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Summary  

Cancer is a disease characterized by abnormal cell growth and an ability to spread to other locations in 

the body (metastasis). A well-functioning immune system is crucial to prevent outgrowth of malignant cells 

into a bulky tumor. As such, individuals with a compromised immune system, have an increased risk to 

develop cancer1,2. Immune control requires immune activation by antigens. Prior to cancer development, 

DNA mutations occur resulting in expression of neo-antigens. The immune system can recognize these 

neo-antigens as foreign, leading to immune activation and elimination of the cancer cell. However, during 

cancer development tumor cells acquire several mechanisms to escape from immune attack. More 

specifically, cancer cells can actively shut down immune responses by disguising themselves as non-

dangerous or by recruiting immune suppressive cells that inhibit other immune cells in their ability to 

eliminate cancer cells3. Together, these actions executed by the cancer to evade anti-tumor immunity form 

the rationale behind cancer immunotherapy. Principally, cancer immunotherapy aims to stimulate the 

immune system’s natural ability to eradicate cancer cells. During the last decade, cancer immunotherapy 

has shown impressive successes, curing cancer patients that were not curable with the standard treatments 

of care, such as surgery, radiotherapy and chemotherapy4. Therefore, the scientific journal Science awarded 

cancer immunotherapy as the Breakthrough of the Year in 20135 and more recently, in 2018 the scientists 

James P. Allison and Tasuku Honjo, who stood at the basis of cancer immunotherapy, were awarded the 

Nobel prize in Physiology or Medicine. The obtained successes with cancer immunotherapy demonstrate a 

proof of concept that the patients’ own immune system is a powerful tool to fight cancer and thereby,  

opens up many new opportunities to treat cancer. However, despite these successes, not every cancer 

patient and not every tumor type responds well to immunotherapy, hence, immunotherapy requires 

dedicated improvements to increase its applicability among patients. To do this, a better understanding on 

how tumor cells evade anti-tumor immunity is needed.  

In the present thesis, we investigated the role of tumor glycosylation in cancer development by exploring 

how tumor-associated glycan structures modulate the capacity of the immune system to eliminate cancer 

cells.  
 

A sweet decoration of cells 
Glycosylation is a post-translational modification of protein and lipids that occurs in every single cell in 

the body6. A cell membrane is typically illustrated as a cartoon representing a phospholipid bilayer 

containing glycoproteins and glycolipids sticking out of the membrane (Figure 1A). However, in real life, 

cells show a much more denser layer of glycan structures (the glycocalyx) on their cell surface (Figure 1B). 

The appreciation of the glycosylation machinery has increased over time after it became clear that glycans 

play crucial roles in multiple cellular functions and are actively involved in disease pathogenesis7. The 

diversity in glycan structures is enormous, varying in length, monosaccharide type, linkage between 

monosaccharides, chemical modifications of the monosaccharides and their peptide or lipid backbone 

structure8,9. Additionally, the glycosylation profile is strongly affected by the physiological status of a 

particular cell . For instance, activation of murine T cells leads to remodeling of their cell surface glycosylation 

profile, which has implications for differential recognition of activated and naïve T cells by other immune 

cells subsets10. Likewise, tumorigenesis alters the glycosylation profile, resulting in an aberrant glycan 

expression on tumor cells compared to the healthy tissue11,12.  
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Figure 1. The cell membrane. A, Detailed schematic representation of a cell membrane, adapted from Wikipedia 

(www.wikipedia.org/wiki/cell_membrane) B, Microscopic image of an endothelial cell, adapted from Rutledge et al13. 

 

Glycan-based modulation of anti-tumor immune responses 
A wide variety of receptors, named lectins, is able to recognize and bind tumor-associated glycan 

structures. Interestingly, lectins are primarily found on immune cells and upon glycan binding, the majority 

of these receptors release intracellular signals that can either activate or inhibit immune responses. 

Therefore, it has been postulated that tumor-associated glycan structures support tumor progression via 

their immune modulatory capacities. Hence, the aim of this thesis is to investigate whether tumor cells 

exploit the glycosylation machinery to disarm the anti-tumor immune response. 

 

Implementation of CRISPR/Cas9 to study glycan immunomodulation 
Studying the role of tumor-associated glycan structures on immunity is challenging. As the tumor glyco-

code comprises, amongst others, overexpression of fucosylated structures, truncated O-glycans and 

hypersialylation14, our approach was to generate sophisticated tumor cell lines, using CRISPR/Cas9 

technology, that lack or overexpress one particular tumor-associated glycan (the tumor glyco-code) and 

subsequently assess these cell lines for their ability to modulate the anti-tumor immune response. 

