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The skin immune system 

The skin is the largest organ of the human body and forms a barrier that protects 
our organism from the environment. In addition to its mechanical barrier function, 
which restricts water and heat loss, the skin plays an important role in the protection 
against invading pathogens, like bacteria and viruses, and is therefore equipped 
with a variety of immune cells and mediators[1]. The human skin consists of two 
layers: the epidermis and the dermis. The epidermis is the outermost layer of the 
skin and consists of stratified squamous epithelium. The main cell types present in 
the epidermis are keratinocytes (KCs), melanocytes, which produce melanin 
resulting in skin pigmentation and Langerhans cells (LCs), a subset of antigen-
presenting cells (APCs) that will be discussed in more detail later in this chapter.  The 
epidermis is tightly connected to the underlying dermis by the basement membrane. 
The dermis is rich in extracellular matrix and contains fibroblast, lymph and blood 
vessels.  In addition, many different immune cells reside in the dermis, such as T 
cells, macrophages and distinct dermal dendritic cell subsets (dDCs)[2]. 

Human cutaneous DC 

Human skin DC subsets
Within the human skin, three main populations of DCs can be found that can be 
separated based on the expression of CD1a and CD14 (Figure 1). CD1ahighlangerin+ 
LCs reside in the epidermis and the CD14+ dDCs and CD1a+/CD1c+ dDCs are found in 
the dermis. All DC subsets can be found in the skin-draining lymph nodes, showing 
the migratory potential of these cells from the skin upon activation[3]. Epidermal 
LCs are derived from precursor cells residing in the skin. However, under 
inflammatory conditions they can also develop from monocytes recruited from the 
blood[4;5]. Human LCs have been shown to have varying functions. On one hand, a 
potent cross-priming activity and initiation of allogeneic CD8+ T cells responses in an 
IL-15-dependent manner is described[6;7]. Since T cell-mediated immunity is 
considered of importance for tumor eradication, it may be beneficial to specifically 
target LCs for immunotherapy. On the other hand, LCs have also been shown to 
contribute to the expansion of regulatory T cells, which implicate that these cells 
contribute to tissue homeostasis [8]. CD1a+ dDCs seem to be more efficient at 
antigen cross-presentation of soluble antigen; a phenomenon described later this 
chapter, compared to the CD14+ dDCs[6;9;10]. Dermal DCs have been shown to 
produce interleukin-10 (Il-10) and were able to generate Th2-mediated CD4+ T cell 
responses, essential for the induction of humoral immunity[11;12]. The CD4+ T cell 
skewing abilities of dermal DCs seem not to be fixed, but dependent on the factors 
present in the microenvironment, the number of dDCs and their activation state, 
which all determine the capacity to induce Th1, Th2 and Th17 profiles[13;14]. In 
addition to the three main populations of skin DCs, a minor BDCA3highCD14-CD11clow-
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int subset of DCs has been recently identified in human skin, lung and liver. Phenotypic 
analysis has suggested that these cells are potentially related to the blood BDCA3+ 
DCs. Skin BDCA3high DCs have been shown to be superior in cross-presentation of 
soluble antigens when compared to the other skin subsets, as well as compared to 
BDCA3+ DCs, BDCA1+/CD1c+ DCs and CD14+ monocytes derived from blood[15].  
Care should be taken not to confuse the BDCA3high skin DCs described by Haniffa et 
al. with the dermal BDCA3+CD14+ DCs described by Chu et al. [16]. The latter are 
immunoregulatory tissue-resident DCs characterized by the constitutive secretion 
of IL-10. Human skin draining lymph nodes has been shown to contain migratory 
LCs, CD1a+ dDCs and CD14+ dDCs, indicating that these cells can migrate towards 
the skin-draining lymph nodes upon activation in the skin[10]. CCR-7 dependent 
migration to the lymph nodes has been described for LCs and CD1a+ dDCs[9;9;10;17], 
whereas CD14+ dDCs seem to migrate from skin without the use of lymph vessels or 
the expression of CCR7[9]. 

