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Chapter 5.3
Langerin captures measles virus for viral
clearance and MHC class-II but not crosspresentation.
Lot de Witte1, Michiel van der Vlist1*, Rory de Vries2*, Manja Litjens1, Marein
A.W.P. de Jong1, Donna Fluitsma1, Rik L. de Swart2 and Teunis B.H.
Geijtenbeek1
Upon entry, lymphotropic viruses are thought to target LCs and subepithelial DCs to mediate
transmission into the lymphoid tissues. We have recently demonstrated that LCs capture HIV-1
through Langerin. HIV-1 is internalized into birbeck granules, resulting in degradation of virus
particles, thereby preventing infection of LCs and other target cells. These data question
whether LCs mediate HIV-1 transmission, but instead strongly suggest that LCs protect against
HIV-1 transmission. Here we set out to investigate whether this protective function is specific
for HIV-1 or applies to a broader range of viruses. Moreover, we aimed to understand whether
internalization of viruses via Langerin results in the induction of adaptive immune responses.
We demonstrate that Langerin is an attachment receptor for MV, resulting in viral clearance
and inhibition of MV infection. Furthermore we demonstrate that Langerin antibodies and MV
are internalized into birbeck granules and Lamp-1+ and HLA-DR+ compartments, where they
are degraded. LCs present MV in the context of MHC class-II, which is at least partly
dependent on the interaction of MV with Langerin. Strikingly, LCs did not cross-present MV or
MV-infected cells to CD8+ T cells in contrast to DC-SIGN+ DCs. Thus Langerin captures
viruses, resulting in degradation and antigen presentation to CD4+ but not CD8+ T cells.
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Introduction
Dendritic cells (DCs) are professional antigen presenting cells that have a sentinel function in the
immune system48. Immature DCs capture antigens in the periphery and, upon activation, mature and
migrate to the draining lymphoid tissues. Here, DCs present antigen-derived peptides to T cells to
induce adaptive immune responses24,46. Langerhans cells (LCs) are a subset of DCs that reside in the
epidermis and stratified epithelial tissues, such as the foreskin, vagina and cervix23,32,56. With their
dendrites, LCs generate a network throughout the tissue, maximizing capture of invading pathogens.
LCs are characterized by expression of CD1a, the C-type lectin Langerin and the presence of Birbeck
granules57. Due to their specific localization and their characteristics, LCs are thought to have a unique
role in the immune system.
LCs are fully equipped to induce an adaptive immune response; including the expression of pattern
recognition receptors17,56,62, the expression of high levels of co-stimulatory and MHC molecules upon
maturation1,34,51 and the capacity to migrate towards the lymphoid tissues36. However, in mice it is
thought that dermal DCs, but not Langerhans cells, are involved in the induction of CD4+ and CD8+ T
cells responses to viruses2,66. Therefore the role of LCs in the induction of an adaptive antiviral immune
response has been argued.
Upon entry, lymphotropic viruses are thought to target LCs and subepithelial DCs to mediate
transmission into the lymphoid tissues. We have recently demonstrated that LCs capture HIV-1 through
Langerin12. HIV-1 is internalized into birbeck granules, resulting in degradation of virus particles,
thereby preventing infection of LCs and other target cells. These data question whether LCs mediate
HIV-1 transmission, but instead strongly suggest that LCs protect against HIV-1 transmission. Here we
set out to investigate whether this protective function is specific for HIV-1 or applies to a broader range
of viruses. Moreover, we aimed to understand whether internalization of viruses via Langerin results in
the induction of adaptive immune responses.
To address these questions we investigated the interaction of LCs with measles virus (MV). MV is one
of the most infectious viruses that affect humans. Similar to HIV-1, MV is lymphotropic and DC-SIGN+
DCs have been implicated in transmission of the virus10 (Chapter 4.4). In contrast to HIV-1, MV is
transmitted by inhalation of aerosols. The virus initially replicates in the regional lymph nodes of the
respiratory tract, after which it is disseminated by viraemia to cause systemic disease. In most cases
MV induces strong cellular and humoral immune responses that efficiently clear the virus and result in
lifelong immunity19,37. Due to their localization, LCs may be one of the first target cells for MV upon
transmission. Little is known about the interaction of LCs with MV. In vitro, it has been demonstrated
that LCs are infected by MV, and that MV-infected LCs suppress T-cell proliferation20,45. Others reported
that MV infects LCs only after mechanically stress, which was related to CD150 expression63.
Here, we have further investigated the role of LCs during MV infection. We demonstrate that Langerin is
a receptor for MV and we have investigated whether capture of this virus by Langerin inhibits LC
infection and leads to MHC class-II presentation and cross-presentation.

Results
Langerin is an attachment receptor for measles virus on Langerhans cells but does not mediate viral
entry
To address the question whether Langerin is a receptor for MV, we investigated the interaction between
Langerin and wild-type MV (WTF) using a soluble Langerin binding ELISA. Langerin proved to bind to
MV in a dose-dependent manner (Figure 1a). The interaction was specific for the carbohydrate
recognition domain (CRD) of Langerin, since binding was inhibited by the polycarbohydrate mannan
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12,56

(Figure 1b). In order to investigate whether Langerin is a cellular receptor for MV similar to HIV-1,
we used the HIV-1 gp120 fluorescent bead adhesion competition assay26. HIV-1 gp120 beads
specifically bind to Langerin on transfected cell lines12,55: pre-incubation of the cells with MV (WTF)
decreased gp120 binding to Langerin in a dose-dependent manner (Figure 1c), demonstrating a
competition between MV and the HIV-1 gp120 beads for the same binding site on Langerin. Moreover,
MV blocked binding of gp120 beads to immature LCs (Figure 1d), indicating that Langerin on primary
LCs interacts with MV. These results demonstrate that Langerin is a receptor for MV.

