plates (~3x105 cells 

per sample) and treated with the indicated substance. 
Each experiment also includes a positive control (LPS) 
and solvent control. 24 h after chemical treatment 
cell samples were divided in two halves. For one half 
surface marker staining was performed using Anti-
CD86 (BD Pharmingen) whereas the second half was 
used for measuring cytotoxicity by 7-AAD (7-Amino-
Actinomycin D) staining. 
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Flow cytometric analysis:
Marker expression and 7-AAD staining were 

measured using a Coulter Epics XL flow cytometer 
(Beckman Coulter). Data were analysed using 
EXPO32 software. 

Results
Monocytes isolated from buffy coats are CD14 

positive and CD1a negative (Fig. 1 and Fig. 2). 
During the five days treatment with IL4 and GM-CSF 
the cells loose their typical monocyte marker CD14 
and become CD1a positive dendritic cells (MoDCs). 
Initially the isolated monocytes strongly express 
CD86 – over 90% of the cells are positive for this 
marker (Fig. 3). However CD86 marker expression 
decreased significantly during the differentiation 
process. After five days marker expression reached 

a base line. CD86 expression did not go below this 
level even by further incubation. 

All together thirteen substances have been tested 
by in vitro sensitization assays with MoDCs (Table 
1). Seven substances lead to a clearly increased CD86 
marker expression with the result that they were 
classified as in vitro positive. These seven substances 
are well known to have in vivo sensitizing potential. 
Five substances had no significant effect on marker 
expression thus they were classified as in vitro 
negative. However two of these in vitro negatives are 
well known to have an in vivo sensitizing potential. 
SDS could not be easily classified. SDS was tested 
most often and gave positive results in approximately 
50% of all experiments.

Fig. 1: Percentage of CD14 positive cells during incubation with 
rhIL4 and rhGM-CSF. Most cells lose the monocyte marker 
during a 5 day incubation period. The results of two independent 
experiments are shown. 

Table 1: Results of the MoDC assay in comparison to in vivo data (Local Lymph Node Assay). For each chemical 
at least three independent experiments were done. Within one experiment at least three doses of each chemical were 
tested (the highest dose was slightly cytotoxic). A substance was regarded as in vitro positive, if 150% of the cells in 
comparison to the solvent control were CD86 positive (one test concentration was sufficient) and the cytotoxicity was 
below 15%. Green fields: in vitro and in vivo assay with same results. Red fields: in vitro false negatives. 

Fig. 2: Percentage of CD1a positive cells during incubation 
with rhIL4 and rhGM-CSF. While most cell lost their monocyte 
marker (Fig.1) they became positive for CD1a (DC marker) 
during the incubation period. The results of three independent 
experiments are shown.
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Discussion
For the generation of dendritic cells out of blood 

monocytes five days incubation with cytokines 
seems to be sufficient. The differentiation process 
as well as the outcome of the differentiation process 
could be easily followed/monitored by analysing the 
expression of CD14, CD1a and CD86. 

From our test panel of substances ten substances 
are well known to give positive and three are well 
known to give negative results in the corresponding in 
vivo sensitization assay, the local lymph node assay. 
Regarding the results so far obtained with our in vitro 
dendritic cell assay with MoDCs it is obvious that 
this assay has a limited sensitivity. Two substances 

well know to have in vivo sensitization potential 
- oxazolone and p-chloroaniline - could not be 
predicted as sensitizers with the in vitro dendritic cell 
assay. Insufficient metabolism could be one reason 
for the limited sensitivity. A classification of SDS 
is difficult because of inconsistent in vitro results. 
However from the in vitro data a classification as non-
sensitizing is not possible. This is quite interesting, 
because SDS is also a false-positive in the local 
lymph node assay although it is well known that SDS 
has an irritation but not a sensitizing potential. There 
seems to be potential to improve the in vitro dendritic 
cell assay e g by integrating metabolism. Another 
possibility would be to use in vitro test batteries to 
generate several key information (structural alerts, 
bioavailability, peptide reactivity, T-cell activation) to 
predict skin sensitization in vitro (Jowsey et al, 2006).
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Fig. 3: Percentage of CD86 positive cells during incubation with 
rhIL4 and rhGM-CSF. Basal expression of CD86 in monocytes 
was high (>90% positive cells !). However the percentage of 
CD86 positive cells decreased during the first three days of 
incubation remarkably. The results of six different experiments 
are shown. 




