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1 GENERAL INTRODUCTION
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The mammalian immune system can be divided into two sub-systems: innate and 
adaptive. Both systems work closely together and ensure protection against infections and 
cancer. Cells of the innate immune system include myeloid cell types such as neutrophils, 
macrophages and dendritic cells (DCs) (1). Collectively, they provide the first line of defense 
against pathogens. Innate immune cells recognize ‘pathogen-associated’ or ‘danger’ signals 
associated with certain classes of pathogens or with cell damage. However, innate immune 
cells cannot always eliminate infectious organisms. The lymphocytes of the adaptive immune 
system have evolved to enable a more specific and diverse means of defense. Additionally, 
they can protect better against repeated infections with the same pathogen (2). The cells of 
the innate immune system play a crucial part in the initiation and subsequent direction of 
adaptive immune responses, and participate in the removal of pathogens that have been 
targeted by an adaptive immune response. Cells of the adaptive immune system include T- 
and B lymphocytes. With the use of specific B-cell receptor (BCR), B cells are able to recognize 
intact antigens mostly consisting of soluble molecules present in the extracellular space. 
Upon B cell activation and maturation, they switch from synthetizing their BCRs as integral 
membrane protein into a soluble version, known as antibodies. Subsequently, antibodies 
bind to their cognate antigens on the surface of pathogens and mediate their neutralization 
or ‘tag’ them for destruction by the cells of the innate immune system (1). 

Initiation of the T cell response depends on the activity of DCs. DCs are a specialized 
cell type that lies on the interface between innate and adaptive immune responses. On one 
hand, they can phagocytose infected and damaged cells or cellular debris and perceive 
‘pathogen-associated/danger signals’ and on the other hand, they can initiate the adaptive 
response of T lymphocytes (3). DCs can take up and process parts of infected or transformed 
cells and subsequently present these as antigens in the context of an MHC molecule. T cells 
recognize antigens on the surface of the DCs by the means of a specific T cell receptor (TCR). 
A large clonal diversity of TCRs ensures that many antigens can be recognized by different 
T cells and selective T cell responses can be raised. MHC molecules consist of different 
subgroups. MHC class I molecules are expressed on all body cells. MHC class II expression is 
largely limited to cells of the immune system. DCs serve as professional antigen presenting 
cells and express both MHC class I and II molecules on their surface. 

Depending on their specific functions, T cells can be divided into two major subtypes: 
CD8+ and CD4+ T cells. Main role of CD8+ T cells is to recognize antigens in the context 
of MHC class I molecules and mediate cytotoxicity of target cells. CD4+ T cells are able to 
recognize antigens in the context of MHC class II molecules and therefore play mostly 
immunomodulatory effects. Depending on their subset, CD4+ T cells mediate either 
stimulatory (conventional T cells) or inhibitory (regulatory T cells) effects on the immune 
response (4). The activity of CD4+ T cells prevents unwanted and possibly harmful immune 
responses. Optimal T- and B cell responses are dependent on the provision of help by CD4+ T 
cells. B cells can process and present antigens in the context of MHC class II molecules. CD4+ 
T cells can subsequently recognize these antigens and mediate functional maturation of B 
cells. Initiation of the CD8+ T cell response (or CD8+ T cell priming) depends on the activity of 
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DCs. Activated DCs express certain costimulatory molecules and cytokines that are required 
for optimal proliferation and differentiation of CD8+ T cells (5). In the case of infection, DC 
activation relies on the recognition of pathogen-associated molecular patterns (PAMPs). 
However, as most tumors do not offer DC-activating signals, in order to initiate a CD8+ T cell 
response to cancer, DCs need to present antigens via MHC class II molecules. Subsequent 
interaction with CD4+ T cells can mediate their maturation. An antitumor CD8+ T cell response 
can be initiated when DCs present tumor peptides derived from extracellular sources in MHC 
class I molecules (a process termed ‘cross-presentation’). CD4+ T cell help was found to be 
essential for CD8+ T cell priming by cross-presented antigen (6). Recent studies have shown 
that different DC subsets play a role in the initiation of CD4+ and CD8+ T cell responses, and 
subsequent delivery of CD4+ T cell help signals to CD8+ T cells (7,8). The first priming step 
occurs for CD4+ T cells and CD8+ T cells in different areas of the lymph node or spleen and 
in a non-synchronous manner. Next, in a second priming step, CD4+ T cells and CD8+ T cells 
interact with a specific subset of the same lymph node-resident DC and the help signal is 
delivered (7,8). 

Three major bottlenecks need to be overcome to raise an anti-tumor CD8+ T cells 
response. Firstly, T cells specific for tumor antigens need to be present. Most self-reactive 
T cells are deleted during their development in the thymus and most tumors offer only 
antigens that are derived from endogenous proteins (9). Therefore, cancers carrying 
foreign antigens, such as virus-derived proteins, and those with a high mutation rate that 
consequently present neo-antigens, are most likely to be recognized by CTLs. Secondly, DCs 
need to be activated and offer appropriate costimulatory signals to T cells. In the absence 
of those, tumor-reactive T cells can become anergic or immunosuppressive activity of Treg 
cells can be promoted (10). Thirdly, tumor-reactive T cells might be inhibited in the immuno-
suppressive tumor microenvironment. An example of such mechanism is expression of 
inhibitory molecule PD-L1 by tumor cells. Interaction with PD-1 on the surface of CD8+ T 
cells can mediate suppression of their cytotoxic function (11). Alternatively, some tumor 
cells have also been shown to downregulate the expression of MHC class I molecules and 
overcome the recognition by CTLs.

Targeting these bottlenecks has been a main focus of current anti-cancer immunotherapy 
strategies. By the means of vaccination, certain tumor-antigens can be specifically targeted. 
Inclusion of MHC class I and class II epitopes in the vaccine can result in priming of CD4+ and 
CD8+ T cells, leading to appropriate DC activation and CTL differentiation (12,13). Tumor-
associated immune-suppression has been targeted by the use of immunomodulatory 
antibodies. Blocking PD-1/PDL-1 interactions has proven efficient in multiple tumor types 
(14). In the tumor types where MHC class I expression is downregulated, activity of NK cells 
could be promoted. NK cells can recognize and kill cells that have lost or downregulated 
MHC class I expression (15). Induction of cancer cell death by radiotherapy or chemotherapy 
can lead to the release of tumor-antigens and increase the chances of tumor-specific CD8 
T cell priming (16). Over the last 8 years, immunotherapy has come to the forefront in 
the treatment of certain cancer types. Combinations of immunomodulatory antibodies with 
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vaccination, chemotherapy or radiotherapy are currently under extensive investigation in 
around 1100 clinical trials (rising from about 100 trials in 2014) (17). It is therefore important 
to understand what are the main requirements for optimal CD8+ T cell priming and how 
the efficacy of current immunotherapy strategies can be maximized to reach effective 
immune response against cancer. 

The scope of this thesis is to explore the role of CD4+ T cell help in the cytotoxic T cell 
response. In particular, I have described molecular mechanisms by which both primary 
and memory CD8+ T cell responses are enhanced by CD4+ T cell help. Moreover, I have 
examined the role of CD4+ T cell help in the response to immunomodulatory antibodies 
in the context of anti-cancer vaccination, highlighting the importance of ‘help’ for optimal  
anti-tumor immunity.
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