Expression of pattern-recognition receptors by skin DCs
DCs are equipped with a broad range of pattern-recognition receptors (PRRs) that 
recognize pathogen-associated molecular patterns (PAMPs) and self-derived 
molecules from damaged cells, also known as damage-associated molecular 
patterns (DAMPs). Activation of PRRs triggers downstream signaling pathways 
leading to the induction of innate immune responses, such as the production of 
inflammatory cytokines, type I interferon and other mediators[18]. Besides the 
activation of immediate host defense responses, activation of PRRs on DCs can also 
prime and orchestrate antigen-specific adaptive immune responses. Classes of PRRs 
expressed by DCs are Toll-like receptors (TLRs), C-type lectin receptors (CLRs), Nod-
like receptors (NLRs) and RIG-I-like receptors (RLRs). Of these, the TLRs and CLRs are 
of main focus in this thesis and will be discussed in detail. 

Toll-like receptors
The best-characterized class of PRRs are TLRs, which are able to recognize various 
structures of bacterial or viral origin. In humans, the TLR family is comprised of 10 
members, of which TLR1, 2, 4, 5, 6 and 10 are expressed on the outer cell membrane 
and TLR3, 7, 8 and 9 reside within endosomal compartments[19]. Cell surface TLRs 
mainly recognize microbial membrane components, like for example the recognition 
of bacterial lipopolysaccharide (LPS) by TLR4. In contrast, intracellular TLRs recognize 
nucleic acids derived from bacteria and viruses. As example, TLR3 senses viral 
double-stranded RNA (dsRNA), small interfering RNAs and self-RNAs derived from 
damaged cells[18]. Upon recognition of PAMPs by the TLRs, they recruit a specific 
set of adaptor molecules, such as MyD88 and TRIF, and initiate downstream 
signaling events leading to the secretion of inflammatory cytokines, type I interferon 
(IFN), chemokines, and antimicrobial peptides[20]. These responses cause 
recruitment of neutrophils and activation of macrophages, resulting in direct killing 



13

General Introduction

1

Figure 1. Main dendritic cell subsets in healthy human skin. Expression levels of molecules and functions 
commonly used to identify and discriminate the subsets are indicated. +++ high expression; ++ moderate 
expression; + low expression; - negative; -/+ heterogeneous expression within the subset. 

of the pathogen. Moreover, activation of TLR signaling leads to maturation of DCs, 
contributing to the induction of antigen-specific T cell responses. 

C-type lectin receptors
CLRs are carbohydrate-recognition molecules that bind carbohydrates expressed by 
pathogens, commensals and endogenous proteins. Binding of a carbohydrate 
structure to the CLR occurs via its carbohydrate recognition domain (CRD) and may 
result in pattern recognition, cell-cell communication and ligand-induced 
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signaling[21]. Besides, most CLRs are capable of internalizing glycosylated antigen, 
which is followed by routing to major histocompatibility complex (MHC) class I and 
II loading compartments and thereby contributing to the activation of adaptive 
immune responses.  The CLRs discussed in this thesis, DC-specific intercellular 
adhesion molecule-3 grabbing non-integrin (DC-SIGN) and langerin, belong both to 
the type II CLRs, which hold only one CRD and an extracellular C-terminus[22]. CLRs 
are generally divided in two different classes: the galactose/GalNAc-binding lectins 
that contain a Glutamine-Proline-Aspartic acid (QPD) motif within their CRD and the 
mannose/fucose-binding lectins that contain a Glutamic acid-Proline-Aparagine 
(EPN) motif in the CRD[23]. Both DC-SIGN and langerin contain an EPN motif[24;25]. 
The glycan specificity, molecular orientation and function of DC-SIGN and langerin 
will be shortly discussed in the following sections.

