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ABSTRACT
Immature Langerhans cells (LC), the dendritic cells (DC) of skin epidermis, form a 
dense network of sentinels and constantly screen the periphery for invading microbes. 
Ingestion of pathogen derived antigen (Ag) triggers LC maturation and migration to the 
skin draining lymph nodes (sLN) where the mature LC prime naïve T cells to establish 
a protective immune response. To avoid autoimmunity or deleterious inflammatory 
responses to innocuous foreign Ag, a tight control of the multi-step process of LC 
activation is mandatory. Expression of E-cadherin enables LC to form adherens junctions 
to attach to the surrounding keratinocytes. Since LC down-regulate E-cadherin during 
their migration to the sLN, it was suggested that E-cadherin is vital to regulate skin 
immunity in terms of blocking LC maturation and migration. Recent data corroborate this 
theory, as disruption of E-cadherin mediated cell adhesion in bone marrow-derived DC 
(BMDC) clusters resulted in a mature DC phenotype. Intriguingly, this was characterized 
by upregulation of CD86, MHC II and CCR7 in the absence of inflammatory cytokines.
To determine the role of E-cadherin in LC/DC in vivo we have generated DC-Ecaddel mice, 
which selectively lack E-cadherin in LC/DC. Unexpectedly, DC-Ecaddel mice displayed 
an intact LC network and expressed maturation markers to a similar extent as wild-type 
cells. Moreover, the migration of E-cadherin deficient LC was not altered during skin 
inflammation and the magnitude of a contact hypersensitivity reaction to topical hapten 
was comparable to wild type. However, DC-Ecaddel mice resolved the inflammatory 
response with a moderate delay as compared to wild type. Our data demonstrate that 
E-cadherin in the steady state is dispensable to maintain the immature LC in the epidermis 
and E-cadherin does not control LC migration and function during skin immunity.
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INTRODUCTION
E-cadherin, a classic type I cadherin with a highly conserved cytoplasmic tail, is primarily 
known for its non-redundant role in embryogenesis by regulating cell polarity and 
tissue morphogenesis (1, 2). These processes are vitally dependent on the continuous 
formation, disassembly and redistribution of E-cadherin mediated adherens junctions 
(AJ) (3). AJ between neighboring cells are based on Ca2+ dependent homophilic 
interactions of the extracellular part of E-cadherin and are stabilized by β-catenin, p120-
catenin and α-catenin, which link the cytoplasmic tail of E-cadherin to the cytoskeleton 
(2, 4). Consequently, E-cadherin controls cell function and differentiation in two 
ways: it restricts cell motility and recruits β-catenin to the cell membrane. Apart from 
its contribution to AJ, β-catenin plays a pivotal role as transcriptional co-activator of 
canonical WNT-signaling, a ubiquitous signaling pathway involved in the regulation of 
cell differentiation and development (5). In the absence of WNT signaling free cytosolic 
β-catenin is rapidly degraded to prevent uncontrolled transcriptional activity (6, 7). 
Importantly, β-catenin bound to E-cadherin is protected from proteasomal degradation 
and consequently unavailable for gene transcription (8). Conversely, abrupt down-
regulation or disruption of E-cadherin interactions leads to a release of β-catenin and 
thereby might cause a sudden WNT-independent increase of cytosolic β-catenin levels. 
Thus, supplying an extra pool of β-catenin suggests a role for E-cadherin in the regulation 
of β-catenin induced gene transcription (9, 10).
Immature Langerhans cells (LC) are the dendritic cell (DC) subset that populates skin 
epidermis and are considered as the first line of defense against microbial attacks from 
the environment (11, 12). LC form a tight network by attaching themselves to the 
surrounding keratinocytes via E-cadherin containing AJ (13). Upon uptake of pathogen 
derived antigen the phagocytic immature LC undergo a dramatic transformation into 
potent antigen presenting cells (APC). In the course of their maturation, LC down-
regulate E-cadherin (13, 14) while CCR7, peptide loaded MHC II, and co-stimulatory 
molecules are upregulated. These phenotypic and functional changes allow their 
migration to skin draining lymph nodes (sLN) where the mature LC prime naïve T cells 
to induce a protective immune response (11). Interestingly, LC migration to sLN not only 
occurs under inflammatory conditions but also during the steady state. This steady state 
migration proceeds in the absence of pathogenic stimuli (15, 16) and is associated with 
the induction and maintenance of peripheral tolerance (17). 
In light of the recent findings that E-cadherin ligation of in vitro generated LC-like 
cells blocks DC maturation (18), while the disruption of E-cadherin binding in BMDC 
cultures promotes phenotypic DC maturation (19), E-cadherin seems to play a crucial 
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role controlling LC function. 
Due to its pivotal role during epithelial development in embryogenesis, a total knockout 
of E-cadherin is embryonic lethal (1). Therefore, to determine the role of E-cadherin in 
LC/DC function in vivo, we have generated a LC/DC-specific E-cadherin knockout. We 
show here that E-cadherin is dispensable for the maintenance of an intact LC network in 
vivo. Furthermore, our data do not suggest a vital role for E-cadherin in the regulation 
of LC maturation or their ability to migrate to sLN. However, we find that contact 
hypersensitivity (CHS) and a myelin oligodendrocyte glycoprotein (MOG)-specific 
delayed-type hypersensitivity (DTH) response in DC-Ecaddel mice are resolved with a 
moderate delay as compared to wild type (WT).

