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 � Cellular interactions that regulate immune responses

Dendritic cells
In the early 1970s, immunologists discovered that T lymphocyte activation requires the 
processing of antigens into peptides, that need to be presented in the context of class I or 
class II major histocompatibility complex (MHC) molecules. These observations led to the 
identification of the dendritic cell (DC) in 1973, as the most potent antigen-presenting cell 
(APC)1. This immune cell appeared to efficiently take up antigen, and process and present the 
antigens in MHC class I and II molecules instrumental to initiate and modulate T cell mediated 
immune responses2.
DCs develop from myeloid precursor cells that derive from bone marrow. The bone marrow-
derived precursor cells migrate from the bone marrow to the blood, and subsequently 
migrate into peripheral tissues that line the external environment, including the lung, the 
gut, and the skin. In the peripheral tissues, these precursor cells can differentiate into DCs. 
During inflammation, also incoming monocytes can differentiate into inflammatory-type 
DCs in tissue3. DCs in their immature state (iDCs) are specialized in capturing antigens by 
phagocytosis4,5, macropinocytosis and receptor-mediated endocytosis6. When iDCs encounter 
danger signals that are derived from pathogens or damaged cells, a DC maturation signal is 
provided. DC maturation is characterized by a short increase in antigen sampling7, followed by 
a rapid stop of endocytosis and upregulation of co-stimulatory cell surface receptors, such as 
CD80, CD83 and CD86. The collected antigens are processed into peptides, which are loaded 
into MHC class molecules2.
After capturing and processing of antigen, the DC migrates via the lymphatic vessels to secondary 
lymphoid tissues, thereby carrying antigen from the periphery to the draining lymph nodes. 
In the secondary lymphoid organs, DCs present antigen to naïve T cells and activate them8 
(Figure 1). The trafficking of DCs from the periphery to secondary lymphoid organs is critical 
for an optimal immune response. Therefore, DC migration needs to be tightly controlled9. To 
initiate migration, DC maturation is accompanied by a dramatic change in chemokine receptor 
expression10. Chemokine inflammatory receptors 
CCR1, -2, -5 and -6 are downregulated upon 
maturation11, whereas de novo expression of CCR7 
is induced. CCR7 is the receptor for the chemokines 
CCL19 and CCL21. CCL19 and CCL21 are expressed 
at the luminal sites of high endothelial cells, and in 
the T cell rich areas of secondary lymphoid organs 
in order to target mature DCs (mDCs) to these areas 
within the lymph node12,12,13.

Figure 1. The life cycle of DCs. DC precursors migrate via 
the blood to the peripheral tissues. Immature DCs internalize 
invading pathogens. Signature structures from pathogens trigger 
DC maturation that enhances migration via the lymphatic vessels 
to the lymph node. In the lymph node, mature DCs encounter 
naïve T cells and trigger differentiation into antigen-specific 
effector T cells. These effector T cells travel to the site of infection 
to eliminate the pathogens. iDC, immature dendritic cell; mDC, 
mature dendritic cell.
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In lymphoid organs, mDCs enhance both innate and acquired immunity via the secretion 
of cytokines and interaction with antigen-specific T cells2,7. Key molecules for the DC-T cell 
interaction are the T cell receptor (TCR), which binds to peptides loaded in the MHC molecules 
on mDCs7 and co-stimulatory molecules expressed by mDCs such as CD80 and CD8614,15. DCs 
present peptides that are loaded on MHC class II complexes2 to naïve CD4-positive T cells. 
Besides antigen presentation to CD4-positive T cells, DCs have the ability to load peptides that 
are derived from cytosolic environment or exogenous antigens onto MHC class I molecules 
for presentation to CD8-positive T cells. The last process is referred to as cross- presentation16.
Although induction of immunity is an important function of DCs, antigen uptake does not 
always lead to differentiation into immunogenic mDCs. If self-antigens are obtained in steady 
state conditions, DCs can induce and maintain tolerance. Tolerogenic DCs present self-
antigens to T cells, but instead of inducing T cell immunity, regulatory or suppressor T cells are 
instructed to control peripheral tolerance. This situation can be mimicked in vitro, by addition 
of tolerogenic additives to the DC culture, such as dexamethasone or vitamin D317.

Besides DCs, the APC family also includes B cells and macrophages. Macrophages and DCs 
can develop from a common myeloid progenitor. Whereas DCs are highly efficient at antigen 
presentation by expressing much higher levels of MHC-peptide complexes than macrophages2,4, 
macrophages are specialized in phagocytosis and degradation of apoptotic and necrotic cells4,18.

Dendritic cells activate distinct T cell subsets to induce immunity and tolerance
DCs control immunity through the activation of distinct T cell subsets. Besides the power of 
DCs to prime immune responses, DCs also play an important role in the induction of self-
tolerance. Three APC-mediated signals determine the fate of naïve T cells. The first signal is 
delivered to the TCR when it encounters an appropriate loaded MHC-complex2,8. When this 
signal is delivered alone, it is thought to promote T cell tolerance. The second signal, or co-
stimulation, induces immunity when accompanied together with the first signal. mDCs express 
co-stimulatory molecules like ICAM-1, LFA-1 and CD86, all interacting with T cell expressed 
co-receptors7,14. The third signal from the APC to the T cell, such as cytokine production by the 
APC, determines the nature of the effector T cell7.
DCs with antigen-loaded MHC class I molecules induce the differentiation of CD8-positive T 
cells into antigen-specific cytotoxic T lymphocytes (CTLs). CTLs attack and eliminate infected 
cells directly19,20. DCs with antigen-loaded MHC class II molecules activate CD4-positive 
T cells. DCs induce differentiation of these naïve CD4-positive T cells into distinct effector 
cell populations, including T helper 1 (Th1), Th2, Th17 and regulatory T cells (Tregs)21. IL-
12 and IFN-a secretion by mDCs facilitates differentiation of naive CD4-positive T cells into 
IFN-g producing pro-inflammatory Th1 cells7,21,22. Th1 cells promote macrophage activity and 
differentiation of CD8-positive T cells towards CTLs. They also drive cell-mediated immune 
responses against intracellular pathogens and provide help for B cells to produce IgG1 antibodies 
in human and IgG2a antibodies in mice. DCs induce Th2 cells upon expression of members of the 
Jagged family of Notch ligands22-26. Th2 cells secrete IL-4 to help B cells produce IgE antibodies 
and IL-5 to activate eosinophils2 involved in allergy and clearance of helminth infections27,28. 
DCs skew the development of CD4-positive IL-17-producing Th17 cells by secretion of IL-2329. 
Th17 cells have been described to protect against extracellular pathogens30,31. In addition, Th17 
cells play a fundamental role in different models of autoimmune diseases32. Pathogens may 
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escape specific Th1, Th2 or Th17 responses by 
inducing tolerance through the DC-mediated 
stimulation of CD4+CD25+ Tregs33 (Figure 2).