Figure 1. Langerin is an attachment receptor for measles virus on Langerhans cells. (a) ELISA plates were coated with
different concentrations of MV (purified UV-inactivated WTF) or a mock control, and subsequently incubated with Langerincontaining lysate. Langerin binding was detected using a specific non-blocking antibody. (b) To determine the specificity of the
interaction between Langerin and MV (13.5µg/ml) the Langerin lysate was pre-incubated with mannan. N=2(c,d) The
interaction of MV with cellular Langerin was determined using the HIV-1 gp120 bead competition assay. Jurkat-Langerin or
LCs cells were pre-incubated with different concentrations of MV (purified UV-inactivated WTF), a mock control, EGTA,
mannan or a blocking antibody against Langerin. The binding with no block was set at 100% (originally 58% for JurkatLangerin cells and 25% for LCs). Results are presented as means +/- standard deviations of duplicates. n=2 (e,f) Parental
CHO, CHO-Langerin and CHO-CD150 were infected with MV (Mock, IC323-EGFP or MV-WTF, MOI 1) (e) Infection of the cells
by IC323-EGFP was determined by analyzing syncytium formation and EGFP expression. Representative pictures 48 hours
post-infection are depicted. N=3. (f) To the cultures with WTF, FIP was added 2 hours after infection. The cells were harvested
48 hours post-infection, stained for MV-F and analyzed by flow cytometry. Open histograms indicate mock-infected cells; filled
histograms indicate MV-WTF infected cells. n=3.
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To investigate whether Langerin mediates fusion and viral entry, Langerin was stably transfected in
CHO cells (Supplementary figure 1), which are known to support MV infection after transfection with
wild type receptor CD15015. CHO, CHO-Langerin and CHO-CD150 cells were infected with a high dose
of wild type MV (WTF) or MV IC323-EGFP. The virus induced syncytia formation, EGFP expression and
the accumulation of MV protein F in CHO-CD150 cells, but not in CHO and CHO-Langerin cells (Figure
1e,f). These findings demonstrate that Langerin is an attachment receptor that does not mediate entry
of MV.

Langerhans cells are abundantly present in the epithelia of the upper respiratory tract, and to a lesser
extent in the lower respiratory tract
Next we investigated the presence of LCs in the respiratory tract, the site of MV entry. Several tissues
were screened for LCs by staining with antibodies against the LC-marker CD1a. LCs were observed in
tongue, buccal cavity, tonsil, pharynx and bronchi (Figure 2a and supplementary figure 1a). As
described for other tissues, LCs were mainly located in the epithelia, but small numbers were also
detected in the subepithelia. Furthermore, the upper respiratory tract contained more LCs than the
lower respiratory tract (Figure 2b and supplementary figure 2b). In the alveoli and bronchioles, LCs
were only scarcely detected and the number of LCs varied between zero and 25 LCs per mm2
(Supplementary figure 2b). In conclusion, the density of LCs is high in the upper respiratory tract and
decreases while descending towards the lungs.
Next, the expression of the MV attachment receptor Langerin was examined. Langerin was expressed
on more than 95% of LCs in the respiratory tract (Figure 2c and Supplementary Figure 2c). In the lungs
donor variation was observed, since LCs from one donor expressed Langerin, whereas in two other
donors, respectively 80% or 20% of the LCs expressed Langerin. Tissues were also screened for cells
expressing the wild-type MV entry receptor CD15054. As previously described (Chapter 4.4) CD150expressing cells were mainly observed in the tonsil. In peripheral tissues CD150 expression was low,
but some positive cells could be detected at the interface between epithelium and subepithelium (Figure
2d, arrows). CD150 expressing cells were sporadically found in the alveoli of the lungs, and more
frequently in the bronchiole-associated lymphoid tissue (BALT) (Figure 2c). Background staining is
present in the lungs and bronchi, probably due to auto-fluorescent mucus. CD150 could be detected on
a small population of LCs in both upper and lower respiratory tract (Supplementary fig 2d). Thus,
Langerin+ CD150low LCs are the first DC subset to encounter MV in the upper respiratory tract.
Isolation of human immature LCs from the respiratory tract is not possible on a scale that allows
functional experiments. Therefore, we investigated the phenotype of skin LCs as model for respiratory
LCs. Similar to LCs in the respiratory tract in situ, epidermal immature LCs expressed high levels of
Langerin (Figure 2e). Upon culture, Langerin was down-regulated and the expression of co-stimulatory
molecules CD80, CD83 and CD86 and MHC class-II were upregulated. Notably, low levels of CD150
were detected on immature LCs, which increased during culturing.

Langerin inhibits measles virus infection of cell lines and primary LCs ex vivo
The role of Langerin in MV infection was further investigated using monocytic THP-1 cells stably
transfected with Langerin or DC-SIGN. Parental THP-1 cells expressed low levels of CD150
(Supplementary figure 1) and were permissive for wild-type MV infection, albeit with low efficiency. To
assess the role of Langerin in MV infection, THP-1, THP-Langerin and THP-DC-SIGN cells were
incubated with MV (WTF) and infection was measured by surface expression of the MV fusion protein
(F) after 48 hours. THP-Langerin cells were less efficiently infected compared to parental THP-1 cells
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(Figure 3a,b). The reduced infection was Langerin-specific, since pre-incubation with mannan restored
infection to levels observed with the parental cells (Figure 3b).

Figure 2. Langerhans cells are present
in the upper respiratory tract and
express Langerin. (a) Cryosections of
tissues from the human respiratory
tract were stained for the LC-marker
CD1a (red) using specific antibodies
and nuclei (blue) using Hoechst, and
analyzed by fluorescence microscopy.
The border between the epithelium and
subepithelium (white line) and the site
of the lumen or external environment
(ex) are depicted. Representative
pictures are shown. (b) The amount of
LCs encountered underneath 1 mm of
lumen counted using a grid. Error bars
represent the standard deviation of
different pictures from one donor
analyzed by different persons. (c,d)
Sections were double stained with
antibody combinations against either
Langerin and CD1a (CD1a in
red/Langerin in green) or CD1a and
CD150 (CD1a in green/CD150 in red).
The nuclei were stained by Hoechst
and the sections were analyzed by
fluorescence microscopy. (d) Immature
LCs and emigrant LCs were prepared
from human skin and analyzed for the
expression of several markers by
staining with antibodies and analysis
by flow cytometry. Open histograms
represent isotype control staining; filled
histograms represent specific antibody
stainings.
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As previously reported11, expression of DC-SIGN specifically enhanced MV infection, which could be
blocked by mannan (Figure 3a,b). These results indicate that Langerin and DC-SIGN interaction with
MV has distinct outcomes, resulting in inhibition and enhancement of infection, respectively.
Next, we investigated the inhibitory function of Langerin on primary LCs. To exclude activation of the
LCs, we infected the LCs ex vivo with different concentrations of MV (WTF). After 3 days migrated cells,
consisting for 95% of emigrant LCs, were stained for HLA-DR and MV-F expression to identify LCs and
infection, respectively. Mannan was used to block Langerin function and did not alter LC migration (data
not shown). At a low viral input (approximately MOI 0.1) 9.0 (±1.3)% of the LCs were infected, which
increased to 16.8 (±1.7)% in the presence of mannan (Figure 3c). Similar increased efficiency of MV
infection of LCs in the presence of mannan was observed at higher viral input (Figure 3c). Thus,
Langerin captures MV resulting in viral clearance and inhibition of LC infection.