RESULTS 

Loss of E-cadherin does not induce phenotypic DC maturation in 
BMDC
A total knock out of E-cadherin is embryonic lethal due to its crucial role during 
embryogenesis. Therefore, to address the role of E-cadherin in the regulation 
of LC/DC function we have generated a conditional E-cadherin knockout (DC-
Ecaddel mice). To this aim, CD11c-Cre mice were crossed to E-cadherinfl/fl mice. 
The resulting DC-Ecaddel mice were healthy and reproduced at Mendelian ratios. 
First, we analyzed whether the target gene was efficiently deleted in DC-Ecaddel mice 
by intracellular flow cytometry staining for E-cadherin in BMDC. On day 7 and 12 
of culture, E-cadherin levels were significantly decreased as compared to WT mice. 
Correspondingly, simultaneous staining for β-catenin, which is bound to E-cadherin 
on the cell membrane, showed a pronounced reduction of β-catenin in DC-Ecaddel mice 
(Fig 1A). We next sought to confirm the increased maturation following disruption of 
E-cadherin containing AJ in clusters of BMDC, as previously reported by Jiang et al. (19). 
However, neither on day 7 nor day 12, cultured BMDC from DC-Ecaddel mice expressed 
elevated levels of MHC II, CD86 or CCR7 (Fig. 1B). Thus, despite efficient deletion of 
E-cadherin, we did not find increased expression of DC maturation markers in vitro that 
would substantiate a role for E-cadherin in the regulation of DC maturation.

Intact LC network despite deletion of E-cadherin in vivo
LC attach themselves to the surrounding keratinocytes by homophilic E-cadherin 
binding. To investigate whether E-cadherin plays any role in the regulation of LC 
migration and maturation in vivo, we stained epidermal sheets of DC-Ecaddel and WT 
mice for MHC II to identify LC. Unexpectedly, the LC network was intact in mutant 
mice, which contradicts the widely accepted view that E-cadherin is essential to anchor 
LC in the epidermis. Further quantification of LC numbers in comparison to WT did 
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not give any indication of an increased migration of LC to sLN (WT: 143.5 ± 15.29 and 
DC-Ecaddel: 147.5 ± 28.63 à 0.5mm2) (Fig. 2A). To exclude that the lack of an obvious 
effect of E-cadherin deletion on the LC network is based on ineffective mutation of 
E-cadherin, freshly prepared epidermal and dermal single cell suspensions were stained 
for E-cadherin and β-catenin. Analysis of epidermal cell suspensions demonstrated that 
deletion of E-cadherin in LC was nearly complete in the DC-Ecaddel mice. Moreover, the 
level of β-catenin was substantially reduced in epidermal LC (Fig. 2B). The small fraction 
of E-cadherin+ DC recovered from the dermis (20) exhibited robust recombination of 
the target gene E-cadherin, while β-catenin expression was either absent or too low to 
detect except for in a small fraction of WT DC. This DC population likely represents LC 
in transit as those cells are mainly EpCam+ CD103neg (Fig. 2B; dot plot). Consistent with 
the intact LC network, FACS analysis of epidermal and dermal DC showed unaltered 
expression of the maturation markers MHC II, CD86 or CCR7 as compared to WT. 
Similar results were found for DC from sLN (Fig. 2C). Accordingly, in the steady state, 
DC-specific deletion of E-cadherin neither influenced LC turnover nor caused obvious 
spontaneous DC maturation. 