Figure 2. T cell activation by DCs. DCs express a 
repertoire of antigen uptake receptors and TLRs that are 
both involved in recognition of pathogen. Antigen-loaded 
MHC class II molecules together with co-stimulation by 
DCs induce naïve CD4-positive T cells to differentiate 
into Th1, Th2 or Th17 cells, under influence of specific 
cytokines produced by DCs. If antigen is loaded on MHC 
class I by cross-presentation, with the simultaneous 
expression of co-stimulatory molecules by DCs, naïve 
CD8-positive T cells differentiate into CTLs. Without 
co-stimulation, antigen-loaded MHC class II molecules 
induce naïve CD4 T cells to differentiate into Tregs.

 �Mammalian glycosylation

Glycosylation machinery
The four fundamental building blocks of cells are proteins, nucleic acids, lipids and glycans34. 
It is estimated that 2-3% of the human genome is devoted to the biosynthesis and metabolism 
of glycans. The diverse and abundant repertoire of glycans is produced by glycosylation. 
Glycosylation is the enzymatic process that produces glycosidic linkages of saccharides to other 
saccharides, proteins and lipids. Glycosylation is mediated by a set of enzymes, chaperones, 
regulatory molecules, co-factors, sugar donors, and other molecules, that constitute the 
“glycosylation machinery”. Amongst the enzymes involved in this process are glycosyltransferases 
and glycosidases. Glycosyltransferases are enzymes that catalyze the transfer of sugar moieties 
from activated donor molecules to specific acceptor molecules, forming glycosidic bonds, 
whereas glycosidases or glycoside hydrolases are able to hydrolyse the glycosidic bond between 
two or more carbohydrates or between a carbohydrate and a non-carbohydrate moiety35,36. 
The step-wise addition of carbohydrates to other saccharides, proteins, or lipids is initiated 
in the Endoplasmic Reticulum (ER). Glycan biosynthesis continues with the addition and/
or modification of the glycan in the Golgi Apparatus. Finally, the glycoprotein or glycolipid 
carrying mature glycans is transferred to the cell membrane or secretory vesicles37,38.
Glycosylation is essential for cell viability and functionality36. Abnormal synthesis of 
carbohydrates caused by genetic defects results in severe diseases (congenital disorders of 
glycosylation or CDG)39, often incompatible with life. Glycosylation changes have also been 
shown in several types of cancer40. Glycosylation is not only involved in disease, but plays 
an essential role in the maintenance of homeostasis as well. In addition, during cellular 
differentiation, activation, and apoptosis, the expression and secretion of glycans is highly 
regulated in immune cells. Furthermore, other important immune cell functions, including 
immune cell trafficking, cellular interactions, antigen- and cytokine-receptor activation, 
autoimmunity and pathogen recognition are linked to glycan alterations. The best described 
immunological function related to glycosylation includes the synthesis of glycan ligands for 
E-selectin, L-selectin, and P-selectin41-43. Each of the selectins binds a particular sialylated ligand, 
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such as sialyl-Lewisx for E-selectin and P-selectin, and 6-sulpho-sialyl-Lewisx for L-selectin. 
The interaction between selectins and their glycan ligands is essential for the tethering and 
rolling of circulating leukocytes on the vascular cell wall. This allows leukocytes to home to the 
lymph nodes or to migrate into inflamed tissues44.

Glycan synthesis
Glycans can be classified in four general classes: N-glycans, O-glycans, Glycosaminoglycans, 
and glycolipids (Figure 3).

Figure 3. Four different classes of mammalian 
glycans. Representative examples of mammalian 
N-glycans, O-glycans, glycosaminoglycans, and 
glycolipids of mammalian glycans are depicted. 
Many alternative structures, both simpler and more 
complex exist for the depicted glycan examples. 
Symbols are used to denote each component 
monosaccharide within each glycan and are 
identified in the general abbreviations and symbol 
list. Sulfation is indicated by S. Adapted from Lowe 
and Marth34.

N-glycans
N-linked glycan biosynthesis is initiated with the synthesis of an oligosaccharide precursor 
(Glc3Man9GlcNAc2) in the cytoplasm and the Rough ER 45. Dolichol-phosphate is a lipid 
that acts as carrier and a donor of the oligosaccharide precursor Glc3Man9GlcNAc2. After 
synthesis of the oligosaccharide precursor, this glycan is transferred en bloc from the lipid 
carrier to a nascent polypeptide chain37. This transfer is catalyzed by an enzyme complex 
known as the oligosaccharyltransferase that requires a very specific sequence in the peptide, 
the N-glycosylation sequon (Asn-X-Ser/Thr; where X is not a Pro). The N-glycan precursor is 
added to the asparagine on the sequon and the peptide proceeds to folding. The folding quality 
control relies on chaperone systems in the ER that monitor and assist in the folding process. This 
control of peptide folding is characterized by calnexin- and calreticulin-dependent recognition 
of the terminal glucose moieties displayed by the asparagine-linked glycan. When folding 
promotion is not sufficient, proteins are retained in the ER and eventually re-translocated to 
the cytosol for degradation by the ubiquitin proteasome pathway46-48.
After the process of quality control, the immature glycan (Glc3Man9GlcNAc2) is further 
processed by glucosidases and mannosidases, resulting in an oligomannose core structure 
(Man5GlcNAc2). a1,2-Mannosidase I has three isoforms with different specificities and plays 
an essential role in the maturation of N-glycans by removing the four a1,2-linked mannose 
residues from Man9GlcNAc2, following cleavage of glucose from Glc3Man9GlcNAc2

46,49-51. a1,2-
mannosidases I provide the Man5GlcNAc2

 substrate required for GlcNAc transferases that 
initiates formation of bi-, tri, or tetra-antennary N-Glycans34. Mgat-1 encoded GlcNAcT I adds 
N-Acetylglucosamine (GlcNAc) to the a1,3-linked mannose in a b1,2-linkage34. Alternatively, 
following Mannosidase III action, which hydrolyses the terminal 1,3- and 1,6-linked 
a-mannose residues in the mannosyl-oligosaccharide Man5GlcNAc2

