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Bridge
In Section 2-7 we have investigated the interaction of lymphotropic viruses and different DC
subtypes, including Langerhans cells and DC-SIGN+ DCs. In Section 8 we will review the
function of these DC subsets at the site of viral entry and during established viral infection. We
will first discuss our results on a molecular level, and then gradually zoom out to discuss the
implications of this research for HIV-1 transmission on a global level.
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Chapter 8.1

Molecular level:
Virus receptors on DCs
Dendritic cell subsets express specific viral receptors.
In this thesis we have investigated the interaction of viruses with different DC receptors, including
Langerin, DC-SIGN and syndecan-3. DC-SIGN and syndecan-3 are trans-receptors, capturing viruses
for infection of target cells. Other trans-receptors are the DC-SIGN homologue L-SIGN, and the other
members of the syndecan family (syndecan-1, -2 and -4). However, syndecan-3 and DC-SIGN are the
only identified trans-receptors expressed on DC-SIGN+ DCs and are not expressed on LCs. Langerin is
a viral receptor that protects against infection of LCs and other target cells. Langerin is specifically
expressed on LCs and not on DC-SIGN+ DCs.

DC-SIGN and syndecan-3: trans-receptors for HIV-1 on dendritic cells
Trans-receptors. In section 2, we have demonstrated that syndecan-3 and DC-SIGN are the major HIV1 attachment receptors on DCs, mediating HIV-1 capture, infection of DCs in cis, and trans-infection of
T cells. A similar role was previously described for the other syndecan family members on cell lines,
macrophages and genital epithelial cells and for the DC-SIGN homologue L-SIGN, when expressed on
cell lines (Table 8.1). Similar outcomes of HIV-1 interaction with these distinct classes of receptors is
striking and suggests a yet unknown common feature of syndecans and C-type lectins or a universal
internalization pathway in this subset of DCs. Interestingly, the ligands for these receptors on HIV-1 are
distinct: the C-type lectins interact with high mannose residues on the silent face of gp120, whereas
syndecans bind to a highly conserved arginine located in the third variable (V3) loop of gp12024.
Trafficking of HIV-1 captured by either receptor needs to be defined as well as the role of these
receptors in the formation of the infectious synapse75.
DC maturation. We investigated the role of DC-SIGN and syndecan-3 on immature DCs, since HIV-1
generally encounters immature DCs in the peripheral tissues. Mature DCs might be important for viral
transmission during co-infections as well as during established infection, since mature DCs are present
in the lymphoid tissues. Sanders et al.93 demonstrated that different ways of maturation either enhance
or decrease HIV-1 transmission compared to immature DCs. DC-SIGN was down-regulated on all
mature DCs which could have attributed to decreased transmission. Enhanced transmission was partly
due to increased levels of ICAM-1 that mediates interaction with the T cells via LFA-1. Wang et al. 26,109
demonstrated that trans-infection by LPS-matured DCs is more efficient and independent of DC-SIGN.
Mature DCs degraded HIV-1 less efficiently and internalize HIV-1 to distinct compartments compared to
immature DCs. It would be interesting to determine the expression levels and the role syndecan-3 in
these different mature DC subsets.
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Table 8.1. Identified trans-receptors for HIV-1
Pattern-recognition receptors.
DC-SIGN is a classical pattern
DC-SIGN (C-type lectin),
recognition
receptor
and
Section 2
DC-SIGN+ DCs
syndecan-3 (HSPG)
mediates antigen presentation
of HIV-1 to both CD4+ and
Liver sinusoidal
8
CD8+ T cells. The analogous
L-SIGN (C-type lectin)
endothelial cells
interaction of DC-SIGN and
syndecan-3
with
HIV-1
13,94
Syndecan-2, -4 (HSPGs)
Macrophages
suggests that both receptors
internalize antigens through a
12,13
similar pathway. Although the
Syndecan-1, -2 (HSPGs)
Genital epithelial cells
syndecan family has never
been referred to as a pattern
recognition receptor, these data suggest that syndecans are involved in pathogen uptake and antigen
presentation. Indeed, heparan sulphates are receptors for different viruses including HSV and HPV
(Section 4), and may be involved in antigen processing. Similar to DC-SIGN, syndecans might bind
various viruses and since syndecan triggering results in signaling these receptors could play a role in
directing the immune response87.
Primary DC-SIGN+ DCs. The role of DC-SIGN has been addressed in ex vivo and in vitro HIV-1
transmission models. Primary isolated rectal, dermal, cervical and blood DCs, capture HIV-1 (at least
partly) via DC-SIGN and mediate HIV-1 transmission28,40,46,86,101. A vaginal SIV transmission model
addressed the role of DC-SIGN using mannan treatment. Mannan did not inhibit transmission105,
suggesting that either DC-SIGN is not involved in vaginal SIV transmission or that mannan did not
reach the DC-SIGN+ DCs. We have demonstrated that the C-type lectin Langerin protects against HIV-1
infection, suggesting that mannan could have potentially blocked Langerin function in these
experiments. However, an increase of SIV transmission was not reported in these experiments, which
might have been due to optimalized conditions for viral infection.
