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Abstract

Thymic stromal lymphopoietin (TSLP) endows human blood-derived CD11c� dendritic cells (DCs) and Langerhans cells (LCs) obtained
from human epidermis with the capacity to induce pro-allergic T cells. In this study, we investigated the effect of TSLP on umbilical cord
blood CD34�-derived LC-like cells. These cells are often used as model cells for LCs obtained from epidermis. Under the influence of
TSLP, both cell types differed in several ways. As defined by CD83, CD80 and CD86, TSLP did not increase maturation of LC-like cells
when compared with freshly isolated LCs and epidermal émigrés. Differences were also found in the production of chemokine 
(C-C motif) ligand (CCL)17. LCs made this chemokine only when primed by TSLP and further stimulated by CD40 ligation. In contrast,
LC-like cells released CCL17 in response to CD40 ligation, irrespective of a prior treatment with TSLP. Moreover, the CCL17 levels
secreted by LC-like cells were at least five times higher than those from migratory LCs. After maturation with a cytokine cocktail consist-
ing of tumour necrosis factor-�, interleukin (IL)-1�, IL-6 and prostaglandin (PG)E2 LC-like cells released IL-12p70 in response to CD40
ligation. Most importantly and in contrast to LC, TSLP-treated LC-like cells did not induce a pro-allergic cytokine pattern in helper T cells.
Due to their different cytokine secretion and the different cytokine production they induce in naïve T cells, we conclude that one has to
be cautious to take LC-like cells as a paradigm for ‘real’ LCs from the epidermis.
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Introduction

Dendritic cells (DCs) are critical for the onset and control of T-cell
immune responses [1–4]. Langerhans cells (LCs) are DCs residing
primarily within the epithelia of many organs, foremost in the 
epidermis of the skin [5]. The T-cell stimulatory function of LCs is
well established in vitro [6]. There is also evidence that LCs
function as antigen-presenting cells (APCs) in vivo, although this
is currently under intense debate [5, 7].

The heterogeneity of DCs is reflected in the various ways of
their generation from defined haematopoietic precursors. In human
beings, there are several DC types: CD14� blood monocyte-
derived DCs, CD34� hematopoietic progenitor cell-derived dermal/
interstitial DCs, CD34� haematopoietic progenitor cell-derived
LCs, DC directly derived from peripheral blood and plasmacytoid
DCs [8–14]. In vivo, the differentiation of LCs requires epithelial
TGF-�1 [15, 16]. In response to TGF-�1, LCs develop from early
monocytic cells identified as lysozyme�, CD14�/–, CD11b– in
serum-free cultures of CD34� cells [11, 17–19]. In contrast to
other myeloid and plasmacytoid DCs, LCs are unique in the
expression of langerin (CD207), a type II lectin which is the major
molecule of Birbeck granules [20, 21]. However, langerin seems
not to be an exclusive LC marker, as in mice a dermal langerin�
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DC subset was found [22–24] but a description of a human 
counterpart is still missing.

Thymic stromal lymphopoietin (TSLP) is an interleukin (IL)-7-like
cytokine, which appears to be critically involved in allergic 
diseases [25]. It is highly expressed by keratinocytes in atopic der-
matitis lesions, but not in other types of skin inflammation [26].
Human LCs treated with TSLP undergo phenotypic and functional
maturation. Notably, CD4� helper T cells [27] as well as CD8� T cells
[28], stimulated by TSLP-treated LCs and DCs secrete a pro-allergic
pattern of cytokines with increased amounts of IL-4, IL-5, IL-13 and
tumour necrosis factor (TNF)-�, but  reduced levels of interferon
(IFN)-� and IL-10. Moreover, TSLP-treated LCs produce thymus and
activation regulated chemokine (TARC)/CCL17, a Th2-T-cell-attract-
ing chemokine [27]. These observations in human DCs are in accor-
dance with mouse studies, which also revealed a pivotal role for
TSLP and LCs in the pathogenesis of atopic diseases [29, 30].