DC-SIGN
DC-SIGN is probably the best characterized CLR expressed by DC. Its expression is 
restricted to human dermal DCs and other APCs of the myeloid lineage[26]. DC-
SIGN has been shown to bind to mannosylated glycans and fucose-containing 
glycans, such as the Lewis type antigens, due to the EPN motif present in the 
CRD[27-29]. For DC-SIGN, recognition of the Lewis blood group antigens Lea, Leb, LeX 
and LeY is described. A schematic representation of the Lewis antigens is given in 
Figure 2. Binding to fucose has been described to occur with a higher affinity 
compared to mannose[30]. Additionally, increasing the number of glycan residues 
in the structure results in a higher avidity, which can compensate for lower affinity 
binding of DC-SIGN[30-34]. With regard to the molecular orientation, DC-SIGN has 
been described to form oligomers via repeats in the neck region, which allows for a 
high level of flexibility to the CRDs and strengthens DC-SIGN-ligand interactions[22]. 
In addition, the presence of DC-SIGN in nanodomains on the plasma membranes of 
DCs has been reported, which further optimizes the DC-SIGN-ligands interactions[35]. 
DC-SIGN has been shown to interact with a broad variety of pathogens, such as 
HIV[36], Candida albicans[37], Hepatitis C virus[38;39] and Mycobacterium 
tuberculosis[40]. These interactions result in the internalization of the pathogen. In 
this thesis, we exploited the function of DC-SIGN as antigen uptake receptor to 
target tumor antigens to DCs. DC-SIGN has not only been described to internalize 
antigens, it also facilitates the processing and intracellular routing of the antigen to 
MHC class I and II loading compartments, which subsequently enhances antigen-
specific CD4+ and CD8+ T cell responses [41-44]. 

Langerin
In humans, langerin is mainly expressed by LCs. An interesting feature of langerin is 
its association with Birbeck granules (BG), which are rod-shaped intracellular 
structures induced upon langerin expression[45;46]. It has been shown that 
antibodies directed against langerin are internalized in BGs, providing access of 
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antigen to a LC-specific non-classical antigen-processing pathway[25].  The glycan 
specificity of langerin shows some overlap with DC-SIGN: both receptors bind to 
mannosylated glycans, but langerin interacts only with the difucosylated Lewis 
antigens Leb and LeY[29].  Langerin has shown to recognize pathogens such as HIV, 
Candidia, Saccharomyces and measles virus (MV) in a glycan-dependent 
manner[47-49]. Targeting antigen to langerin using monoclonal antibodies (moabs) 
has led to the development of antigen-specific Th1 and CD8+ responses. However, 
langerin-mediated internalization of MV only induced MV-specific CD4+ responses, 
but no CD8+ T cell responses[48]. Besides, whereas DC-SIGN is organized in tetramers, 
langerin forms trimers through a coiled-coil structure in the extracellular neck region, 
leading to a rather rigid position in the membrane compared to DC-SIGN[50]. 

The function of skin APCs: antigen presentation and activation of T cells

Induction of CD4+ and CD8+ T cell responses
DCs reside in tissues, such as the skin, where they sample the environment for 
incoming pathogens or changes in the local environment. After recognition of the 
antigen via the PRRs expressed by the DCs, the antigen is internalized, transported 
into intracellular compartments where the antigen is processed in peptides that are 
presented on MHC. These peptide-MHC complexes are subsequently transported 
to the cell surface of the DC, where they can be recognized by antigen-specific T 
cells. Simultaneously with the uptake and processing of the antigen, DC maturation 
occurs after PRR activation. During this maturation process, DCs will increase the 
expression of co-stimulatory molecules, such as CD86, CD83 and CD70, and start to 
produce cytokines that influence the T cell responses. Moreover, the expression of 
MHC molecules is upregulated, as well as the expression of the chemokine receptor 
CCR7, allowing migration of the DCs to the T cell areas in the draining lymph nodes. 
In the lymph nodes, antigen-specific CD8+ and CD4+ T cells can recognize the 
presented peptides within MHC-I or MHC-II molecules, respectively, leading to their 

