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SUMMARY
Introduction
Dendritic cell (DC) subsets and macrophages are located in mucosal tissues to identify intruding 

pathogens. In order to do so, these innate immune cells express pattern recognition receptors 

(PRR), including various C-type lectin receptors (CLR) and Toll-like receptors (TLR) on the cell 

surface and cytosolic RIG-I-like receptors (RLR) for pathogen sensing. Activation of these 

receptors promotes pathogen uptake and induces intracellular signaling, leading to production 

of cytokines. Furthermore, upon encountering pathogens, DCs obtain a mature phenotype and 

migrate to the lymph nodes to present antigen to T lymphocytes. DCs thus have a pivotal role 

in host defense, both in immediate innate responses and eliciting adaptive immune responses. 

Infectious diseases are defined by the interactions between pathogens and the host. 

Whereas the immune system aims to control the infection, the pathogen intends to survive 

and spread. Innate immune cells and the PRRs expressed by these cells are therefore 

pivotal in this interplay. 

In this thesis, I investigated the role of DCs in MV infection (chapter 2-5), another 

DC subset, Langerhans cells (LCs), in HIV-1 transmission (chapter 6) and macrophages in 

Candida albicans responses (chapter 7).  

DC subsets in viral infection
Measles virus (MV) is highly infectious and transmitted by aerosols. For a long time it has 

been thought that the virus enters by infecting epithelial cells in the upper respiratory tract. 

However, these cells do not express the entry receptor for wild type virus, CD150. Therefore 

we investigated the early events after MV infection via aerosols using a non-human primate 

model. In chapter 2 we demonstrate that infection initiates in the lungs. This was the only site 

where virus was detected at day 2 and 3 post infection (p.i.). The first infected cells detected 

in the lungs phenotypically resembled DCs or alveolar macrophages. One or two days later, 

local replication in T and B lymphocytes as well as DCs was detected and dissemination of 

the virus to the lung draining lymph nodes was observed. From day 4 post infection, MV was 

detected in peripheral blood, leading to systemic infection of lymphoid tissues. 

In chapter 3 we further investigated the role of DC-SIGN+ DCs in early infection in the 

same non-human primate model. We show that DC-SIGN+ cells are located in the alveoli, 

where they can encounter inhaled virus and that DC-SIGN+ cells are among the first 

infected cells in the lungs. Also in the lung draining lymph nodes we detected DC-SIGN+ 

infected cells from 4 days post infection. Similar to what had previously been shown 

for its human homologue, we here demonstrate that macaque DC-SIGN functions as 

an attachment receptor for MV. Isolated DC-SIGN+ cells from macaque broncho-alveolar 

lavage and lymph nodes more efficiently transmitted MV to B lymphocytes compared to 

DC-SIGN- cells. The results from these two chapters imply that MV misuses the migratory 

function of DCs for its dissemination to lymphocytes. 

Since DCs are among the first infected cells after exposure to MV, they are important 

targets for immune evasion. In chapter 4, we studied MV replication and antiviral responses 
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in DCs. MV induced type I interferon (IFN) responses in DCs via RLRs, RIG-I and Mda5. RLR 

activation requires dephosphorylation of their CARD domains by PP1α/γ phosphatases. 

We found that these phosphatases form holoenzymes with regulatory subunit GADD34. 

Notably, DC-SIGN-mediated activation of kinase Raf-1 by MV or via receptor crosslinking 

almost completely prevented this dephosphorylation. Raf-1 phosphorylated PP1 inhibitor 

I-1, driving its association with PP1α/γ-GADD34 phosphatases, inhibiting their activity. 

This suppressive mechanism of RIG-I and Mda5 strongly inhibited downstream activation 

of TBK1/IKKε, the transcription of antiviral IFN-β and interferon stimulated genes and 

hence boosted cell infection in DCs. Thus, in addition to using the receptor for migration 

to the lymph nodes, MV hijacks DC-SIGN signaling to promote its replication. 

In order to transfer to the lymph nodes, DCs must mature. In chapter 5 we compared 

DC maturation in response to TLR or RLR ligands. Activation of either receptor family 

induced upregulation of costimulatory molecules CD86 and CD83. However, RLR 

stimulation with synthetic ligands or MV infection did not affect expression of DC-SIGN, 

whereas TLR stimulation resulted in reduced expression, both on protein and mRNA level. 

This differential expression of DC-SIGN following TLR versus RLR stimulation was not 

related to type I IFN production. Sustained high levels of DC-SIGN in virally infected cells 

could be beneficial for the host since the receptor promotes antigen presentation, but also 

for the virus – as we have seen in the previous chapters.

Similar to MV, DCs can promote HIV-1 transmission to lymphocytes. However, during sexual 

transmission, LCs are the first cells to encounter HIV-1. In chapter 6 therefore, we investigated 

the role of LCs in selection of CCR5 (R5)-tropic HIV-1, which is predominantly transmitted, 

even though CXCR4-tropic (X4) HIV-1 is often abundant in chronic HIV-1 patients. We show 

that immature LCs are productively infected by both X4 and R5 viruses, but only R5 HIV-1 is 

transmitted to T lymphocytes. This viral transmission is dependent on cellular LC infection, 

indicating that the cellular machinery of LCs restricts transmission of specific CXCR4 HIV-1 

strains and implying that immature LCs play a crucial role in R5 selection. 

Macrophages in C. albicans infection 
C-type lectin receptor dectin-1 is important for recognition of C. albicans. In DCs, dectin-1 

binding induces Raf-1 activation, which is crucial for cytokine responses. We demonstrate 

in chapter 7 that dectin-1 associates with the Raf-1-CNK-KSR1 signalosome via adaptor 

protein LSP1 in both DCs and macrophages, similar to DC-SIGN. We further investigated 

dectin-1 function in macrophages and found that LSP1, but not Raf-1, is crucial for 

effective uptake of C. albicans. LSP1 and dectin-1-mediated Raf-1 activation additionally 

were involved in the transcription of proinflammatory cytokines. LSP1 was required for 

induction of cytokines in response to C. albicans or curdlan, whereas Raf-1 enhanced the 

induction. This shows that the dectin-1 signalosome is important for the function of the 

receptor, which seems to be different in DCs and macrophages.
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Conclusion
The work described in this thesis gives more insight in pathogen recognition by innate 

immune cells and underlines the specific characteristics of innate immune cells DCs, LCs and 

macrophages. Moreover, this thesis shows how viruses exploit cellular processes to promote 

their replication. In particular expression of DC-SIGN by DCs has major effects on viral 

infections, as its function is subverted by MV in multiple ways to promote its dissemination. 

154

9