So far, only relatively few papers studied the function of human
LCs. This is most likely due to the difficulties in the isolation of
purified LCs from the skin and due to the low yield of such highly
enriched cells. Instead of LCs from human skin, many functional
studies have been using CD34� haematopoietic progenitor cell-
derived LCs. Even though epidermal and CD34� haematopoietic
progenitor cell-derived LCs were shown to share phenotypical
similarities, studies systematically comparing their cytokine
secretion, chemokine responsiveness and induction of cytokine
production in naïve T cells are still lacking.

In this study, we investigated the effect of TSLP on human
CD34� haematopoietic progenitor cell-derived LCs and compared
it with that of skin emigrants. To this end, we generated LC-like
cells under the aegis of granulocyte macrophage-colony stimulating
factor (GM-CSF), TNF-�, stem cell factor (SCF) and flt-3. In order
to obtain a synchronized maturation like in skin emigrants [27, 31]
we exposed them additionally to a cytokine-cocktail consisting of
TNF-�, IL-1�, IL-6 and PGE2 [32].

Materials and methods

Media and reagents

LC-like cells were cultured in serum-free medium X-VIVO 15 (Lonza,
Verviers, Belgium), containing 2 mM L-glutamine (Sigma Chemicals, St.
Louis, MO, USA) and 50 �g/ml gentamycin (PAA, Linz, Austria).
Recombinant (rh) TSLP (15 ng/ml final working concentration in all 
experiments) and anti-TSLP-antibody were purchased from R&D Systems
(Minneapolis, MN, USA). For phenotypic analyses using flow cytometry, the
following commercially available fluorescein isothiocyanate (FITC)-, phyco-
erythrin (PE)- and allophycocyanin (APC)-conjugated mouse anti-human
mAbs were used: anti-CD1a, anti-CD1c, anti-CD40, anti-CD80, anti-CD86,
anti-human leukocyte antigen (HLA)-DR (BD-Biosciences, San Diego, CA,
USA), anti-CD83, anti-CD207/langerin (Beckman-Coulter, Fullerton, CA,
USA), anti-CD34L (Ancell, Bayport, MN, USA) and anti-TSLP-R (Biolegend,
San Diego, CA, USA). Isotype controls included the corresponding fluo-
rochrome-conjugated mouse IgG1 (BD-Biosciences, Ancell), mouse IgG2a
(BD-Bioscience) and mouse IgG2b (DAKO, Glostrup, Denmark) reagents.

Isolation of umbilical cord blood CD34� cells

Umbilical cord blood samples were collected from uncomplicated full-term
deliveries following informed consent from the mother. CD34� cells were
isolated by a magnetic beads separation method according to the 
manufacturer’s instructions (Miltenyi Biotec, Bergisch-Gladbach, Germany).
The purity of isolated CD34� cells was generally >90% as verified by 
flow cytometry.

In vitro culture of LC–like cells derived 
from CD34� cells

DCs were generated from CD34� progenitor cells enriched from mononu-
clear fractions of umbilical cord blood samples. A total of 1–2 � 104 cells
were seeded into 24-well plates and maintained in X-VIVO 15 (Lonza) 
supplemented with 2 mM L-glutamine (Sigma), 100 U/ml penicillin, 
100 �g/ml streptomycin (Irvine Scientific, Santa Ana, CA, USA), rh TGF-�1

