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In this thesis the function of the two dendritic cell (DC)-expressed C-type lectin receptors 
(CLRs): dendritic cell immunoreceptor (DCIR) and dendritic cell-specific intercellular 
adhesion molecule-3-grabbing non-integrin (DC-SIGN) have been investigated. Both 
these receptors belong to the mannose/fucose binding class of lectins. Interestingly, 
their ligand binding properties are quite distinct, which will be discussed in the first part 
of this discussion. 

Part I: Differential ligand binding properties for DCIR 
compared to DC-SIGN

DCIR glycosylation affects its glycan binding properties
In contrast to DC-SIGN, DCIR contains a single N-glycosylation site, located inside 
the carbohydrate recognition domain (CRD) at position 185, only a few amino acids 
away from the glycan binding motif EPS (at position 195-197). Chapter 2 describes 
the influence of this glycosylation site on the potency of DCIR to interact with glycans. 
Using differentially glycosylated DCIR-Fc constructs, containing truncated N-glycans 
or a complete absence of glycans, increased interactions of DCIR-Fc with mannose- 
and fucose-containing glycans were observed in a solid-phase binding assay. This led 
us to hypothesize that the CRD in fully glycosylated DCIR-Fc constructs is occupied 
and unable to bind glycans in trans, while it is free to bind glycans when the receptor 
lacks the N-glycosylation site, or has truncated glycans at that position. In addition, 
glycosylation of the CRD of DCIR could also modify the 3D-structure of DCIR or affect 
DCIR multimerization and thereby modulate the lectin-glycan interactions. 

DC-SIGN has an N-glycosylation site located between the neck domain and the 
repeat region at position 80. This glycosylation site in DC-SIGN is located far away from 
the CRD, implicating no direct influence of receptor glycosylation on the glycan binding 
capacity of DC-SIGN. Indeed, the interaction of glycosylated and non-glycosylated DC-
SIGN monomers with mannan is comparable1. However, multimerization of DC-SIGN 
molecules has shown to be affected by DC-SIGN glycosylation1 and purified DC-SIGN 
multimers have an increased interaction with DC-SIGN-binding glycans, compared to 
DC-SIGN monomers1,2. 

Also other DC-expressed CLRs have potential N-glycosylation sites. Similar to DC-
SIGN, multimerization of purified mannose receptor (MR) molecules is affected by 
its glycosylation. The presence of sialic acids disturbs MR multimerization, thereby 
decreasing the binding of sulfated glycans to the cysteine-rich domain3. The interaction 
of MR with mannose depends on CRDs 4 and 54,5, however optimal ligand binding 
requires CRDs 4 till 8. Strikingly, the presence of truncated glycans on MR has an 
inhibitory effect on the interaction of MR with mannosylated glycans, independent 
of MR multimerization. There are no N-glycosylation sites present inside CRDs 4 and 
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53, therefore direct occupation of the ligand binding site can be ruled out, in contrast 
to DCIR. The differential localization of the N-glycosylation site in relation to the CRD 
could explain why truncated glycans on MR decrease glycan binding, while the presence 
of truncated glycans on DCIR increase the glycan binding capacity.  

The influence of receptor glycosylation on ligand binding has also been demonstrated 
for two other receptors that, together with DCIR, belong to the NK complex. The 
lectin-like oxidized (ox)-LDL receptor (LOX-1) is involved in the binding of ox-LDL and 
holds three N-glycosylation sites, of which one is located in the C-type lectin domain6. 
Unglycosylated LOX-1 shows reduced affinity for its ligand ox-LDL7, indicating a 
different effect of LOX-1 glycosylation on ligand binding compared to DCIR. On the 
other hand, a mutation in the N-glycosylation site of Ly49D, a member of the murine 
lectin-like inhibitory family Ly49, also located in the NK complex, increased binding to 
major histocompatibility complex (MHC) class I, the Ly49-binding ligand8. Therefore, 
glycosylation of different receptors of the NK complex has opposite effects on ligand 
binding. However, in contrast to DCIR, the receptor-ligand interaction of LOX-1 and 
Ly49D might not be mediated by glycans8. This suggests that for LOX-1 and Ly49D 
receptor glycosylation influences ligand binding via another mechanism compared to 
DCIR, since glycans present in binding pockets of non-glycan binding receptors are only 
involved in occupying the binding site, while they do not initiate cis binding. 