Figure 1.  Deletion of E-cadherin in BMDC does not lead to phenotypic DC maturation
BMDC from WT and DC-Ecaddel mice were cultured for 12 days and analyzed by flow cytometry 
on day 7 and 12 for the expression of (A) intracellular E-cadherin and β-catenin and (B) the 
maturation markers MHC II, CD86 and CCR7. 
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Delayed down-regulation of DTH responses in DC-Ecaddel mice
LC contribute to efficient induction of CHS, a CD8+ T-cell driven delayed type 
hypersensitivity (DTH) reaction directed against a hapten, such as oxazolone (21-23). 
When painted onto the skin, oxazolone acquires immunogenicity by covalently binding 
to self-proteins, which are then presented by migratory DC to T cells in draining LN 
(24). Therefore, we decided to test DC-Ecaddel and WT mice in CHS to investigate the 
ability of mutant skin DC to induce T cell mediated immunity. To elicit CHS, mice were 
sensitized by painting oxazolone onto the shaved belly and challenged five days later by 
an application of oxazolone to ear skin. The CHS response was measured as difference in 
ear thickness between the untreated ear at day 0 and the treated ear 24-96 h after hapten 
challenge. At the peak of the response (24 h) DC-Ecaddel and WT mice exhibited a similar 
ear swelling reaction. Subsequently, ear swelling was regressing as expected in WT mice 
starting at 48 h after hapten challenge while DC-Ecaddel mice showed a moderately delayed 
down-regulation of the CHS response. 72 and 96 h after challenge, ear swelling in both, 
mutant and WT mice, had dropped to baseline levels (Fig. 3A). Thus, although LC lack 
E-cadherin, LC/DC from DC-Ecaddel mice are capable to induce a robust cytotoxic T cell 
(CTL) response. Nevertheless, the loss of E-cadherin on LC seems to impair the down-
regulation of the inflammatory skin response.

Figure 2. Intact LC network in DC-Ecaddel mice
Epidermal sheets of WT and DC-Ecaddel mice 
stained for MHC II were analyzed by fluorescence 
microscopy. (A) The mutant mice display an 
intact LC network with cell numbers equal to 
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In a different approach, we tested DC-Ecaddel and WT mice in MOG [35-55]-induced 
DTH. In contrast to CHS, the response against the model-Ag MOG is mediated by CD4+ 
T cells (TH1). To elicit a DTH response, MOG-sensitized mice were injected intradermally 
with MOG into one and PBS in the other ear to differentiate between antigen-specific 
and non-specific ear swelling. 24 h after antigen challenge DC-Ecaddel mice showed 
quicker and augmented MOG-specific ear swelling as compared to WT. Even though 
ear swelling progressively increased up to 72 h in WT and mutant mice, the response in 
both experimental groups was comparable. However, while ear thickness in WT mice 
started to decrease at 96 h following antigen challenge, the DTH response of DC-Ecaddel 
mice remained at a similarly high level at 72 h after challenge (Fig. 3B). Hence, deletion 

Figure 3. LC/DC-specific E-cadherin deletion causes delayed down regulation of DTH 
responses
(A) WT and DC-Ecaddel mice were challenged 5 days after sensitization with Oxazolone. Ear 
swelling was measured as a read out for skin inflammation. At the peak response (24 h) ear 
swelling of mutant mice is similar to WT. At 48 h resolution of the reaction in DC-Ecaddel mice is 
delayed. One representative experiment out of two is shown; Mann-Whitney *=p< 0.02. (B) WT 
and DC-Ecaddel mice were sensitized to MOG 35-55. On day 7 mice were challenged by injection 
of MOG intradermally into the ear and MOG-specific ear swelling was measured. Mutant mice 
show increased ear swelling at 24 h and delayed down regulation of the DTH response at 96 h. 
One experiment; students t-test *= p<0.05.
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of E-cadherin in DC in vivo results in a slightly earlier onset of the CD4+ T cell mediated 
skin inflammation but also a delayed down-regulation of the DTH response. 