52, the Mgat3 encoding 
GlcNAcT III provides the “bi-secting” GlcNAc to the b-linked mannose of the tri-mannosyl 
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core53. GlcNAcT III is present in all tissues, however relatively high GlcNAcT III activity (>100 
fold) is found in kidney and brain tissues compared to other tissues such as the liver54. The 
glycosidase a-mannosidase II trims the Hybrid N-glycan prior to the addition of b1,2-linked 
GlcNac by Mgat2 encoded GlcNacT II. This is the start of the synthesis of Complex glycans55,56. 
Depending on the activity of Mgat4a/b encoded GlcNAcT IVa/b57,58 and Mgat5a/b encoded 
GlcNAcT Va/b, N-linked glycans can be modified with 2, 3 or 4 branches through the addition 
of b1,4-linked GlcNAc and b1,6-linked GlcNAc, respectively59 (Figure 4). Finally, the glycan 
structure can be elongated by other glycosyltransferases and carbohydrate-modifying enzymes 
to generate specific lineage- and condition-specific glycan structures (see section Terminal 
glycan modifications, or Figure 5).

Figure 4. Mammalian N-glycan 
biosynthesis. 
General scheme for the steps 
corresponding to mammalian N-glycan 
synthesis. In the Golgi apparatus, High 
mannose glycan structures (top left) are 
processed to the final Complex glycan 
structures (bottom right). The general 
category of each class of N-glycans 
(High Mannose, Hybrid, or Complex) 
is identified at top.

O-glycans
Classical O-linked glycan synthesis starts with the modification of threonine (Thr) or serine 
(Ser) residues of proteins with the N-acetylgalactosamine (GalNac) monosaccharide60. Other 
types of O-glycosylation are initiated with fucose, glucose, mannose, GlcNAc, or xylose linked 
to Ser or Thr34,61,62. O-linked Fucose chains are catalyzed by the O-fucosyltransferases POFUT 
I or POFUT II63. Epidermal growth factor (EGF) domains within proteins of the Notch family 
contain O-linked fucose moieties64,65. Glucose is also found as covalent modification of Ser and 
Thr residues of some proteins, including EGF domains of Notch66. In contrast, O-mannose-
based glycans have been found in total brain glycopeptides and a tetrasaccharide derived from 
a-dystroglycan67. In addition, many intracellular proteins are modified by O-linked GlcNAc 
addition at Ser and Thr and proteoglycan formation is initiated via a linkage of xylose to Ser 
residues67. In this section, only classical mucin-type O-glycosylation will be described in detail.
Twenty mammalian isoforms of polypeptide GalNAc-transferases have been identified60,68. 
O-linked GalNAc to Ser or Thr residues is known as the Tn antigen, which is used as a substrate 
for many other glycosyltransferases. Depending on the availability and specificity of the 
involved glycosyltransferases, the O-glycan core can be elongated in several ways.
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Sialyl Tn (sTn) is synthesized by the addition of a2,6-linked sialic acid by ST6GalNAcT I to 
the Tn antigen. This prevents any further processing. Elongation of the Tn antigen by core 
1 b3-galactosyltransferase results in the so called Core 1-type glycans or T antigen. Core 
1 b3-galactosyltransferase69 requires the expression of a co-factor molecule, core 1 b3-
galactosyltransferase-specific molecular chaperone or COSMC, for proper folding and activity70. 
By a2,3-linked sialylation of the T antigen, the Sialyl T antigen (sT) can be synthesized.
Only when Core 1 is not elongated, sialylated, sulfated of fucosylated, the core 2 GlcNAc-
transferase (b1,6-GlcNAcT) converts a Core 1 structure into a Core 2 structure (Figure 5). 
Three different isoforms of b1,6-GlcNAcT are involved in Core 2 O-glycan synthesis, namely 
C2GlcNAcT I, II and III71-73. C2GlcNAcT I, the most studied GlcNAcT of the three iso-
enzymes, is widely expressed, and its contribution to the biosynthesis of selectin ligands has 
been well established. Core 2 O-glycans on selectin ligands mediate cell-cell adhesion required 
for lymphocyte trafficking. Posttranslational modifications mediated by C2GlcNAcT I, mainly 
present in T cells and B cells, control the migration to peripheral lymph nodes74. The expression 
of C2GlcNAcT I is strictly regulated during lymphocyte activation75. C2GlcNAcT II is expressed 
in mucous epithelial cells, where it participates in mucin production72,73, whereas C2GlcNAcT 
III is highly expressed in the thymus, possibly reflecting a unique role in T cell development72. 
In addition, C2GlcNAcT II and III can contribute to P-selectin ligand formation by cooperating 
with C2GlcNAcT I in the control of CD8+ T cell trafficking76.
Core 3 O-glycans are generated by elongation of the Tn antigen by core 3 b3-GlcNAc-
transferases. Subsequently, using Core 3 as a substrate by the addition of b1,6-linked GlcNAc by 
C2GlcNAc-T III, Core 4 is synthesized. Core 3 and Core 4 are expressed in tissues where mucin 
production is high, such as the intestinal tract. Furthermore, elongation of the Tn antigen can 
result in the synthesis of Core 5-8 structures. Core 5 O-glycans (GalNAca1,3GalNAc-Ser/Thr) 
exist on some human adenocarcinomas and cells comprising the embryonic gut, whereas Core 
6 (GlcNAcb1,6GalNAc-Ser/Thr) has been reported on human embryonic gut and mucins from 
ovarian cysts67. Core 7 (GalNAca1,6GalNAc-Ser/Thr) has not yet been described in humans 
and Core 8 (Gala1,3GalNAc-Ser/Thr) has only been found in human bronchial tissue67,77,78.