(0.5 ng/ml, specific activity 3.5 � 104 U/mg, R&D Systems), rh GM-CSF
(100 ng/ml, specific activity 5.6 � 106 IU/mg, LeukineTM, Berlex, Wayne,
NJ, USA), rh TNF-� (50 U/ml, specific activity 1 � 108 U/mg, kindly pro-
vided by Dr. G. R. Adolf, Bender, Vienna, Austria, rh SCF (20 ng/ml, specific
activity 5 � 105 U/mg, PeproTech, London, UK) and rh flt-3 (100 ng/ml,
PeproTech) as described previously [17], with slight modifications. After 8
days of culture, cells were harvested, and CD1a� cells were enriched using
standard immunomagnetic techniques (Miltenyi Biotec). The purity of iso-
lated CD1a� cells was >95%. A total of 2 � 104 CD1a� cells were plated
into 24-well plates and were cultured in X-VIVO 15 with the additives noted
above. At day 12, cells were harvested, counted and analysed for the
expression of CD83. Subsequently, cells were incubated in parallel for addi-
tional 8 hrs either with medium alone, medium containing TSLP to induce
maturation (‘mature LC-like cells’) or a maturation-inducing cytokine-cock-
tail consisting of the inflammatory cytokines TNF-�, IL-1�, IL-6 and PGE2

[32, 33]. Such treated cells were then used for T-cell co-cultures.

Purification of naïve T cells and co-cultures 
with LC-like cells

Naïve CD4� T cells were generated from anonymous blood bank
donors. Peripheral blood mononuclear cells were incubated with a mix-
ture of mAbs, including HLA-DR, CD8, CD14, CD16, CD19, CD56,
CD123, CD235a/glycophorin A (BD-Biosciences) and CD45 RO 
(DAKO). Petri-dishes were coated for 1 hr with AffiniPure goat anti-
mouse IgG (10 �g/ml, Jackson ImmunoResearch Laboratories,
Avondale, PA, USA). Naïve CD4� CD45RA� T cells were isolated using
a panning technique as described previously [34]. The panning step was
repeated twice to obtain >95% pure CD4� T cells. LC-like cells cultured
under different conditions (medium alone, with TSLP or neutralizing
anti-TSLP antibody) were washed twice and co-incubated with naïve
CD4�CD45RA� T cells in 48-well plates at a 6:1 ratio (6 � 105 T cells;
1 � 105 LCs) for 6 days.

Analysis of T-cell cytokine production

For ELISA assays, 6-day co-cultured cells were transferred to fresh wells
and re-stimulated with plate-bound anti-CD3 (10 �g/ml, BD-Biosciences)
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and anti-CD28 mAbs (2 �g/ml, BD-Biosciences) for 30 hrs. Culture
supernatants were frozen at �80	C until levels of IL-4, IL-5, IL-10, IL-13,
TNF-� and IFN-� were measured with ELISA kits (IL-4, IL-5, IL-10, IL-13
and TNF-� from Bender MedSystems, Vienna, Austria; IFN-� from 
BD-Biosciences). To determine the intracellular cytokine production, the
primed CD4� T cells were re-stimulated at day 6 with 50 ng/ml phorbol
myristate acetate (PMA) and 2 �g/ml ionomycin for 6 hrs. GolgiStop 
(1 �g/ml, BD-Biosciences) was also added during this 6 hr incubation.
Cells were then washed and stained with a combination of PE-labelled anti-
IL-4, anti-IL-13 mAbs, FITC-labelled anti-IFN-� mAbs and APC-labelled
anti-TNF-�, and anti-IL-10 mAbs (all from BD-Biosciences) by using a cell
permeabilization kit (Fix&Perm™, An der Grub, Kaumberg, Austria).

Mixed leucocyte reaction

Graded doses of gamma irradiated (30 Gy) LC-like cells were added to 
1.5 � 105 allogeneic CD4�CD45RA� T cells, and cells were cultured in 
96-well flat-bottom culture plates for 6 days. Proliferation was quantified
by addition of 1 �Ci [3H]thymidine (specific activity 247.9 GBq/mmol 

6.7 Ci/mmol, New England Nuclear, Boston, MA, USA) during the last 
16 hrs of the culture period, and finally incorporated radioactivity was
measured with a scintillation counter (Perkin Elmer Life Sciences, Boston,
MA, USA). Results were shown as means of triplicate wells.