CRISPR/Cas9 is a new genetic engineering tool developed during the last years and it has become one of 

the most popular methods to edit genomes for scientific purposes15.  

To study fucosylation as part of the glyco-code, we employed the murine colorectal cancer cell line MC38. 

As MC38 cells do not endogenously express fucosylated glycan structures, we enhanced MC38 fucosylation 

via activation of genes responsible for adding fucose moieties: e.g. the fucosyltransferases. In Chapter 2 we 
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were the first to explore the possibilities of CRISPR-VPR-dCas9 to enhance MC38 fucosylation. CRISPR-VPR-

dCas9 targeting of both fucosyltransferase 4 (FUT4) or 9 (FUT9) resulted in enhanced expression of 

fucosylated glycan structures by MC38 cells. For FUT9, the fucosylation phenotype was stable, allowing us 

to use this cell line for translational studies investigating the role of MC38 fucosylation on in vivo tumor 

growth and anti-tumor immunity.  

Truncated O-glycans are a second feature of the tumor glyco-code. Normally, after addition of the first 

monosaccharide to Serine or Threonine in the protein backbone, the O-glycan chain is further elongated to 

create complex O-glycans. However, in malignant cells, the O-glycosylation pathway is prematurely 

interrupted, leading to truncated O-glycan expression. We employed CRISPR/Cas9 in MC38 cells to knock 

out the COSMC gene, thereby preventing elongation of the O-glycan chains. As shown in Chapter 4, the 

COSMC  knockout cell lines indeed display high levels of truncated O-glycan structures.  

Finally, we studied the role of hypersialylation. As MC38 cells already display high levels of sialylated 

glycan structures, we needed to abrogate the MC38 sialylation pathway. Therefore, we used CRISPR/Cas9 to 

knock out the N-aceylneuraminate cytidylyltransferase gene (CMAS), generating a cell line that is unable to 

sialylate its glycans and is thus completely devoid of sialylated glycan structures (Chapter 6).  

Collectively, we successfully implemented the genetic engineering tool CRISPR/Cas9, which provided us 

with the glyco-engineered cell lines needed to conduct our research. The translational in vivo results 

obtained from these glyco-engineered cell lines will be discussed in more detail in the next two sections.  

 

Truncated O-glycosylation drives tumor growth  
As mentioned earlier, cancer cells often express high levels of truncated O-glycans. A detailed overview 

of the current knowledge on how tumor-associated O-glycans affect anti-tumor immune responses has 

been summarized in Chapter 3. Although a vast body of evidence exists that truncated O-glycans support 

tumor growth, the in vivo role of O-glycans on the anti-tumor immunity has scarcely been studied. In 

Chapter 4 we show that increased levels of truncated O-glycans on MC38 cells enhanced tumor growth in 

vivo and modulated the immune cell composition within the tumor microenvironment. Tumors expressing 

elevated levels of truncated O-glycans were infiltrated with less immune cells. In more detail, the immune 

cell composition within tumors with truncated O-glycosylation had shifted from tumor-eliminating immune 

cells (CD8+ T cells) towards more suppressive immune subsets (CD11b+GR-1+, myeloid derived suppressor 

cells) that dampen on going anti-tumor immune responses. In conclusion, our data provides the first 

evidence that truncated O-glycans support tumor development through modulation of the immune cell 

composition within the tumor microenvironment.  

 

Tumor hypersialylation: friend or foe in tumor immunity?  
Compared to their non-malignant counterparts, cancer cells frequently express higher level of sialic acids, 

independent of the tumor type16. The receptors that are able to recognize and bind sialic acids are the Sialic 

acid-binding immunoglobulin type lectins (Siglecs). Upon sialic acid binding, the majority of Siglec receptors 

recruits intracellular signaling molecules that have an inhibitory effect on the immune cell they are expressed 

in17. Therefore, it is generally accepted that sialic acids are able to dampen immunity. Given the immune 

suppressive characteristics of sialic acids, the current dogma states that tumor cells increase their sialylation 

to actively prevent anti-tumor immunity. Indeed, in Chapter 5, we demonstrate that a reduction in sialylation 

on murine B16 melanoma cells augments immune-mediated tumor destruction with decreased tumor 

growth in vivo as a result. In more detail, B16 tumors expressing low levels of sialic acids (B16SLC35A1) were 
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infiltrated with lower regulatory T cell frequencies, while CD4+ T cell and natural killer (NK) cell numbers were 

increased. Further analysis showed that CD3+ T cells isolated from the sialic acid low B16SLC35A1 tumors 

produced higher levels of IFNγ, indicative of cell-mediated immune activation. Moreover, the hampered in 

vivo tumor growth of the B16SLC35A1 tumors could be completely abrogated upon NK cell depletion, 

suggesting that NK cells play a crucial role in controlling tumor growth in sialic acid low environments.  