Figure 5. Biosynthesis of N- and 
O-linked glycans. Pathway of the 
biosynthesis of a N-linked glycan (top). 
N-glycosylation starts with the synthesis 
of an oligosaccharide precursor in the ER 
that is transferred en block to the peptide. 
The glycan is further processed in the 
Golgi and N-glycosylation ends with a 
final multiantennery structure of which 
an example is depicted at the surface of 
the cell. Pathway of the biosynthesis of 
an O-linked glycan (bottom). Classical 
O-linked protein glycan synthesis starts 
with the addition of GalNAc to the 
protein in the Golgi. Monosaccharides 
are added one by one to the underlying 
structure, and the final glycoprotein can 
be expressed on the surface of the cell.
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Glycolipids
Glycolipids, or glycosphingolipids, are characterized by a membrane embedded ceramide 
that anchors the associated extracellular glycan component. Glycolipids are involved in many 
biological functions. Glycolipids interact with functional membrane components, including 
tetraspanins, growth factor receptors, integrins, and signal transducer molecules.
Glycolipid biosynthesis involves the addition of glucose or galactose to ceramide, by the 
glycosyltransferases Glucosylceramide synthase or Galactosylceramide synthase, respectively34. 
In most mammalian glycolipids, the core of the glycolipid consists of glucosylceramide79. 
Glucosylceramide is synthesized in the cytosol and subsequently translocated to the Golgi 
lumen. In the Golgi lumen elongation takes place by sequential actions of numerous other 
Golgi glycosyltransferases. Both linear and branched glycolipids are found, depending on the 
glycosyltransferases involved34.
When glycolipids are sialylated, they are often termed gangliosides. Gangliosides are relatively 
rich in neuronal tissues. Brain gangliosides are characterized by the presence of the common 
core structure GalNAcb1-4Gal and/or Galb1-3GalNAcb1-4Galb1-4Glc, and one or two 
a2,3-linked sialic acids coupled to the internal or terminal galactose residue. Ganglio-series 
glycolipides are based on such core structures, and are structurally different from globo-series 
or lacto-series structures80.
In contrast to brain gangliosides, the carbohydrate composition and sequence of globosides 
exist of the sequence structure identified as Gala1-4Galb1-4Glcb1-Cer80. Globo-series 
antigens are highly expressed in early embryo or embryonal carcinoma, and are assumed to 
be important functional molecules involved in defining the stage of stem cell development80.
Blood group ABH antigens present in human erythrocytes express the common structure 
Galb1-4GlcNAcb1-3Galb1-4Glcb-Cer. This indicates the presence of glycolipids with lacto-
series type 1 and type 2 chains. In total, 15 types of lacto-series glycolipids have been isolated 
and characterized.

Glycosaminoglycans
Proteoglycans are proteins that are modified with one or more glycosaminoglycan chains. 
Glycosaminoglycans are highly sulfated linear oligosaccharide polymers. The functions of 
glycosaminoglycans are diverse; they play a role in growth factor binding, presentation and 
internalization; cell adhesion and maintenance of extracellular matrix integrity81,82. There are 
four distinct types of glycosaminoglycans; heparan sulfate, chondroitin sulfate, dermatan 
sulfate, and keratan sulfate. The synthesis of glycosaminoglycans starts with addition of 
Xylose to specific serine residues on the proteoglycan core by a Xylosyltransferase. Sequential 
actions of the Galactosyltransferases (GalT) and Glucuronosyltransferase (GlcAT) form the 
core protein tetrasaccharide, common to heparan sulfate, chondroitin sulfate and dermatan 
sulfate. After this, addition of b1,4-GalNAc initiates chondroitin sulfate and dermatan sulfate, 
whereas for the initiation of heparan sulfate the tetrasaccharide is modified by a1,4-GlcNAc. 
Keratan sulfate is synthesized by a process largely distinct from heparan sulfate, chondroitin 
sulfate, and dermatan sulfate. Keratin sulfate consist of sulfated N- or O-linked polymers of 
polylactosamine disaccharides (Galb1,4-GlcNAcb1,3)34.
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Terminal glycan modifications
Glycan structures can be elongated by glycosyltransferases involved in the synthesis of terminal 
modifications, to generate lineage- and condition-specific glycan structures. Terminal glycan 
modifications have, because of their location in the glycan, most impact on ligand recognition 
by lectins that are expressed on immune cells. Examples of terminal glycan modifications are 
galactosylation, fucosylation, sialylation, and sulfation34.

Galactosylation
A large family of galactosyltransferases has been identified and characterized83. This family can 
be divided into two groups, the b3-galactosyltransferases and the b4-galactosyltransferases. For 
synthesizing galactosylated glycan structures, galactose is coupled in a b3- or b4-linkage to the 
underlying GlcNAc moiety, forming Type 1 or Type 2 structures, respectively. In this position, 
galactose is often used as acceptor for other glycosyltransferases. b1,4-linked galactose coupled 
to GlcNAc forms the well-known glycan structure LacNAc, whose expression is found on both 
N-glycans and O-glycans. By repeating multiple units of LacNAc (b1,4-linked Gal coupled to 
b1,3-linked GlcNAc), polyLacNAc is generated in complex N-glycans or Core 2 O-glycans. 
These (poly)LacNAc structures are recognized by most Galectins. Especially Galectin-3, -8 and 
-9 have enhanced affinity for polyLacNAc glycans84,85 (Figure 6A).

Fucosylation
In mammals, fucose is found as a “Core” O-glycan on serine and threonine residues as well 
as a modification of the core of N-glycans in an a1,6-linkage by the fucosyltransferase (FucT) 
VIII. a1,2-, a1,3- and a1,4-linked fucose decorates N-linked glycans, O-linked glycans, and 
glycolipids.
FucT I and II are a1,2-fucosyltransferases responsible for the synthesis of the H-type blood 
group antigen. FucT III synthesizes besides terminal Fucose residues with an a1,3-linkage to 
the underlying monosaccharide also Fucose residues with an a1,4-linkage. Fuc T IV, V, VI, VII 
and FucT IX have different acceptor substrate specificities, however these FucT all synthesize 
terminal Fucose residues with an a1,3-linkage to the underlying monosaccharide. a1,3-linked 
fucosylated glycans are essential components of ligands for E-, P- and L-selectins41,86,87. FucT X 
and FucT XI are a1,3-fucosyltransferases as well. The three FucT X isoforms and at least one 
FucT XI isoform link a1,3-fucose onto bi-antennary N-glycan acceptors but not onto short 
lactosaminyl acceptor substrates as do classical a1,3-fucosyltransferases88. Physiological roles 
have not been assigned yet for FucT X and FucT XI.