DC-specific E-cadherin deletion does not enhance phagocytosis and 
migration to the sLN
A possible explanation for the earlier onset and the delayed down regulation of CD4+ 
and CD8+ T cell mediated DTH responses might be an increased antigen uptake of the 
E-cadherin deficient DC. To address this issue, we incubated DC from epidermis, dermis 
and sLN with DQ-OVA, a derivate of chicken ovalbumin associated with a fluorescent 
dye that only emits a fluorescent signal after being ingested. The fraction of DC that have 
taken up DQ-OVA was determined by flow cytometry after 5, 10, 30 and 60 minutes. 
Epidermal LC, dermal DC (including transmigrating LC) and DC from sLN showed no 
significant difference in DQ-OVA uptake (Fig. 4 A). However, particularly in epidermis 
the frequency of LC from WT and DC-Ecaddel mice that have taken up DQ-OVA varied 
considerably between different experiments (data not shown). 
Even though the LC network was still intact in DC-Ecaddel mice (Fig 2A) the lack of 
E-cadherin might cause enhanced migration of LC under inflammatory conditions. To 
analyze whether activated LC of DC-Ecaddel mice migrate to the sLN at a higher rate, we 
applied fluorescence iso-thiocyanate (FITC) to the ear skin of WT and mutant mice and 
measured the frequency of FITC+ LC in the sLN 36 h after FITC painting. Of the MHC 
IIhigh CD11c+ immigrants an equal fraction of Langerin+ DC could be detected in sLN 
of WT and DC-Ecaddel mice (Fig. 4B upper panel). The frequency of EpCam+ CD103- 

(LC and Langerin+ dermal DC that have upregulated EpCam (20)), EpCamneg CD103+ 

and double positive dermal DC that transported FITC to the sLN in mutant mice was 
comparable to WT (Fig. 4B lower panel). Thus, the lack of E-cadherin on LC did not 
enhance LC migration to the draining LN during inflammation. Furthermore, staining 
of epidermal cell suspensions for Ki67, a marker for recent cell division, showed an equal 
fraction of LC in epidermis of WT and mutant mice (Fig 4C) and therefore does not 
suggest an increased LC proliferation in steady state.

DISCUSSION 
E-cadherin mediated cell adhesion was considered to be essential for retaining the 
immature LC in the epidermis (13, 25). Conversely, down-regulation of E-cadherin 
was suggested to be involved in the regulation of LC activation but whether it causes or 
results from LC maturation and mobilization remained elusive (9, 14). Here, we provide 
evidence that E-cadherin is dispensable for the in vivo regulation of LC maturation and 
retention in steady state epidermis. 
Unexpectedly, despite efficient deletion of E-cadherin in LC and a decrease of its binding 
partner β-catenin, the LC network in the epidermis of DC-Ecaddel mice was still intact. 
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These data argue against a prominent contribution of E-cadherin/β-catenin to LC cell 
adhesion and the long-presumed role of E-cadherin binding in controlling the retention 
of LC in the epidermis and their migration to cutaneous LN (9, 13, 14, 25, 26). Studies 
using cultured epithelial cells demonstrated that E-cadherin is essential for establishing 

