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SUMMARY 
 
Our immune system is continuously attacked by foreign pathogens or by cells that 
have the potential to develop into tumor cells. One major difference between these 
pathogens, potential tumor cells and our own healthy cells are the glycan structures 
that are exposed on the cell surface. The sentinels of our immune system, the 
dendritic cells, have developed special receptors to check upon carbohydrate changes 
and to initiate an immune response if necessary.  
 
The glycosylation process 
For many years, scientists believed that the glycan structures on cell surface 
glycoproteins were merely decorations. Recent evidence indicates however, that 
glycans perform very specific roles within the immune system. They are essential for 
the communication between different leukocyte populations, they regulate the 
trafficking of cells in the lymph node and the spleen and they aid the immune system 
in self-nonself discrimination. 
How are glycan structures assembled? Newly synthesized proteins are covered with 
sugars in certain intracellular organelles, such as the endoplasmic reticulum (ER) and 
the Golgi apparatus. 1-3% of our genes encode for enzymes that are involved in this 
process of glycosylation. N-linked and O-linked glycosylation are the two most 
common forms of protein glycosylation. N-linked glycosylation starts by the addition 
of a preformed glycan chain composed of 9 monosaccharides to the amino acid 
asparagine. O-linked glycosylation is initiated by the addition of a single N-
acetylgalactosamine (GalNAc) to the amino acids serine or threonine. All N- or O-
linked glycans are further revised in the Golgi apparatus by enzymes that either 
remove (glycosidases) or add (glycosyltransferases) monosaccharides to the glycan 
chain.  
The 10 monosaccharides used in mammalian glycosylation can create an enormous 
diversity of glycans. They can be attached to each other at multiple sites, whereby 
not only linear but also branched structures are formed. Furthermore, the coupling of 
2 monosaccharides can be directed upwards or downwards, leading to millions of 
possible combinations. For comparison: the 4 bases of the ‘DNA-alphabet’ can be 
attached to each other in 256 different ways. With 20 amino acids 160.000 different 
peptides can be assembled. However, with only 10 simple monosaccharides more 
than 15 million combinations can be generated.  
Every cell, in every tissue or organ, possesses its own composition of the 
glycosylation machinery, which changes under the influence of the activation status 
of a particular cell. Alterations occur by aging of the cells, invasion of pathogens or 
by changes in the local environment of the cell, e.g. through hormonal fluctuations. A 
tumor cell will therefore display another set of glycans on its cell surface than the 
parental cell from which the tumor originated. Aberrant glycan structures are found 
in a wide variety of diseases, including rheumatoid arthritis and some muscle 
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diseases, where they significantly contribute to disease progression. It is therefore 
essential to strictly control and regulate the entire glycosylation process. One 
important task of our immune system is to check for the occurrence of faulty glycan 
structures.  
 
The immune system 
One can consider the immune system to be an army that has to defend its country 
(the human body) against an enemy (pathogens or tumors). Dendritic cells and T 
cells are two important leukocyte subpopulations within the immune system. 
Dendritic cells, named after their many cellular extensions or dendrites (dendron is 
the Greek word for tree), act as sentinels. They are located in all tissues, however 
they are most abundantly found in those tissues that are in direct contact with the 
outside world, such as the skin and the mucosal tissues. Our body is continuously 
attacked by foreign invaders, like viruses and bacteria, or by aberrant tumor cells. 
Whenever dendritic cells detect such a potential enemy, they become activated and 
pass the necessary information on to T cells, the soldiers of the immune system. This 
transfer of information between dendritic cells and T cells occurs in the lymph nodes. 
Subsequently, the T cells become activated and they head out to counterattack and 
eliminate the threat.  
 
C-type lectins 
Dendritic cells possess several receptors that recognize glycans. Proteins that 
specifically interact with sugar moieties are referred to as lectins. The large lectin 
family comprises of several protein families that differ from each other in structure 
and recognition mode. C-type lectins need a calcium-ion to bind sugars (hence the 
C). They are transmembrane molecules that consist of a short intracellular (or 
cytoplasmic) tail, a transmembrane domain and a rigid stalk to which the 
carbohydrate recognition domain is attached. This carbohydrate recognition domain 
mediates sugar binding. Lectins are present on many different cell types, however 
especially dendritic cells express abundant levels of C-type lectins on their cell 
surface. Comparable to the immunological processes regulated by glycan structures, 
C-type lectins contribute to cell-cell communication, the trafficking of leukocytes 
throughout the body and they participate in the recognition of invading pathogens. 
 
