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1 | INTRODUCTION

| T.J. NUmm

| S. Koch | N.Herrmann( | N. Leib(> | T. Bieber

Abstract

Background: The skin of atopic dermatitis (AD) patients presents a significant
dysbalance of the microbiome with a high colonization by Staphylococcus aureus
(S. aureus), which positively correlates with the severity of the disease.

Objective: Understanding the role of epidermal dendritic cells (DC) as link between
the innate and the adaptive immune systems in AD.

Methods: Comparative phenotypic and functional analysis of TLR2 on Langerhans
cells (LC) and inflammatory dendritic epidermal cells (IDEC) in organotypic models as
well as freshly isolated cells from healthy and AD skin.

Results: In situ analysis of freshly isolated LC and IDEC from AD skin revealed
decreased TLR2 expression compared to LC from healthy skin. In contrast to IDEC,
LC from AD skin failed to display any evidence for in situ activation. Exposure to
TLR2 ligand Pam3Cys resulted in maturation and increased migratory activity of LC
from normal skin. LC and IDEC from AD were unresponsive to TLR2 ligand in that
they failed to mature and displayed a high spontaneous migratory activity. Ker-
atinocytes from both healthy and AD skin expressed similar levels of TLR2. The pro-
duction of IL-6 and IL-10 was impaired by Pam3Cys in supernatants from AD skin.
IL-18 was significantly higher in supernatants from AD skin and not influenced by
TLR2 ligation, when compared to healthy skin.

Conclusion: Our results suggest that TLR2-mediated sensing of S. aureus-derived
signals is strongly impaired in LC from AD skin. This phenomenon may
partly contribute to the immune deviation in AD and the lack of S. aureus

clearance.
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represent the principal professional antigen-presenting cells and have

been recognized to have a pivotal role in bridging innate and adaptive

The skin is continuously exposed to environmental factors including
the skin microbiome. Healthy skin maintains its homeostasis by recog-
nizing commensals and pathogens via receptors of the innate immune

system, such as Toll-like receptors (TLR).>? Dendritic cells (DC)

Kazumasa lwamoto and Tim J. Nimm contributed equally to this work.

immunity.>* They express several TLR to sense danger signals from
the external environment.> TLR2 is a prominent member of the TLR
family, and it is able to form homodimers or heterodimers with either
TLR1 or TLR6. TLR2/1 recognizes triacylated, and TLR2/6 detects dia-
cylated lipopeptides.® TLR stimulation results in the activation and

maturation of DC, characterized by expression of costimulatory
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Langerhans cells (LC) and inflammatory dendritic epidermal cells (IDEC) in atopic dermatits skin express less TLR2 compared to LC from healthy

skin. Exposure to TLR2 ligand resulted in maturation and increased migratory activity of LC from normal skin. LC and IDEC in atopic dermatits

skin do not respond to TLR2 activation but displayed a high spontaneous migratory activity.

molecules and secretion of cytokines.*” The microenvironment can be
modified by various skin cells, while the expression of IL-6 and IL-10 is
induced by TLR2 ligation.® IL-6 is a pivotal pro-inflammatory cytokine,
which primes host defense against bacterial infection, while IL-10 has
immunoregulatory functions that are important in protecting the host
from infection-associated immunopathology.”*? IL-18 is associated
with disease severity in atopic dermatitis (AD), it can be produced by
epidermal cells, and it is known to induce cell migration.***> DC can
activate and polarize T cells depending on the tissue microenviron-
ment to which the DC might contribute and are exposed to.'%”
Langerhans cells (LC) are the main DC in normal epidermis while AD is
additionally colonized by inflammatory dendritic epidermal cells
(IDEC).*®

AD patients show a dysbalance of the skin microbiome and have
significantly more frequent Staphylococcus aureus-induced bacterial
infections.2?%° It is assumed that TLR2 plays a crucial role in the recog-
nition and defense toward S. aureus.?! Cutaneous TLR2 activation was
reported to suppress T-cell immune responses.???% |n impetiginized
skin from patients with AD, a biologically active amount of TLR2 ligand
lipoteichoic acid was detected.?* However, the TLR2 expression and
function on DC from human skin remain elusive.2>2® We hypothesized
that LC may contribute to the lack of controlling S. aureus colonization
by an alteration of their TLR2-mediated sensing.