Sialylation
All mammalian tissues express sialic acids. Sialic acids are a wide family of carbohydrates, 
consisting of monosaccharides with a nine-carbon backbone89. The most common mammalian 
sialic acids are N-acetylneuraminic acid (Neu5Ac) and N-glycolyneuraminic acid (Neu5Gc), 
with a single oxygen atom as the only difference. Although Neu5Gc is abundant in many 
mammals, humans can not synthesize this sialic acid, due to an irreversible mutation in the 
gene encoding the enzyme responsible for conversion of Neu5Gc from Neu5Ac. Thus, in 
comparison to our evolutionary relatives such as chimpanzees and gorillas, human cells and 
proteins lack Neu5Gc and accumulate an excess of the precursor sialic acid Neu5Ac90. Despite 
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this, Neu5Gc is detected in human carcinomas and fetal tissues. In addition, also small amounts 
are detected in normal human tissues, although humans are incapable of synthesizing it. This is 
explained by the fact that humans absorb Neu5Gc from dietary sources, such as red meat and 
milk products, and can metabolically incorporate it into certain cell types91. Subtilase cytotoxin 
A, secreted by Escherichia coli, has a strong preference for glycans terminating in Neu5Gc. 
Despite lack of Neu5Gc biosynthesis in humans, assimilation of dietary Neu5Gc creates high-
affinity receptors on human gut epithelia and kidney vasculature. Hereby, a bacterial toxin’s 
receptor is generated by metabolic incorporation of Neu5Gc derived from food92.
Sialic acids are a2,3-, a2,6- or a2,8-linked to the underlying glycan. Sialic acids are often found 
at the outer ends of surface exposed oligosaccharide chains, attached to proteins and lipids, and 
they provide the oligosaccharide with a negative charge. Because of this negative charge and 
their terminal localization, these monosaccharides have the potential to inhibit intermolecular 
and intercellular interactions. In addition, in this terminal position, they serve as ligands for 
lectins such as Siglecs (Figure 6B).
Sialyltransferases are a wide family of 20 members. The mammalian sialyltransferases are 
subdivided into four families: ST3Gal, ST6Gal, ST6GalNAc and ST8Sia, based on acceptor 
sugar specificity and glycosidic linkage formed93.
Six ST3Gal transferases (ST3Gal I-VI) are known that couple a2,3-linked sialic acid to 
Gal. ST3Gal I and II preferentially utilize the Galb1-3GalNAc as substrate on O-glycans of 
glycoproteins and glycolipids, respectively94. The expression of ST3Gal I seems to regulate 
important immunological processes, such as the sialylation of thymocytes during the cortical 
to medullary transition95 and the control of thymocyte differentiation involving MHC class 
I presentation. ST3Gal III and IV catalyze the sialylation of type 1 and type 2 structures, 
however ST3Gal III prefers Galb1-3GlcNAc whereas ST3Gal IV transfers preferentially sialic 
acids to Galb1-4GlcNAc94. ST3Gal IV generates the L-selectin ligand96,96-98, whereas ST3Gal V 
is involved in the synthesis of the ganglioside GM3. ST3Gal VI utilizes the Galb1-4GlcNAc 
structure on glycoproteins and glycolipids and is thought to be involved in the synthesis of 
glycolipids, such as sialylparagloboside94.
a2,6-linked sialic acid can be coupled to a Gal or a GalNAc residue. ST6Gal I is responsible for 
the addition of a2,6-linked sialic acid to terminal b1,4-linked Gal monosaccharides on N- or 
O-linked glycans99. The well-characterized function of a2,6-linked sialic acids coupled to Gal 
on N-glycans, is the modulation of signal transduction events required for B cell function100,101.
There are six members of the sialyltransferase family identified in the mammalian genome 
that add sialic acids in an a2,8-linkage to underlying glycolipids or glycoproteins. ST8Sia I, 
or GD3 synthase, is involved in glycolipid formation102. ST8Sia II is described as the enzyme 
that transfers the first sialic acid residue in an a2,8-linkage to an a2,3-linked sialic acid to 
form Polysialic acid (PolySia)103. This action is completed by ST8Sia IV which adds a2,8-linked 
sialic acid to underlying a2,8-linked sialic acids. PolySia is a long a2,8-linked homopolymer of 
a2,8-linked sialic acids (Figure 6C), that was identified in the developing mammalian brain104. 
NCAM was the first protein described to express PolySia104. Recently, it was described that 
the voltage-sensitive sodium channel105, neuropilin106 and CD36107 are also decorated with 
PolySia. The best-documented functional aspect of PolySia on cellular surfaces is that this 
long negatively charged polymer modifies cellular interactions by its physical properties that 
modulates the distance between cells. This regulation affects the migration and differentiation 
of neuronal progenitor cells and growth and targeting of axons108.
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Figure 6. Ligands for Galectins (A), ligands for Siglecs (B), and Polysialic acid (C). (A) Glycan structures with 
terminal Gal coupled to GlcNAc (lactosamine) can serve as ligand for Galectins. Several Galectins bind with high affinity 
to repeating lactosamine units, so called polyLacNAc. (B) Sialic acids are coupled to the underlying monosaccharide 
by an a2,3- a2,6- or a2,8-linkage. Siglecs recognize sialylated glycans. Each Siglec exhibits a unique specificity for 
different terminal sialoside sequences. (C) PolySia is a long a2,8-linked homopolymer of a2,8-linked sialic acids.

Sulfation
Although sulfation is characteristic for the glycosaminoglycans, sulfation is also present among 
other classes of glycans. All sulfotransferases utilize 3’phosphoadenosine 5’-phosphosulfate 
(PAPS) as sulfate donor. PAPS is generated from ATP and SO4

2- by the sequential actions of 
ATP sulfurylase and APS kinase109. Glycans can be sulfated at position 3 of the monosaccharide 
by 3-O-sulfotransferases (Gal) or at position 6 of the monosaccharide by 6-O-sulfotransferases 
(Gal or GlcNAc).
Three human 6-O-sulfotransferases that transfer sulfate to GlcNAc are known, GST II-IV or 
GlcNAc6ST I-III110. Besides sulfation of GlcNAc at position 6, sulfation of Gal at position 6 is 
observed as well by the sulfotransferases GST 0, GST I and GST V111,112. GST V has next to Gal 
other substrates, including mannose-linked GlcNAc, Core 2 mucin-type oligosaccharides and 
LacNAc110,113,114. In addition, Gal and GlcNAc can be sulfated at position 3 of the monosaccharide 
by sulfotransferases including Gal3ST I-IV. Gal3ST I sulfates glycolipides, Gal3ST II and III 
sulfate N-glycans and Gal3ST IV sulfates O-glycans115-118.

 � Receptors involved in pattern recognition

Pattern recognition receptors
iDCs express a variety of pattern-recognition receptors (PRRs). These PRRs recognize 
pathogen-associated molecular patterns (PAMPs), including pathogenic carbohydrates, lipids 
and nucleic acids as well as self-antigens119. After recognition of PAMPs by PRRs, intracellular 
signals are transmitted. These signals regulate the expression of genes involved in the innate 
response, such as co-stimulatory molecules, cytokines and chemokines. The induction of those 
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genes is not only essential for the early protection against pathogens, but also for coupling the 
innate to adaptive immunity120.
The PRR repertoire expressed by iDCs includes the well-known Toll-like receptors (TLRs)121, 
but also carbohydrate-specific receptors such as C-type lectins122, Siglecs123 and Galectins124. 
These carbohydrate-specific receptors recognize besides pathogenic carbohydrates also self-
glycans, resulting in the induction of tolerance. Glycosylated antigens can be internalized by 
C-type lectins for antigen loading on MHC class II molecules and on MHC class I molecules 
by cross-presentation. Antigen uptake and processing finally results in antigen presentation to 
CD8-positive and CD4-positive T cells125.

