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GENERAL INTRODUCTION 1
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The Immune system: Dendritic cells linking innate and adaptive 
immunity
The immune system has evolved primarily to fight off viruses and pathologic micro- 
and macroorganisms that try to invade the body. This is accomplished in the first 
place by physical, chemical and microbiological barriers (i.e. epithelia, secretion of 
saliva or lacrimal fluid containing lysozyme and the commensal flora). In vertebrates 
specialized immune cells such as natural killer cells, eosinophils, macrophages or 
dendritic cells (DC) have evolved (1). These innate immune cells are equipped with 
pattern recognition receptors (PRR) to facilitate the recognition and elimination of 
microbes or infected cells based on diverse common pathogen-associated molecular 
patterns (PAMP) e.g. bacterial lipopolysaccharide (LPS), CpG motifs of bacterial DNA 
or double stranded viral RNA (2). This arm of defense is referred to as innate immunity 
and mounts an immediate response to ward off microbial attacks. 
In contrast, T and B lymphocytes, which constitute the effector cells of the adaptive 
arm of the immune response, each express one particular type of receptor that 
specifically recognizes a defined antigen (Ag). In particular, T cells only recognize their 
cognate Ag when it is bound to a major histo-compatibility complex (MHC) molecule 
on an antigen presenting cell (APC) (1). Even though each lymphocyte is limited to 
detect a unique Ag, the high diversity of Ag-specific receptors that is generated by 
somatic recombination during lymphocyte development allows the adaptive immune 
response to react to a broad range of antigens (3). Unlike innate immune cells, the 
cells of the adaptive response are able to establish long-term immunogenic memory 
after a successful primary immune reaction, which arms the organism against a second 
encounter with the same pathogen (1).
The central link between the innate and the adaptive arms of the immune system are 
APC, in particular DC, which are characterized by the expression of CD11c (see Figure 
1) (4). Immature DC operate as sentinels, constantly sampling Ag at epithelial boarders 
die in the skin and can induce allergic hypersensitivity reactions (16). These skin 
manifestations mainly take place in individuals coming into contact with schistosomes 
for the first time. With prior sensitization, it can also result in a pruritic papular rash 
within the inner layers of the skin. 
immune cells, the cells of the adaptive response are able to establish long-term 
immunogenic memory after a successful primary immune reaction, which arms the 
organism against a second encounter with the same pathogen (1).
The central link between the innate and the adaptive arms of the immune system are 
APC, in particular DC, which are characterized by the expression of CD11c (see Figure 
1) (4). Immature DC operate as sentinels, constantly sampling Ag at epithelial boarders 
(e.g. skin, airway or gut mucosal tissue) that function as first line of defense against 
invading pathogens from the external environment (5). Recognition of PAMP via 
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PRR (e.g. toll like receptors [TLR]) and/or the stimulation by inflammatory cytokines 
initiate the maturation of the highly phagocytic immature DC into professional APC 
(6). This profound functional transformation involves stabilization of surface peptide/
MHC II complexes, the up-regulation of co-stimulatory molecules on the cell surface 
(CD80, CD86, CD40) and production of inflammatory cytokines such as interleukin 6 
(IL-6) and tumor necrosis factor α (TNF α) (5). In addition, chemokine receptor type 
7 (CCR7) is up-regulated, which mediates DC migration to the draining lymph nodes 
(LN) (7). Once in the LN, the mature DC prime naïve T cells to initiate a protective 
immune response (8).  Dependent on the nature of the pathogen, DC polarize naïve T 
cells to become either T helper 1 (TH1), TH2 or TH17 functional subsets and thereby 
induce an immune response that is optimally tailored to the type of pathogen. TH1 
cells produce cytokines like IFN-γ which activate macrophages and natural killer cells 
(NK cells) to clear cells infected by intracellular bacteria or viruses. In contrast, TH2 
cells secrete IL-4, IL-5 and IL-13 to stimulate the production of antibodies by B cells 
and recruit eosinophils to attack extracellular pathogens like helminths. The newly 
discovered TH17 cells, which are characterized by the production of IL-17 and IL-22, 
are predominantly present in mucosal tissue where they fight invading bacteria and 
fungi (9). 