2 | METHODS

2.1 | Healthy donors and AD patients

Normal skin was obtained from healthy, nonatopic individuals
(n = 57; mean age + SD, 46 & 14.5 years) undergoing plastic sur-
gery at the University of Bonn. Patients with moderate-to-severe AD
(SCORAD > 30; n = 24; mean age £ SD, 41.3 &+ 14.9 years; mean
total IgE & SD, 8,708 + 9,522 IU/mL) were diagnosed according to
the criteria of Hanifin and Rajka.?” The total serum IgE levels were
measured by the core facility of the University Hospital Bonn using
the ImmunoCAP system. This study was approved by the local ethics
committee of the University of Bonn and performed in accordance
with the declaration of the Helsinki principle. Informed consent was
obtained from all of the participants in this study.

2.2 | Reagents

The medium used for the culture of skin specimens was very low
endotoxin—RPMI1640 (Biochrom, Berlin, Germany) supplemented
with 10% heat-inactivated FBS (Sigma-Aldrich, St. Louis, MO, USA)
and 1% antibiotics/antimycotics (Gibco, Karlsruhe, Germany). TLR1/2
ligand N-palmitoyl-S-[2, 3-bis(palmitoyloxy)-(2RS)-propyl]-[R]-
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cysteinyl-[S]-seryl-[S]-(lysyl)3-[S]-lysine (Pam3Cys) was obtained from
EMC microcollections (Tubingen, Germany). Details of the antibodies
used are given in the Table S1. 7-amino-actinomycin D (7-AAD) was
from Sigma-Aldrich (St. Louis, MO, USA).

2.3 | Preparation of ex vivo skin and epidermal cell
suspensions

After obtaining healthy skin, split-thickness samples (0.4 mm) were
immediately prepared using a dermatome. Biopsies of lesional AD skin
were prepared by shave biopsy (average thickness of 0.4 mm) after
local anesthesia. To increase the quality and reproducibility of the
experimental setup, the investigated skin samples were adjusted to a
standardized area with a 6-mm punch biopsy (Figure S1). Thus, migra-
tion experiments and cytokine analysis were related to the same sam-
ple size. For flow cytometric analysis, Epidermal cell (EC) suspensions

were prepared by trypsinization as described previously.?®

24 | Culture and stimulation of ex vivo skin

Ex vivo skin specimen (one 6-mm biopsy/well) were cultured (Fig-
ure S2) in 1 mL medium in 24-well plates for 24 h at 37°C. After cul-
ture, the ex vivo skin samples were subjected to 0.5% trypsin for 1 h
at 37°C, to obtain EC suspensions for flow cytometry analysis as
described previously.2® For stimulation of ex vivo skin, a Pam3Cys
concentration of 10 pg/mL was used. This concentration was found

to be optimal in preliminary experiments (data not shown).

2.5 | Migration experiment

Ex vivo skin was cultured in the presence or absence of Pam3Cys.
After 24 h and 48 h, the number of migrated cells in the culture

medium was counted after excluding dead cells by trypan blue
staining. Migrated cells were stained against surface CD1a, and
intracellular Langerin to discriminate migrated LC from other
migrated cells such as IDEC and CD1a® dermal DC. The percent-
age of migrated LC of all migrated cells was analyzed by flow
cytometry. Finally, the number of migrated LC was calculated as
follows: total number of migrated cells x percentage of migrated
LC.

2.6 | Flow cytometric analysis

Cells from EC suspensions were stained as described elsewhere.?®
Antibodies used are described in the Table S1. LC and IDEC were
gated from the EC suspensions by the expression of both CD1aP*®

and Langerin®®, and Langerin"®,

respectively, after dead -cell
exclusion by 7-AAD (Figure S3). For intracellular staining, cells
were permeabilized using the BD Cytofix/Cytoperm kit (Becton
Dickinson, San Jose, CA, USA). Surface and intracellular markers
were measured using a FACS Canto and analyzed with the FACS
Diva software (Becton Dickinson, San Jose, CA, USA) and FlowJo
10.4.1 (TreeStar, Ashland, OR, USA). The results are given in per-
centage of positive cells. For some markers (CD83, CD86, and MHC
class Il), the relative fluorescence index (rFl) was calculated as follows:
(mean fluorescence intensity (MFl)surface marker — MFlisotype control)/
MFlisotype control-