Figure 2. Overview of the Lewis blood group antigens studied in this thesis. 
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activation, proliferation and development in effector T cells[51]. Here, we briefly 
describe the routes of antigen loading on MHC-I and MHC-II molecules

Antigen presentation to CD4+ T cells
Internalization and processing of extracellular antigens is followed by peptide 
presentation in MHC-II molecules, thereby allowing the activation of CD4+ T cells via 
the T cell receptor. After synthesis of the MCH-II molecule in the endoplasmatic 
reticulum (ER), complexes are formed with CD74 (also known as the Invariant chain) 
to allow proper folding, trafficking and protection of the peptide-binding groove. 
CD74 helps guiding the CD74-MCH-II complex move on to the endolysosomal 
pathway, where late endosomal proteases such as cathepsin D and L degrade CD74 
and leave MCH-II complexed to the peptide-binding groove part of CD74 (CLIP 
protein), which is later exchanged for an antigenic peptide with the help of the 
chaperone HLA-DM[52]. These MHC-II-peptide complexes are transported to the 
DC plasma membrane and are presented to antigen-specific CD4+ T cells. 

Antigen presentation to CD8+ T cells 
Although the process leading to antigen presentation on MHC-I involves six basic 
steps; namely the acquisition of antigens (1); tagging of the antigenic peptides for 
destruction (2); proteolysis (3); transport of peptides to the ER (4); loading of 
peptides to MHC-I (5) and the display of peptide-MHC-I complexes on the cell 
surface (6), the variety of intracellular compartments and pathways involved in 
MHC-I antigen presentation is considerably more complex than that of MHC-II[53]. 
There are two main sources of antigens for MHC-I presentation, intracellular and 
extracellular. Antigenic peptides derived from intracellular, cytosolic proteins are 
the prime source of peptides for MHC-I, but other proteins carrying signal sequences 
targeting to the secretory pathway can also be presented on MHC-I[54], either from 
defective ribosomal products or from mature proteins[55;56]. These mechanisms 
are at play on all cells expressing MHC-I. However, what makes DCs and, to a lesser 
extent, also macrophages and B cells best at antigen cross-presentation is their 
capacity to use extracellular antigens as source of peptides for MHC-I presentation. 

Antigen cross-presentation
The uptake of extracellular antigens by APCs is achieved by three main transport 
pathways, namely receptor-mediated endocytosis, phagocytosis and 
macropinocytosis[57;58]. Amongst the many classes of receptors that mediate 
endocytosis of antigens are the B cell receptor, Fc receptors, heat-shock proteins, 
scavenger receptors and the earlier described CLRs. In general, these receptors 
mediate internalization of antigens to endosomes, however, the nature of the 
endosomes and their fate seem to vary for the different receptor types involved, 
and consequently, also their efficiency in inducing antigen cross-presentation. 
Cross-presentation has been described to be dependent on two molecular pathways. 
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The cytosolic pathway of antigen cross-presentation is dependent on the ABC 
peptide transporter TAP and the proteasome[59]. The proteasome is a self-
compartmentalized, energy-dependent nanomachine that works as a protease to 
degrade misfolded, damaged and inaccurately synthesized proteins[60]. Under 
inflammatory conditions, such as IFN-γ or DC maturation[61], the proteasome 
undergoes structural changes in its substrate-binding pockets that contribute to 
optimizing the quality and quantity of the generated peptides[62]. In addition, a 
proteasome-dependent, yet TAP-independent pathway of cross-presentation has 
been recently described, suggesting the existence of a still unidentified peptide 
transporter (Figure 3)[63].
The cross-presentation pathway referred to as vacuolar uses endolysosomal 
proteases to degrade internalized bacteria and other antigens, frequently 
particulated, in order to allow loading on MHC-I molecules, which are recycled from 
the extracellular membrane, in the same compartment was where the peptides 
were degraded[64]. Also proteasome-derived peptides may enter the vacuolar 
pathway[65;66]. An overview of the cytosolic and vacuolar pathway of antigen 
cross-presentation is depicted in Figure 3. 
Which of these antigen cross-presentation pathways is followed is dependent on 
the nature of the antigen, the route of antigen uptake and the APC subset. For 
example, evidence indicates that limited antigen degradation correlates with 
efficient cross-presentation[67]. Primarily decreased proteolysis is found in the 
endocytic compartments of DCs compared the other APCs, probably due to low 
levels of lysosomal proteases, or decreased protease activity, contributing to the 
superior function of DCs with regard to cross-presentation.  