Determination of LC-derived IL-12 
and CCL17

LC-like cells were cultured with or without addition of TSLP and of
cytokine-maturation cocktail for 2 days, i.e. from day 12 to day 14 of culture.
The resulting LC-like cells were plated at 1 � 106/ml in the presence or
absence of CD40 ligand-expressing cells for additional 48 hrs from day 14
to day 16. Murine myeloma cells transfected with the human CD154/CD40
ligand molecule (P3xTBA7 cells) were used to ligate the CD40 molecule on
the surface of LC-like cells [35]. Wild-type cells served as a negative con-
trol (P3x63Ag8.653-WT). Both cells were kind gifts from Dr. R. A. Kroczek
(Berlin, Germany). Supernatants were collected after 48 hrs and stored at
�80	C until assayed for IL-12p70 and TARC by ELISA (BD-Biosciences for
IL-12p70, R&D Systems for TARC).

Results

Characterization of CD34� derived 
LC-like cells

The initial inocula of 1–2 � 106 CD34� cells multiplied 48.2-fold
� 23.6 S.D. (n 
 10) within 12 days of culture. Cells grew in large
clusters, as described previously [17]. On day 12, the percentage
of CD1a� cells ranged between 51–67% of all viable cells. In eight
individual experiments with cord blood from different donors the
percentage of langerin� cells within the CD1a� population was

detected by flow cytometry and showed a range of 51–88.4%
(mean 71.6%) (Fig. 1A).

TSLP does not promote maturation 
of CD34�-derived LC-like cells – in contrast 
to epidermis-derived LC

On day 12 of culture, CD34�-derived LC-like cells strongly resem-
bled immature epidermal LCs in that they lacked the expression of
CD83, but highly expressed CD1a and CD1c. However, when day
12 LC-like cells were enriched for CD1a by magnetic activated cell
separation (MACS) separation and further cultured for 48 hrs with
medium alone or medium containing either TSLP or maturation-
inducing cytokine cocktail (TNF-�, IL-1�, IL-6, PGE2), all three
populations acquired CD83 expression (Fig. 1B). Apparently, the
maturation stimulus given by the mechanical dissociation of cell
clusters and the breaking of e-cadherin bonds between cells [36,
37] was too strong in order to allow any judgement of an additive
TSLP effect. In contrast, when maturation stimuli were simply
added to the cultures on day 12 without any further manipulation,
the cytokine cocktail induced distinct maturation of DCs as
compared to controls in medium alone. In this setting it became
evident that TSLP had no maturation effect on these cells as
judged from the unchanged expression levels of CD83, �86, �80,
�40, �207 (langerin) and �208 [dendritic cell lysosome-associ-
ated membrane glycoprotein (DC-LAMP)] (Fig. 1C).

TSLP induces expression of TSLP-R, 
but not of OX40-L

Although OX40-L, a known trigger for Th2 cell polarization in
blood-derived DCs [38], was induced after stimulation with
cytokine cocktail, TSLP-stimulated LC-like cells as well as the 
controls did not display OX40-L expression (Fig. 2A). Contrarily,
LC-like cells were capable to up-regulate the expression of TSLP-R
after TSLP stimulation (Fig. 2B). Up-regulation of TSLP-R was
also seen in cocktail-matured LC-like cells (Fig. 2B) and in mature
epidermal LCs (Fig. 3). Interestingly, the latter expressed TSLP-R
regardless of the presence or absence of TSLP.