Interestingly, DCIR belongs to a distinct cluster in the NK complex, in which the 
glycan binding lectin receptors are located9. Other CLRs, like Blood dendritic cell antigen 
2 (BDCA-2) and Dectin-2, are present in the same cluster in the NK complex. Both 
these receptors have N-glycosylation sites close to the glycan binding motif, similar to 
DCIR. To our knowledge, the potential effect of receptor glycosylation on the glycan 
binding activity for these lectins has not been addressed. To reveal if glycan binding of 
other classical CLRs is affected by N-glycosylation of the CRD as well, it would be very 
interesting to explore the effects of modulating receptor-glycosylation on the glycan 
binding activity of BDCA-2 and Dectin-2. 

To summarize, receptor glycosylation could affect the 3D structure of the protein, the 
ability to form multimers or cause steric hindrance. In addition, glycosylation of glycan 
binding receptors, like DCIR could induce cis binding. These different consequences 
of receptor glycosylation may explain the opposing effects on ligand binding for the 
discussed receptors. 
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Clustering is crucial for DCIR-glycan interactions
In the molecular assays we have performed in this thesis, we made use of Fc constructs 
consisting of the extracellular domains, including the carbohydrate recognition domain 
of DC-SIGN or DCIR fused to the human IgG1 Fc tail. In these constructs two extracellular 
domains are present, mimicking receptor dimers. Multimerization of lectins is necessary 
for glycan binding, since glycan-lectin interactions are of low affinity10. This has indeed 
been confirmed for DC-SIGN, since DC-SIGN multimers showed increased avidity for 
DC-SIGN binding glycans1,2. However, the importance of multimerization of purified DC-
SIGN molecules depends on the interacting ligand. Interactions of DC-SIGN monomers 
with high affinity ligands have been observed quite easily1,2. 

In contrast to DC-SIGN, we could only detect DCIR-glycan interactions under 
restricted conditions. Fully glycosylated immobilized DCIR-Fc constructs were capable 
of binding DCIR glycans, while this was not the case for soluble DCIR-Fc constructs. 
In addition, elevated concentrations of soluble unglycosylated or minor glycosylated 
DCIR-Fc (DCIR-Fc with truncated glycans) were needed to visualize DCIR binding to 
immobilized fucose- and mannose-containing glycans compared to DC-SIGN (Chapter 
2 and 3). Furthermore, higher amounts of immobilized glycans were needed to detect 
DCIR binding compared to DC-SIGN (Chapter 3). These results indicate that, although 
clustering positively affects glycan binding of both lectins, DCIR-glycan interactions are 
more dependent on clustering, compared to DC-SIGN. 

Cellular expressed DC-SIGN is present in tetramers2, however the organization of 
cellular DCIR is currently unknown. Two DC-SIGN-Fc molecules could form artificial 
tetramers, thereby mimicking the cellular DC-SIGN organization. Nevertheless, cellular 
expressed DCIR might be present as trimer or in another configuration that diverges 
more from the DCIR-Fc molecules. This could also be an explanation for the difficulty 
to detect DCIR-glycan interactions. In conclusion, the interaction of DCIR-Fc with 
mannose- and fucose-containing glycans is highly dependent on clustering. To correlate 
this phenomenon with cellular expressed DCIR in the physiological setting, the DCIR 
organization in the cell membrane should be examined. 

Effects of DCIR glycosylation and clustering on DCIR-ligand 
interactions 

The interaction of DCIR-Fc with multivalent ligands could be differentially influenced by 
glycosylation and/or clustering compared to single glycans. Ligands can be covered with 
a high density of glycans, thereby potentially increasing the avidity of the interaction. In 
Chapter 3 we investigated the interaction of DCIR with various fucose- and mannose-
expressing ligands, both from pathogenic and endogenous origin. Most ligands, like the 
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Human immunodeficiency virus type 1 (HIV-1) glycoproteins gp140 and gp120 and the 
soluble products of the helminth Trichinella spiralis were more readily recognized by 
minor glycosylated DCIR-Fc compared to fully glycosylated DCIR-Fc in the solid-phase 
binding assay, while similar binding of fully glycosylated and minor glycosylated DCIR-
Fc was observed to the soluble products of Schistosoma mansoni cercariae. 

The interaction of DCIR with cellular expressed ligands was tested using DCIR-
Fc coupled beads. Coupling of DCIR-Fc to beads may enhance the avidity of DCIR-
ligand interactions. Binding of these DCIR-Fc beads seems to be less affected by DCIR 
glycosylation, since both minor and fully glycosylated DCIR-Fc beads interacted strongly 
with various endogenous cell types, like keratinocytes and gastric, prostatic and colonic 
carcinoma cell lines. Nevertheless, the interaction of fully glycosylated DCIR-Fc with 
cellular expressed ligands was still inferior to that of minor glycosylated DCIR-Fc. These 
data suggest that high affinity ligands for DCIR can interact with fully glycosylated DCIR 
and that DCIR coupling to beads enhances the avidity DCIR-ligand interactions.