Antigen cross-presentation as tool for immunotherapy

Antigen cross-presentation is an important mechanism for the development of 
specific CD8+ T cells directed against tumor antigens. Therefore, there has been a 
major focus on the use of DCs, as most potent cross-presenting cells, in cancer 
immunotherapy. The aim of DC vaccination is to induce tumor-specific effector T 
cells that can reduce the tumor mass specifically and that can induce immunological 
memory to control tumor relapse. A lot of research focused on the injection of DC 
vaccines in patients, but in vivo DC targeting strategies and the use of combinational 
therapies and adjuvants are now emerging as strategies for the development of 
new generation DC vaccines.  

DC-based immunotherapy
Most DC vaccines consist of DCs or monocyte precursors of DCs that are isolated 
from the patient, loaded ex vivo with tumor-derived antigens, matured and 
administered back to the patient. These DC-based vaccines have proven to be safe 
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Figure 3. Molecular pathways leading to cross-presentation in DCs.  DCs take up antigen by three different 
mechanisms: receptor-mediated endocytosis, phagocytosis or macropinocytosis. Once the antigen reaches 
the endolysosomal pathway, depending on the specific routing, it may be degraded by the concourse of the 
mild pH and different types of cathepsins and other proteases. At this point, properly degraded antigen can 
be directly loaded into recycling MHC-I in the phagosome (vacuolar pathway). Antigen that still needs 
further processing must be transported to the cytosol (cytosolic pathway) wehre it is degraded, together 
with endogenous proteins and DRiPs, by the proteasome. These peptides are transported by TAP or a yet 
uncharacterized transporter into the ER where they are loaded into MHC-I with the help of the peptide-
loading complex. Further trimming in the ER prior to loading is possible by the presence of ER-localized 
endopeptidases (ERAP1 and 2). R, ribosome; CNX, calnexin; CRT, calreticulin; b2m, b2microglobulin; UGT1, 
UDP-glucose:glycoprotein glucosultransferase 1; ERAP1/2, ER-aminopeptidases1/2; PLC, peptide-loading 
complex;   Erp57, protein disulfide isomerase 3; TAP1/2, transporter associated with antigen presentation 
1/2; DRiPs, defective ribosomal products; ROS, reactive oxygen species; NOX2, NADPH oxidase 2; CLR, C-type 
lectin receptor; FcR, Fc receptor ; SR, scavenger receptor. 
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and induced the expansion of circulating CD4+  and CD8+ T cells that are specific for 
tumor antigens[68]. In addition, an overall clinical benefit rate of 30-54% has been 
shown in advanced melanoma, prostate cancer and renal cell cancer[69;70]. 
However, ex vivo generated DC vaccines show some disadvantages, like poor DC 
migration after administration in the patient and the logistics and costs associated 
with in vitro-manufactured, personalized vaccines[71]. So, therapies targeting 
standardized tumor vaccines to CLRs expressed by DCs in vivo are currently designed 
to circumvent these issues, to allow specific targeting of single or multiple DC subsets 
in vivo. As described earlier, human skin contains a high number of specialized DC 
subsets that can rapidly migrate, mature and induce immune responses, making the 
skin a preferred site for the administration of DC-targeted vaccines. 

