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Lck Tyrosine-protein kinase Lck 
LeA Lewis A 
LeB Lewis B 
Leu Leucine 
LeX Lewis X 
LeY Lewis Y 
LLO lipid linked oligosaccharide  
LRCC Leucine-rich repeat and coiled-coil 

domain-containing protein 
Lys Lysine 
M.W. Molecular Weight 
m/z Mass-to-charge ratio 
mAb  Monoclonal antibody 
Man Mannose 
MAPK Mitogen-activated protein kinase 
Met Methionine 
MGAT5 Alpha-1,6-mannosylglycoprotein 6-

beta-N-
acetylglucosaminyltransferase 

MGL/CL
EC10/CD
301 

Macrophage galactose-type C-type 
lectin 

MHC major histocompatibility complex 
MS Mass Spectrometry 
MS/MS tandem mass spectrometry 
MSI Microsatellite instability 
MSS Microsatellite stable 
MUC Mucin 
N/Asn Asparagine 
NCE Normalized collision energy  
NeuAc N-acetylneuraminic acid 
O/N Over-night 
PBS Phosphate Buffered Saline  
Phe Phenilalanine 
PI3CA PI3 kinase 
PI3K Phosphatidylinositol 3-kinase  
PLA Proximity ligation assay 
PNGase 
F 

Peptide N-Glycosidase F  

Pro Proline 
PTK7 Inactive tyrosine-protein kinase 7 
PTPR Receptor-type tyrosine-protein 

phosphatase 
PVDF Polyvinylidene difluoride 
RNA Ribonucleic acid 

RPMI Roswell Park Memorial Institute 
RT Room temperature 
SDS-
PAGE 

Sodium dodecyl sulphate-
polyacrylamide gel electrophoresis 

SELPLG P-selectin glycoprotein ligand 1 
SEMA Semaphorin 
Ser Serine 
Sia Sialic Acid 
SILAC Stable Isotope Labeling by Amino 

acids in Cell culture 
sLeA Sialyl Lewis A 
sLeX Sialyl Lewis X 
SORL1 Sortilin-related receptor 
SPE Solid-Phase Extraction 
STAT Signal transducer and activator of 

transcription  
sTn 
antigen 

Sialyl Thomsen-nouvelle antigen 

STR Short-tandem repeat  
T 
antigen 

Thomsen-Friedenreich antigen 

T/Thr Threonine 
TACA  Tumor-Associated Carbohydrate 

Antigens 
TCEP tris(2-carboxyethyl)phosphine 
TCL Total cell lysate 
TCR T-cell receptor 
TFA Trifluoroacetic acid 
TFR1 Transferrin receptor protein 1 
TIMP1 Metalloproteinase inhibitor 1 
TLR Toll like receptor 
TMT  Tumor-Associated Carbohydrate 

Antigens Tandem Mass Tag 
Tn Thomsen-nouvelle antigen 
TNF Tumor necrosis factor 
TP53 Cellular tumor antigen p53 
TREML2 Trem-like transcript 2 protein 
Trp Thriptophan 
Tyr Tyrosine  
UDP Uridine diphosphate 
UPLC Ultra Performance Liquid 

Chromatography 
WB Western Blot 
X any amino acid 
Xyl Xylose 
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Cancer-associated alterations in protein glycosylation are commonly known as tumor-

associated carbohydrate antigens (TACA), because they are lower abundant or absent on 

normal human cells. TACA recognition by endogenous lectins expressed by immune cells can 

have diverse effects on tumor progression and metastasis. In order to characterize the specific 

nature of the glycan present on glycoproteins of cancer cells, mass spectrometry (MS)-based 

methods have become increasingly important. Chapter 1 describes aberrant glycosylation in 

cancer, the role of lectins, and glycomics and (glyco)proteomics approaches to study (changes 

in) protein glycosylation. 