In war and peace: the importance of being tolerant
The concept of tolerance is to protect the body from being attacked by its own immune 
system or deleterious reactions against harmless foreign Ag, while at the same time 
allowing immune responses against relevant threats such as viruses or bacteria. 
Central tolerance, the basis for self-tolerance, is established by positive and negative 
selection during T cell development in the thymus. In order to be positively selected, 
developing thymocytes must express a T cell receptor (TCR) that enables them to 
recognize the self-MHC/self-peptide complexes presented by cells of the thymic 
stroma. This ability is essential for peripheral T cells to interact with APC once they 
have left the thymus. In contrast, thymocytes that bind with high avidity to self-MHC/
self-peptide complexes are eliminated, that is negatively selected. Consequently, central 
tolerance not only ensures that only thymocytes capable to recognize self-MHC survive 
but also prevents highly autoreactive T cells from entering the periphery. 
Nevertheless, central tolerance is not absolute as thymocytes with an intermediate 
or low avidity to self-Ag/self-MHC may escape negative selection. Moreover, the T 
cell repertoire released into the periphery putatively contains T cells reactive to 
foreign innocuous Ags or self-Ags which are not expressed in the thymus (3, 10). The 
survival of potentially self-reactive T cells maximizes the TCR-variability to meet the 
requirement of being able to respond to a broad range of foreign Ag. However, the 
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presence of peripheral T cells reactive to harmless foreign or self-Ag forms a constant 
risk of provoking deleterious immune responses or autoimmunity. 
This situation demands tolerogenic mechanisms in the periphery to keep latently 
self-reactive or potentially allergic T cell clones in check by avoiding their accidental 
activation, for example in the course of an infection. DC contribute to the sustenance 
of peripheral tolerance by either triggering T-cell anergy in case of a lack of co-
stimulation (11), T cell apoptosis through activation induced cell death (AICD) or 
conversion into regulatory T cells (Treg) (12, 13). 
Failure to maintain central or peripheral tolerance results in severe autoimmune 
pathology as in multiple sclerosis or allergic reactions to harmless antigen such 
as contact dermatitis and asthma (3, 13). The particular relevance of Treg in the 
suppression of autoimmunity has been demonstrated in vivo by the development of a 
systemic autoimmune phenotype after specific depletion of Foxp3+ Treg (14). 
Currently, to treat autoimmune or allergic diseases immunosuppressive drugs are 
administered with the disadvantage that they not only block the immune reaction 
against self or innocuous Ag but also hamper protective immunity against viral or 
bacterial infections. 
Moreover, it is important to keep in mind that Treg not only exert a beneficial effect 
on health: the success of cancer treatment seems to be aversely affected by Treg, which 
recognize self-Ag expressed by tumor cells that have lost immunogenicity due to 
continuous proliferation and mutation (15, 16).
Given the dual role of DC in inducing both immunity and tolerance, and the grave clinical 
consequences of autoimmunity, allergy or cancer, we need a better understanding of 
the DC-mediated processes involved in the induction and maintenance of tolerance. 
The ability to manipulate DC to either induce or break tolerance bears a huge potential 
for the development of new therapeutic approaches to treat human diseases. 