Figure 3. Langerin expression reduces measles virus infection in cell
lines and blocking Langerin on LCs enhances measles infection.
(a,b). Parental THP-1, THP-Langerin and THP-DC-SIGN were infected
with MV (WTF, MOI 1). After 2 days, the cells were stained for the cell
surface expression of MV-F and analyzed by flow cytometry. To control a
specific effect of the C-type lectins, the cells were pre-incubated with
mannan (0.25 mg/ml). (a) Representative flow cytometry analysis of
infected cells. Open histograms indicate mock-infected cells, filled
histograms WTF-infected cells. (b) Infection is depicted as percentage
infected cells. Error bars represent standard deviations of duplicates in
one experiment. These results are representative of three independent
experiments. (c) Epidermal sheets were pre-incubated with mannan (0.5mg/ml) and infected with MV (WTF). After three days
migrated cells were stained for HLA-DR and MV-F and analyzed by flow cytometry. The percentage of HLA-DR positive cells
expressing MV-F is depicted. One representative experiment of two is shown; error bars represent standard deviations of
duplicates.

Langerin-antibodies are internalized into birbeck granules, Lamp-1+ and HLA-DR+ vesicles
We investigated the internalization pathway of Langerin by targeting this protein with specific
antibodies. BLCL-OUW expressing high levels of functional Langerin (Supplementary figure 1) and
emigrant LCs were incubated with antibodies against Langerin and internalization was followed. Colocalization with the lysosomal marker Lamp-1 was analyzed by confocal microscopy. The Langerin
antibody was present on the cell membrane, just below the cell membrane and intracellular (Figure 4a).
After 1 hour, the internalized antibody co-localized with Lamp-1 demonstrating that Langerin was at
least partly internalized into lysosomes. Subsequently, we performed electron-microscopic analysis of
LCs that had internalized anti-Langerin antibody to determine the routing of Langerin at a cellular level.
The antibody was internalized into Birbeck granules (Figure 4b) and was also observed in empty and
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filled vesicles. Co-localization of the internalized antibody with Langerin was observed in these
organelles, demonstrating that the antibody was still attached to the protein (Figure 4b). A part of these
vesicles was positive for Lamp-1 or HLA-DR (Figure 4c,d). Moreover, the internalized antibody was
detected in multivesicular bodies and incidentally in multilaminar bodies, which co-localized with HLADR (Figure 4d). These data demonstrate that Langerin ligands are partly internalized into the
endosomal/lysosomal pathway.
Figure
4.
Langerinantibodies
are
internalized into birbeck
granules and co-localize
+
into Lamp-1 and HLA+
DR vesicles. (a-d) BLCLOUW Langerin cells or
emigrant
LCs
were
incubated with antibodies
against
Langerin
(DCGM4). (a) The cells
were stained for Lamp-1
and counterstained with
isotype
specific
antibodies (Langerin in
green/Lamp-1 in blue)
and analyzed by confocal
microscopy.
Representative pictures
of cells are depicted.
These
results
are
representative of two
independent experiments
(b-d)
Langerin
was
counterstained
using
large
immuno-goldlabeling (15nm). Next, the
cells were stained using
specific
polyclonal
antibodies
against
Langerin, HLA-DR or
Lamp-1,
which
were
detected using small
immuno-gold-labeling
(10nm). The cells were
analyzed by electron
microscopy. Inlays are
depicted to illustrate colocalization of 10 and
15nm gold-labeling.

Langerin-antibodies are degraded and presented in the context of MHC-II
To investigate whether Langerin-antibodies are processed for antigen presentation, we measured
degradation of the internalized antibody. Langerin- and DC-SIGN-transfected cell lines were incubated
with the antibodies against Langerin and DC-SIGN, respectively, and the amount of intact antibodies
was measured by ELISA. The antibodies against DC-SIGN and Langerin were both degraded over time
(Figure 5a). Next, we investigated whether processing resulted in presentation of antibody-derived
peptides in the context of MHC-II. BLCL-OUW transfectants were pulsed with antibodies against DCSIGN or Langerin and incubated with the CD4+ T cell clone Hd7 that recognizes a peptide derived from
mouse IgG27. Interestingly, BLCL-OUW-Langerin processed Langerin-specific antibodies for MHC
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class-II-restricted antigen presentation, resulting in a dose-dependent IFN-γ response by the Hd7 clone
(Figure 5b). DC-SIGN-specific antibodies were also processed resulting in MHC class-II-restricted
antigen presentation to the Hd7 clone (Figure 5b). Next, we investigated the role of Langerin for antigen
presentation on primary LCs. MHC-II DQw1+ primary LCs were incubated with antibodies against
Langerin and antigen presentation was determined. Emigrant LCs presented peptides derived from
Langerin-specific antibodies, but not from CD150-specific antibodies (Figure 5c). These results
demonstrate that an antibody bound to Langerin is degraded, processed and presented in the context of
MHC class-II molecules.
Figure 5. Langerin-antibodies are degraded and presented in the context
of MHC class-II. (a) BLCL-OUW Langerin and BLCL-OUW DC-SIGN cells
were incubated with antibodies against Langerin (DCGM4) or DC-SIGN
(AZN-D1). The cells were washed, put in culture and at different time
points the cells were lyzed. The content of antibodies was determined by a
mouse-IgG specific ELISA. Error bars represent the standard deviation of
triplicates. These results are representative of three independent
experiments. (b,c) BLCL-OUW Langerin, BLCL-OUW DC-SIGN and
emigrant LCs were incubated with different concentrations of antibodies
specific to DC-SIGN (AZN-D1), Langerin (DCGM4) or CD150 (5C6). The
cells were incubated with the HD7 T cell clone for 24 hours and the
production of IFN-γ was measured by ELISA. (b) These results are
representative of three independent experiments, error bars represent the
standard deviation of triplicates. (c) These results are representative of
three independent experiments