To investigate whether suppression of anti-tumor immunity by sialic acids is a broad phenomenon or 

melanoma-specific, we followed up the work in the murine colorectal cancer model MC38. In Chapter 6, we 

interrupted the sialylation pathway of MC38 cells, resulting in complete desialylation of the cells (MC38-

Sianull). Unexpectedly, MC38-Sianull tumor grew significantly faster in vivo than wild type or mock control 

tumors. Analysis of the tumor microenvironment revealed decreased CD8+ T cell infiltration, both when mice 

were sacrificed at day 13, representing early tumor development, or when tumors reached an equal size of 

2000 mm3. As CD8+ T cells are the key players in eliminating cancer cells, CD8+ T cells frequencies in human 

tumors are correlated to better prognosis18. Hence, the decreased frequencies of CD8+ T cells at the tumor 

site might explain the aggressive and increased tumor growth observed in vivo. This hypothesis has been 

further validated through the observation that supernatants derived from MC38-Sianull cultures induced 

CD8+ T cell apoptosis, leading to hampered tumor killing capacities. Which factor, present in the supernatant, 

is responsible for the CD8+ T cell apoptosis has not been elucidated yet and is subject of future studies.  

Thus, a reduction in sialic acid levels in the B16 melanoma hampered tumor growth in vivo while the 

opposite was observed in the colorectal cancer MC38 model, where sialic acids were completely absent. 

These contradictory findings are further discussed in Chapter 7. First of all, our studies comprise two 

different tumor types, with B16 representing melanoma and MC38 colorectal cancer. These models also 

differ in the relative levels of sialic acids, which were reduced on B16 cells and completely absent on MC38. 

Our data suggest that a certain level of tumor sialylation might be needed for an effective anti-tumor 

immune response. Secondly, sialic acids is a generic term for any acidic monosaccharide with a nine-carbon 

backbone. Hence, sialic acid is a family name containing more than forty different neuraminic acid derivates. 

For example, sialic acids can be bound to the underlying glycan in an α2-3, α2-6 or α2-8 linkage. While B16 

displays α2-3 and α2-6 linked sialic acids and upon sialic acid reduction only α2-3, MC38 cells only expressed 

α2-3 linked sialic acids, which were totally absent after sialylation pathway disruption. Given that the linkage 

of the sialic acid to its underlying glycan structure determines the binding affinity for Siglec receptors, the 

ratio between α2-3 and α2-6-linked sialic acids on tumor cells and their relation with tumor growth and anti-

tumor immunity are interesting research topics for future research. Finally, sialylated glycans are conjugated 

to proteins as well as lipids, also known as gangliosides. While glycoproteins are widely studied, the 

immunomodulatory capacities of gangliosides are less well explored. Nevertheless, melanoma tumor cells 

are known to shed gangliosides, which have been associated with a bad prognosis19-21. In contrast to the 

melanoma, the non-sialylated glycolipids in colorectal cancer are especially able of promoting tumor 

growth22,23. Thus, complete abrogation of sialic acids on MC38 might have actually introduced tumor-

promoting glycolipids, which are lacking on the B16 cells. It is therefore interesting to study the different 

glycolipid repertoires of both B16 and MC38, including the gangliosides. Taken together, the present thesis 

revisits how tumor sialylation influences anti-tumor immunity and highlights the necessity to further 

investigate tumor type-dependent effects, sialic acid linkages and the involvement of gangliosides next to 

sialylated glycoproteins.  
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Conclusion 
This thesis focusses on the immune modulatory capacities of tumor-associated glycan structures. To 

study glycosylation, we have implemented the CRISPR/Cas9 gene editing technology in our laboratory, 

which allowed us to glyco-engineer our murine tumor models. We are the first to show that overexpression 

of truncated O-glycans alters the immune cell composition within the tumor microenvironment, leading to 

accelerated tumor development. We also demonstrate that a reduction in sialic acids in murine B16 

melanoma cells hampers tumor growth in vivo and enhances tumor immune cell infiltration. In contrast to 

the B16 model, we identified detrimental effects of complete tumor desialylation in the murine MC38 model 

for colorectal cancer. The challenge will be to determine whether and in which context sialic acids should be 

regarded as a foe for tumor immunity or whether we should perceive low levels of sialic acids as an 

indispensable friend in helping anti-tumor immune responses. Overall, the thesis clearly shows that tumor 

glycans should be considered as a powerful immune evasion strategy elicited by the tumor. 
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