DC at the steering wheel: Navigating between immunity and 
tolerance
For a captain commanding a ship, it is crucial to remain permanently alert to changes 
of the environment and communicate unambiguous orders to and take in feedback 
from the crew. In the immune system this task is executed by DC. Even though other 
cell types (17) are able to promote tolerance under particular circumstances, DC are 
widely accepted as key players in mediating immunity and tolerance and therefore 
make a promising target to manipulate the immune system in a therapeutic way (18).
The capability of DC to differentiate between friend (innocuous foreign/self-derived 
Ag) or foe (dangerous foreign Ag) is necessary to decide whether to mount an attack 
against or tolerate an assimilated antigen (see Figure 1). In both cases Ag uptake 
stimulates CCR7-dependent DC migration to the draining LN where the processed 
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Ag is presented to naïve T cells (5, 19). Dependent on the nature of the Ag and signals 
from the surrounding tissue, the DC gives adequate instruction to (naïve) T cells. 
Activation of immature DC by PAMPs during Ag uptake results in their maturation 
into professional APC, characterized by the up-regulation of co-stimulatory molecules 
and secretion of pro-inflammatory cytokines that enable them to elicit a protective 
immune response by priming naïve T cells (5). In contrast, encounter with self- or 
innocuous antigens is thought to entail the induction of a regulatory DC phenotype 
and immune tolerance (20). Since their discovery about 30 years ago (21) DC research 
has mainly focused on their immunogenic character, revealing the involvement of 
diverse receptors (i.e. TLR) (22, 23) and signaling cascades that induce the maturation 
into pro-inflammatory DC (24). Only after the first in vivo experiments (25), which 
by-passed the induction of DC maturation caused by their isolation from tissue, it 
has become evident that DC also function as critical mediators of tolerance (26). 
The molecular cues that are responsible for the differentiation into a tolerogenic DC 
phenotype remain enigmatic, in particular, with regard to the signaling pathways 

Figure 1. DC are crucial to orchestrate immunity and tolerance
Immature DC, including Langerhans cells (LC) in skin epidermis, are located as sentinels at 
potential pathogen entry sites and are highly efficient in antigen (Ag) uptake and processing. 
Upon encounter of pathogen-derived Ag, LC migrate to the draining LN where, as mature DC, 
they prime antigen-specific naïve T cells to become effector T cells (Teff). On the other hand, 
steady state LC migration to the draining LN in combination with the transport of self- or 
innocuous foreign antigen is associated with the induction of tolerance either by promoting 
T-cell apoptosis, anergy or the development of regulatory T cells (Treg).
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involved. Apart from the unique situation in the intestine, where DC-derived retinoic 
acid (RA), TGF-β and secretion of indoleamine 2,3-dioxygenase (IDO), are involved 
in Treg conversion, so far no intracellular mechanism that licences DC to induce 
tolerance in vivo has been identified (27-29). 
Interestingly, it was described that DC immigrants in LN of germ free mice express 
maturation markers to the same extent as their counterparts in conventionally housed 
mice (19). Similarly, exposure to inflammatory cytokines alone without TLR activation 
results in phenotypically mature DC that are unable to induce differentiation of 
naive CD4+ T cells into effector TH cells (30). These data suggest that the phenotypic 
maturation status of a DC is neither a determining factor nor a characteristic feature of an 
immunogenic or tolerogenic DC phenotype as originally assumed (31). The stimulation 
of a tolerogenic DC function might therefore rather rely on distinctive signals the DC 
receives from its environment by yet unidentified receptors and/or cytokines. Recently 
it was discovered that disruption of E-cadherin or overexpression of β-catenin in bone 
marrow derived DC (BMDC) cultures entails a functionally distinct maturation of DC 
as compared to the maturation caused by pathogen- or inflammatory cytokine-derived 
stimuli. In the absence of TLR signaling these alternatively matured DC expressed high 
amounts of surface MHC II and CD86, but failed to secrete inflammatory cytokines 
and promoted conversion of naïve T cells into Treg (32).

