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English Summary
Dendritic cells (DCs) are crucial in the defense against invading pathogens, 
which they recognize via pattern recognition receptors (PRRs).  PRR triggering 
by pathogens induces signaling pathways that initiate specific gene transcription 
programs leading to DC activation and induction of pathogen-tailored immunity. 
Activated DCs migrate towards the lymph nodes (LN), where they present 
pathogen-derived antigens to T cells. T cells that recognize peptides presented on 
activated DCs start to proliferate and differentiate into effector cells that migrate 
back to the side of infection to clear the infection. 

In this thesis I investigated the role of two DC subsets, DCs and Langerhans cells 
(LCs), in viral infections. We assessed their role in the dissemination of HIV-1 
(Chapters 2 and 3) and Measles virus (MV) (Chapter 4), and how they induce 
immunity against these viruses (Chapters 4 and 5). 

Dendritic cells and HIV-1

To induce immune responses, Toll-like receptors (TLRs) activate Nuclear 
Factor κB (NF-κB) subunit p65 upon pathogen recognition. p65 activity is 
enhanced by signaling induced via C-type lectin DC-SIGN after recognition of 
mannose-expressing pathogens. Strikingly, these innate signaling receptors are 
also crucial for HIV-1 replication in DCs. In chapter 2 we demonstrate that HIV-1 
activates TLR8, which results in translocation of p65 into the nucleus. There, p65 
initiates transcription of the integrated HIV-1 genome by RNA polymerase II 
(RNAPII). Activation of p65 does not result in full-length HIV-1 transcription 
and TLR8 triggering therefore alone results in abortive short HIV-1 transcripts 
without de novo virus production. A second signal required for progressive 
transcription is provided by DC-SIGN. HIV-1 binding to DC-SIGN results in 
post-translational modifications of p65, which allows for full-length HIV-1 
transcription. DC-SIGN activates the kinase Raf-1 resulting in phosphorylation 
of p65 at serine 276, thereby allowing recruitment of Positive Transcription 
Elongation Factor b (pTEF-b) and subsequent recruitment of RNAPII to complete 
HIV-1 transcription. Therefore, DCs facilitate transmission of HIV-1 to T cells and 
their innate signaling via PRRs DC-SIGN and TLR-8 allows HIV-1 replication.
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In contrast to DCs, LCs are protected from HIV-1 infection by the C-type lectin 
Langerin. Langerin captures HIV-1 resulting in internalization into Birbeck 
granules and degradation of the virus. However, co-infections like with Herpes 
simplex virus 2 and fungal infections, as well as activation of LCs interfere 
with the protective function of LCs in vitro. However, little is known about the 
function of LCs in vivo. Therefore, in chapter 3 we studied the in vivo role of 
LCs - and specifically the role of Langerin - in HIV-1 transmission. We assessed 
the effect of a single nucleotide polymorphism (SNP) on Langerin function in a 
heterosexual and homosexual transmission cohort. Notably, we show that the 
SNP rs13383830 D288 was associated with increased susceptibility to HIV-1 
infection in women. Our data demonstrate that this SNP decreased Langerin 
binding to HIV-1, which would limit its anti-viral function. In line with the 
absence of Langerin in rectal mucosa, we did not find an association with 
rs13383830 D288 and HIV-1 infection in the homosexual transmission cohort. 
Thus, our data strongly suggest that Langerin protects against HIV-1 infection 
and has an anti-viral function in LCs in vivo.

Overall, our data underline the different functions of DCs and LCs in HIV-1 
infection. Strikingly, we show that innate signaling via TLR8 and DC-SIGN 
facilitates infection of DCs. Therefore, DCs might be a relatively easy target 
in mucosal tissues. In contrast, LCs are protected from HIV-1 infection via 
heterosexual transmission by Langerin in vivo. This shows that strategies to 
prevent HIV-1 dissemination should try to interfere with DCs, whereas they 
should leave LCs unaffected to prevent increase in susceptibility to HIV-1.

Antigen presentation by dendritic cells

Induction of viral immunity depends on antigen presentation by DCs to CD8+ 
T cells. We assessed the role of DC subsets in presentation of MV to T cells. In 
chapter 5 we demonstrated that DCs capture MV via DC-SIGN and CD150, the 
entry receptor of wild type MV. MV capture by DC-SIGN enhances transmission 
to T cells, similar to what is observed for HIV-1. Moreover, capture of MV by 
DC-SIGN resulted in activation of MV specific CD4+ T cells. DCs were able to 
activate CD8+ T cells via both the classical presentation of endogenous antigens 
in HLA-I and via cross-presentation of exogenous MV antigens in HLA-I. Thus, 
CD150 allows infection of DCs by MV, whereas DC-SIGN facilitates transmission 
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of the virus to T cells and activation of an adaptive immune response to MV.

In chapter 5 we showed that LCs capture both wild-type and laboratory-adapted 
MV strains through Langerin. However Langerin does not mediate viral fusion 
and infection of LCs. Immature LCs are refractory to MV infection, whereas 
mature LCs are infected. This is partly explained by the lack of CD150 expression 
on immature LCs, whereas mature LCs do express CD150. However, immature 
LCs do express CD46, the entry receptor for laboratory adapted MV, but still are 
not infected with the laboratory-adapted strain. This suggests that immature LCs 
have additional antiviral mechanisms that prevent infections, besides Langerin. 
Since immature LCs are refractory to MV infection, they were unable to activate 
CD8+ T cells via the classical HLA-I presentation route. Infected mature LCs were 
able to induce CD8+ T cells via the classical route. Strikingly, both immature and 
mature LCs were unable to cross-present exogenous cell free MV or MV-infected 
apoptotic cells to CD8+ T cells. This suggests that LCs are intrinsically incapable 
of cross-presenting antigens. 

The studies described in this thesis demonstrate that, although DCs and LCs both 
belong to the DC family, they have very different characteristics, reflecting their 
distinct localization and function. DCs are efficient antigen presenting cells but 
also facilitate viral transmission via DC-SIGN. In contrast, LCs protect against 
viral infection through Langerin and are largely refractory to viral infections. 
Notably, LCs fail to induce CD8+ T cell responses via cross-presentation. These 
findings suggest that viral protection mechanisms in LCs are coming at the cost 
of inefficient antigen presentation abilities. 
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