Due to its ability of binding different TACAs presenting a terminal GalNAc residue, the 

Macrophage Galactose-type Lectin (MGL) has been used as tool for glycoprofiling various 

adenocarcinomas. The higher expression of MGL ligands on tumor tissues is correlated with 

better prognosis in breast cancer patients, whereas it is associated to a more aggressive 

tumor phenotype and worse prognosis in patients with (adeno-)squamous cervical cancer and 

colorectal cancer (CRC). MGL is expressed on the surface of immature dendritic cells (DCs) 

and macrophages. The first MGL binding protein identified in humans was the tyrosine 

phosphatase CD45. MGL-CD45 interaction results in a decreased proliferation and increased 

cell death in effector T cells as well as an acute T cell leukemia cell model (Jurkat T cells). 

However, TACA expression also drastically influences the immune response against tumors 

through binding to MGL expressed on DCs. However, whether this interaction may facilitate 

immune evasion or stimulate an anti-tumor response by the immune system depends on 

cancer type and ligand binding. Hence, the comprehensive characterization of glycoproteins 

binding to MGL can aid to unravel the intracellular mechanisms activated in cancer by lectin 

recognition. In this thesis, well-characterized cell lines (Jurkat and CRC cell lines (HT29, 

HCT116 and LS174T)) were used to gain a broader understanding of glycoproteins binding to 

MGL. For this purpose, a variety of (glyco)proteomic approaches were used. Moreover, the 

thesis presents a method to discriminate different populations of glycopeptides in complex 

quantitative proteomics datasets. 

In Chapter 2, the optimization of a lectin pull-down assay in combination with mass 

spectrometric analyses is presented, which allowed the identification of previously 
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unexplored ligands expressed by Jurkat cells, as well as new insights into site-specific, and 

density of, O-linked glycosylation of known ligands, such as CD43 and CD45.  

The characterization of MGL binding proteins from CRC cell lines is presented in Chapter 3. 

The results showed a diverse degree of binding and ligand specificity depending on the CRC 

cell line. In fact, while HCT116 and HT29 cells bind MGL at high levels, although through a 

diverse set of ligands, LS174T appeared to be a low MGL binder. The identification of several 

glycopeptides carrying a LacdiNAc epitope suggested that, in addition to the Tn antigen, N-

linked glycosylation also plays a role in the binding to MGL.  

The involvement of N-glycans in binding to MGL was further studied in Chapter 4 with the use 

of N-glycans release, prior to lectin enrichment. Overall, the results showed a previously 

underestimated role of N-glycosylation in MGL-binding. For example, one of the main MGL-

ligands in HT29 and HCT116 cells, Hepatocyte growth factor receptor (c-MET), lost binding to 

MGL after removal of its N-glycans. Moreover, for this chapter we performed quantitative 

mass spectrometry-based proteomics using the CRC cell lines, in an attempt to explain the 

differential binding of MGL. Although the expression of MGL binding glycans/proteins could 

not be assigned to a single mechanism in CRC cell lines, results showed the possible 

involvement of GALNT3 in the higher MGL binding to HT29, while excluding the overall 

abundance of MGL-binding proteins as driving factor behind the differences in MGL binding. 

Moreover, a role for mucins could be excluded because they were more abundant in the low 

MGL-binding cell line (LS174T). 

Chapter 5 describes an optimized workflow for the isolation and purification of secreted 

proteins in serum-deprived conditioned medium from CRC cell lines. Intriguingly, using the 

resulting CRC cell line secretomes for MGL binding investigation, we observed that the low 

MGL binder cell line LS174T secretes glycoproteins carrying MGL-glycan epitopes. This 

evidence highlights the importance of studying different glycoprotein sources for these type 

of studies. 