Figure 4. Unperturbed Ag uptake and LC migration to sLN
(A) DC from epidermis, dermis and sLN were incubated with DQ-OVA for 5, 10, 30 and 60 
minutes. The capacity of  DC to take up Ag was determined by measuring emission of fluorescence 
by internalized DQ-OVA. No significant differences between DC from WT and DC-Ecaddel mice 
were detected. One out of two experiments is shown. (B) Ears of mutant and WT mice were 
painted with FITC to evaluate Ag transport by LC to the sLN. The fraction of CD11c+ MHC 
IIhigh Langerin+ FITC+ immigrants was analyzed 36 h later. sLN of WT and DC-Ecaddel mice 
contained similar frequencies of FITC+ Langerin+ DC which involved similar fractions of Epcam 
and CD103 expressing DC populations in both, WT and mutant mice (n=3). (C) Epidermal 
single cell suspensions of WT and DC-Ecaddel mice were stained for Ki67 to visualize recent cell 
divisions (n=2). 
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but not for maintaining AJ (27, 28). Therefore, due to late expression of the CD11c-Cre 
transgene (29), deletion of E-cadherin might not lead to disruption of pre-existing AJs 
that were established prior to Cre expression. This suggests that continued expression of 
E-cadherin was dispensable to maintain LC in the epidermis.
It has recently been demonstrated that disruption of homotypic E-cadherin interactions 
in vitro causes DC maturation independent from TLR signaling (19). This alternative 
DC maturation was characterized by upregulation of MHC products, co-stimulatory 
molecules and receptors for migratory chemokines, but without concomitant production 
of immunogenic cytokines. A large pool of the transcriptional co-activator β-catenin 
binds to the E-cadherin cytoplasmic domain in immature BMDC and might trigger 
this unique maturation. Indeed, overexpression of β-catenin in BMDC resulted in a 
similar “phenotypic” maturation (19). Therefore we hypothesized that loss of E-cadherin 
attachments releases β-catenin in LC, which may trigger this unique form of maturation. 
Our data show that β-catenin is decreased to a similar extend as E-cadherin in LC of 
DC-Ecaddel mice. However, consistent with our observation of an intact LC network, we 
did not find any indication for enhanced maturation of the LC. This was also true for 
BMDC prepared from DC-Ecaddel mice. As E-cadherin molecules are present before Cre 
activity in LC of DC-Ecaddel mice, one could argue that a slow turnover of E-cadherin 
causes a gradual loss of β-catenin. Thus, conditional deletion of E-cadherin may lead to 
an insufficient amount of free β-catenin for signaling as opposed to the sudden release by 
interrupting E-cadherin binding between BMDC in culture (cluster disruption). In turn, 
inducible deletion of E-cadherin in adult mice may release a sudden “wave” of β-catenin, 
which is sufficient to trigger LC maturation and emigration similar to cluster disruption 
in BMDC. However, this seems unlikely since we recently have shown that neither DC 
specific β-catenin activation nor deletion had an effect on DC maturation (chapter 3, 
this thesis). Therefore, we conclude that other factors than E-cadherin or E-cadherin 
controlled β-catenin signaling might act to regulate phenotypic LC maturation and 
migration in the steady state in vivo. 
Nevertheless, despite the lack of an obvious steady state phenotype, E-cadherin deficiency 
mildly affected the in vivo function of LC in DTH responses as resolution of the 
inflammatory response was moderately delayed. However, this could not be explained 
by influence of the lack of E-cadherin on enhanced antigen uptake or migratory function 
of LC. With regard to our results on the function of β-catenin in DC (chapter 3, this 
thesis), we suggest an indirect role of E-cadherin in the regulation of an inflammatory 
skin response. We could demonstrate recently that expression of constitutively active 
β-catenin in DC results in abrogation, while deletion of β-catenin leads to a somewhat 
delayed resolution of the CHS response. β-catenin that is not bound to E-cadherin, is 
rapidly degraded in absence of WNT signaling (5) and consequently, β-catenin levels in 
LC of DC-Ecaddel mice were diminished. Thus, the delayed down-regulation in both DTH 
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models is caused by the decreased availability of immunomodulatory β-catenin rather 
than by the lack of E-cadherin in LC of DC-Ecaddel mice. 
In conclusion our data demonstrate that E-cadherin expression is neither critical to 
maintain an intact LC network, nor to regulate the maturation or migration of LC to the 
sLN. However, E-cadherin down-regulation on LC seems to influence the regulation of 
T cell mediated inflammatory skin reactions by providing a pool of free β-catenin that 
possibly by contributes to controlling gene transcription.
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MATERIAL AND METHODS

Mice
Mice were kept under SPF conditions in the animal facilities of the AMC and Erasmus 
MC. All animal experimentation was in compliance with EU as well as national laws and 
approved by the local ethical committees. Experimental mice were between 8-12 weeks of 
age and non-transgenic littermates were used as controls. Genotyping PCRs for CD11c-
Cre (29) was performed using the following Cre primers: 
sense primer: 5’-GGACATGTTCAGGGATCGCCAGGCG-3’  
anti-sense-primer: 5’-GCATAACCAGTGAAACAGCATTGCTG-3’
The floxed allele for E-cadherin was identified by PCR as described previously (30).

BM-derived DC (BMDC)
To generate BMDC, murine BM precursors from tibia and femur were cultured in RPMI 
1640 supplemented with ultraglutamine (BioWhitttaker), granulocyte macrophage–
colony-stimulating factor (GM-CSF) from X63 supernatant, 5% FBS gold (PAA 
laboratories), 0.1mM 2-mercaptoethanol (Sigma) and penicilline/streptavidine 100 U/
ml (Lonza Vervier). The cultures were supplied with fresh medium every other day and 
maintained until day 12. On day 7, 9 and 12 the cells were analyzed by flow cytometry for 
expression of CD11c, MHC II, CD86, β-catenin and E-cadherin.

