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The human body is constantly exposed to many different pathogens and the immune system 
thus needs to be able to mount different immune responses to fight the various pathogens. 
Immune cells that help to exactly tailor an immune response are dendritic cells and T helper 
cells. T helper cells are T cells that do not fight pathogens directly, but instead provide help to 
other immune cells via secretion of soluble messengers and direct cell-surface interactions 
and they include T helper 1 and T helper 2 cells. The T helper 1 cells have the capacity to 
activate macrophages and T killer cells which kill cells that have an (intracellular) virus or 
bacterium living inside them. The designated task of T helper 2 cells is to stimulate B cells to 
produce large amounts of specific proteins called antibodies that are important in fighting 
(extracellular) pathogens living outside of cells. Dendritic cells act as sensors within the body 
for invading pathogens as they constantly engulf antigen in the search for invading pathogens. 
As soon as they have engulfed a pathogen they become activated. Depending on the pathogen 
they just engulfed, dendritic cells can activate T helper 1 or T helper 2 cells by secreting 
soluble messengers and direct cell-surface interactions. Using this adaptive response the 
immune system is able to contain most pathogens, however there are pathogens that are able 
to escape the immune system and therefore cause disease. 
 
In order to protect people against these diseases, vaccines are developed. Vaccines can 
contain dead or inactive pathogens or only specific proteins of a pathogen that allow an 
immune response to be mounted without causing disease. Vaccines that are solely based on a 
pathogen protein often promote weak immune responses and do not give good enough 
protection. Therefore research is carried out to identify or create novel additives called 
adjuvants which help to boost immune responses. 
 
A novel nanoparticle based vaccine technology was recently found to have excellent adjuvant 
effects. The principle of this technology is to bind protein to nanoparticles. These protein-
bound nanoparticles were found to significantly enhance the immune response to the bound 
protein. In addition, different sizes of nanoparticles were able to influence if a T helper 1 or a 
T helper 2 response was mounted. Specifically, nanoparticles with a diameter of 40 nm 
induced a T helper 1 response, whereas nanoparticles with a diameter of 100 nm induced a T 
helper 2 response. This size bias can be utilized for vaccines against diseases that require 
specific immune responses for containment of the disease. For example, infection with the 
respiratory syncytial virus, a common disease of the respiratory tract in children, requires a T 
helper 1 response to clear the virus.  
 
The mechanism by which 40 and 100 nm nanoparticles carry out their adjuvant properties, 
and are further able to influence if a T helper 1 or a T helper 2 response is induced, is thus far 
unknown. Dendritic cells are known to both engulf nanoparticles and to induce T helper 1 or 
T helper 2 responses by secreting soluble messengers and direct cell-surface interactions. 
Therefore I investigated the interactions between nanoparticles and dendritic cells. 
Specifically, I examined the mechanism dendritic cells use to take up 40 and 100 nm 
nanoparticles by using chemicals that block uptake pathways. I also investigated if DC are 
activated upon nanoparticle uptake which was monitored by secretion of soluble messengers 
that can influence the T helper 1/T helper 2 induction, or changes in the amount of surface 
molecules that are needed for general T cell activation. 
 



I found that there is no difference between the 40 and 100 nm nanoparticles in their mode of 
uptake by dendritic cells, as both 40 and 100 nm nanoparticles were mainly taken up into 
dendritic cells by areas in the cell membrane that contain large amounts of cholesterol, called 
lipid-rafts. I also found that 40 and 100 nm nanoparticles do not activate DC, because neither 
soluble messenger secretion nor increased levels of surface molecules that are needed for T 
cell activation were detected after uptake of 40 and 100 nm nanoparticles by dendritic cells. 
This suggests that the nanoparticles use other adjuvant mechanisms to induce T helper 1 or T 
helper 2 responses, which is an important finding for future studies. New research directions 
investigating the difference between 40 and 100 nm nanoparticles can now be addressed in 
order to bring the nanoparticles closer to clinical applications.  
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