How to sing in tune: Interaction of Treg and DC
Even though the checkpoints during T cell development that establish central tolerance 
mediate depletion of most autoreactive T cells, some moderately self-reactive T cells can 
enter the periphery (3, 33). Moreover, the peripheral pool of T lymphocytes contains 
cells that are reactive to innocuous foreign antigen (e.g. pollen), which can lead to 
deleterious allergic reactions. Several examples of allergic or autoimmune diseases 
such as asthma (34), systemic lupus erythematosus (SLE) (35) or type-1 diabetes 
mellitus (36) have been confirmed to be driven by T cells that attack autologous tissue. 
However, the prevalence of autoimmune diseases in the US is 3% (37) and the global 
prevalence of asthma in adolescents is estimated to be about 10% (38). This suggests 
at least an equally essential role for peripheral tolerance mechanisms to keep T cells 
in check that would otherwise lead to lethal or deleterious (auto) immune responses.
In recent years, regulatory T cells emerged to play a major part in restraining excessive 
or autoimmune responses in the periphery (39). So far, only CD4+FoxP3+ Treg have 
been shown to be indispensable in averting autoimmune reactions (14, 40). These 
consist of two subsets (see Figure 2): Whereas the naturally occurring Treg (nTreg) are 
committed to a regulatory phenotype in the thymus before they enter the periphery, 
the inducible/adaptive Treg (iTreg) are converted into Treg after they have left the 
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thymus. CD4 single positive thymocytes bearing a self-reactive TCR are instructed 
to adopt a regulatory phenotype when they receive a robust TCR signal that is just 
below the threshold for being eliminated during negative selection in combination 
with CD28 co-stimulation. In contrast, Treg conversion in the periphery is induced by 
suboptimal TCR stimulation and requires cytotoxic T lymphocyte antigen-4 (CTLA-
4) co-stimulation, IL-2 and transforming growth factor-β (TGF-β) (41). Recent data 
suggests that peripheral conversion into iTreg might predominantly occur in distinct 
microenvironments like the GALT, which provides high concentrations of harmless 
foreign Ag in the context of tolerogenic stimuli like TGF-β and RA (42). In spleen 
(43) and gut (44) specific DC subsets have been identified, which seem to promote 
iTreg conversion by TGF-β and either IL-2 or gut associated lymphoid tissue (GALT) 
DC-specific retinoic acid (RA) production. Nevertheless, in other organs and tissues 
the mechanisms that are involved in DC-mediated iTreg conversion in vivo, remain to 
be unraveled (42).

!

Figure 2. Differentiation of Foxp3+ nTreg and iTreg
(A) In the thymus, the majority of naturally occurring Foxp3+ Treg (nTreg) cells differentiates 
from Foxp3negCD4+ thymocytes. Induction of Foxp3 requires strong TCR stimulation by self-
peptide-MHC complexes and is dependent on CD28 signaling induced by CD80 and CD86 co-
stimulation by thymic epithelial cells or DC. nTreg express high-affinity IL-2 receptor as their 
homeostasis is dependent on exocrine IL-2 produced by effector T cells. (B) In the periphery, 
Foxp3+ Treg (iTreg) can be induced from naive CD4+ T cells. Peripheral Treg conversion is favored 
by chronic low dose antigen stimulation in combination with TGF-β and IL-2. In particular, 
in gut-associated lymphoid tissue (GALT) T cells are constitutively exposed to food- and 
commensal microbiota-derived Ag. TGF-β together with suboptimal co-stimulation is critical 
for differentiation of iTreg. In addition, the vitamin A metabolite retinoic acid (RA) promotes 
Foxp3 induction in peripheral Foxp3negCD4 T cells. CD103+ DC are present in high numbers in 
the gut and known as potent inducers of Foxp3 because they are capable to metabolize vitamin 
A to RA and produce TGF-β (adapted from Josefowicz SZ, Rudensky A., Immunity. 2009 May; 
30(5):616-25). 



16

In contrast to nTreg, which carry TCR that recognize self peptide and therefore are 
implicated to suppress auto-reactivity, iTreg are thought to tolerize against innocuous 
foreign antigen such as bacterial components of the commensal gut flora, food- or 
airborne Ag as for example from house dust mites (41, 45, 46). Suppression of effectorT 
cells is either achieved by killing or suppression of the cytolytic function of cytotoxic T 
lymphocytes (CTL) or in case of CD4+ T cells, an inhibition of priming/proliferation. 
Nevertheless, whether the suppression occurs in a purely antigen-specific fashion 
remains controversial as different experimental settings give conflicting results (16, 
47). Several of the observed suppressive effects by Treg are suggested to be primarily 
caused by conditioning of DC function like decreasing the surface expression of co-
stimulatory molecules, or inducing a tolerogenic phenotype in DC (48-50). Whether 
DC-Treg interactions differ with respect to involvement of nTreg versus iTreg remains 
elusive. Recently, the transcription factor helios has been found to be differently 
expressed by nTreg and iTreg and therefore facilitates to differentiate between these 
two Treg populations. 
In conclusion, Foxp3 expressing nTreg and iTreg differ in several aspects such as their 
mechanisms of generation, antigen specificity and consequently their suppressive 
function (self versus foreign Ag). 