Preparation of epidermal sheets and fluorescent microscopy
The preparation, staining and analysis of epidermal sheets was performed as described 
previously (22). Briefly, ears were treated with EDTA to separate dermis from epidermis, 
which was then fixed with ethanol and stained with anti-MHC II Alexa 488 (M5/114.15.2, 
Biolegend). The epidermal sheets were mounted on glass slides with Vectashield 
mounting medium (Vector Laboratories). Images were taken at RT using an Axioplan 2 
fluorescent microscope (objective 63x) in combination with an AxioCam MRm camera 
and Axiovision LE software (all from Zeiss). 
Cell preparation and flow cytometry
Mouse ears were split and incubated in HBSS with 1mM CaCl2, 10mM HEPES, 10% FCS 
and 0.5% Trypsin (EDTA free; GIBCO) for 90 minutes at 37°C to separate epidermis 
from dermis, but to prevent loss of E-cadherin. Epidermis was further digested in HBSS 
with CaCl2, HEPES, 0.05% DNaseI (Sigma), 0.01% Trypsin and 10% FCS at 37°C under 
gentle shaking for 40 minutes and then passed through a 70µ cell strainer (Falcon) and 
washed with HBSS containing 20% FCS. Lymphoid organs and dermis were digested 
with collagenase D (Worthington) and EDTA in the presence of 1mM CaCl2 and 10mM 
HEPES to facilitate release of DC. For flow cytometric analysis cells were blocked with 
Fc-Block (2.4G2; BD Biosciences) and stained with the relevant antibodies in PBS/0.5% 
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BSA: anti-MHC II PE (M5/114, BD)/Alexa 647/PercP Cy5.5 (M5/114, Biolegend), anti-
CD11c PE (HL3, BD)/Alexa 647 (N418, eBiosciences), anti-β-catenin FITC/purified (14, 
both BD), E-cadherin FITC (36, BD), anti-CCR7 Alexa 647 (4B12, Biolegend) and anti-
CD86 PE (GL-1, BD)/Alexa 488 (GL-1, Biolegend). APC-Cy7- or PE-Cy7-conjugated 
streptavidin was used to visualize biotin-conjugated antibodies (both BD Pharmingen), 
and goat-anti-mouse IgG (H+L) APC (Caltag) was used to detect purified anti-β-
catenin monoclonal antibody. The KI67 staining kit from BD was used according to the 
instructions of the manufacturer.
CHS induction
To elicit CHS, mice were sensitized with 50µl of 2% Oxazolone (Sigma-Aldrich) in 
acetone/olive oil (AOO) 4/1 on the shaved abdomen and challenged 5 days later with 
25µl of 0.5% Oxazolone in AOO on the back of the right ear. Ear swelling responses were 
measured with a micrometer (Mitutoyo, U.S.A.) as the difference between time point 0 
(before challenge) and at 24, 48, 72, and 96 h of the treated ear after hapten challenge. 

MOG-specific DTH induction
WT and DC-Ecaddel mice were subcutaneously injected in the flanks with 75µg MOG 35-
55 in CFA on day 0 and i.p. with pertussis toxin on day 0 and day 2. On day 7 mice were 
challenged with 30µg MOG in PBS intradermally in one ear. Ear swelling was measured 
24, 48, 72 and 96 h after challenge with a micrometer (Mitutoyo, U.S.A.) by determining 
the difference between the antigen-challenged and the PBS-injected ear.
Antigen uptake and processing
Freshly prepared single cell suspensions of skin-draining LN, epidermis and dermis were 
incubated with 50µg/ml DQTM-OVA, a self-quenching fluorochrome-OVA conjugate that 
emits a fluorescent signal only upon proteolytic cleavage (Invitrogen), for 5, 15, 30 and 
60 minutes at 37°C or at 4°C to determine background fluorescence. Antigen uptake was 
stopped by washing the cells with ice cold RPMI and immediate fixation with 4% PFA on 
ice. The percentage of OVA processing MHC II+ (anti-MHC II Alexa647, epidermis) or 
CD11c+ cells (anti-CD11c Alexa647, dermis and skin-draining LN) was determined by 
flow cytometry (FITC channel) at the indicated time points.
FITC painting
FITC (Sigma-Aldrich) was dissolved in DMSO and diluted to 1% in 1/1 acetone/
dibutylphthalate (Sigma-Aldrich). Twenty-five ml were painted onto the dorsal sides 
of both ears. Cervical LN were collected at 36 h after sensitization for flow cytometric 
analysis. Cells were stained with the following monoclonal antibodies: anti-MHC II 
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Pacific Blue, anti-EpCam Percp-Cy5.5, anti-CD103 PE (all Biolegend) and anti-Langerin 
Alexa 647 (929.F3,www.dendritics.net). 
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