When does cellular DCIR interact with glycans and ligands?
Cellular-expressed DCIR could be potentially present in clusters, thereby enhancing the 
avidity of DCIR with its ligands. Nevertheless, we could not detect the attachment of 
DCIR-binding glycans to cellular DCIR, independent on the glycosylation state of DCIR 
on the cell membrane (Chapter 2). These results suggest that DCIR clustering might 
be too low or even absent in the DCIR-expressing Chinese hamster ovary (CHO) and 
CHO Lec8 cells, since we could not detect DCIR-dependent glycan attachment to these 
cells. DC-SIGN tetramerization is mediated by the neck region11. The neck region of 
DCIR has been shown to be crucial for DCIR function12, indicating that this region could 
also be involved in multimerization of cellular DCIR, as seen for DC-SIGN. If only the 
neck region is required for DCIR multimerization, the presence of DCIR multimers in 
CHO and CHO Lec8 cells would be predicted, nevertheless, glycan attachment was not 
observed. Moreover, glycan attachment to DCIR expressed on K562 or Raji cells could 
also not be demonstrated (unpublished observations). We cannot rule out that DCIR on 
naturally DCIR-expressing cells might associate with a co-receptor that promotes the 
DCIR clustering and that this co-receptor is absent on the DCIR-transfectants studied. 

DC-SIGN tetramers are present in nanoclusters on the cell membrane of DCs, 
facilitating functional interactions with ligands of specific sizes13,14. Nevertheless, 
binding to high affinity ligands or ligands with different sizes was still detected in the 
absence of DC-SIGN nanoclusters13,14. We demonstrate that the presence of DC-SIGN 
nanoclusters is influenced by the presence of the intracellular dileucine and the triple 
acidic internalization motifs (Chapter 4). DCIR lacks these motifs in its intracellular 
domain. The only internalization motif present in the intracellular tail of DCIR is the 
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tyrosine-based internalization motif located inside the immunoreceptor tyrosine-based 
inhibitory motif (ITIM) of DCIR; however the tyrosine-based motif in DC-SIGN does not 
affect the presence of DC-SIGN in nanoclusters. 

Recently, Florentin and colleagues15 showed attachment of hepatitis C virus (HCV) to 
cellular DCIR. In their experiments, DCIR was expressed by COS-7 cells, in which DCIR 
glycosylation and clustering could be different compared to our DCIR-expressing cell 
lines. However, HCV could also be a high affinity ligand for DCIR, therefore resulting 
in visible cellular DCIR-ligand interactions. Furthermore, the HCV viral particles 
could contain an increased density of interacting glycans. A similar positive effect 
of glycan density has been shown for DC-SIGN, which displays enhanced binding to 
BSA glycoconjugates containing 2 or 3 mannoses compared to BSA glycoconjugates 
with only 1 mannose residue attached16. In an attempt to detect glycan binding to our 
DCIR-expressing cell lines, we tested several different Lewisb-positive particles and 
constructs with varying orientation and levels of sugar moieties attached, like Lewisb 

on a polyacrylamide tail, Lewisb-beads, Lewisb-liposomes and Lewisb conjugated to 
OVA proteins. However, none of these tested conjugates showed the Lewisb-mediated 
attachment to our DCIR-expressing cell lines (unpublished observations). Whether DCIR 
ligands, such as HIV-1 glycoproteins and the soluble products of the helminths T. spiralis 
and S. mansoni bind cellular-expressed DCIR still needs to be investigated. 

DCIR clustering and glycosylation in naturally DCIR-expressing cells, like DCs, 
monocytes and neutrophils is currently unknown. DCIR glycosylation in neutrophils has 
been demonstrated17, however, it is also important to characterize the composition of 
N-glycans on DCIR, since data presented in this thesis demonstrates that the presence of 
truncated glycans may influence glycan binding differently compared to more complex 
glycans. Probably only complex glycans and DCIR-binding glycans can occupy the CRD 
of DCIR, thereby preventing ligand binding in trans.  

Apart from the steady state cellular glycosylation, stimulated cells often alter their 
glycosylation machinery, as has been shown during the transition of immature DCs 
to mature LPS-stimulated DCs18. This could result in a DCIR molecule with the right 
characteristics to bind glycans/ligands in trans. However, cellular activation could also 
result in increased DCIR glycosylation, most likely resulting in diminished glycan/ligand 
binding, like we have shown with the differentially glycosylated DCIR-Fc constructs. 
In addition, fucosidases19 and mannosidases20 can be secreted by human cells and 
pathogens, thereby removing DCIR binding ligands on DCIR and the cell surface, making 
DCIR available for binding in trans. 