Inactivated measles virus is
processed by LCs for MHC
class-II-restricted
antigen
presentation, but not for
MHC class-I restricted crosspresentation
To
investigate
whether
internalization
and
degradation of MV through
Langerin results in antigen
presentation to MV-specific
CD4+ T cells, an antigen

presentation assay was
performed using HLA-typed immature LCs and
emigrant LCs expressing high levels of Langerin
(Figure 2e). After incubation with UV-MV LCs
efficiently stimulated the MV-specific CD4+ T cell
clone GRIM99 in a dose-dependent manner. At
low antigen concentrations, LCs were more
efficient than BLCL and as efficient as moDCs in
stimulating the T cell clone (data not shown)
(Figure 6a). Moreover, we did not observe
significant differences between immature and
emigrant LCs, suggesting that the maturation
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status does not influence MV capture and processing. To measure the contribution of Langerin to this
process, immature LCs were pre-treated with mannan. Mannan inhibited the presentation of MV to the
T cell clone (Figure 6b); strongly suggesting that Langerin is involved in the presentation of the virus.
However, block by mannan was not complete, indicating that other receptors are also involved, such as
CD150 (Chapter 4.4) or CD46 since we used the CD46-using attenuated strain Edmonston B.
Next, we investigated whether LCs induce CD8+ T cell responses, which are essential to clear
primary viral infections. MV-infected MHC-I B27+ LCs and moDCs induced IFN-γ production by the MVspecific CD8+ T cell clone WH-F40, demonstrating that both DC subsets efficient present endogenous
antigens in the context of MHC class-I (Figure 6c,d). However, presentation of exogenous antigens in
the context of MHC class-I, a mechanism referred to as cross-presentation, is thought to be important in
the induction of an anti-viral immune response42. Therefore, we investigated whether LCs mediate
cross-presentation of MV. LCs were incubated with different concentrations of MV-UV and analyzed for
their capacity to induce IFN-γ production by the MV-specific CD8+ T cell clone. MHC B27+ moDCs and
BLCL were included in the assay as positive and negative controls, respectively. Interestingly, MV-UV
was not efficiently cross-presented by either LCs or moDCs, neither at high MV concentrations nor after
repeated antigen pulse over a period of 2 days (Figure 6c). A low IFN-γ response was detected after
stimulation of the clone with moDCs pulsed twice with the highest virus concentration (100µg/ml)
(Figure 6c), or moDCs that had received an extra maturation stimulus (data not shown). These results
demonstrate that cross-presentation of cell-free MV is inefficient by both moDCs and LCs.
In vivo the majority of MV antigens are present either intra-cellular or as cell-associated virus particles.
We therefore investigated cross-presentation by incubation of the different DCs with UV-inactivated MVinfected mismatched BLCL. Under these conditions, moDCs efficiently cross-presented MV-derived
peptide to the specific CD8+ T cell clone in a dose-dependent manner (Figure 6d). However, LCs were
not capable of cross-presentation as measured by either ELISPOT (Figure 6d) or ELISA (data not
shown). Moreover, maturation of the LCs did not enable cross-presentation by LCs (Figure 6d). These
data strongly suggest that LCs can process exogenous viral antigens for MHC class-II-restricted antigen
presentation, but not for MHC class-I-restricted cross-presentation.

Discussion
DCs are crucial in the initiation of an adaptive antiviral immune response by priming both naïve CD4+
and CD8+ T cells24,47. However, different subsets of DCs have been described and their function in
initiating adaptive immune responses is not fully elucidated. Many viruses enter the body at mucosal
surfaces. The majority of these tissues are interwoven with dendrites of a specific subset of DC, the
LCs. Here we have demonstrated that indeed LCs form a network in the epithelium of the upper
respiratory tract. Furthermore, LCs in throughout the respiratory tract expressed the C-type lectin
Langerin. However, the density of LCs was decreased towards the lower respiratory tract. Thus, LCs
are often the first DC subset encountered by viruses that enter via the respiratory route. Since MV is a
lymphotropic virus that enters via the respiratory tract we investigated the interaction of this virus with
LCs. We have demonstrated that Langerin is an attachment receptor for MV, resulting in viral clearance
and inhibition of MV infection. Our data strongly suggest that ligands for Langerin are internalized into
birbeck granules and Lamp-1+ and HLA-DR+ compartments, where they are degraded. LCs present MV
in the context of MHC class-II, which is at least partly dependent on the interaction of MV with Langerin.
Thus Langerin captures viruses, resulting in degradation and antigen presentation to CD4+ T cells.
Langerin has specificity for mannose, fucose and N-acetyl-glucosamine monosaccharides44,56. We have
recently demonstrated that Langerin is a receptor for HIV-112 and herpes simplex virus (Chapter 6.4).
Here we have demonstrated that MV interacts with soluble Langerin, Langerin expressed on cell lines,
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and Langerin expressed on primary LCs. Envelope glycoproteins of MV (F and H) contain high
mannose structures7. We have previously demonstrated that DC-SIGN interacts with both
glycoproteins11, suggesting that Langerin interacts with both MV-F and –H on MV. Recent
crystallography of Langerin demonstrated large similarities in the folding of the CRD between Langerin
and DC-SIGN9, and it was demonstrated that the receptors share specificity for high mannose and
fucose30,44, suggesting that Langerin interacts with the same spectrum of viruses as DC-SIGN4,11,18,28,53.
Figure 6. Measles virus is
presented in the context of
MHC class-II. (a-d) Immature
LCs, emigrant LCs or moDCs
were incubated with different
concentrations of MV-UV.
After overnight incubation the
(a,b) CD4+ T cell clone
+
GRIM99 or (c) CD8 T cell
clone WH-F40 were added.
(a,c,d) Activation of the MVspecific T cell clones was
measured by ELISPOT assay.
(a) Representative pictures
and the mean of duplicates in
one experiment are depicted.
These
results
are
representative
of
two
independent experiments. (b)
To determine the contribution
of Langerin, immature LCs
were
pre-incubated
with
mannan
(0.25
mg/ml).
Activation of the T cell clones
was determined by IFN-γ
ELISA. Standard deviations
represent the standard error
of the mean of duplicates.
(c,d) As positive control for
MHC-class-I presentation the
APCs were infected with MV
Edmonston B. Error bars
represent standard deviations
of duplicates (c) These results
are representative of two
independent experiments. (d)
Immature LCs or moDCs were
incubated overnight with UVinactivated HLA-mismatched
MV-infected BLCL (JP) and
an extra maturation stimulus
(+M: TNF-alpha (100ng/ml)
and poly I:C (10µg/ml)).
These
results
are
representative
of
one
independent experiment.