2.7 | ELISA

The culture supernatants from ex vivo skin cultures were collected
after 24 h and stored at —80°C. Cytokines were analyzed by ELISA
kits for IL-6, IL-10 (Invitrogen, Camarillo, CA, USA) and IL-18 by
LEGENDplex™ (Biolegend, San Diego, CA, USA).
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2.8 | Statistical analyses

Statistical analyses were performed by SPSS ver.24 (IBM, Armonk,
NY, USA). Some of the results were presented as a box plot. The
box covers the samples from the first to the third quartiles, the thick
line indicates the median value, and the cross represents the mean.
The whiskers outside of the box extend to the highest and lowest
value within 1.5 times the height of the box. Outliers are indicated
as filled circles (@). Significances for paired samples were calculated
by the Wilcoxon rank sum test, and for independent samples, we
used the Mann-Whitney U test.

3 | RESULTS

3.1 | Lower expression of TLR2 on Langerhans cells
and inflammatory dendritic epidermal cells in AD skin

In a first approach, we examined the TLR2 expression on freshly iso-
lated epidermal DC from healthy and AD skin. While freshly isolated
LC from normal skin expressed significant amounts of TLR2, a mark-
edly reduced expression of TLR2 was observed on LC freshly iso-
lated from AD skin (Figure 1A). IDEC showed a similarly low TLR2
expression as LC from AD (Figure 1A). The total serum IgE level of
AD patients was inversely correlating with TLR2 expression (Fig-
ure 1B). There was no significant difference in the expression of nei-
ther TLR1 nor TLR6é which were expressed similarly on LC from HC

Migrated LC
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NE p = 0.0001
S 40
) p =0.0002
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ol p =201
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FIGURE 2 Toll-like receptors 2 (TLR2) ligation enhances the
emigration of Langerhans cells (LC) from healthy, but not from
atopic dermatitis (AD) skin. Ex vivo human skin was cultured without
(open bars) or with Pam3Cys (gray bars) for 24 h and 48 h,
respectively. Emigrated cells were counted after the indicated time
points, and dead cells were excluded by trypan blue staining. The
number of migrated LC was calculated based on flow cytometry
analysis of CD1a and Langerin expression of healthy controls [HC]
(left panel, n = 10) and AD (right panel, n = 6). The Wilcoxon
matched-pairs signed-rank test was used for connected and the
Mann-Whitney U test independent samples.

and AD as well as on IDEC (Figure 1C and D, see corresponding his-
togram in the Figure S4). The expression of TLR1 and TLRé was
hardly detectable, while the TLR2 expression on keratinocytes did
not differ in healthy and AD skin in situ (data not shown).

3.2 | High spontaneous migratory activity of
Langerhans cells from AD

We then explored the migratory behavior of LC using an ex vivo skin
culture model in the absence or presence of Pam3Cys mimicking
S. aureus. While spontaneous migration of LC from healthy skin was
hardly detectable, the addition of Pam3Cys leads to a significant
induction of LC migration after 48 h (Figure 2). In contrast, LC from
untreated AD patients showed a strong spontaneous migratory
activity. After 24 h, the spontaneous migration rate of AD skin was
significantly higher than that of LC from Pam3Cys-stimulated healthy
skin. This effect was even further increased after 48 h. There was
no evidence for further increase in the migration rate of LC from AD
skin in response to Pam3Cys (Figure 2). Compared to LC, a similar
migratory activity of Langerin™® cells, including dermal DC and IDEC
(only in AD skin), was observed (Figure S5).

3.3 | Evidence for in situ activation of inflammatory
dendritic epidermal cells but not Langerhans cells

As LC from AD skin showed a high migration rate and a low TLR2
expression, we analyzed freshly isolated epidermal cells to verify a
potential pre-activation by S. aureus in situ. Interestingly, freshly
isolated LC from AD and normal skin expressed similar CD83 and
MHC class Il levels, suggesting that LC were not pre-activated
in situ (Figure 3A and B). In contrast, freshly isolated IDEC
expressed a phenotype compatible with matured DC, that is,
higher expression of CD83, MHC class I, and MHC class Il (Fig-
ure 3A and B). As an internal control of the IDEC population, we
analyzed CD36 and CD206 expression (data not shown). Both
were highly expressed on IDEC as described previously.?’ The cor-
responding histogram overlays from representative donors are

depicted in the Figure Sé.