An extra complication exists when studying the DCIR glycan specificity with cells 
that naturally express DCIR. This is the co-expression of other CLRs with similar glycan 
specificities, such as DC-SIGN. Lewisb binding to DCs can be almost completely attributed 
to DC-SIGN21,22, which binds its ligands with much higher affinity than DCIR (Chapter 3). 
The residual ligand binding in the presence of DC-SIGN blocking antibodies22–24 might 
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be mediated by DCIR or even other glycan binding receptors. In contrast, monocytes 
lack expression of DC-SIGN but express DCIR. Indeed, low Lewisb binding to monocytes 
was detected; however this may also be mediated by other receptors present on 
monocytes, since we were unable to block the binding with DCIR-specific monoclonal 
antibodies (unpublished observations).  

In summary, both DCIR glycosylation and clustering are important for the binding of 
glycans and ligands. The attachment of glycans to cellular DCIR has not been observed 
yet, however we did detect DCIR signaling after glycan stimulation (Chapter 2). 
Whether DCIR signaling requires clustering of the DCIR molecule on the cell membrane 
is currently unknown. In conclusion, further research is necessary to elucidate the 
(cellular) conditions that allow cellular DCIR to interact with its glycans and ligands, 
resulting in ligand attachment (adhesion), ligand-induced DCIR signaling or both. 
In Figure 1 an overview is given for the hypothetical cellular DCIR-glycan and -ligand 
interactions. 

Figure 1: DCIR-ligand interactions are dependent on DCIR-glycosylation and -clustering. 
Based on the experiments described in this thesis, we hypothesize that non-clustered glycosylated 
cellular DCIR does not interact with any glycan or ligand (I). Minor glycosylated DCIR might 
interact with high affinity ligands (II). Clusters of minor glycosylated DCIR interact with all DCIR-
binding ligands and glycans (III). Glycosylated DCIR-Fc on beads interacts with endogenous cells, 
like keratinocytes and cancer cells, suggesting that cellular expressed clustered glycosylated 
DCIR could interact with some high affinity DCIR-ligands as well. 
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Part II: Different functional properties of DCIR and DC-SIGN 
after ligand binding 

In the first part of this discussion the differential requirements for functional DCIR and 
DC-SIGN interactions with glycans and ligands have been addressed. Besides recognition 
of glycosylated proteins, several DC-expressed CLRs enhance antigen presentation 
in MHC class I or MHC class II. Furthermore, CLRs can be involved in ligand-induced 
signaling. In this second part the different functional properties of DCIR and DC-SIGN in 
signaling and ligand internalization will be discussed. 

DCIR acts as an inhibitory signaling receptor
Based on the research described in Chapter 2, where we discovered a profound role 
for DCIR signaling after DCIR-ligand interactions, we hypothesize that DCIR has an 
important role as a signaling receptor. DCIR is the only classical glycan binding CLR 
present on DCs that contains an ITIM in its cytoplasmic domain. Phosphorylated ITIMs 
can attract phosphatases, which in turn dephosphorylate activated kinases and thereby 
inhibit several other signal cascades25. Recruitment of the phosphatases Src Homology 
2 domain containing protein tyrosine phosphatase (SHP) 1 and 2 by DCIR has already 
been reported26,27.   

ITIM-bearing receptors often pair with counteracting immunoreceptor tyrosine-
based activation motif (ITAM)-bearing receptors. These receptor pairs share a high 
sequence similarity in their extracellular domains and might therefore interact with the 
same or similar ligands28. Receptor pairs are for example present on NK cells29. Ligand 
stimulation of these receptor pairs on NK cells alters the balance between signaling 
through either the inhibitory or activating receptor. Increased activating signals will 
instruct the NK cell to kill the interacting ligand, while ligands that evoke increased 
inhibitory signals will be neglected. 

The possibility that DCIR forms such a receptor pair with an activating counterpart 
has been hypothesized before. DCIR stimulation in mice can inhibit the B cell receptor 
(BCR)-induced Ca2+ mobilization and protein phosphorylation30, strengthening the 
inhibitory role for DCIR in mice and demonstrating its potential to inhibit signaling 
of an ITAM-bearing counter receptor. In mice, the DC immunoactivating receptor 
(DCAR) shares high sequence similarity with DCIR in the extracellular domain and 
could therefore act as counteracting receptor of murine DCIR9. Although DCAR has 
no ITAM in its intracellular tail, it can associate with the ITAM-bearing Fc receptor 
γ chain, via a positively charged arginine residue in the transmembrane region of 
DCAR. DCAR stimulation induces increased calcium (Ca2+) mobilization and protein 
phosphorylation31. However, the DCAR gene is not present within the human genome. 
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The gene that possesses the highest sequence similarity to DCAR in humans is BDCA-232. 
BDCA-2 shares the ability with DCAR to interact with the Fc receptor γ chain and 
BDCA-2-mediated signaling resembles the BCR pathway, resulting in Ca2+ mobilization 
and protein phosphorylation as well33,34. 