TSLP enhances survival of epidermal LCs, 
but not of CD34�-derived LC-like cells

Previously, Soumelis et al. [26] revealed a survival effect of TSLP
on blood CD11c� DCs in 24 hr cultures. Likewise, our group
demonstrated that TSLP could maintain the survival of LCs freshly
isolated from human epidermis in 48 hr cultures [27] and Figure 4B.
However, in contrast to epidermal LCs, TSLP did not enhance the
survival of CD34�-derived LC-like cells. As shown in Figure 4A,
the number of remaining, viable LC-like cells was not higher when
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CD1a-enriched cells were stimulated on day 12 with TSLP for 24 hrs
(data not shown) or 48 hrs. In the cocktail-matured group, the cell
viability even decreased after 48 hrs stimulation (Fig. 4A). Overall,
the number of viable LC-like cells was similar within the control,
TSLP- and cocktail-stimulated groups (data not shown).

TSLP does not increase the immunostimulatory
capacity of LC-like cells – in contrast 
to epidermis-derived LC

The immunostimulatory capacity of LC-like cells was tested by
allogeneic mixed leucocyte reaction. LC-like cells under all differ-
ent culture conditions efficiently stimulated naïve CD4� CD45RA�

T cells. However, this immunostimulatory capacity was signifi-

cantly stronger in cocktail-stimulated LC-like cells than in the
unstimulated or TSLP-stimulated ones (Fig. 5).

TSLP does not prime CD34�-derived LC-like 
cells to produce TARC/CCL17 and IL-12 
in response to CD40 ligation – in contrast 
to epidermis-derived LC

To investigate the capacity of CD34�-derived LC-like cells to produce
TARC, a typical Th2 attracting chemokine, and IL-12p70, a typical
Th1 cytokine, cells were co-cultured with CD40L-transfected cells,
and released cytokines were measured by ELISA. In response to
CD40 ligation, LC-like cells secreted high levels of CCL17/TARC
(more than 50 ng/ml and 106 cells), and unlike LC, they did this

© 2011 The Authors
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Fig. 1 Phenotype of CD34�-derived LC-like cells activated with TSLP. LC-like cells were identified by their CD1a expression. (A) Expression of CD1a and
CD207 on day 12 of culture. Fluorescence of CD1a-gated cells is depicted in the histograms. Filled histograms represent staining of experimental
antibodies, open histograms the corresponding isotype controls. (B) CD34�-derived LC-like cells lacked CD83 expression on day 12 (upper row). After
disruption of cell clusters during enrichment for CD1a, all LC-like cells matured by day 14 irrespective of the activation stimulus (lower row). (C) When
maturation stimuli were added without mechanical disturbance of cells, only the cytokine cocktail consisting of TNF-�, IL-1�, IL-6 and PGE2- induced
maturation, whereas TSLP did not. One representative experiment of three is shown in (A), (B) and (C).
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irrespective of the presence or absence of TSLP and cytokine cock-
tail (Fig. 6A). Furthermore, immature CD34�-LC-like cells released
moderate levels of IL-12p70 in response to CD40 ligation. Lower
amounts of IL-12p70 were detected in LC-like cells after maturation
with cytokine cocktail. CD34�-derived LC-like cells cultured in the
presence of TSLP, in turn, took an intermediate position as far as their
IL-12p70 release was lower than that of immature cells, but higher
than that of cytokine-matured cells (Fig. 6B). However, these differ-
ences did not reach statistical significance. Without CD40 ligation lit-
tle CCL17/TARC and no IL-12p70 were secreted by LC-like cells.

TSLP-treated CD34�-derived LC-like cells 
do not induce an inflammatory Th2 cytokine 
profile in naïve CD4� helper T cells – in contrast
to epidermis-derived LC