3.4 | Langerhans and inflammatory dendritic
epidermal cells in AD ex vivo skin lack phenotypic
maturation responses to TLR2 ligation

Next, we studied the behavior of LC upon TLR2 ligation. In healthy
ex vivo skin the full maturation status of LC was acquired upon
stimulation with Pam3Cys, witnessed by increased CD83 and MHC
class Il (Figure 4B and C) as well as CD80 and CD86 (Figure S7).
Despite the strong spontaneous migration rate of AD skin, LC and
IDEC did not show any sign of an induced maturation status upon
exposure to Pam3Cys as witnessed by lack of alteration of CD83
and MHC class Il expression (Figure 4B and C) as well as CD80 and
CD86 (Figure S4). Furthermore, Pam3Cys reduced the TLR2 expres-
sion on LC of healthy skin but not on LC and IDEC of AD skin
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FIGURE 3 Inflammatory dendritic epidermal cells (IDEC) but not Langerhans cells (LC) are activated in situ. Epidermal cell suspension was
prepared from atopic dermatitis (AD) and healthy skin and stained with antibodies against CD1a and Langerin to discriminate between IDEC
and LC in flow cytometry analysis. Cell surface expression of A, CD83 (healthy controls [HC], n = 39; AD, n = 16) and B, MHC class Il (HC,

n = 27; AD, n = 8) was analyzed. The Wilcoxon matched-pairs signed-rank test was used for connected and the Mann-Whitney U test
independent samples.
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FIGURE 4 Toll-like receptors 2 (TLR2) ligation enhances the maturation of Langerhans cells (LC) in healthy but not in atopic dermatitis (AD)
skin. Ex vivo human skin was cultured without (open bars) or with Pam3Cys (gray bars) for 24 h. Epidermal cell suspensions were generated
and cell surface expression of A, TLR2 (healthy controls [HC], n = 21; AD, n = 13), B, CD83 (HC, n = 25; AD, n = 13) and C, MHC class Il (HC,

n = 13; AD, n = 5) on LC and inflammatory dendritic epidermal cells (IDEC) was analyzed by flow cytometry. The Wilcoxon matched-pairs
signed-rank test was used for statistical analysis.
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FIGURE 5 Impaired IL-6 and IL-10 production of atopic dermatitis (AD) ex vivo skin after Toll-like receptors 2 (TLR2) ligation. Ex vivo
human skin was cultured without (open bars) or with Pam3Cys (gray bars) for 24 h. Cytokine expression of A, IL-6 (healthy controls [HC],
n=28;AD,n=7), B, IL-10 (HC,n = 8; AD, n = 9) and C, IL-18 (HC, n = 7; AD, n = 14) was analyzed in the supernatant by ELISA. The
Wilcoxon matched-pairs signed-rank test was used for connected and the Mann-Whitney U test independent samples.

(Figure 4A). The corresponding histogram overlays from representa- AD donors with similar expression of the receptor. Only in HC
tive donors are depicted in the Figure S8-510. In order to examine CD83 was increased after Pam3Cys treatment (Figure S11), suggest-
whether the lack of TLR2-induced maturation in AD is due to the ing a tolerance to TLR2 activation rather than a result of decreased

lower expression of TLR2, we additionally analyzed LC from HC and TLR2 expression in AD.
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3.5 | Differential response of AD ex vivo skin to
TLR2 ligation

Various cells in the dermis and epidermis including keratinocytes and
fibroblasts dictate the skin microbiome and thereby have an impact on
DC.%° To evaluate an overall response of the skin upon stimulation by
S. aureus-derived signals, we applied the TLR2 ligand Pam3Cys on
ex vivo skin samples and measured the cytokines in the supernatants.
The TLR2 expression on keratinocytes did not change with Pam3Cys
treatment (data not shown). The amount of IL-6 was significantly
enhanced by TLR2 ligation in healthy but not in AD skin, whereas AD
skin produced 20 times less IL-6 than the base level of healthy skin
and was not further increased upon TLR2 ligation (Figure 5A). In addi-
tion, the production of IL-10 in the supernatant was significantly
enhanced by TLR2 ligation in healthy and AD skin, while AD skin
expressed IL-10 at much lower levels (Figure 5B). However, the con-
stitutive secretion of IL-10 was strongly reduced in AD when com-
pared to healthy skin. IL-18 was considerably higher expressed in the
supernatant of AD compared to healthy skin, while TLR2 ligation did
not alter the IL-18 expression significantly in both groups (Figure 5C).