Since BDCA-2 and DCIR could potentially form a receptor pair in humans, similar 
ligands and therefore a similar glycan specificity of these two lectins would be expected. 
This is however not the case, since we have shown that DCIR interacts with sulfo-Lewisa, 
Lewisb and mannotriose (Chapter 3), while BDCA-2 binds terminal galactose moieties35. 
DCIR binding to galactose could not be observed in our experiments (Chapter 3). In 
addition, DCIR is expressed on various immune cells36–39, while BDCA-2 expression is 
restricted to plasmacytoid DCs (pDCs)40. Nevertheless, both DCIR and BDCA-2 have 
been shown to interact with HCV15 and HIV-1. We have demonstrated DCIR binding 
predominantly to the HIV-1 gp140 envelop proteins (Chapter 3), whereas BDCA-2 
interacts with HIV-1 gp12041. Stimulation of BDCA-2 with gp120 inhibits the Toll-like 
receptor (TLR) 9-induced IFNα secretion by pDCs41. Interestingly, antibody triggering 
of DCIR on pDCs had the same effect42, thereby suggesting that in pDC and in the 
context of TLR9 signaling, DCIR and BDCA-2 do not act as counteracting pair. However, 
we cannot rule out that in certain cell types DCIR forms a receptor pair with a yet 
unidentified ITAM-bearing molecule.

Furthermore, the strict division in inhibitory ITIMs and activating ITAMs might be 
artificial25. Although ITIM-containing receptors attract phosphatases, thought to inhibit 
activated signal cascades, a stimulatory effect on Ca2+ mobilization has been reported 
for the phosphatase SHP-243. Since DCIR attracts SHP-227, DCIR triggering could have 
activating properties as well. Conversely, ITAM-bearing receptors might also exert 
inhibitory effects, as observed for the BDCA-2-induced modulation of TLR9 signaling41.

In Chapter 2 we show that DCIR triggering by carbohydrate ligands in CHO cells 
results in a decreased phosphorylation of the ITIM in DCIR. Unlike DC-SIGN signaling, 
which is dependent on the interacting glycan44, Lewisb or mannotriose triggering had 
similar effects on DCIR phosphorylation. In contrast to the normal mode of action of 
ITIM-containing receptors, DCIR triggering leads to dephosphorylation of the ITIM. This 
phenomenon might be explained by compartmentalization of DCIR molecules in areas 
lacking phosphatases under resting conditions. DCIR triggering could result in DCIR 
mobilization to areas rich in phosphatases, thereby decreasing the phosphorylation 
state of DCIR. Compartmentalization of proteins and changes upon receptor triggering 
have been reported for example for the BCR45. In this fashion, DCIR triggering could 
evoke stimulatory signals, by reducing the recruitment and activation of phosphatases 
by the diminished phosphorylated ITIM, compared to unstimulated conditions.

Nevertheless, this scheme of DCIR phosphorylation and dephosphorylation 
might differ amongst the different DCIR-expressing cell types, as has been shown 
for signal-inhibitory regulatory protein (SIRPα). SIRPα expressed on glomerular and 
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melanoma cells is phosphorylated under resting conditions46,47, while neuronal SIRPα 
is phosphorylated upon activation48. Since DCIR is expressed on a variety of different 
immune cells36–39, different intracellular signaling cascades could be initiated after 
ligand binding depending on the cell type expressing DCIR. In addition, the availability 
of SHP-1 and SHP-2 will influence the functional outcomes as well. 

In Chapter 2 we have demonstrated continuous DCIR triggering by cis interactions 
of DCIR with glycans present on CHO cells. The interaction of DCIR with glycans in cis 
will depend on the DCIR-expressing cell, since different cell types hold different cellular 
glycosylation. Therefore, it is possible that some DCIR-expressing cells have continuous 
DCIR triggering by cis ligands, while DCIR signaling in other cells will only occur after 
encountering a ligand in trans.  