Polymorphisms. More research is essential to understand the mechanisms governing sexual
transmission and the function for syndecan-3 and DC-SIGN in these processes. Population genetics will
become an important tool to investigate the in vivo role of these receptors. The carbohydrate
recognition domain of DC-SIGN is highly conserved. However, polymorphisms in the promoter region
exist that affect DC-SIGN expression. Strikingly, these polymorphisms were related to parental
transmission of HIV-1, indicating that DC-SIGN on blood DCs or in spleen or lymph node are important
for capture of virus from blood and transmission to target cells71. However, these similar polymorphisms
did not affect the risk of acquiring HIV-1 by mucosal contact 71, suggesting that DC-SIGN does not play
a key role in mucosal transmission. However, the expression levels of DC-SIGN may not differ
significantly enough between the polymorphisms to influence HIV-1 transmission. Polymorphisms in
syndecan-3 have been reported41 and future research is necessary to understand the role of these
polymorphisms in HIV-1 transmission. The other syndecan family members 1,2 and 4 are involved in
epithelial transcytosis and binding of HIV-1 to macrophages12,94. Genetic variation in the genes that are
involved in the composition of the heparan sulfate side chains are therefore also subject for future
research.
Syndecans on LCs. Under steady-state conditions, LCs do not trans-infect T cells with HIV-1, even not
at high virus concentrations or by blocking Langerin function. This is consistent with the fact that only a
small part of isolated primary LCs expresses syndecan-3 (Chapter 6.4 and 4.3). However, after
Pam3CSK stimulation, LCs mediate trans-infection, indicating these cells up-regulate expression of a
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trans-receptor or trafficking of a present receptor, such as Langerin, is altered. A role for syndecan-3 in
this process is now under investigation. Notably, preliminary data revealed that syndecan-3 is
expressed on LCs in the cervix (data not shown). Future research has to clarify the expression and role
of syndecans on LCs in vivo.

Figure 8.1 DC-SIGN as a general viral receptor: Good or bad? (a) Interaction of viruses with DC-SIGN might be
essential for mediating immune responses. DC-SIGN internalizes viruses, resulting in presentation in the context
of MHC-class II molecules and cross-presentation in the context of MHC-class I molecules (right). DC-SIGN
enhances infection in cis and this increases the availability of endogenous antigens for MHC-class I presentation
(right). Internalisation of viruses into multi-vesicular bodies partly protects the virus, and this might play a role in
transport of virions from the site infection into the lymphoid tissues, to mediate presentation to B cells (middle).
Interaction of viruses with DC-SIGN modulates TLR signalling. This appears to be pathogen specific and might as
such contribute to modulation of the immune response to clear virus infection. (b) Interaction of viruses with DCSIGN results in viral transmission and immune escape. Interaction of viruses with DC-SIGN enhances infection in
cis. New virus particles are produced, which result in de novo-transmission (right). Interaction with DC-SIGN also
mediates trans-infection (middle). Furthermore, DC-SIGN interaction leads to modulation of the TLR response,
including high production of the cytokine IL-10, which can favour immune escape.
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DC-SIGN is a general receptor for viruses: viral escape or immune response?
DC-SIGN was initially identified as the HIV-1 gp120 receptor on DCs22,33. The interaction of HIV-1 with
DC-SIGN was the piece in the puzzle explaining how DCs mediate HIV-1 transmission to T cells,
creating the hypothesis that HIV-1 had evolved to bind to DC-SIGN for its survival. However, the last
years several viruses have been evaluated for DC-SIGN binding, demonstrating that DC-SIGN interacts
with a large range of viruses from different viral families, which argues against a specific feature of HIV1 (Table 4.4).
Virus glycosylation. Interestingly, hepatitis B virus (HBV), varicella-zoster virus and human papilloma
virus L1 VLPs do not interact with DC-SIGN (Table 4.4). This may be due to a lack of N-linked
glycosylation sites in the viral proteins of these viruses. Furthermore, these viruses might replicate in
distinct cellular compartments, since post-translational modifications, including glycosylation of the
proteins are carried out in different organelles. At first sight, no obvious differences were noticed
between the way of assembly and budding of the DC-SIGN-binders and DC-SIGN-non-binders (Table
4.4). DC-SIGN enhances infection of Sindbis virus only when the virus is produced in insect cells but
not mammalian cells57. Furthermore, kifunensine treatment, which inhibits the cellular
glycosyltransferase mannosidase I, increased binding of HBV to DC-SIGN (Op de Brouw et al. in
press). These two reports suggest that expression and function of glycosyltransferases in the host cell
may also affect glycosylation of viral proteins.
Viral escape. Viruses target DC-SIGN to facilitate infection in cis or infection of other target cell-types in
trans (Table 4.4; Figure 8.1). Notably, polymorphisms in the promoter region of DC-SIGN decrease the
expression of DC-SIGN and protect dengue-infected individuals against the development of dengue
fever91, suggesting that dengue targets DC-SIGN for its survival. Furthermore, interactions of
pathogens, including viruses, with DC-SIGN modulate TLR signalling in DCs37, which might be
beneficial for the host or for the virus (Figure 8.1). Modulation seems to be pathogen specific37 44 and it
could be at this level where some viruses escape immune surveillance by binding or not to DC-SIGN.