Toll-like receptors
The best studied PRRs are the family of TLRs, which detect specific patterns of viruses and 
bacteria. TLRs are expressed on the cell surface (TLR1/2/4/5/6) or in endosomal compartments 
(TLR3/7/8/9)126. The first mammalian TLR identified was TLR4127. TLR4 recognizes the 
bacterial lipid-A region of lipo-polysaccharide (LPS)128,129. TLR1 and TLR6 cooperate with 
TLR2 to discriminate subtle differences between microbial triacyl and diacyl lipopeptides, 
whereas TLR5 recognizes flagellin130. Other TLR ligands include viral RNA, and the synthetic 
analogue of double-stranded RNA polyI:C for TLR3131, and imidazoquinoline compounds 
such as R848 for TLR7 and TLR8132. TLR9 is essential in CpG DNA recognition130. Ligand 
binding by TLR can evoke different intracellular signaling pathways, which depend on the 
adaptor MyD88 or TRIFF. Whereas the TLR3 signaling route is solely TRIFF dependent, TLR7 
and TLR8 exclusively signal via a MyD88-dependent route133. TLR4 signaling depends on both 
Myd88 and TRIFF. Generally, PAMP recognition by TLRs leads to DC maturation, thereby 
favoring the induction of effector T cells.

C-type lectins
C-type lectins are receptors that bind to their carbohydrate ligands through a carbohydrate 
recognition domain (CRD)134. The carbohydrates that are recognized by C-type lectins are 
quite diverse. There are C-type lectins that recognize N-glycans, whereas others recognize 
O-glycans. In addition, there are C-type lectins that recognize monosaccharides, whereas 
others are specific for branched glycan structures. Besides the glycan that is recognized by the 
C-type lectin, the protein backbone appears to be important as well134.
Many C-type lectins on myeloid cells act as phagocytic receptors. These C-type lectins bear 
internalization motifs in their cytoplasmic tail. Therefore, pathogen recognition by C-type 
lectins not only results in pathogen clearance by endocytosis, but also in antigen processing and 
presentation to T cells122. Both ITIM and ITAM motifs are found in the cytoplasmic regions 
of C-type lectins, suggesting immunosuppressive and immunoactivatory functions122,135. 
In contrast to TLRs, recognition of carbohydrate structures on pathogens by C-type lectins 
does not always result in the induction of DC maturation and T cell activation. C-type lectins 
recognize besides carbohydrate structures present on pathogens also glycosylated self-antigens 
for homeostatic control136.
The balance between TLRs and C-type lectins triggering determines the outcome of an 
immune response137. Pathogens have evolved strategies to escape cross talk between CLR and 
TLR signaling through altered glycosylation138,139. Dendritic cell-specific ICAM-3 grabbing 
non-integrin (DC-SIGN) is a calcium dependent C-type lectin expressed by a subpopulation of 
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DCs140. Binding of the ligand to DC-SIGN alone is insufficient to induce innate response genes, 
however DC-SIGN ligation after stimulation with TLR4 ligands greatly increases cytokine 
production141,142. In contrast to DC-SIGN, the DC-expressed C-type lectins CLEC9 and DEC-
205 recognize a signal that is exposed on apoptotic or necrotic cells to regulate cross-priming 
of cell-associated antigens143,144.

Galectins
Galectins are defined by the presence of consensus amino-acid sequences and their recognition 
of b-galactose145. The 15 members of the galectin family can be divided into two groups based 
on the number of CRDs. Galectin-1, -2, -5, -7, -10, -11, -13, -14 and -15 have one CRD that 
can dimerize, whereas Galectin-4, -6, -8, -9 and -12 contain two homologues CRDs in a single 
polypeptide chain, separated by a linker of 70 amino acids. In addition, Galectin-3 contains 
one CRD that is connected to a non-lectin amino-terminal region146,147. Galectin expression 
levels are generally upregulated during activation and differentiation of cells124. Galectins are 
preferentially expressed by myeloid cells and are not, or very low expressed by resting lymphoid 
cells148. Galectins possess both intracellular and extracellular functions. When galectins act 
intracellular, they are engaged in basic cellular functions, such as pre-mRNA splicing, regulation 
of cell growth and cell cycle progression148. When galectins act extracellular, they bind to 
galactose-containing oligosaccharide scaffolds, thereby triggering transmembrane signaling 
leading to modulation of apoptosis, cytokine secretion and host-pathogen interactions149.

Siglecs
Sialic acid binding Ig-like lectins (Siglecs) are members of the immunoglobulin-type lectins 
(I-type lectins)150. They are characterized by their specificity for sialic acids151. Siglecs have a 
sialic acid binding amino-terminal V-set immunoglobulin (Ig) domain and variable numbers 
of C2-set Ig domains152. Two subsets of Siglecs have been identified on the basis of their 
sequence similarities and evolutionary conservation. The first subset includes the evolutionary 
well conserved Siglecs, consisting of Sialoadhesin (also known as Siglec-1), CD22 (also known 
as Siglec-2), MAG (also known as Siglec-4) and Siglec-15. The second, rapidly evolving group 
of CD33-related Siglecs include CD33 (also known as Siglec-3), Siglec-5, -6, -7, -8, -9, -10, 
-11, -14 and -16153. Each Siglec exhibits a unique specificity for different terminal sialoside 
sequences found on mammalian glycoproteins and glycolipids154 (Figure 7). Besides the sialic 
acid, the underlying glycan core is also important for individual siglec binding specificity155.

Siglec expression
Sigecs are expressed on various subsets of leukocytes. The only exception is MAG (Siglec-4), 
which is expressed in the nervous system. The evolutionary conserved Siglecs show a highly 
restricted expression pattern. Sialoadhesin (Siglec-1) is expressed on subsets of macrophages156 
and on mDCs157, (Bax et al., unpublished data). CD22 expression is only found on B cells158,159, 
whereas Siglec-15 is expression is restricted to cells of the monocytic cell lineage, including 
monocytes, macrophages and DCs160.
Unlike the group of evolutionary conserved Siglecs that are restrictedly expressed on one or 
a few cell types, the group of the CD33-related Siglecs show complex expression patterns on 
multiple cell types. For example, expression of the CD33-related Siglec-7 is reported on various 
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subsets of leukocytes, including natural killer cells, monocytes161, DCs (Bax et al, unpublished 
data) and CD8-positive T cells (Figure 7).