Here we have demonstrated that Langerin is an attachment receptor for MV. Langerin did not mediate
MV entry, but inhibited MV infection of Langerin-transfected cell lines. Moreover, MV infection of both
Langerin-transfected cells and LCs was enhanced by blocking Langerin function with mannan. Thus,
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similar to HIV-1, the binding and subsequent internalization of MV mediated by Langerin prevents the
virus to bind to its entry receptor, which would result in infection54. Despite the fact that LCs are infected
by MV in vitro, we hypothesize that due to the protective function of Langerin immature LCs are not
infected by MV in vivo. This is further supported by data that only few MV-infected DCs were detected in
the epidermis or in the respiratory tract of in vivo MV-infected macaques as compared to dermal or subepithelial DCs10.
The first target cells for MV when it invades the host is under debate10. Our in situ data suggest that MV
will encounter Langerin+ LCs in the respiratory tract, which will capture and degrade the virus. However,
in contrast to HIV-1, MV is a highly infectious virus, which may have implications for the role of Langerin
in viral transmission. Langerin apparently is unable to protect the host completely during initial MV
encounter. The Langerin/LC barrier might contain breaches that allow MV interaction with DC-SIGN+
DCs (Chapter 4.4). DCs could traffic the virus to lymphoid tissues and transmit the virus to CD150+ Tcells, establishing primary infection. Alternatively, MV might enter the body in the lower respiratory tract
where LCs do not cover the epithelia. Research on medicine administration has demonstrated that
aerosols in the size range of 1-5 µm reach the alveoli in the lungs16, which would enable MV penetration
into the deep lungs. In the lungs, the number of LCs was different between donors. Cigarette smoking
has been shown to increase LC numbers in the lower respiratory tract, which could explain the
observed donor differences43, but this would not play a role in MV infection in children.
Langerin internalizes specific antibodies and carbohydrate structures and is involved in ligand
degradation3,56. We and others29,56 have observed that Langerin is present at the cell surface, in Birbeck
granules, as well as in vesicles and tubular structures. Langerin recycles between the plasma
membrane and early endosomes and is associated with Birbeck granules, subdomains of the
endosomal recycling compartment that are specific for Langerhans cells57. In contrast to previous
observations56, we observed that Langerin antibodies were partly internalized into Lamp-1+ or MHC
class-II+ vesicles, as demonstrated by immunofluorescence and electron microscopy, suggesting that it
is partly endocytosed into the endosomal/lysosomal pathway. This is further supported by data that
Langerin antibodies and MV were presented in the context of MHC class-II. Mannan partially inhibited
the presentation of MV antigens, demonstrating that Langerin capture contributed to MHC-class-II
presentation.
In general, exogenous antigens are presented in the context of MHC class-II, whereas endogenousderived peptides are presented in the context of MHC class-I molecules. However, it is evident that DCs
have the capacity to cross-present exogenous antigens in the context of MHC class-I molecules22.
Murine studies suggest that cross-presentation of antigens derived from infected cells is essential in the
induction of CTLs against viruses42. Murine LCs, human CD34+- or monocyte-derived LC-like cells
mediate cross-presentation of proteins, cellular ligands and virus-like particles in vitro 8,50,65. However,
different murine in vivo studies indicate that LCs are not responsible for the induction of CD8
responses2,49. Strikingly, our data indicate that primary human skin LCs do not efficiently cross-present
exogenous MV-antigens in the context of MHC class-I in vitro. Cross-presentation of cell-free MVderived antigens by moDCs was inefficient, but MV-infected cell-derived antigens were efficiently crosspresented. Maturation of moDCs with TNF-α and poly-I:C increased the efficiency of cross-presentation
of infected cell-derived or cell-free MV-derived antigens, but did not induce cross-presentation by LCs
(data not shown). Primary LCs do present endogenous MV antigens in the context of MHC class-I,
since MV infection of the cells resulted in efficient activation of the MV-specific CD8+ T cell clone. These
results indicate that LCs are less efficient in cross-presentation of MV-derived antigens than moDCs.
Together with the fact that LCs are less efficiently infected by MV than moDCs this suggests a
predominant role for other subsets of DCs in the induction of MV-specific CD8+ CTLs.
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The hypothesis that LCs are typical DCs, capturing and presenting antigens to T cells, and establishing
an immune reaction, may only be half of the LC story. Current observations have shed a different light
on LC function, as they seem to be involved in peripheral tolerance25,39 but less so in initiating protective
T-cell response against certain viruses2,66 and Leishmania major38. Moreover, LCs express Langerin, a
C-type lectin that provides innate immunity against MV and HIV-1. Interaction with Langerin results in
degradation and antigen presentation in the context of MHC class-II. Together with the localization in
the epidermis and epithelia this stresses the potential role of LCs in the interface between innate and
adaptive immunity.