The capacity of TSLP-stimulated LC-like cells to polarize naïve
CD4� T cells was compared with that of LC-like cells, which were
generated in the presence and in the absence of TSLP. The addi-
tion of a neutralizing anti-TSLP antibody to cells cultured in the
absence of TSLP, did not change the cytokine expression of T cells
(data not shown). Naïve CD4�/CD45RA� T cells purified from
human peripheral blood were cultured with LC-like cells at a 6:1
ratio for 6 days. Co-cultured cells were re-stimulated for 30 hrs
with anti-CD3 and anti-CD28 and released cytokines were meas-
ured by ELISA. Compared to untreated LC-like cells (cultured in
medium alone), TSLP-stimulated LC-like cells induced naïve
CD4� T cells to produce higher amounts of IFN-� and of IL-13,

albeit not statistically significant. Similarly, TSLP stimulation of
LC-like cells failed to lead to a significant increase of IL-4, IL-5,
TNF-� or a decrease of IL-10 release by the T cells (Fig. 7A). The

© 2011 The Authors
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Fig. 2 OX40-L and TSLP-R expression of
CD34�-derived LC-like cells. LC-like cells
were identified by their CD1a expression.
Fluorescence of CD1a-gated cells is depicted
in the histograms. Filled histograms repre-
sent staining of experimental antibodies,
open histograms the corresponding isotype
controls. (A) OX40L and CD83 expression
on day 12 and 14 was up-regulated only by
cytokine cocktail, but not by TSLP, whereas
(B) TSLP-R (surface staining) was induced
by both maturation stimuli. One representa-
tive experiment of three is shown.

Fig. 3 TSLP-R expression in mature LCs from human skin. Fluorescence
of CD1a-gated cells is depicted in the histograms. Filled histograms repre-
sent staining of experimental antibodies, open histograms the correspon-
ding isotype controls. (A) Intracellular TSLP-R staining of LCs freshly iso-
lated from human epidermis. (B) Surface expression of TSLP-R on freshly 
isolated LCs on day 0 and (C) after two days of culture. (D) Surface expres-
sion of TSLP-R on epidermal emigrants after 3 days of culture. All LCs
were gated on CD1a. One representative experiment of four is shown.
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Fig. 5 Naïve CD4� T cell proliferation
induced by TSLP-treated LC-like cells.
Various numbers of LC-like cells were co-
cultured with 2 � 105 naïve allogeneic T
cells for 6 days. (A) Proliferation was quan-
tified by [3H]thymidine incorporation
(cpm). Data represent one of four inde-
pendent experiments. (B) Mean and stan-
dard deviation of four experiments is
shown.  DC : T-cell ratio is depicted in
decreasing ratios. (C) Various numbers of
epidermal LCs were co-cultured with 2 �

105 naïve allogeneic T cells for 6 days.
Proliferation was quantified by [3H]thymi-
dine incorporation (cpm). Data represent
one of three independent experiments.

Fig. 4 Viability and survival of TSLP primed CD34�-derived LC-like cells. CD1a-enriched LC-like cells derived from CD34� cord blood progenitors were
cultured with or without addition of TSLP and of cytokine-maturation cocktail for 2 days. (A) Cell yields as expressed by the percent of surviving LC-like
cells are indicated. TSLP had no significant influence on the number or viability of LC-like cells. (B) A comparison of cell yields of CD1a-enriched LC-like
cells and of epidermal LCs is shown. Both cell populations were cultured with and without addition of TSLP. Mean of four experiments for LC-like cells
and of five experiments for epidermal LCs is depicted.
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Fig. 6 CCL17 and IL-12 p70 production by TSLP-treated LC-like cells in response to CD40 ligation. LC-like cells were cultured with or without addition of
TSLP and in the presence of maturation-inducing cytokine cocktail for 2 days (from day 12 to day 14). The resulting LC-like cells were plated at 1 �
106/ml with or without CD40 ligand-expressing cells for additional 48 hrs. Supernatants were measured for CCL17 and IL-12p70. (A) CD40 ligation led
to a pronounced CCL17 secretion regardless of pre-treatment with TSLP or cytokine cocktail. Six experiments are shown. (B) In contrast to LCs from
human skin, immature LC-like cells released IL-12p70 in response to CD40 ligation. TSLP-treated LC-like cells secreted lower amount of IL12p70 but the
lowest amount was found in the cytokine cocktail-treated population. Eight experiments are summarized in the graphs. Error bars indicate S.D.s.