In mice, an inhibitory role for DCIR1 has been proposed, that contributes to 
maintaining homeostasis49. However, DCIR1 lacks an N-glycosylation site inside the 
CRD, and DCIR1 signaling is therefore likely to be differentially regulated compared 
to human DCIR. Nevertheless, even though glycosylation of DCIR1 itself is absent, 
glycosylation of adjacent proteins on the cell membrane could result in cis binding 
and signaling as well, next to the binding to other endogenous proteins in trans. In this 
way, DCIR-induced inhibitory signaling could contribute to maintaining homeostasis. 
DCIR stimulation in humans, with the use of a monoclonal DCIR-antibody, decreases 
TLR7/8 and TLR9-induced cytokine release in monocyte-derived DCs (moDCs) and 
plasmacytoid DCs (pDCs), respectively42,50, suggesting an inhibitory role for human DCIR 
on DCs. Furthermore, polymorphisms in the human DCIR gene locus are associated 
with the development of rheumatoid arthritis (RA)51,52, indicating that in the presence 
of an altered DCIR protein or expression, cis interactions or endogenous ligands cannot 
exert their inhibitory effect, leading to an over-activated immune system. Indeed, DCIR-
binding glycans are present on endogenous proteins, since we demonstrated DCIR 
binding to keratinocytes (Chapter 3). Besides the expected sulfo-Lewisa expression 
on keratinocytes, an increased sulfo-Lewisa expression has been observed in the 
autoimmune diseases cystic fibrosis53 and Sjögren syndrome54. At present it is unknown 
what triggers the enhanced sulfo-Lewisa expression, but it could be a mechanism to 
downregulate an over-activated immune system, via stimulation of DCIR. Moreover, 
DCIR expression is detected on T cells in rheumatic joints38. The function of T cell-derived 
DCIR is currently unknown, but the activated phenotype of the DCIR+ T cells suggests 
that DCIR could play an activating, instead of inhibitory, role in these cells. However, 
DCIR stimulation in T cells could also induce an inhibitory signal that in RA is incapable 
in diminishing an already present hyper-activated T cell phenotype.

Since DCIR is expressed on a wide variety of immune cells, the effects of DCIR 
signaling could differ between the DCIR-expressing cells. In DCs DCIR most likely 
functions as inhibitory receptor, since it negatively affects TLR-induced signaling42,50. 
In addition, activating stimuli, like TLR ligands and TNF-α, reduce DCIR expression 
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on DCs36,42, thereby partially releasing the potentially inhibitory function of DCIR on 
activated DCs. GM-CSF, LPS, IL-4 or TNFα activated neutrophils have a reduced DCIR 
expression compared to resting neutrophils, suggesting an inhibitory role of DCIR in 
neutrophils as well, which is released in inflammatory conditions17. In addition, cellular 
glycosylation varies between the DCIR-expressing cells, likely resulting in differences in 
steady-state DCIR stimulation and the potential effect of DCIR interactions with ligands 
in trans. In conclusion, DCIR signaling can be induced by both cis and trans interactions 
and will induce a inhibitory signaling cascade or prevent the induction of activating 
pathways in most DCIR-expressing cell lines. However, more research is needed to 
investigate the exact role of DCIR as inhibitory signaling receptor in the different DCIR-
expressing cell lines.

DCIR as internalization receptor
In Chapter 4 and 5 we have investigated the routing of CLR-internalized antigens 
by using a new technology: imaging flow cytometry55. With the use of imaging flow 
cytometry the internalization and marker co-localization can be investigated in large 
cell populations, through the incorporation of an objective and high-resolution camera 
in a flow cytometric system. Different intracellular pathways are present in DCs that are 
used to route endocytosed antigens to MHC class II, MHC class I loading compartments 
or both, for subsequent antigen presentation to T cells. Commonly, internalized 
antigens route via endosomes and lysosomes to MHC class II loading compartments56. 
Predominantly in DCs, endocytosed antigens can follow distinct routes that mediate 
cross-presentation and loading onto MHC class I molecules57. With the use of markers 
specific for different intracellular compartments involved in antigen routing to MHC 
class I and MCH class II loading compartments, the routing of different CLRs was 
investigated quantitatively in large DC populations. 