Materials and methods
Antibodies. The following antibodies were used: The mouse anti-CD150 (5C6, IgG1)14, mouse anti-Langerin
(10E2, IgG112); PE-labeled and unlabelled mouse anti-Langerin (DCGM4, IgG1, Beckman Coulter Inc., Miami,
Florida, USA), goat anti-Langerin polyclonal (R&D Systems, Minneapolis, MN, USA), mouse anti-MV-F (A5047) 64,
rabbit anti-LAMP-1 polyclonal (Abcam, Cambridge, UK), mouse anti HLA-DR (Q5/13)35, mouse anti HLA-DR1
(MEM-267, Genetex, San Antonio, TX, USA), mouse anti-HLA-B27 (HLA-ABC-m3) conjugated with FITC (Abcam,
Cambridge, UK), mouse anti HLA DQw1 (Genox 3.53, Novus Biologicals, Littleton, CO, USA), rabbit anti-HLA-DR
polyclonal (Santa Cruz biotechnology Inc, Santa Cruz, CA, USA), mouse anti-CD1a (NA1/34, IgG2a, Dako
Cytomation Denmark, Glostrup, Denmark); mouse anti-CD1a (HI149) conjugated with FITC (Pharmingen, San
Diego, CA, USA), mouse anti-HLA-DR- (Immu357), CD80- (B7-1) and CD86- (HA5.2B7) conjugated with PE
(Pharmingen, San Diego, CA, USA), mouse anti-CD83-conjugated with PE (HB15a, Immunotech, Marseille,
France), goat anti-mouse IgG conjugated with PO (Jackson Immunoresearch, West Grove, PA, USA), goat antimouse IgG Fcγ fragment (Jackson Immunoresearch), goat anti-mouse IgG conjugated with FITC (Zymed
Laboratories Inc., South San Fransisco, CA. USA), Alexa488-, Alexa546-, Alexa594- and Alexa633-labeled
isotype-specific anti-mouse antibodies (Molecular probes, Eugene, OR, USA).
Cells. All cells were grown at 37°C with 5% CO2. Chinese hamster ovary cells (CHO) and vero-CD150 cells 31
were grown in Dulbecco’s modified Eagle’s medium (DMEM; Gibco Invitrogen, Carlsbad, CA, USA) supplemented
with 4500 mg/L glucose; 110 mg/l sodium pyruvate; L-glutamine (4mM); 10% heat-inactivated fetal calf serum
(FCS); penicillin (20 U/ml) and streptomycin (20 µg/ml). THP-1, Jurkat, and the Epstein-Barr virus-transformed Blymphoblastic cell lines (BLCL-OUW, BLCL-GR, BLCL-WH, BLCL-JP)58,59,61 were cultured in complete RPMI 1640
medium (RPMI 1640, Gibco Invitrogen; supplemented with L-glutamine (4mM); FCS (10%); penicillin (20 U/ml),
streptomycin (20 µg/ml) and 2-mercapto-ethanol (10-5 M; Merck, Darmstadt, Germany). Langerin and DC-SIGN
transfectants were made by retroviral transduction with the respective lentiviral constructs (LV-Lang and LV-DCSIGN) as previously described5. CHO-CD150 cells were previously described11.
The CD4+ T-cell clone Hd7 recognizes a peptide derived from mouse IgG1 antibodies in the context of HLADR0101/DQw127. The CD4+ T-cell clone GRIM99 and the CD8+ T-cell clone WH-F4058-60 recognize a peptide
derived from the F-protein from MV in the context of HLA-DQw1 or HLA-B27, respectively58,61. All T cell clones
were cultured in RPMI-1640 (RPMI 1640, Gibco Invitrogen) supplemented with L-glutamine (4mM); heatinactivated human serum (10%; Sigma-Aldrich, St. Louis, MO, USA); penicillin (20 U/ml), streptomycin (20 µg/ml)
and 2-mercapto-ethanol (10-5 M) in 96-well round bottom plates (Greiner Bio-One, Frickenhausen Germany).
Immature monocyte-derived DCs (moDCs) were cultured as described previously40. In short, human blood
monocytes were isolated from buffy coats by Ficoll density centrifugation, followed by selection of CD14+ cells
using magnetic beads (MACS, Milteny Biotec GmbH, Bergisch Gladbach, Germany). Purified monocytes were
cultured in complete RPMI-1640 medium and differentiated into immature DCs in the presence of IL-4 and GMCSF (500 and 800 U/ml, respectively; Schering-Plough, Brussels, Belgium).
Primary Langerhans cells were isolated from normal healthy skin obtained from plastic surgery12,33. A dermatome
was used to cut 3mm thick slices containing both dermis and epidermis within three hours after surgery. Dermal
and epidermal tissue was separated mechanically after Dispase II (1mg/ml, Roche Diagnostics, Penzberg,
Germany) treatment in LC-medium (Iscoves Modified Dulbecco’s Medium (IMDM), 10% FCS, 10µg/ml
gentamycine, penicilline (10 U/ml) and streptomycin (10 µg/ml)) for either 2 hours at 37°C or 18 hours at 4°C.
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Epidermal sheets were cultured in LC medium. After 3 days, epidermal sheets were removed and emigrant cells
were layered on a Ficoll gradient. More than 90% of cells collected from the interphase were CD1a+, this
population is further referred to as emigrant LCs. Emigrant LCs were cultured at 5x105/ml in LC medium
containing IL-4 and GM-CSF (500 and 800 U/ml, respectively; Schering-Plough).
Immature LCs (referred to as iLCs) were isolated by incubating epidermal sheets in PBS containing DNAse I (20
units/ml; Roche Applied Science) and trypsin (0,05% Beckton Dickinson) for 30 minutes at 370C. Trypsin digestion
was inactivated by addition of FCS and a single cell suspension was generated using pipette and gauze. Cells
were layered on a Ficoll gradient and subsequently on a percoll density gradient. As determined by CD1a staining,
>50% of the cells were LCs. Since we observed that the presence of FCS in medium decreases Langerin binding
and expression (data not shown), LCs and moDCs, parental and Langerin and DC-SIGN transfected cell lines
were put in serum-free LC medium 30 minutes prior to the experiment.
Viruses. The wild-type MV strain WTF41, the attenuated MV strain Edmonston B and the recombinant MV strain
IC323-EGFP21 were propagated on Vero-CD150 cells. For virus production, Vero-CD150 cells were infected with
a multiplicity of infection (MOI) of 0.01 in DMEM supplemented with 2% of FCS. After 90 minutes, cells were
washed to remove unbound virus and were subsequently grown in DMEM supplemented with 10% FCS. Cells and
supernatant were harvested when 80% cytopathic effect was observed. To release cell-bound virus, the cells were
sonicated (Sonicor Instrument Corporation, Copiaque, N.Y., USA). The cells were centrifuged (10 minutes, 1000
g) and the supernatant was snap-frozen in liquid nitrogen before titration on Vero-CD150 cells. The IC323-EGFP
strain has similar characteristics as its parental IC-B wild-type strain52, but infected cells produce high amounts of
EGFP. The amount of EGFP in the cells is directly related to the level of virus replication. The entry receptor for
this virus is CD150, and not CD46, similar as MV wild-type strains54. For UV-inactivation, MV wild type strain WTF
was purified by discontinuous sucrose gradient ultracentrifugation and UV-inactivated (15W, 312nm, 1.5 J/cm2).
Mock controls were supernatants and cell lysates from mock-infected cells using similar purification methods.
Purified MV Edmonston with a concentration of approximately 1 mg/ml, was inactivated by UV-irradiation (30
minutes, 15W, 312nm) and is referred to as UV-MV throughout the text.
Immunofluorescence microscopy. Tissues of healthy human donors were obtained through the pathology
department of the VU University Medical Center, adhering to the ethical guidelines of the hospital. Cryosections
(7µm) were fixed with 100% acetone and stained with primary antibody combinations against CD1a (10 µg/ml) and
anti-CD150 (10 µg/ml) or anti-Langerin (10E2, 10 µg/ml) or a buffer control for 18 hours at 4°C. Sections were
counterstained with isotype-specific Alexa488- or Alexa594-labeled anti-mouse antibodies. Nuclei were stained
with Hoechst (Molecular Probes, Eugene, OR, USA). After mounting, sections were examined with a Nikon
Eclipse E800 fluorescence microscope and recordings were made with a digital NIKON DXM1200 camera. To
determine the amount of LCs that are encountered at a site of entry, the amount of LCs in the epithelium
underneath 1 mm lumen was counted using a grid. Because alveoli in the lungs do not contain epithelium, the
amount of LCs per mm2 was determined. To determine the amount of co-localization the percentage of
CD1a+/CD150+ or CD1a+/Langerin+ cells from the total amount of CD1a+ cells was calculated. Quantifications
were performed independently by two persons.
Langerin binding assay. Different concentrations UV-inactivated MV-WTF virions were coated onto Maxisorp plate
(NUNC, Denmark) for 1 hour at 37 ºC. After blocking the plate with 5% BSA in TSM (TSA) for 30 minutes at 37 ºC,
Jurkat-langerin lysate (1x108 cells/ml) was added (1:2 lysate:TSA) and incubated for 2 hours at room temperature.
After washing, the plate was incubated with the specific non-blocking anti-Langerin antibody DCGM4 (10µg/ml).
Subsequently, the plate was incubated with a goat anti-mouse peroxidase conjugate and binding was detected
using ELISA. To determine specificity for the binding site of Langerin, the lysate was pre-incubated with mannan
(1 mg/ml) for 1 hour at 37°C.
Fluorecent bead adhesion assay. The fluorescent bead adhesion assay was performed as described before18. In
