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English summary

The immune system is essential for our existence by providing protection against 
pathogens. In addition to recognizing pathogens, the immune system can also 
recognize and eliminate cancer cells. The recent clinical success of immunotherapy 
highlights the potential role of the immune system in future cancer treatments. 
Dendritic cells (DCs) are important cells that often form the basis of an immune 
response. DCs recognize pathogens, absorb them and present pieces of these 
pathogens (antigen-derived peptides) on their cell surface. Several immune 
stimulating structures present on these pathogens activate the DCs, causing 
them to migrate to the lymph nodes. There, the DCs present the antigen-derived 
peptides to T cells in combination with activating molecules expressed on their cell 
membrane. This combination of antigen presentation and immune stimulation 
leads to activation of antigen-specific T cells in the lymph nodes. There are two 
types of T cells present in the lymph nodes: the CD8+ T cells and the CD4 + T 
cells. The latter are also called the CD4 helper cells and they provide additional 
stimuli to other immune cells to enhance an immune response. The CD8+ T 
cells, also known as cytotoxic T cells, can recognize and eliminate infected and 
cancerous cells by secreting toxic agents. Despite the fact that cytotoxic cells are 
able to recognize and kill cancer cells, a large part of the population still has to 
deal with cancer.

Cancer cells can inhibit the immune system by secreting anti-inflammatory 
cytokines and facilitate expression of immune “checkpoints” such as the CTLA-4 
and PD-1 molecules on T cells. Blocking these two receptors with antibodies 
seems to be a promising cancer treatment, especially in melanoma patients. 
However, not all patients respond to this form of therapy and therefore many 
studies are aimed at unravelling the underlying mechanisms. There are indications 
that patients who do not have T cell infiltration into the tumor respond poorly 
to checkpoint inhibition therapy. A possible way to boost the immune response is 
through vaccination. 

Each vaccine consists of antigens (fragments of pathogens or cancer cells) and 
an adjuvant, immune-stimulatory substances that activate DCs. To eliminate 
cancer cells you need good CD8+ T cells. To induce tumor-specific CD8+ T cells 
through vaccination, efficient internalization of the vaccine by DCs is essential, 
as well as presentation in MHC class I molecules present on the cell surface. 
In Chapter 2, we looked at the DC-specific C-type lectin receptor (CLR) DC-
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SIGN, a receptor that binds certain sugars (such as: Lewis A, B, X and Y and 
mannose). Conjugating melanoma antigens to DC-SIGN-specific antibodies 
stimulated uptake and activated melanoma-specific CD8+ T cells. We also show 
in Chapter 2 that an adjuvant, in this case a TLR4 agonist, not only leads to 
the expression and secretion of immune-stimulating molecules, but also has an 
effect on the intracellular antigen routing. This possibly leads to a more efficient 
presentation of the antigens to T cells.

Melanoma antigens can also be directly conjugated to sugar structures (glycans), 
which are the natural ligands for the CLRs DC-SIGN and Langerin. Both CLRs 
can be found on antigen presenting cells present in the skin. DC-SIGN+ dermal 
DCs are located in the dermal layer of the skin, while the  Langerin+ Langerhans 
cells are located in the epidermal layer of the skin. Previous research has shown 
that DC-SIGN and Langerin prefer conjugates with a different molecular 
weight. Langerin binds peptides that are linked to a sugar, while DC-SIGN binds 
glycan-coated liposomes. Liposomes are larger lipid-containing vesicles that can 
incorporate antigens. In Chapter 3 we investigated whether we could design a 
construct that would both bind Langerin and DC-SIGN. By attaching sugars 
to various antigenic structures, we have developed a molecule with a molecular 
weight of approximately 100kD, coupled to a Lewis Y (LeY) glycan that binds 
both Langerin and DC-SIGN. This allows multiple CLRs to bind the same 
molecule, so multiple antigen-presenting cell types can be targeted to enhance 
anti-tumor immune responses.  

To induce the widest possible range of different T cells for optimal tumor 
recognition and destruction, a vaccine should contain multiple antigens. These 
antigens may be overexpressed self-antigens or antigens that originate from 
mutations in the tumor cell. This last type of antigens, the neo-antigens, are 
specific to the tumor and therefore not subject to immune tolerance, a mechanism 
that protects us from immune responses to self-antigens. The tumor itself is a 
potent source of these tumor-specific neo-antigens. In Chapter 5 we investigated 
the use of tumor material as a source for tumor-specific antigens. Induction of 
controlled cell death in glycan-modified melanoma cells results in the formation 
of extracellular vesicles (EVs) that express oligomannose glycans on their surface 
membrane. Oligomannoses are a natural ligand of DC-SIGN and expression of 
these glycans on the surface of the vesicles results in an increased uptake and 
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presentation of tumor-specific antigens by DCs to T cells. In Chapter 6 we 
modified the EVs of a glioblastoma cell line by incorporating the LeY glycans into 
the vesicle membrane. The EVs bound the DCs through DC-SIGN resulting in 
an increased uptake compared to the unmodified EVs. The glycan modification 
of vesicles from tumor cells is therefore a very potent carrier of patient-specific 
antigens for vaccination strategies.

In Chapter 7 we show that “outer membrane vesicles” (OMVs) derived from the 
gram-negative bacterium Salmonella typhimurium activate DCs via the binding 
of lipopolysaccharide to Toll-like receptors on the DC. This triggers a signalling 
cascade in the cell that leads to the expression of immune-stimulating receptors 
on the surface of both mouse and human DCs. DCs loaded with ovalbumin-
enriched OMVs were able to activate CD8+ T cells. This makes OMVs an 
attractive vaccination product, containing both adjuvant and antigen. 

In Chapter 8 we have looked at an alternative way of antigen delivery to DCs, 
not through sugar structures, but through coupling of a fatty acid tail. By linking 
a fatty acid tail to an antigen, DCs can be efficiently loaded with antigens, 
because the construct inserts into the cell membrane, a double lipid structure. We 
have demonstrated that this mechanism leads to a rapid uptake of antigens and 
efficient presentation to the T cell. We have demonstrated both in vitro and in 
vivo that efficient loading of DCs with these peptides results increased activation 
of melanoma-specific T cells.  

In conclusion, in this thesis we describe that antigen uptake by DCs can be 
stimulated by conjugating them to sugars or lipids. Antigens that are specifically 
targeted to DCs and Lagerhans cells induce anti-tumor immunity and, combined 
with the appropriate adjuvant, they are promising constructs for cancer vaccination 
strategies.
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