4 | DISCUSSION

In this study, we demonstrate that, in contrast to keratinocytes,
freshly isolated epidermal LC and IDEC from AD skin displayed
lower TLR2 expression, while only IDEC were highly matured in
“steady state.” The Pam3Cys treatment of ex vivo skin mimicking
S. aureus-derived signals revealed that LC and IDEC of AD skin did
tolerate the TLR2 ligation in terms of maturation and migration,
while cytokine production in the supernatant from ex vivo skin was
impaired.

AD patients suffer from an imbalance of the skin microbiome,
which may modulate TLR2 expression and signaling due to desensi-
tization by prolonged exposure to its ligands.3! Staphylococcus epi-
dermidis is the predominant Staphylococcus species in healthy skin
and is able to inhibit S. aureus colonization by a lipopeptide, which
activates TLR2/6 and CD36, induces MAPK signaling and increases
antibacterial defense against bacterial infection.3>3® In contrast,
S. aureus seems to activate the TLR1/2 pathway leading to NF-xB
activation and is able to secrete the virulence factor PSMa which
increases the inflammation.®33* During an AD flare the skin micro-
biome is changing, increasing colonization of S. aureus and S. epider-
midis, while S. epidermidis is not able to control S. aureus
anymore.3®> We show that freshly isolated LC and IDEC of AD skin
displayed a strong reduction in in situ TLR2 expression compared to
healthy individuals, as reported in macrophages.3® On the other
hand, others have shown an increased TLR2 expression on AD
monocytes.®” Furthermore, it has been reported that the TLR2 pro-
motor polymorphism A-16934T has no impact on TLR2 mRNA
expression on monocytes.?® It has been shown earlier that IL-4 and
IL-13 reduce the TLR2 expression on human monocytes and mice

DC, since Th2 cytokines are dominant in AD.%?*2 However, it has

been reported that IL-4 and IL-13 do not influence TLR2 mRNA,
while IFN-vy is able to upregulate TLR2 on human intestinal epithe-
lial cells.*® This indicates that the Th2 microenvironment is able to
influence the base level of TLR2, which may contribute to the low
expression in AD LC in our data. Interestingly, a TLR2-deficient AD
mouse model does not influence Th2 polarization, while the Thl
cytokine IFN-vy is remarkably reduced when compared to wild-type
mice.** As a consequence, these mice were not able to polarize
naive T cells to Th1.

In our study, Pam3Cys was able to induce the TLR2 dependent
maturation of LC in healthy skin, while AD LC and IDEC lacked mat-
uration witnessed by constant levels of MHC class Il, CD83, CD80,
and CD86 despite TLR2 ligation. The low TLR2 expression on AD
LC may not per se be the cause of the failed activation, as the low
TLR2-expressing LC from healthy skin are able to respond to
Pam3Cys (Figure S11). Furthermore, in vitro experiments with LC
generated from CD34 stem cells express similar low TLR2 levels
compared to AD LC and treatment with Pam3Cys results in strong
activation thereof.” It has been reported that cultivated human pri-
mary keratinocytes from hair follicles of healthy and AD patients
express similar levels of TLR2 but the outcome of pro-inflammatory
mediators by Pam3Cys treatment is altered, which suggests an
impaired signaling in AD patients.*> Furthermore, the TLR2 polymor-
phism R753Q is associated with a severe phenotype and higher
levels of IgE in AD patients.*® Others showed an altered function of
MyD88 signaling in mice macrophages bearing the TLR2 polymor-
phism R753Q.# It has been reported that the frequency of R753Q
is higher in AD children, while others showed a similar distribution
in healthy children and concluded that the association between AD
and R753Q is lacking.*®*° Nevertheless, it is unlikely that the poly-
morphisms are playing a major role in our data, as the prevalence of
the R753Q polymorphism is around 10%.%°

The TLR2-dependent migration of LC out of healthy skin is
most likely due to induced maturation by Pam3Cys as discussed by
others.> However, the missing activation of LC by Pam3Cys fails
to explain the strong spontaneous migration in AD (Figure 2). It is
more likely caused by an elevated base level of IL-18, which was
independent from TLR2 ligation in our experimental setup (Fig-
ure 5C). IL-18 is strongly expressed in the serum of AD patients and
it is known to induce LC migration.'*2 |L-18 can be released by
keratinocytes and IDEC-like DC and has a pleiotropic effect that
stimulates both Th2 and Th1 responses, depending on the microenvi-
ronment.>3>> This may induce a cycle of events, where IL-18 triggers
Th2 cells, which in turn modulate TLR expressions by their locally
produced cytokines, as discussed above. Additionally, the C-C che-
mokine receptor type 6, which regulates migration activity, is
reduced on AD LC compared to HC LC.>® This suggests that they
might migrate more easily.