β-catenin and E-cadherin in cell signaling and function
β-catenin is an intracellular protein that serves two functions in many cell types. On 
one hand, it regulates gene expression as the central component of the canonical WNT 
(Wingless and INT-1) signaling pathway (Figure 3A). On the other hand, β-catenin 
contributes to cell adhesion as it can bind the intracellular domain of the cell surface 
protein E-cadherin and link it to the cytoskeleton which stabilizes adherens junctions 
(Figure 3B) (51-53). In the absence of a WNT signal (Figure 3A-a), cytoplasmic 
β-catenin is either bound to E-cadherin or phosphorylated by a complex consisting of 
axin, casein kinase 1 (CK1), glycogen synthase kinase 3 β (GSK3β) and adenomatous 
polyposis coli, which leads to its quick degradation by the proteasome. As soon as 
a WNT protein binds to its receptor (Figure 3A-b), a signaling cascade is initiated, 
resulting in the release of β-catenin from the degradation complex. β-catenin can 
thus accumulate in the cytoplasm and enter the nucleus to induce WNT-dependent 
gene transcription in cooperation with the transcription factors T cell factor (TCF)/
Lymphoid enhancer factor-1 (LEF) (51, 54). Stabilized β-catenin is associated with 
enhanced cell motility and invasiveness in different types of cancer, presumably due to 
enhanced WNT-dependent gene transcription and loss of cell-cell adhesion (53, 55). 
β-catenin as well as E-cadherin, are expressed by immature Langerhans cells (LC), 
in which they are part of adherens junctions to maintain cell-cell contacts with the 
surrounding keratinocytes in the epidermis (56-58). In contrast, most other DC types 
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solely express β-catenin (59). Apart from the involvement in adherens junctions, the 
role of E-cadherin/β-catenin signaling to control LC/DC function remains elusive. The 
observation that E-cadherin is down-regulated upon LC emigration from the epidermis 
implies a role for E-cadherin signals in the regulation of LC maturation and migration, 
a prerequisite for Ag transport and presentation in the draining LN (60). Moreover, 
the high affinity of E-cadherin to β-catenin suggests that E-cadherin binding might 
be a mechanism to control the level of free β-catenin and thereby β-catenin mediated 
gene transcription (60). This was supported by the discovery that both, stabilization of 
β-catenin or disruption of E-cadherin-containing adherens junctions in BMDC lead to 
spontaneous DC maturation in vitro (32).