In Chapter 6, we present the application of a method to unequivocally determine O-

GalNAcylation from confounding O-GlcNAcylation within a complex mixture of 

(glyco)peptides, especially for peptides containing a single HexNAc. This method could 

become useful to glyco-scientists for confident identification of such isobaric structures 

without investing in time-consuming enrichment workflows, tedious method optimization 

 

and demanding expert supervision of manual spectra annotation. Applying this workflow to 

our CRC quantitative proteomic study, we confidently discriminated between two groups of 

glycosylated peptides with a single HexNAc. Notably, one of the peptides with a single GalNAc 

was from anterior gradient protein 2 (AGR2), a hitherto relatively understudied glycoprotein. 

Using a combination of experiments, we could subsequently determine its O-glycosylation in 

a site-specific manner and show different O-glycosylation on intracellular versus secreted 

AGR2. 

Finally, Chapter 7 provides a discussion of the methodological challenges encountered during 

the study and the complementary approaches that were used or are available for future 

experiments. Moreover, it discusses the obtained results in the context of literature regarding 

the suspected mechanisms involved in MGL ligand expression in cancer and relevance of the 

results for potential clinical applications. 
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Nederlandse samenvatting 
 

Veranderingen in de glycosylering van eiwitten is één van de kenmerken van tumorcellen. 

Tumor specifieke glycaan-structuren, die in mindere mate voorkomen op normale humane 

cellen (of daar zelfs volledig afwezig zijn), staan bekend als tumor-geassocieerde 

koolhydraatantigenen (TACA). Lectines die voorkomen op immuuncellen kunnen de TACA 

herkennen en dit kan leiden tot een verscheidenheid aan effecten of tumorprogressie en 

metastase. Om de glycaan-structuren op eiwitten van tumorcellen meer specifiek in kaart te 

brengen zijn massaspectrometrische (MS) analysetechnieken steeds belangrijker geworden. 

In Hoofdstuk 1 worden verandering in glycosylering in tumorcellen weergegeven, de rol van 

lectines geïntroduceerd en een overzicht gegeven van glycomics en glycoproteomics-

technieken om glycosylering in kaart te brengen. 

Sommige TACA hebben een eindstandige N-acetylgalactosamine (GalNAc). Omdat deze 

structuur kan worden herkend door het Macrofaag Galactose-type Lectine (MGL), wordt MGL 

vaak gebruikt voor glycoprofilering van verschillende adenocarcinomen. De hogere expressie 

van MGL-liganden op tumorweefsel is gecorreleerd met een betere prognose bij 

borstkankerpatiënten, terwijl het geassocieerd was met een agressiever tumorfenotype en 

een slechtere prognose bij patiënten met (adeno-)plaveiselcelcarcinoom en colorectaal 

carcinoom (CRC). MGL is aanwezig op het oppervlak van onrijpe dendritische cellen (DC's) en 

macrofagen. Het eerste MGL-bindende eiwit dat werd geïdentificeerd, is de tyrosine fosfatase 

CD45, die ten minste twee GalNAc-epitopen draagt. De MGL-CD45-interactie resulteerde in 

een afname van proliferatie en toename van celdood in effector T-cellen en in een model voor 

acute T-cel leukemie (Jurkat T-cellen). Echter, TACA-expressie beïnvloedt ook de 

immuunrespons door effecten op de DC’s die MGL tot expressie brengen. Of deze interactie 

de immuun respons versterkt of verzwakt, hangt echter af van het tumortype en de 

ligandbinding. Het is dus belangrijk om de MGL-liganden goed in kaart te brengen. Dit kan 

helpen bij het ontrafelen van de intracellulaire mechanismen die door lectinebinding worden 

geactiveerd. In dit proefschrift is gebruik gemaakt van goed gekarakteriseerde cellijnen 

(Jurkat en CRC-cellijnen (HT29, HCT116 en LS174T)), om tot een breder begrip te komen van 

MGL-bindende glycoproteïnen. Hiervoor is een scala aan (glyco)proteomics-technieken 

toegepast. Daarnaast wordt in dit proefschrift een methode beschreven die kan worden 