Fig. 7 No effect on the Th1 versus Th2 balance by TSLP-treated CD34�-derived LC-like cells. (A) LC-like cells, which had been cultured in the presence
or absence of TSLP for 2 days (from day 12 to day 14), were co-cultured with allogeneic CD4� CD45RA� naïve T cells. After 6 days of co-culture, cells
were re-stimulated for additional 30 hrs with plate-bound anti-CD3 and anti-CD28 antibodies. No significant differences in the release of IL-4, IL-5, IL-13,
TNF-�, IFN-� and IL-10 by naïve CD4� T cells were detected by ELISA. Error bars indicate S.D.s. Data represent four independent experiments. (B)
Intracellular cytokine staining of naïve CD4� T cells after 6 hrs re-stimulation with PMA and ionomycin confirmed the cytokine secretion profiles meas-
ured by ELISA. One representative experiment of three is shown. Note that experiments in (A) and in (B) are from different donors.
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exact same cytokine secretion pattern was revealed by flow
cytometry analyses of intracellular cytokines (Fig. 7B).

Discussion
In this study, we described and compared the distinct effects of TSLP
on human CD34�-derived LC-like cells and human epidermal LCs.
Contrary to what had been reported for LCs from human epidermis
[27], TSLP stimulation failed to increase viability and to promote mat-
uration of LC-like cells. Furthermore, TSLP did not increase the
immunostimulatory capacity of these cells and did not prime them to
produce TARC/CCL17, and most importantly, it did not induce an
inflammatory Th2 cytokine profile in CD4� helper T cells.

LC-like cells generated from human umbilical cord blood CD34�

progenitor cells are used frequently as a model for human LCs from
human skin [17, 39, 40]. They express langerin and CD1a costimu-
latory molecules and display Birbeck granules, but lack markers
associated with dermal DCs like CD11c, dendritic cell-specific inter-
cellular adhesion molecule-3-grabbing non-integrin (DC-SIGN) and
the mannose receptor. This study provides several opportunities to
compare cord blood derived CD34� LC-like cells with ‘true’ epider-
mal LCs. In contrast to freshly isolated LCs and to epidermal émi-
grés [27], LC-like cells did not respond to TSLP with an increased
maturation as defined by the expression of maturation-associated
molecules such as CD83, CD80, CD86 and CD208/DC-LAMP (Fig.
1C). Although migratory LCs matured uniformly, cord blood-derived
LC-like cells of day 12 of culture did not. A homogenous maturation
of LC-like cells occurred only in the presence of a strong maturation
stimulus, which is similar to the generation of mature CD34�-
derived DCs [33]. Thus, it seems mandatory to take into account
and accurately define the state of maturation of LC-like cells when-
ever taking them as an example for epidermal LCs.

It is known that OX40 ligand on TSLP-treated blood DCs is 
critically involved in T-cell polarization [38] and that LCs may be
different in this regard. We [27] demonstrated that only a varying
portion of all migratory LCs express OX40 ligand, regardless of the
presence of TSLP during migration. The multitude of other, largely
undefined, cytokines in the explant cultures may neutralize this
effect of TSLP on LCs. Interestingly, LC-like cells showed analogy
with epidermal emigrants. They did not express this particular mol-
ecule, irrespective whether TSLP was present or not. Surprisingly,
LC-like cells matured with cytokine-cocktail displayed OX40 ligand
expression. Indeed, Krause et al. [41] reported that PGE2, an
important compound of the cytokine cocktail, is responsible for the
OX40 ligand expression in monocyte-derived and peripheral blood
myeloid DCs. This might also be likely for LC-like cells.