CLRs as targeting receptors for anti-tumor vaccines
Many different CLRs have been used to target anti-tumor vaccines to DCs and induce 
T cell responses. Of those, DEC-205 targeting is mostly studied and also recently 
tested in a phase I trial using NY-ESO-1 protein conjugated to DEC-205 targeting 
antibodies[72]. Earlier studies have already been demonstrated that DEC-205 
targeting resulted in antigen internalization, processing and the induction of Th1 
and CD8+ T cell responses[73-75]. In addition, induction of T cell responses can be 
achieved when antigens are targeted to other CLRs expressed by various murine 
and human DC subsets, such as antigen targeting to DC-SIGN[29;41;43;44;76], 
langerin[77], DCIR[78] and DNGR-1/CLEC9a[29;41;43;44;79;80]. In particular, DC-
SIGN and langerin, which are highly expressed on distinct human skin DC subsets, 
are primarily investigated in this thesis. 

Adjuvants 
In general, DC maturation enhances the potency of DC to cross-present antigens. 
DC maturation is one of the results of an adjuvant. Adjuvants serve to enhance the 
magnitude, quality and longevity of specific immune responses to antigens, but 
have minimal toxicity or lasting immune effects on their own[81]. Especially in the 
case of cancer immunotherapy adjuvants are of importance, since most therapies 
are aimed to induce immune responses against relatively weak self-derived antigens 
and occur in an immune suppressive environment due to the presence of tumor-
derived factors[82]. A large set of TLR ligands are known that act as adjuvants and 
stimulate cross-presentation. Because each DC subset might express a specific set 
of TLR receptors, they may differently respond to TLR ligands, thereby influencing 
cross-presentation and therapy efficiency. Adjuvants also have been shown to 
influence the outcome of CLR-targeted immunotherapies. For instance, in the 
absence of a maturation stimulus antigen-targeting to DEC-205 resulted in peripheral 
CD8+ T cell tolerance, while strong in vivo immune responses were observed when 
DEC-205 targeted antigen was simultaneously delivered with agonistic CD40 
antibody as adjuvant[83].  
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Currently, polyinosinic:polycytidylic acid (polyI:C) and its derivative poly-ICLC are 
extensively studied in human patients as cancer vaccine adjuvant. Poly-ICLC 
adjuvanted DC vaccines has proven to be safe and well-tolerated, induced objective 
immunological responses, such as a skewing towards a Th1 profile and functional 
CD8+ and CD4+ T cells and enhanced clinical efficacy of the cancer vaccines[84]. 
Besides polyI:C, also administration of the cytokine granulocyte-macrophage 
colony-stimulating factor (GM-CSF), creams containing imiquimod or resiquimod 
and CD40 are studied in human patients as adjuvants for cancer vaccines. GM-CSF 
has been shown to induce DC differentiation and maturation, resulting in enhanced 
expression of co-stimulatory molecules such as CD80 and CD86 and secretion of the 
pro-inflammatory cytokines TNF-α, IL6 and IL-12[85]. In addition, GM-CSF prolonged 
the survival of neutrophils and eosinophils and mobilized myeloid cells into the 
blood[85]. Although initial, uncontrolled clinical trials reported immunological 
responses and a correlation with clinical outcome after co-administration of GM-
CSF and a multipeptide melanoma vaccine (including gp100 and tyrosinase peptides)
[86-88], recent results from clinical studies evaluating GM-CSF as an adjuvant to 
melanoma vaccines suggest that the biologic effects of GM-CSF are complex and 
can be influenced by multiple factors[89]. 
In addition, Aldara, an FDA-approved immune response modifier skin cream, 
containing 5% of the TLR7 agonist imiquimod is also studied as therapy for skin 
lesion. Aldara is mostly used to treat non-melanoma skin tumors. Recently it was 
shown that application of Aldara cream results in inflammasome activation and IL-1 
release by keratinocytes in naïve murine skin[90]. This effect was mediated 
independent of TLR7 activation and attributed to isostearic acid, the major 
component of the vehicle. However, for induction of full inflammation, both 
imiquimod and the vehicle cream were shown to be required. Following topical 
application of Aldara skin cream to human skin explant, we observed enhanced 
migration and maturation of dermal DCs[91]. Combining the Aldara skin cream with 
MART-1-peptide vaccination in human skin affected the migratory potential of 
CD14+ skin DC, which was associated with up-regulation of co-stimulatory molecules 
and increased activation and IFN-γ secretion of MART-1-specific CD8+ T cells. 
Notably, the enhanced effects on DC and T cell activity were not observed when 
injecting soluble TLR7 and/or 8 ligands intradermally. Altogether, these results 
demonstrate the importance of the combination of antigen and adjuvants used to 
evoke antigen-specific immune responses.