short, streptavidin was covalently coupled to the carboxylate-modified TransFluorSpheres (488/645 nm, 1.0 µm;
Molecular Probes, Eugene, OR, USA). The streptavidin-coated beads were incubated with biotinylated F(ab’)2
fragment goat anti-human IgG (6 µg/ml; Jackson Immunoresearch), followed by an overnight incubation with HIV1 gp120-Fc at 4°C. The HIV-1 gp120-coated beads were added to cells in a ratio of 50:1. 2x104 cells were preincubated with TSA (0.5% BSA in TSM), mannan (1 mg/ml), EGTA (10mM), or different concentrations of UV
inactivated Mock and MV-WTF for 1 hour at 37°C. Subsequently the cells were incubated with beads for 45
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minutes at 37°C. Binding was measured by FACS analysis and depicted as percentage of cells that bound
fluorescent beads.
Measles virus infection of cell lines and LCs ex vivo. CHO, CHO-DC-SIGN and CHO-CD150 cells (1x105 cells)
were seeded into a 24 well plate (Greiner Bio-One, Frickenhausen Germany).. Cells were infected with MV
(IC323-EGFP or WTF; MOI 1) or a mock control at 37ºC. Syncytia formation and EGFP expression were analyzed
48 hours post-infection using an inverted Leica DMIL microscope (Leica Microsystems, Wetzlar, Germany) and
representative pictures were taken using a Leica DFC320 camera (Leica Microsystems). To measure infection by
flow cytometry, the fusion inhibitory peptide Z-D-Phe-l-Phe-l-Gly (FIP) (0.2 mM) (Bachem, Heidelberg, Germany)
was added 2 hours post-infection. After 48 hours the cells were stained with an anti MV-F antibody, followed by
staining with the goat-anti-mouse IgG FITC antibody. Both WTF- and IC323-EGFP-infected cells were fixed in 2%
paraformaldehyde (PFA) in PBS and expression of MV-F and EGFP was measured by flow cytometry. Infection
levels are depicted as percentage fluorescence-positive cells. THP, THP-Langerin and THP-DC-SIGN cells (1x105
cells) were seeded in flat-bottom plates (Greiner Bio-One, Frickenhausen Germany). and pre-incubated for 30
minutes with mannan (0.25 mg/ml) at 37°C before incubating them with wild type strain WTF at 37ºC for 2 hours
(MOI 0.1 to 1). After 2 hours FIP (0.2 mM) was added to prevent infection by de novo produced virus and syncytia
formation, and thus the percentage stained cells after 48 hours represents the number of initially infected cells.
Epidermal sheets were pre-incubated with mannan (0.5 mg/ml in 2 ml of complete IMDM) in a 24-wells plate
(Greiner Bio-One, Frickenhausen Germany). Subsequently, the sheets were infected with MV (WTF; 0.5 and
5x104 TCID50; approximately MOI 0.1 and 1 based on a density of 46600 LCs/cm2 6). Migrated cells were stained
using antibodies for HLA-DR (Immu357 conjugated with PE) and MV-F (A5047) and analyzed by flow cytometry
on day 3. All cells were counted by flow cytometry. To measure productive infection, the migrated cells were
washed and incubated with Vero-CD150 cells. After 2 days Vero-CD150 cells were stained with crystal violet blue
and pictures were taken.
Electron microscopy. Emigrant LCs (2x106) were incubated with DCGM4 (10 µg/ml) for 30 minutes at room
temperature and 1 hour at 37ºC. The cells were washed and fixed in a 0.1M phosphate buffer, containing 2%
paraformaldehyde and 0.2% glutaraldehyde for 2 hours at room temperature. Cells were pelleted in 12% gelatine,
cryoprotected in 2.3M sucrose and snap-frozen in liquid nitrogen. Ultrathin cryosections were immunolabeled with
anti-mouse antibodies to detect bound and internalized DCGM4 (15nm protein A goldlabel) and either one of the
following antibodies: goat polyclonal antibody against Langerin, rabbit anti-Lamp-1, rabbit anti-HLA-DR antibodies
(10nm protein A goldlabel). After incubation, the sections were stained with uranylacetate and embedded in
methylcellulose. Sections were examined with a transmission electron microscope (model Philips CM100 Bio
Twin).
Degradation assay. BLCL-OUW transfectants (3x105) were incubated with anti-Langerin (DCGM4; 10µg/ml) at
room temperature for 30 minutes and subsequently 30 minutes at 37°C. The cells were washed and placed at
37°C. At the designated time points, samples were taken and cells were placed in lysis buffer (RIPA II, 1% triton
X-100, protease inhibitors). Goat anti-mouse IgG Fcγ fragment (5 µg/ml) were coated on a NUNC-maxisorb plate,
and after blocking (1% ELISA grade BSA (Calbiochem, La Jolla, CA, USA) in PBS), the plate was incubated with
the cell lysates. Antibody content was detected with goat anti-mouse IgG conjugated with-peroxidase (1/1000) and
subsequent ELISA.
Internalization assay. Emigrant LCs or BLCL-OUW transfectants (2x105) were incubated with antibodies against
Langerin (DCGM4; 25 µg/ml) at room temperature for 30 minutes and 30 minutes at 37°C. The cells were washed,
fixed with PFA (3% in PBS), and permeabilized using saponine (0,1% in TSM). After blocking the cells with TSA
(2% BSA in saponine 0.1% /TSM), the cells were doublestained with rabbit-anti-Lamp-1 (0.5 µg/ml) for 45 minutes
at room temperature. The cells were washed and the sections were counterstained with isotype-specific Alexa
anti-mouse and anti-rabbit antibodies, for 30 minutes at room temperature. The cells were washed and mounted
onto glass slides coated with poly-L-lysine (0,1%) and analyzed by confocal microscopy (leica AOBS SP2
confocal lasers scanning microscope (CSLM) system containing a DMIRE2 microscope with glycerol objective
lens (PL APO 63x/NA1.30). Images were acquired using Leica confocal software version 2.61).
Antigen presentation assays. Immature LCs were isolated from skin as described above and screened for the
expression of HLA-DR1, HLA-DQw1 and HLA-B27 using specific antibodies. Monocytes were isolated from an
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HLA-DQw1/HLA-B27-matched donor using CD14 MACS beads and differentiated into immature moDCs as
described above. To measure activation of the Hd7 clone, antigen-presenting cells (APCs; HLA-DR1+ LCs or
BLCL-OUW transfectants; 1x104 cells/well) were pre-incubated with serial dilutions of antibodies against Langerin
(DCGM4), DC-SIGN (AZN-D1) or CD150 (5C6) for 2 hours at 37°C, washed and co-cultured with 2x104 Hd7 T
cells. After 24 hours, interferon-γ (IFN-γ) production was measured using a commercial human IFN-γ ELISA
(cytoset, Biosource, Camarillo, CA, USA). To measure activation of the MV-specific T-cell clones, HLA-matched
LCs or moDCs or autologous BLCL (5x103 cells) were used as APCs in an IFN-γ ELISPOT assay as previously
described13. Briefly, APCs were plated into 96-well v-bottom plates (Greiner Bio-One, Frickenhausen Germany) in
complete RPMI-1640 containing IL-4 and GM-CSF and incubated with different dilutions of UV-MV at 37ºC or
infected with MV Edmonston B (MOI 1). To measure antigen presentation to the CD8+ T cell clone (WH-F40), the
APCs were additionally incubated with different dilutions of HLA-mismatched MV BLCL (JP59), that had been
infected with MV Edmonston B (MOI 1) 2 days earlier and subsequently UV-inactivated. After overnight incubation
the T-cell clones were added to the APCs (5x103 cells per well), the plates were briefly centrifuged (1 minute,
300g) and subsequently incubated at 37°C for 1.5 hour. Subsequently the cells were transferred to nylon bottom
plates (Nalge Nunc International, Rochester, NY) coated with a monoclonal antibody specific for human IFN-γ (1D1K; Mabtech, Stockholm, Sweden), and incubated at 37°C for five hours. Finally, plates were washed with
phosphate-buffered saline (PBS) containing 0.05% Tween 20 (Merck, Darmstadt, Germany). Spots were
visualized by incubation with a secondary biotinylated mAb against IFN-γ (7-B6-1; Mabtech), followed by staining
with streptavidin–alkaline phosphatase (Mabtech), and nitroblue tetrazolium–5-bromo-4-chloro-3-indolyl-phosphate
(Kirkegaard & Perry Laboratories, Gaithersburg, MA, USA). Finally, the color reaction was stopped by washing the
plates with water and spots were counted with an automated ELISPOT reader (automated ELISAspot assay video
analysis systems; distributed by Sanquin Reagents, Amsterdam, The Netherlands). In parallel, the same APCs
were also used to stimulate the same T-cell clone for IFN-γ production in supernatant. Briefly, APCs (1x104 cells)
were used to stimulate the T-cell clone (3x104 cells) in round-bottom plates, and were incubated at 37°C for 24
hours before supernatants were harvested. To determine the contribution of Langerin, the APCs were preincubated with mannan (0.25 mg/ml) for 30 minutes at 37°C. The IFN-γ concentrations in the supernatants were
determined by ELISA (Biosource International, CA, USA).