This thesis 
This thesis, entitled “Novel insights into MGL-glycan interactions in the immune 
system”, describes the results of a study examining the function of the C-type lectins 
MGL and DC-SIGN. Both these C-type lectins are abundantly expressed on dendritic 
cells. At the start of this project the field of glyco-immunology was relatively new, so 
little was known about the C-type lectin MGL. At that time the carbohydrate 
recognition profile of MGL had not been elucidated. To study MGL function, we 
generated monoclonal antibodies to MGL, so that we would be able to detect MGL 
protein expression on isolated cells as well as in human tissues. Using these 
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antibodies we found that MGL is expressed at elevated levels on a specialized 
tolerogenic dendritic cell subset, which does not contribute to the initiation of 
immune responses, but rather inhibits immunity (Chapter 2). Furthermore, we 
determined the carbohydrate specificity of MGL via glycan microarray analysis. The 
glycan microarray consists of a small glass slide or plate to which hundreds of 
different carbohydrate structures have been applied. We added the MGL lectin to the 
array and examined which sugar moieties specifically interacted with the MGL 
molecule. By this approach we observed that all MGL-binding glycans contained a 
terminal GalNAc residue. Terminal GalNAc structures are relatively rare in the 
human body, however they are abundantly expressed on tumor cells and on certain 
pathogens, such as the parasite Schistosoma mansoni (Chapter 3). 
In our search for proteins and carbohydrate structures within the human body that 
are recognized by MGL, we discovered the CD45 protein. The CD45 protein 
regulates T cell activity. MGL binding to CD45 blocks CD45 function and thus 
reduces T cell activity. Under specialized circumstances, MGL binding to CD45 can 
even kill T cells (Chapter 4). MGL mainly restrains the activity of effector T cells, an 
important T cell subset in the eradication of tumor cells and pathogens. Although 
effector T cells are very efficient in eliminating infected cells or tumor cells, they need 
to be kept under tight control, to prevent destruction of healthy tissues. Via the 
MGL-CD45 interaction tolerogenic dendritic cells can control effector T cell activity, 
thereby ensuring that effector T cells only act when appropriate. Another counter-
receptor for MGL is found on sinusoidal endothelial cells and lymphatic endothelial 
cells that line the lymph vessels of the lymph nodes and the thymus respectively 
(Chapter 5). The interaction between MGL and the sinusoidal and lymphatic 
endothelial cells probably ensures dendritic cell retention at these sites, allowing the 
dendritic cells to locally perform their function.  
Dendritic cells are professional antigen presenting cells, capable of picking up and 
degrading foreign proteins or substances (antigens) for presentation to T cells. Also 
antigens that bind directly to MGL are taken up by dendritic cells and presented to 
the immune system. Uptake or internalization by MGL depends on a special protein 
motif in the cytoplasmic tail of MGL (Chapter 6). 
As mentioned before, tumor cells display different carbohydrate structures on their 
cell surface than normal healthy cells. Normal cells usually possess long glycan 
chains (more than 20 monosaccharides), while in tumor cells these glycans are 
reduced to 1 or 2 monosaccharides. One example of such a tumor glycoprotein is 
MUC1. MUC1 is expressed in colon tumors, but also on normal cells, like activated T 
cells. However, MUC1 from tumors has a different appearance compared to MUC1 
from normal cells. On activated T cells MUC1 displays multiple, elongated 
carbohydrate structures, whereas in colon tumors MUC1 contains less glycans that 
are composed of single GalNAc residues. These single GalNAc moieties are 
efficiently recognized by the MGL lectin. We found that MGL can only bind tumor-
derived MUC1 and thus distinguish between healthy and tumor tissue (Chapter 7). 
Therefore, the interaction of MGL and tumor-derived MUC1 might contribute to the 
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immune response to colon tumors.  
Finally, we examined the binding of pathogens to C-type lectins and the functional 
consequences of such interactions on dendritic cells. Two pathogens that are 
specifically recognized by MGL are the bacterium Campylobacter jejuni and the 
parasite Schistosoma mansoni. Campylobacter jejuni infection can cause Guillain-Barré 
syndrome (a disease characterized by paralysis symptoms). These bacteria have the 
unique capacity to glycosylate their proteins with terminal GalNAc structures, the 
determinant for MGL binding (Chapter 8). The parasite Schistosoma mansoni not only 
binds MGL, but is also recognized by two other C-type lectins on the dendritic cell 
surface, namely the mannose receptor and DC-SIGN. Certain soluble antigens of this 
parasite are taken up by these receptors and possibly presented to the immune 
system as well. T helper cells are specialized T cells that aid the formation of a 
cellular (T helper 1 response) or humoral (T helper 2 response) immune response. 
Schistosoma mansoni binding to the C-type lectins MGL, DC-SIGN and the mannose 
receptor licenses dendritic cells to instruct a T helper 2 response (Chapter 9). Binding 
of a mutant form of Neisseria meningitidis (the causative agent of bacterial meningitis) 
to DC-SIGN results in the formation of a T helper 1 response, whereas wildtype 
bacteria instruct a mixed T helper 1/T helper 2 response (Chapter 10).  
One of the main conclusions from our research states that the interaction between 
tumor glycoproteins or pathogens and C-type lectins influences the functionality of 
dendritic cells and thus the nature of the immune response. This knowledge might in 
the future lead to the development of a more efficient treatment in the battle against 
infections, autoimmune diseases and cancer.  
 