Siglecs in human and mouse
The expression of the group of evolutionary conserved Siglecs is common in humans and mice. In 
contrast, the expression of CD33-related Siglecs varies greatly between mice and man. Humans 
have ten CD33-related Siglecs, whereas mice only have five, namely CD33/Siglec-3, Siglec-E, 
-F, -G and -H152. Because it was proven difficult to assign murine Siglecs to human orthologues, 
murine CD33-related Siglecs have a numbering system of letters instead of numbers. From 
the ten CD33-related human Siglecs, several arose from gene duplication, including the 3-Ig-
domain Siglecs (Siglec-7, -8 and -9)162. In the murine system, there is only one 3-Ig-domain 
siglec, termed Siglec-E163. Although murine Siglec-E shows sequence similarity to human 
Siglec-7, -8 and -9, bindings assays demonstrated that murine Siglec-E has a binding preference 
for a2,8-linked disialic acid. This is similar only to human Siglec-7, since human Siglec-8 and 
-9 prefer a2,3- and a2,6-linked sialic acids162. This indicates that the Siglec-7 orthologue in 
the murine system is mSiglec-E. The human siglec system consist of two 5-Ig-domain Siglecs, 

Siglec-10 and Siglec-11162, whereas 
in the murine siglec system, there is 
only one 5-Ig-domain siglec, known as 
Siglec-G164. Human and mice both have 
one 4-Ig-domain Siglec, defined as 
human Siglec-5 and murine Siglec-F165 
(Figure 7).

Siglec ligands
In contrast to synthetic glycan 
stuctures, the in vivo targets for Siglec 
binding are less well defined. Usually, 
Siglecs recognize sialoside sequences 
expressed on the same cell. This is a 
consequence of the high concentration 
of sialic acids on surfaces of immune 
cells. Therefore, most Siglecs expressed 
by immune cells appear to be masked 

Figure 7. Summary of structural and 
functional properties of the Siglec family. 
Siglec expression in human (A) and mouse 
(B). Siglecs are divided into the evolutionary 
conserved Siglecs (left side of the dotted lines) 
and the rapidly changing CD33-related Siglecs 
(right side of the dotted lines). mf, macrophage, 
oligod, oligodendrocytes, mono, monocytes, 
basof, basophils, neutrof, neutrophils, eosinof, 
eosinophils, FKS, FYN-kinase site. Figure 
adapted from O’Reilly, Trends Parmacol Sci., 2009 
and Crocker, Nature Rev., 2007.
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by cis-interactions166,167. Masked Siglecs can be unmasked by removing the cis-ligands from the 
cell surface by treatment of the cell with sialidase.
Although it is well known that Siglecs bind to cis-ligands, trans-ligands have been identified 
for Siglecs as well. For instance gangliosides are a natural trans-ligand for the CD33-related 
Siglec-7. Gangliosides are expressed in the nervous system, where they are often a2,8-linked 
disialylated. Siglec-7 exhibits an unusual preference for these a2,8-linked di-sialylated 
structures over the more common a2,6- and a2,3-linked sialylated structures154,168,169. Siglec-7 
expressed on natural killer cells interacts with the ganglioside GD3 on target cells, leading to 
the suppression of NK mediated cytolytic activity170. Furthermore, it was showed that Siglec-7 
undergoes a major conformational change when it is complexed with the ganglioside GT1b171.

Siglecs as regulators of the immune system
Siglecs are commonly known as regulators of immune cell signaling. They play an important 
role in both positive and negative regulation of immune and inflammatory responses. Siglecs 
are thought to modulate immune processes such as cellular activation and proliferation, 
apoptosis, cytokine secretion, and endocytosis152.
CD33-related Siglecs and CD22 can act as negative regulators of immune responses via the 
expression of immunoreceptor tyrosine-based inhibitory motifs (ITIMs) in their cytoplasmic 
tails. ITIM motifs undergo phosphorylation by Src family tyrosine kinases, hereby creating 
binding sites for SH2-domain-containing molecules, including SHP-1 and SHP-2. SHP-
1/2 binding to ITIM motifs leads to the regulation of siglec phosphorylation, ubiquination, 
internalisation, and dampening of ITAM-dependent signaling172. The best understood ITIM-
bearing Siglec is CD22, which regulates B cell signaling, homeostasis and survival of B cells173. 
Certain CD33-related Siglecs, including Siglec-14, -15, and -16 lack ITIM motifs, and instead 
interact via a positive charged residue in their transmembrane domain with DAP-12. DAP-
12 is an ITAM-containing receptor, that can induce both activating or inhibitory signaling 
cascades160,174.
In contrast to CD33 related Siglecs, Sialoadhesin does not contain any tyrosine-based signaling 
motif in its cytoplasmic tail. However, Sialoadhesin has been shown to be a positive regulator of 
the immune system153. Sialoadhesin is involved in pathogen recognition and mediates cellular 
interactions related to homeostasis and immunity175.

 � Glycans on pathogens and modification of immune responses

Pathogen recognition by C-type lectins
Various C-type lectins expressed on DCs are involved in pathogen recognition, including 
macrophage galactose-type lectin (MGL)176, mannnose receptor (MR)177, and DC-SIGN140. DC-
SIGN recognizes a broad range of pathogens, including the viruses Human immunodeficiency 
virus (HIV), to facilitate HIV transmission to T cells178, Hepatitis C virus (HCV)179, Severe 
acute respiratory syndrome coronavirus (SARS)180, and Ebolavirus181. In addition to viruses, 
DC-SIGN recognizes bacteria, such as Mycobacteria tuberculosis142,182, Helicobacter pylori183 and 
Neisseria meningitidis184, and parasites, including Schistoma mansoni185.
Different DC-SIGN ligands can induce distinct signaling pathways. Upon pathogen binding, 
DC-SIGN induces an intracellular signaling pathway via a signalosome that activates Raf-1. For 
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several pathogens that interact with DC-SIGN, including Mycobacterium tuberculosis and HIV-
1, Raf-1 activation leads to acetylation of NF-kappaB subunit p65, which induces specific gene 
transcription profiles. In addition, other DC-SIGN-ligands induce different signaling pathways 
downstream of Raf-1, indicating that DC-SIGN-signaling is tailored to the pathogen186. The 
C-type lectin Dectin-1 recognizes b-glucans expressed by several fungal pathogens187. Since 
b-glucan is the only dectin-1 ligand identified thus far, Dectin-1 has not been shown to induce 
ligand-specific signaling like DC-SIGN. In contrast to DC-SIGN, Dectin-1 induces both Syk 
and Raf-1-dependent signaling186.
Binding of pathogens to DC-SIGN can through the induction of different signaling pathways 
induce both Th1 and Th2 responses, depending on the pathogen involved. Modification of 
the glycan structure on the pathogen can regulate the Th1/Th2 balance. The human pathogen 
Helicobacter pylori switches its expression of Lewis-type glycans, resulting in Lewis positive and 
Lewis negative bacteria188. Binding of LewisY antigen on Helicobacter pylori positive bacteria 
to DC-SIGN enhances IL-10 production and inhibits Th1 differentiation, thereby shifting a 
Th response towards Th2183, whereas a GlcNAc residue on Neisseria meningitidis shifts the Th 
response towards a Th1-mediated response184.