Figure 3. β-catenin in WNT-signaling and cell adhesion
(A) β-catenin regulates gene expression as a central component of the canonical WNT-
signaling pathway. (a) In the absence of WNT protein, free cytoplasmic β-catenin is bound to a 
complex (green) leading to its rapid degradation. (b) Upon signaling via WNT receptor (blue), 
β-catenin is released from the degradation complex and enters the nucleus to induce WNT-
dependent gene transcription. (B) In a complex with E-cadherin (red), β-catenin is protected 
from degradation and contributes to adherens junctions by linking E-cadherin via α-catenin 
(blue) to the actin cytoskeleton (green). E-cadherin is the major adhesion molecule of adherens 
junctions with which LC attach themselves to the surrounding keratinocytes and it is down 
regulated during LC mobilization and maturation. β-catenin bound to E-cadherin might 
represent a reservoir of β-catenin that can be readily released for cell signaling by disruption of 
E-cadherin binding.
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Nature and nurture: functional specialization and plasticity shape DC 
function
As discussed above, DC are crucial mediators of immunity and tolerance. The 
regulation of these opposing tasks might rely on an elaborate balance of specialization 
and plasticity of DC function. For example, while CD8α+ DC are most efficient at cross 
presenting Ag, CD8αneg DC can also cross present Ag when activated via their Fcγ 
receptor (61). The demand of maintaining an immunogenic or tolerogenic environment 
or to tailor an immune response to either viral or bacterial intruders may vary between 
different tissues. While resident splenic or LN DC only encounter high microbial loads 
in case of systemic infections, DC lining for example the skin or mucosal surfaces 
continuously face a mixture of harmful and innocuous microbes (62, 63). Specialized 
DC subsets with distinct spatial distribution may differ in their contribution to the 
regulation of immunity and tolerance (64, 65). While activated CD8α+ CD11bneg DC 
from spleen and Peyers patches are intrinsically prone to promote TH1 polarization, 
CD8αneg CD11b+DC preferentially stimulate differentiation into TH2. Moreover, 
epidermal LC tolerate the beneficial commensal bacterial flora, most likely due to 
their lack of TLR 2, 4 and 5, while dermal DC efficiently respond to intruding bacteria 
(66) that enter the body through deep wounds. Despite their functional specialization, 
DC retain a certain amount of functional plasticity in response to changes in their 
environment caused by microbial and tissue derived stimuli. This ability is vital to react 
rapidly to a threat and tip the balance towards the induction of an appropriate immune 
response in an otherwise rather tolerogenic microenvironment (61). 
In recent years the identification of new markers has helped to define phenotypically 
distinct DC subsets. For example, in the skin five distinct DC populations can be 
distinguished by their differential expression of Langerin, Epithelial cell adhesion 
molecule (EpCAM), CD103 and CD11b (67, 68). Next to transmigrating epidermal 
LC (EpCAM+), the dermis harbors two Langerin expressing subsets one of which is 
CD103+. Nevertheless, the precise contribution of the different Langerin+ DC subsets 
to skin immunity is still a matter of active debate (69). In addition, Langerin+CD103+ 

DC are found in pulmonary tissue where they seem to be involved in cross-
presentation of viral and self-Ag but also the induction of Foxp3+ Treg (70, 71). These 
dermal and pulmonary Langerin-expressing DC may assume distinctive functions 
in the regulation of immune responses e.g. during the development of experimental 
autoimmune encephalomyelitis (EAE) or the elimination of influenza virus (72, 73). 
Before the development of the CD11c-Cre strain by Caton et al. in 2007, no tool was 
available to selectively mutate DC in vivo (74). With the introduction of an LC-specific 
Cre-strain it was possible to specifically target a distinct DC subset (75). However, the 
more recently discovered Langerin+ DC from dermis and lung so far have escaped 
targeted in vivo analysis and therefore, the function of this novel subset still remains 
quite enigmatic. 
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Cre/loxP: cutting edge technology for DC specific mutagenesis
Cre/loxP-mediated cell type-specific gene targeting provides a powerful approach to 
analyze the regulation and function of a distinctive cell type in vivo (76). A major 
advantage of the Cre-loxP system is the possibility to by-pass lethality of the total 
knockout of a gene that is vitally important during embryogenesis like E-cadherin 
or β-catenin (77, 78). Moreover, cell type-specific mutagenesis minimizes secondary 
effects frequently caused by a total knockout (79). Specifically, insertion of the 
bacteriophage P1-derived Cre DNA-recombinase into the mouse genome allows cell 
type-specific mutation or deletion of a gene of interest that is flanked by two loxP sites. 
In 2007, DC-specific CD11c-Cre mice became available and since then have contributed 
significantly to a better understanding of the molecular control of DC differentiation 
and function in vivo (74, 80-82). Nevertheless, CD11c-Cre driven mutation of DC 
does not allow the investigation of distinct DC subsets. Therefore, the development of 
DC subset-specific Cre mice is warranted to determine functional specialization of a 
particular DC population. 
LC (83), the DC population of skin epidermis, are the longest known DC subset 
and characterized by the expression of the C-type lectin Langerin (84, 85), which 
is only shared by certain epithelial or mucosal DC populations in dermis, lung, and 

!