These results might implicate that viruses have evolved to bind to DC-SIGN. However, other
mechanisms may have attributed to the development of this specific glycosylation of viruses. DC-SIGN
shares the specificity for high mannose structures with other lectins, such as Langerin, mannosebinding lectin, L-SIGN and mannose receptor5,17,60,97,104. Therefore, viruses binding to DC-SIGN most
likely also interact with these other receptors as well and this might dictate the virulence of specific
carbohydrate structures on these viruses. However, heavy glycosylation of viral glycoproteins might
increase virulence through other mechanisms, such as escape from binding by neutralizing antibodies,
viral stability, interaction with entry and attachment receptors, enhanced viral budding and neuroinvasion 108.
Viral defence. DC-SIGN is a classical pattern recognition receptor that is thought to play a crucial role in
the immune system. DC-SIGN mediates capture and antigen presentation of different viruses to T cells
(Figure 8.1)27,78,79 (Section 3). Furthermore, DC-SIGN enhances viral infection of DCs in cis and this
might promote MHC-I presentation (Figure 8.1). Moreover, we have been puzzled by the question why a
pathway exists in DCs that prevents degradation of viruses and allows trans-infection of lymphocytes.
One of our hypotheses is that this pathway attributes to the transport and presentation of viral envelope
glycoproteins to B cells (Figure 8.1). Similar to T cells, B cells are often not present at the site of viral
replication, but viral-specific B cells respond fairly quickly to viral infections. For T cells this is arranged
by capture of antigen by DCs that migrate towards the lymph node and present viral antigens on MHC
class I and II molecules. For B cells a similar pathway that transports complete antigens, including the
surface molecules, is likely to exist. This might be the pathway exploited by viruses to mediate transinfection.In contrast to other C-type lectins such as Langerin110, DC-SIGN is a highly conserved protein.
The question remains what has evolutionary put pressure on DC-SIGN. DC-SIGN binds a large variety
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of viruses. However, most viruses that have been evaluated for DC-SIGN-binding are ‘modern’
pathogens. These viruses might not have been around in circulation long enough to put pressure on
DC-SIGN108. Furthermore, DC-SIGN could play a crucial role in the modulation of bacterial
responses34,37. However, the low level of polymorphisms most likely suggests that DC-SIGN plays a role
in the development and function of our immune system. Indeed it is known that DC-SIGN interacts with
different cellular ligands, such as ICAM-2/3 and CEACAM. Interactions with these proteins are thought
to be involved in cellular communication in the immune system.
Thus, although we now know that DC-SIGN is a general receptor for viruses, its function in viral
infections remains elusive and needs to be further explored.

Langerin versus DC-SIGN
DC-SIGN mediates trans- and cis-infection of lymphotropic viruses, whereas interaction of MV and HIV1 with Langerin results in virus degradation and clearance. This difference is not dependent on the
DC/LC background, since studies using cell-lines expressing the two C-type lectins supported their
opposite functions in transmission (chapter 5.2). Interestingly, crystallography revealed high structural
similarities between the carbohydrate recognition domains of DC-SIGN and Langerin21, suggesting that
their cytoplasmic domains dictate the dissimilar trafficking of captured viruses. Moreover, these
receptors may recruit other receptors in the membrane, such as the entry receptors for viruses.
HIV-1 is faster degraded by Langerin than by DC-SIGN, supporting a lectin-specific internalization
pathway. DC-SIGN internalizes viruses to the early endosomes and multi-vesicular bodies32,70. The
intracellular trafficking of the virus in LCs is not fully elucidated yet. Langerin and viruses were observed
in compartments that were doublestained with the lysosomal marker Lamp-1, suggesting at least part of
the virus is degraded in lysosomes. Langerin has been shown to recycle to the cell membrane, involving
the small GTPase Rab1172,74,102. Knock-down of Rab11 resulted in a defect in Birbeck granule
formation, which may block the protective function for Langerin. Since we did not observe transinfection of HIV-1 by LCs or Langerin transfectants our results indicate that virus captured via Langerin
is not recycled back to the cell surface. However, differential regulation of Langerin trafficking might
result in recycling.
We have only started to unravel the regulation of Langerin function. Future research has to address in
which compartment the virus is degraded: in Birbeck granules, lysosomes, or another compartment,
since degradation is essential for the protective function of Langerin. To determine the role of Langerin
in protection against invading viruses in vivo, population genetics on polymorphisms in Langerin will be
valuable. Langerin polymorphisms affect the function of this C-type lectin110 and preliminary results
demonstrate that polymorphisms that decrease Langerin binding to high mannose structures in vitro110,
increase HIV-1 transmission, which supports our in vitro findings that Langerin protects against HIV-1
transmission (Michiel van der Vlist, personal communications). Langerin knockout mice55 could answer
the question whether Langerin has a function in viral transmission or a murine lymphotropic virus in
vivo. Ex vivo and in vitro models will be used to further pin down the conditions of Langerin protection,
including the saturation levels, the degradation pathway and the role of Rab11.
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