Various skin cells including dermal DC, LC, keratinocytes and
fibroblasts shape the skin microenvironment and are able to activate
immune cells.*%>7 We showed that healthy ex vivo skin was able to
increase levels of IL-6 and IL-10 after TLR2 ligation. In contrast, AD
ex vivo skin produced much lower levels of IL-10 and IL-6, whereas
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IL-6 was not altered by Pam3Cys. Human primary keratinocytes and
macrophages from AD patients show lower levels of IL-6 after
Pam3Cys challenge compared to HC.3¢*> The lack of response we
observed herein may be due to repeated TLR engagement in situ, as
S. aureus may constantly trigger the immune cells in AD skin. This
hypothesis is indeed confirmed by ex vivo studies of human mono-
cytic cell lines and monocyte-derived DC, where the cells produce
less cytokines upon TLR2 stimulation when exposed repeatedly to
TLR2 ligands.”®>? Intrinsic alterations in TLR2 response have been
suspected previously in monocytes, macrophages, and keratinocytes
from AD patients.3¢4>¢061 Taken together, our data support that
desensitization, tolerance or intrinsic alterations of epidermal LC to
TLR2 response, is key in AD.

Our findings further support the hypothesis that patients with AD
are more susceptible to cutaneous pathogens due to defects in TLR2
expression and lack of downstream signaling in epidermal DC. This
may also have a substantial impact on the overall T2 type of immune
response in AD and the sensitization through the epidermal compart-
ment. Further investigation of the interplay between TLR2 and S. au-

reus in inflamed skin may open up new therapeutic approaches.
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Online Repository Figure S1. Experimental overview.

AD skin was obtained by shave biopsies (average thickness of 0.4 mm) after local anesthesia. Healthy skin was obtained
from patients immediately after plastic surgery using a dermatome. EC suspension was generated after 1 h trypsinization at
37 °C and analyzed afterwards by flow cytometry. For TLR2 ligation experiments, 6 mm punch biopsies were prepared from
split thickness skin and incubated in medium with or without Pam3Cys for indicated time points. Migrated cells and
supernatant were analyzed by flow cytometry or ELISA, respectively. EC suspension was prepared from the punch biopsies
and analyzed by flow cytometry. Graphic was adapted from smart.servier.com and is licensed under CC BY 3.0
(https://creativecommons.org/licenses/by/3.0/).
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Online Repository Figure S2. Ex vivo skin culture system shows lowest spontaneous maturation of LC.
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skin were cultured for 24 h without stimulation. After culture, the maturation marker CD83 of LC was compared between
three different culture systems. A one-way ANOVA with Bonferroni post tests. **p<0.01 was used. (B) Representative

histogram data of CD83 expression on LC are shown.
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Representative dot plot of epidermal cell suspensions, which were prepared from healthy (A) or AD skin (B) and were
stained with antibodies against CD1a and Langerin to discriminate between IDEC and LC in flow cytometry analysis.



100 = 100 -
80 - 30-‘
80 - 80 §
TLR2 TLR1
No| “ i
rm |
. 20 = 20 =
ali .
ze " _ . . 5
- T I""l‘"' AAAL] LAY T T -_-T__-I- L] L] L L --l - T l“"l“"’l”"l'l"’l - L] Ll T L T ¥ L ¥ l
d 0 10° 0 10°
to 100 =
m ;
od | = i
e
: —— Isotype
80 =
i TLR6 — HC: LC
40 - — AD: LC
— AD: IDEC
20 =
g T T 1
0 10
Intensity

Online Repository Figure S4. Freshly isolated epidermal DC from AD skin express less TLR2 in situ than those from
healthy skin.

EC suspension was prepared from AD and healthy skin and stained with antibodies against CD1a and Langerin to discriminate
between IDEC and LC in flow cytometry analysis. A representative overlay histogram of indicated TLRs is shown.
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Online Repository Figure S5. TLR2 ligation enhances the emigration of LC from healthy, but not from AD skin.