21

General Introduction

1
Thesis outline 

In this thesis, we explored the potential of glycan-modification of melanoma 
antigens (gp100 and MART-1) as anti-tumor vaccine for the in situ targeting of 
human skin APC subsets to induce gp100- or MART-1-specific CD8+ and CD4+ T cell 
responses. In chapter 2 we describe the phenotypical and functional properties of 
the main skin DC subsets after isolation and migration from human skin. The 
capacity of the human skin DC subsets to respond to glycan-modified antigens was 
investigated in the following chapters. In chapter 3, we focused on the induction of 
MART-1-specific CD4+ and CD8+ T cell responses by CD14+ dDCs after targeting the 
receptor DC-SIGN using glycan-modified liposomes containing MART-1 peptides. 
We found that targeting of DC-SIGN using glycan-modified liposomes greatly 
enhances the cross-presentation capacity of migrated CD14+ dDCs, especially when 
liposomes were simultaneously injected with the cytokines GM-CSF and IL-4. These 
cytokines improved DC migration from the skin and induced higher expression of 
DC-SIGN on both the CD1a+ and CD14+ dDCs. In contrast to the dDCs, we observed 
that human LCs cannot be targeted using glycan-modified liposomes. However, 
chapter 4 provides evidence that LC targeting can be achieved using glycan-modified 
peptides that target to the LC-specific receptor langerin and enhance induction of 
CD4+ and CD8+ T cell responses. The different requirements between langerin and 
DC-SIGN for targeting are further investigated in chapter 5. Here we demonstrate 
that both DC-SIGN and langerin recognize the glycan LewisY (LeY), which allows 
comparison of targeting between both receptors using the same glycan. However, 
we found that DC-SIGN+ DCs can be successfully targeted using multivalent LeY-
modified liposomes with a diameter of approximately 200 nm, resulting in tumor-
specific T cell responses, but no significant results were observed when DC-SIGN 
was targeted using univalent LeY- modified antigenic peptides of various lengths. On 
the other hand, targeting of langerin with LeY- modified antigenic peptides lead to 
langerin-mediated internalization and enhanced T cell responses. In contrast, 
langerin targeting using the multivalent LeY-modified liposomes did not facilitate 
langerin internalization and induction of T cell responses, providing evidence that 
langerin and DC-SIGN, and LCs and DCs respectively, require different sized vaccine 
formulations for the induction of anti-tumor immune responses. In chapter 6 we 
investigated a panel of adjuvants on their capacity to induce superior DC migration, 
maturation and T cell responses in combination with intradermal peptide 
vaccination. Surprisingly, we have shown that the TLR7 ligand imiquimod-containing 
cream Aldara induced superior DC migration, maturation and subsequent T cell 
activation compared to intradermal injection of various soluble TLR ligands. Finally, 
the obtained results are integrated in a general discussion, presented in chapter 7. 
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