Ligands endocytosed by DC-expressed DCIR can activate the proliferation of both 
CD4+ and CD8+ T cells42,58. In Chapter 5 we demonstrate a low internalization rate of 
DCIR and only partial DCIR routing to endosomes, while co-localization with markers 
for other compartments involved in intracellular trafficking, like rab11 (recycling 
endosomes) and TGN46 (trans-Golgi network) was not observed. Therefore, more 
research is needed to elucidate the exact pathway followed by DCIR-endocytosed 
ligands that results in the presentation of ligand-derived peptides in MHC class II and 
MHC class I molecules. Our assays were performed in the absence of maturation stimuli. 
Since cross-presentation of DCIR-internalized ligands was significantly enhanced in the 
presence of a TLR7/8 ligand58, our assays should be repeated in the presence of a TLR7/8 
ligand to potentially reveal routing of DCIR-internalized ligands under inflammatory 
conditions to compartments known to be involved in cross-presentation.
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Whether DCIR-binding glycans also induce DCIR-dependent internalization and 
MHC presentation remains elusive. Given that DC-SIGN interacts with all DCIR-binding 
glycans and is expressed on DCs as well, it is difficult to test the DCIR-dependent 
internalization of glycans. Internalization of DCIR-glycans could be investigated 
with the use of the DCIR-expressing transfectants. Internalization of DCIR-specific 
antibodies was observed in CHO DCIR cells, which was, similar to DCs, only marginal. 
However, we could not detect internalization of DCIR in CHO Lec8 cells, while DCIR 
on CHO Lec8 cells was recognized by the DCIR-specific antibodies (unpublished 
observations). This could be the result of the phosphorylated ITIM of DCIR in CHO 
Lec8 cells, since phosphorylation of the tyrosine-based internalization motif has been 
shown to negatively affect internalization and routing59. Nevertheless, our results with 
monoclonal DCIR antibodies indicate that DCIR functions poorly as internalization 
receptor and will therefore most likely only play a marginal role in ligand internalization. 

Effects of DCIR stimulation on DC-SIGN routing
Apart from acting as internalization receptor itself, DCIR triggering could affect 
internalization of other CLRs. In Chapter 5 we have investigated this issue and found 
that DCIR signaling affects the routing of DC-SIGN, resulting in decreased DC-SIGN 
targeting to the lysosomes and a concurrently prolonged stability of the DC-SIGN-
internalized ligands. These results suggest that ligands shared by DCIR and DC-SIGN 
could have an altered routing compared to DC-SIGN-specific ligands. This holds true 
for the pathogen HIV-1. We have demonstrated that HIV-1 interacts with both DCIR 
and DC-SIGN (Chapter 3) and DC-SIGN-dependent HIV-1 internalization, displays a 
decreased routing to lysosomes60 and protection from degradation in DCs61. Ebola virus 
and Human cytomegalovirus (CMV) likewise interact with DC-SIGN, thereby enhancing 
viral infection62. The interaction of DCIR with these viruses has not been demonstrated 
yet, but it would be interesting to investigate DCIR binding to CMV and Ebola virus. 
If DCIR recognizes these viruses as well, the DCIR-dependent effect on DC-SIGN 
internalization could be used by viruses as a general mechanism to escape immune 
detection and increase viral infection.

On the other hand, DCIR could potentially interact with Lewisb dendrimers and 
routing of Lewisb glycoconjugates to lysosomes has been demonstrated in DCs22. 
To investigate the effect of DCIR signaling on the routing of DC-SIGN-endocytosed 
ligands in more detail, the routing of different DC-SIGN-specific glycans, like LewisX 

should be compared with DCIR- and DC-SIGN-binding glycans, like Lewisb. In addition, 
examining the routing of HIV-1 and other DCIR- and DC-SIGN-binding pathogens in 
DCIR knockdown DCs could reveal a role of DCIR signaling in the decreased routing of 
HIV to lysosomes resulting in its protection from degradation. An overview of the DCIR 
and DC-SIGN interacting ligands is given in Figure 2. 
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Figure 2: Functional properties of DCIR and DC-SIGN after ligand binding. Whereas DC-SIGN 
plays an important role as antigen uptake receptor, we hypothesize that the major role for DCIR 
involves signaling, since DCIR-mediated signaling can alter DC-SIGN routing. In the table on 
top, different ligands and their capacity to interact with DCIR or DC-SIGN or both are depicted. 
These ligands or glycans can be used to target one of the receptors selectively or both receptors 
simultaneously. Exclusive DC-SIGN targeting (blue arrows) results in the proliferation of CD4+ 
and CD8+ T cells, while combined DC-SIGN and DCIR stimulation (indicated by green arrows) 
most likely reduces T cell proliferation and perhaps induces the development of tolerogenic T 
cells.
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DCIR as a target for immunotherapy
DCs are frequently used as a target for immunotherapy, whereby DC-expressed 
internalization receptors are utilized for the induction of antigen-specific T-cells. DCs 
are the key regulators of immunity, since they are able to induce both activating and 
tolerizing responses63. We and others have extensively investigated DC-SIGN as a 
potential target for immunotherapy for the induction of anti-tumor responses. DC-
SIGN targeting in vitro led to increased T cell proliferation, demonstrating its potential 
to facilitate tumor eradication21,22,64–66. Furthermore, DC-SIGN targeting in vivo also 
stimulates antigen-specific T cell proliferation (Unger et al., unpublished observations). 
Targeting the adjuvant keyhole limpet hemocyanin (KLH) to DCs via DC-SIGN 
additionally results in increased overall T cell proliferation and thereby inhibition of 
tumor growth67. 