Figure 4. Cre/loxP-mediated conditional gene targeting in mice. 
A mouse in which a target gene, in this case β-catenin, is flanked by two loxP sites (floxed), is 
crossed with a transgenic/knock-in mouse that expresses the DNA recombinase Cre under the 
control of a tissue-specific promoter (here the promoter of langerin). In the progeny of this crossing 
only Langerin+ cells such as LC, and other Langerin+ DC express cre and the floxed target gene is 
deleted specifically in these cells.
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the gastrointestinal tract (67). In the skin, Cre/loxP-mediated conditional deletion of 
Langerin+ DC failed to conclusively demonstrate differences between LC and Langerin+ 
dermal DC. Alternatively, conditional gene targeting can be used to determine the 
functions of the different Langerin+ DC subsets in immune regulation. To generate a 
Langerin+ DC-specific Cre-mouse line, the gene for Cre recombinase is introduced into 
the genome of embryonic stem cells (ES cells) under control of the Langerin promoter 
by site-specific recombination. Correctly targeted ES cells are identified by Southern 
Blot and then injected into blastocysts, which are transferred into pseudo pregnant 
foster mothers. 
The resulting chimeric offspring is bred to wild type mice to obtain germ line 
transmission of the mutation and establish the Langerin-Cre knock-in mouse strain. 
Breeding of Langerin-Cre to mice that are homozygous for a loxP-flanked (floxed) gene 
of interest, results in Cre-mediated deletion of the floxed genomic sequence exclusively 
in the Langerin+cells, while the floxed target gene remains intact in all other cells of the 
animal (Figure 4).
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Outline of this thesis
Since the first characterization of DC as key players in the induction of a protective 
immune response more than 30 years ago, DC function emerged to be bilateral. In 
addition to their immunogenic function, DC seem to be crucial for the establishment 
and maintenance of immune tolerance against self- and innocuous Ag. However, the 
mechanisms, which control the tolerogenic function of DC on a molecular basis remain 
elusive. In this thesis I took advantage of conditional mouse mutants to investigate the role 
of β-catenin and E-cadherin in the regulation of DC function. Moreover, I have generated 
Langerin-Cre mice to enable specific analysis of Langerin expressing DC. E-cadherin 
was described to play a role in DC maturation in vitro and is assumed to be crucial to 
anchor immature LC in the epidermis. In chapter 2 I analyzed the role of E-cadherin 
in LC in vivo during steady state and inflammatory responses by disrupting E-cadherin 
expression selectively in DC. The role of β-catenin, which is a known interaction partner 
of E-cadherin and plays a central role in canonical WNT signaling, was investigated 
in chapter 3. To this aim, β-catenin was either stabilized (DC-βcatex3) or deleted (DC-
βcatdel) specifically in DC, and skin DC were analyzed during steady state and a contact 
hypersensitivity (CHS) response. To verify the relevance of our findings in skin DC for 
other DC populations, in chapter 4 I studied the role of β-catenin signaling in DC of the 
lung using a mouse model of allergic asthma. In chapter 5 I evaluated the significance 
of β-catenin signaling mediated DC function in regulating autoimmunity by inducing 
experimental autoimmune encephalomyelitis (EAE) in DC-βcatex3 and DC-βcatdel mice 
or graft-versus-host (GvHD) like disease in DC-βcatex3 mice. In chapter 6, I analyzed the 
contribution of Langerin expressing skin DC and, in particular, LC in CHS by deleting 
TGFβR-I in a cell type specific fashion using the newly generated Langerin-Cre knock-in 
mouse strain. In contrast to LC homeostasis in the epidermis, homeostasis of dermal DC 
is independent of TGF-β signaling. This allows to determine the contribution of dermal 
Langerin+ DC to CHS induction in the absence of LC. Finally, in chapter 7  I discuss the 
findings of this thesis with regard to their relevance in the regulation of DC function.
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