Pathogenic mimicry of host glycan structures 
Pathogens can manipulate specific lectin interactions and subsequent DC activation pathways 
to induce immune activation or inhibition by mimicking the host glycan structures189. Mimicry 
of host glycans by Campylobacter jejuni is the causative event behind the development of 
Guillan-Barré syndrome (GBS) in one third of the GBS patients in The Netherlands. GBS is 
a post-infectious immune-mediated polyradiculopneuropathology resulting in subacute and 
symmetrical weakness of arms, legs, and in severe cases of respiratory muscles. Patients may 
also have weakness of muscles involved in eye movements (ophthalmoplegia), facial expression 
(diplegia facialis), swallowing (bulbar weakness) and sensory deficits. Campylobacter jejuni 
isolates from GBS patients express lipo-oligosaccharides (LOS) that mimic the carbohydrates 
of host gangliosides190. Gangliosides found in humans are differentially glycosylated, and the 
type of ganglioside that is mimicked by the LOS structures of Campylobacter jejuni determines 
the specificity of cross-reactive antibodies. Thus, the GBS variant is dependent on the anti-
ganglioside antibodies that are produced by the host; patients with pure motor or axonal GBS 
produce antibodies against other gangliosides than patients with ophthalmoplegia191. Probably, 
mimicry of sialylated host structures avoids recognition of the pathogen by the immune 
system192. Microorganisms can capture sialic acids from their host and incorporate these into 
their own glycoconjugates, as demonstrated for Neisseria meningitidis, Haemophilus influenzae, 
group B Streptococcus, Campylobacter jejuni, and Escheria Coli192.

Pathogen recognition by Siglecs
Sialic acids can reduce pathogen interactions with host-expressed lectins via the negative 
charge of sialic acids. In contrast, sialic acids expressed on pathogens are also important for 
promoting infection by attachment to Siglecs. An example of this is the porcine reproductive 
and respiratory syndrome virus (PRRS), which infects macrophages in a Sialoadhesin-
dependent manner193,194. Besides PRRS, Sialoadhesin expressed on macrophages binds to 
Trypanosoma cruzi195 and has been shown to take up Neisseria meningitidis196. Although the 
interaction with pathogens is best understood for the siglec Sialoadhesin, which lacks signaling 
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motifs, other Siglecs, which do contain ITIM motifs were discovered to bind to pathogens as 
well. Neisseria meningitidis was also taken up by Siglec-5196, whereas Siglec-7 on NK cells and 
monocytes has been shown to bind to Campylobacter jejuni197. Multiple CD33-related Siglecs 
are involved in binding to Group B streptococcus198. This indicates that Siglecs are not only 
important for recognizing sialic acids expressed on self-antigens, but should be considered as 
important pathogen recognition receptors as well.

 �Thesis outline

Glycosylation is an important post-translational modification that plays a central role in 
the recognition of immune cells as well as the recognition of pathogens by immune cells. In 
this thesis I describe how DCs modulate their glycosylation status during maturation and its 
functional consequences on cellular interactions, as well as how DCs respond to glycans when 
presented on antigens or pathogens using C-type lectins and Siglecs. Chapter 2 describes 
how glycan modification of the melanoma tumor antigen gp100 can specifically target C-type 
lectins on human DCs. We have targeted DC-SIGN by modifying gp100 with high-mannose 
structures and show that antigen presentation of DCs is greatly enhanced to generate gp100-
specific T cells. Besides modifying antigens by glycans in vitro, glycans can be naturally exposed 
on pathogens that are recognized by specific pattern-recognition receptors expressed by DCs. 
In chapter 3 we investigated whether sialic acid structures expressed on Campylobacter jejuni 
affected recognition by DCs and subsequent immune responses. Three differentially sialylated 
strains of Campylobacter jejuni were targeted to specific DC-expressed Siglec 1 (Sialoadhesin) 
and Siglec 7 leading to modified DC-mediated Th1 or Th2 responses, which was dependent 
on the presence and linkage of sialic acids on the lipo-oligosaccharides. The functional 
consequences of ligand binding to murine Siglecs is described in chapter 4. We investigated 
whether glycan modification of OVA with sialic acids altered antigen presentation to both 
OVA-specific CD4-positive and CD8-postitive T cells, upon specific targeting of Siglec-E, by 
modifying internalization and compartmentalization of the OVA antigen in DCs.
The importance of glycosylation changes on DCs during their maturation process was examined 
with regard to its cellular interactions with other immune cells as well as its function to migrate 
to draining lymph nodes. In chapter 5 we analyzed the glycan expression of immature DC 
and mature DC through analysis of the expression of glycosyltransferases, as well as mass 
spectometry analysis. We identified a pronounced change in glycan expression during DC 
maturation, that involved upregulation of galactosylated and sialylated structures, affecting 
recognition by Siglecs and Galectins. In chapter 6 we show that the upregulation of sialylated 
structures expressed on the cell surface of mature DCs resulted in binding of Sialoadhesin 
that mediates the cellular interaction between mature DCs and macrophages. Furthermore 
we demonstrate in chapter 7 that the expression and upregulation of Polysialic acid on mature 
DCs regulates the CCL21-induced migration of the DCs, indicating that sialic acids not only 
modify cellular interactions but also chemokine binding to DC to facilitate DC migration. 
Finally, in chapter 8 these findings are integrated into the current view and knowledge on how 
glycosylation affects and directs immune responses.
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