Ex vivo human skin was cultured without (open bars) or with Pam3Cys (grey bars) for 24 h and 48 h, respectively. Emigrated
cells were counted after the indicated time points, dead cells were excluded by trypan blue staining. The number of migrated
cells was calculated based on flow cytometry analysis of CD1a expression of healthy (left panel, n = 10) and AD (right panel,
n = 6). The Wilcoxon matched-pairs signed rank test was used for connected and the Mann-Whitney U test for independent
samples.
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Online Repository Figure S6. Inflammatory dendritic epidermal cells but not
Langerhans cells are activated in situ.

EC suspension was prepared from AD and healthy skin and stained with antibodies against
CDla and Langerin to discriminate between IDEC and LC in flow cytometry analysis. A

representative overlay histogram of CD83 and MHC class Il is shown for healthy (LC) and
AD (LC and IDEC).
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Online Repository Figure S7. TLR2 ligation enhances the maturation of LC in healthy but not in AD skin.

EC suspension was prepared from AD and healthy skin after 24 h cultivation with indicated stimulus and stained with
antibodies against CDl1a and Langerin to discriminate between IDEC and LC in flow cytometry analysis. Cell surface
expression with indicated median of (A) CD80 (HC, n = 6; AD, n =4) and (B) CD86 (HC, n = 6; AD, n = 4) was analyzed. The
Wilcoxon matched-pairs signed rank test was used for connected samples.



100 =
BO =
80 -

HC:LC

20 -~

100 —

Nor ngllijed to mod

.
60 —

AD:LC

20 -

100 =
80 —
60 —

AD:IDEC

20 —

TLR

—— lIsotype —— @ —— Pam3Cys

Online Repository Figure S8. TLR2 ligation reduces its expression on LC in healthy
but not in AD skin.

EC suspension was prepared from AD and healthy skin after 24 h cultivation with or without
Pam3Cys and stained with antibodies against CD1a and Langerin to discriminate between
IDEC and LC in flow cytometry analysis. A representative overlay histogram of TLR2 is
shown for healthy (LC) and AD (LC and IDEC).
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Online Repository Figure S9. TLR2 ligation enhances CD83 expression of LC in
healthy but not in AD skin.

EC suspension was prepared from AD and healthy skin after 24 h cultivation with or without
Pam3Cys and stained with antibodies against CDl1a and Langerin to discriminate between
IDEC and LC in flow cytometry analysis. A representative overlay histogram of CD83 is
shown for healthy (LC) and AD (LC and IDEC).
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Online Repository Figure S10. TLR2 ligation enhances MHC class Il expression of LC
in healthy but not in AD skin.

EC suspension was prepared from AD and healthy skin after 24 h cultivation with or without
Pam3Cys and stained with antibodies against CD1a and Langerin to discriminate between
IDEC and LC in flow cytometry analysis. A representative overlay histogram of MHC class Il
is shown for healthy (LC) and AD (LC and IDEC).
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Online Repository Figure S11. Low TLR2 expressing healthy LC are still able to mature upon Pam3Cys ligation, while
AD LC are not.

EC suspension was prepared from AD and healthy skin and stained with antibodies against CD1la and Langerin. TLR2
expression of freshly isolated LC was analysed using flow cytometry (A). The ex vivo human skin was cultured without (open
bars) or with Pam3Cys (grey bars) for 24 h, followed by EC suspension generation and analysis of CD83 (B) using flow
cytometry. The Wilcoxon matched-pairs signed rank test was used for statistical analysis (HC, n = 10; AD, n = 14).



OR Table S1. Antibodies used for flow cytometry.

* mAb W6/32 against MHC class | and mADb L243 against MHC class Il were kindly provided
by Dr. G. Moldenhauer (Heidelberg, Germany).

Antibodies Conjugate Manufacturer Clone Isotype Dilution
TLR1 Santa Cruz GD2.F4 IgG1 1:80
TLR2 IMGENEX 1030A5.138 IgG1 1:200
TLR6 FITC IMGENEX 86B1153.2 IgG1-FITC 1:200
Langerin (CD207) PE Beckman Coulter DCGM4 IgG1-PE  1:10
CDla APC BD HI149 IgG1-APC 1:10
CD80 BD L307.4 lgG1 1:200
CD83 Beckman Coulter HB15a 1gG2b 1:80
CD86 BD IT2.2 IgG2b 1:200
CD206 BD 19.2 lgG1 1:200
MHC | Provided* W6/32 IgG2b 1:3
MHC I Provided* L243 IgG2b 1:4.3
CLIP BD CerCLIP IgG1 1:200
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