To address the question if the different expression of TSLP-R
in LC of human skin and LC-like cells could explain their varying
response to TSLP, we performed surface and intracellular FACS
staining of TSLP-R. We could not detect TSLP-R expression in
freshly isolated LCs from human skin (Fig. 3) or in immature LC-
like cells by flow cytometry analysis, though (Fig. 2B). Conversely,
matured LCs from skin (Fig. 3) and matured LC-like cells dis-

played TSLP-R expression in a similar manner. Using flow cytom-
etry Lu et al. [42] showed that blood derived DCs expressed TSLP-
R in very low levels. Like blood-derived DCs, a higher expression
of TSLP-R was observed only after activation of epidermal LCs
and LC-like cells. Likewise, quantitative PCR revealed no rise in
TSLP-R expression in activated CD34�-derived CD1a� DCs [43].
Based on these findings, we conclude that TSLP-R expression 
in freshly isolated LCs from human skin and immature LC-like
cells might be too weak to be detected by flow cytometry. The
expression profiles of TSLP-R shown by quantitative PCR [43]
together with the expression after activation of epidermal LCs 
and LC-like cells indicate an up-regulation rather than a neo-
expression of TSLP-R.

In addition, the different CCL17 and IL-12 production of migra-
tory LCs and LC-like cells in response to TSLP treatment (Fig. 6)
strongly suggests expression of functional TSLP-R (Figs 2B 
and 3). Specifically, differences were found in the production of
CCL17. Epidermal LCs secreted this chemokine only when primed
by TSLP and stimulated by CD40 ligation. LC-like cells, in con-
trast, released CCL17 in response to CD40 ligation, irrespective of
a prior treatment with TSLP. Apart from this, the levels of CCL17
secreted by LC-like cells were at least five times higher than those
from migratory LCs.

IL-12 is a crucial factor to direct Th1 polarization. Although
much is known about the secretion of the bioactive IL-12p70 het-
erodimer by in vitro generated human DCs, there are only few
reports dealing with the production of IL-12p70 in human LCs.
Peiser et al. [44] illustrated that LCs from human skin secrete mod-
erate amounts of IL12p70 after combined stimulation with CD40
ligand and ligands for TLR 2, 4 and 5. In our previous studies, we
did not detect IL-12p70 after stimulation of LCs with CD40 ligation
only [27, 45]. Similar results were obtained by other groups [31,
46, 47]. Taken all these results together, it appears that mature LCs
produce little if any IL-12p70, even after CD40 ligation. The Th1-
biasing function of LCs may be mediated by their ability to produce
IL-23 [31] or by the secretion of minute, immeasurable amounts of
IL-12 that may reach effective concentration in the small volume of
the immunological synapse upon T-cell contact. Unlike mature
migratory LCs, LC-like cells released IL-12p70 in response to CD40
ligation even when they were matured with the cytokine cocktail
consisting of TNF-�, IL-1�, IL-6 and PGE2.

It is important to emphasize that TSLP-treated epidermal LCs
and LC-like cells induced different cytokine patterns in helper T
cells. Whereas TSLP-treated epidermal LCs induced a pro-allergic
T-cell phenotype (high levels of IL-13, IL-4, IL-5, TNF-� and low
levels of IFN-� and IL-10), in naïve CD4� T cells [27], TSLP-
treated LC-like cells did not do so.

The finding that LC-like cells differed from human epidermal
LCs in their cytokine secretion after TSLP stimulation is in agree-
ment to the work of Peiser et al. [44] showing a different cytokine
release in monocyte-derived and epidermal LCs.

Taking all this into account, we conclude that one has to 
be cautious to use LC-like cells as a paradigm for epidermal LCs,
particularly regarding their different cytokine secretion and the 
different cytokine production they induce in naïve T cells. Therefore,
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it appears mandatory to validate all data obtained with CD34-
derived LC-like cells with LC extracted from the epidermis at some
point. This is important in the light of the current interest to 
harness the properties of LC for immunotherapy of allergic 
disorders [48] or cancer [49–51].
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