The Supplementary CD contains all the supplementary figures and the figures in full colour.
Supplementary figure 1. (a) The cell-lines used throughout the manuscript were analyzed for the expression levels
of CD150, Langerin and DC-SIGN by staining with specific antibodies and analysis by flow cytometry. Open
histograms indicate isotype control and filled histograms specific antibody staining. (b) The functionality of DCSIGN and Langerin on the different transfected cell lines was analyzed by the HIV-1 gp120 bead adhesion assay.
Specificity of the interaction for the C-type lectins was determined by pre-incubation of the cells with mannan
(1mg/ml).
Supplementary figure 2. (a,b) Cryosections of tissues from the human respiratory tract were stained for the LCmarker CD1a (red) using antibodies and nuclei (blue) using Hoechst and analyzed by fluorescence microscopy.
The border between the epithelium and subepithelium (white line) and the external environment or lumen (ex) are
depicted. (b) The density of LCs per square-mm lung-tissue is determined by counting CD1a+ cells using a grid.
Error bars represent the standard deviation of calculations of different pictures from one donor analyzed by
different persons. (c,d) The sections were double stained for either CD1a and Langerin or CD1a and CD150 and
analyzed by fluorescence microscopy. Different fields were used to calculate the percentages of CD1a+ cells
expressing (c) Langerin or (d) CD150, calculated by dividing double positive cells by the total amount of CD1a+
cells.
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