DCIR on the other hand seems unsuitable as target for the induction of anti-tumor 
responses. Although DCIR internalized ligands are capable of stimulating both CD4+ 
and CD8+ T cell proliferation (Chapter 5 and 42,58), the amount of proliferating T cells 
induced by DCIR internalized antigens is lower compared to antigens endocytosed by 
other CLRs. Further research should focus on the possibility that these T cells become 
tolerogenic, as a result of the inhibitory function of DCIR. The generation of tolerogenic 
T cells might be overcome with the use of an appropriate TLR stimulus68, as cross-
priming via DCIR is enhanced by TLR7/8 signaling58. Yet, DCIR triggering, at the same 
time, is thought to decrease TLR7/8-induced cytokine responses50, making it difficult 
to select an adjuvant that optimizes the induction of effector T cells via DCIR targeting, 
while reducing the inhibitory effects of DCIR. 

Due to its role in inducing inhibitory signals and the effect of DCIR signaling on 
DC-SIGN routing, DCIR might be better used to reduce immune activation and in this 
way could be an ideal target for the treatment of allergy or autoimmune diseases. The 
capacity of murine DCIR2 to induce regulatory T cells68,69 further supports this possibility. 
In summary, DCIR could be an ideal target for the induction of regulatory responses, 
either through the induction of regulatory T cells by DCIR-internalized ligands, or via 
the modification of antigen presentation induced by internalized ligands via other 
receptors.  

DCIR targeting with glycans or antibodies?
DCIR targeting with antibodies elicits exclusive DCIR-mediated effects. In addition, 
DCIR antibodies can interact with both glycosylated and minor glycosylated DCIR, in 
contrast to DCIR-binding glycans and most of its ligands. However, CLR targeting with 
glycans has several advantages over antibody-mediated targeting, like the reduced 
costs to synthesize glycans on large scale and the absence of potential immunogenic 
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effects70. Immunogenic responses can be induced by antibodies, even when they are 
humanized71. Moreover, DCIR targeting with natural ligands most likely results in the 
simultaneous interaction with multiple CLRs. Indeed, we have demonstrated that most 
DCIR-binding glycans and ligands interact with DC-SIGN as well (see Figure 2). Since 
DCIR functions poorly as antigen uptake receptor, simultaneous DCIR and DC-SIGN 
triggering could result in antigen internalization via DC-SIGN and signaling via DCIR, 
which might initiate the development of tolerogenic T cells. Nevertheless, DCIR-glycan 
interactions are highly regulated by DCIR glycosylation¸ suggesting only functional DCIR 
triggering by trans glycans in the case of minor glycosylated and potentially clustered 
DCIR. It might therefore be most convenient to target both receptors simultaneously 
with the use of an antigen coupled to antibodies directed against both receptors. In this 
way, tolerogenic T cells could develop after DC-SIGN-dependent antigen internalization 
and DCIR-mediated signaling.

Concluding remarks
This thesis describes the glycan specificity and glycan binding properties of DCIR. In 
comparison with DC-SIGN, a more restricted glycan specificity of DCIR and a stronger 
influence of receptor glycosylation and clustering on DCIR-glycan interactions were 
found. In addition, DCIR mainly functions as signaling receptor after ligand binding. This 
inhibitory signaling function of DCIR might be useful for the induction of tolerogenic 
T cells in an autoimmune setting. Since DCIR and DC-SIGN have overlapping glycan 
specificities, care should be taken when selecting glycans for the use in immunotherapy, 
depending on the type of responses one wants to elicit. In addition, we reveal that 
DCIR is only available for glycan targeting in the case of minor receptor glycosylation 
and that continuous DCIR signaling is present if DCIR glycans are expressed on DCIR 
or on adjacent proteins in the cell membrane. Therefore, the glycosylation profile of 
DCIR and DCIR-expressing cells should be examined before using DCIR as target for 
immunotherapy. In addition, one should keep in mind that DCIR is expressed on a wide 
variety of immune cells, which could alter the predicted response of DCIR targeting on 
DCs. Our works provides new insights into the characteristics of DCIR and DC-SIGN that 
contributes to a better understanding of their role in the immune system. 
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