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Abstract

CD8 T-cell priming is essential for the induction of strong anti-tumor responses. 
Therefore, it is important to target antigen to DCs, as these are the most potent 
APCs that can instruct CD8+ Tcells. C-type lectin receptors (CLR), expressed on 
APC have the ability to take up and present glycosylated antigens, but lack 
the capacity to mature DCs. The addition of TLR-ligands ensures DC-maturation 
and pro-inflammatory cytokine production. 

Modification of antigens with LewisX(LeX)-carbohydrate structures targets an-
tigen to MGL1 leading to enhanced CD8+ T-cell responses and Th1-skewing 
of CD4+ T-helper cells. To ensure long-lasting CD8+ T-cell immunity we investi-
gated whether LPS (TLR4-ligand) is a suitable adjuvant for OVA-LeX induced 
T-cell responses. Surprisingly, we found that LPS diminishes cross-presentation 
of LeX modified OVA, whereas CD4+ T-cell responses remained unaltered. Our 
data show that in this setting the uptake of OVA-LeX was not reduced. In the 
presence of LPS, OVA-LeX was still ingested by BMDC lacking MGL1 indicating 
the involvement of a second uptake receptor. In addition, we observed faster 
degradation of OVA-LeX than in the absence of LPS, which was paralleled by 
a reduction in OVA peptide-MHC class-I complexes on the DC surface. MGL1-
TLR4 cross-talk may affect the DC maturation status, however, we did not de-
tect different expression of co-stimulatory molecules on OVA-LeX- compared to  
OVA-pulsed DCs in the presence of LPS. Yet, TNF-α production was decreased 
substantially. These data show for the first time that MGL1- TLR4 cross talk not 
only affects cytokine production but may also influence antigen routing, resul-
ting in diminished CD8+ T-cell activation. 
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Introduction

Dendritic Cells (DCs) have the capacity to recognize and take up pathogens 
and self-antigens. After processing, peptides derived from these antigens are 
presented on either MHC- class I or –II molecules to CD8+ or CD4+ T-cells, respec-
tively1. The presentation of antigen by DCs is in itself insufficient for the induc-
tion of effector T-cell responses, additional signals, provided by co-stimulatory 
molecules and cytokines are needed to induce effective immunity. Therefore, 
DCs are also equipped with several pathogen recognition receptors (PRR)2, 
such as Toll like receptors (TLR)3 but also RIG-I-4 and NOD-like receptors5, Fc-
receptors6, cytokine- and chemokine receptors1. Triggering of these PRR results 
in DC maturation, characterised by increased expression of co-stimulatory mo-
lecules and secretion of cytokines. The pattern of co-stimulatory molecules and 
cytokine expression is dependent on the pathogen and thus PRR triggered, 
herewith enabling them to direct the type and strength of T-cell responses.

TLRs are able to recognize various components of bacterial or viral origin, so 
called pathogen associated molecular patterens (PAMPs)1, 3. After recognition 
of PAMPs by TLRs, a signalling-cascade is initiated, which is mediated through 
adaptor molecules MyD88 and/or TRIFF, leading to the activation of the trans-
cription factor NF-κB followed by extensive DC-maturation and cytokine-pro-
duction7. TLR are not able to internalize pathogens for processing and presen-
tation by the DC. This task is mediated specialized uptake receptors like the 
C-type lectin receptors (CLR).

Type II CLR, like MGL1 and DC-SIGN, recognize carbohydrates on self- and non-
self antigens in a Ca2+-dependent fashion8. Binding of glycans to CLR results 
in the endocytosis of antigen, followed by transport into endocytic compart-
ments. After processing, peptides are subsequently presented on MHC-mole-
cules to T-cells. Some CLR are able to modulate immune responses by inducing 
specific gene expression profiles. This is accomplished  either by modulating 
TLR-signalling or by directly inducing expression of cytokine genes9, 10. The ge-
ne-expression program induced can lead to either a pro- or anti-inflammatory 
response, and is shown to be dependent on the nature of the glycan and 
the TLR triggered. Several CLRs like DCIR and DC-SIGN modulate TLR-induced 
gene-expression; however, the sole triggering of these receptors through 
ligand-binding has not yet been described to induce any gene expression. 
For example, DCIR-triggering via antibodies, inhibited TLR8-mediated IL-12 
and TNF-α production significantly11. Furthermore, interaction of DC-SIGN with 
mannosylated pathogens (which include TLR-signalling) promotes the produc-
tion of pro-inflammatory cytokines IL-6 and IL-12 via Raf-1 mediated signalling  
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pathway12. In contrast, binding of fucosylated pathogens to DC-SIGN initiates 
a Raf-1 independent signalling pathway, resulting in strong IL-10 production, 
and decreased production of IL-6 and IL-1213. This indicates ligand binding to 
the CLR and the additional TLR-signalling greatly inluences the outcome of the 
immune-response.

Other CLR, like Dectin-1 and -2 and Mincle induce gene expression follo-
wing carbohydrate recognition independently of the triggering of any other  
PPRs14-18. For example, Dectin-1 triggering promotes IL-2 and IL-10 production 
through Syk kinase upon stimulation with yeast, independently of TLR-signal-
ling16.  Furthermore, next to this Syk-dependent pathway, a Raf-1-dependent 
(and Syk-independent) signaling pathway is triggered, and the combination 
of these two signaling pathways induces Th1- and Th-17 skewing cytokines14.

The amplification of immune responses resulting from the collaboration 
between TLR and CLR can be used in vaccine development to tailor immune 
responses specifically. For example, in CLR-targeted immunotherapy for can-
cer, the addition of TLR-ligands to antigens allows increased expression of co-
stimulatory molecules and secretion of pro-inflammatory cytokines, resulting in 
an enhancement of the strength and duration of the response19. The use of 
TLR-ligands as an adjuvant of CLR-targeted immunotherapies using both an-
tibodies or glycans conjugated to antigens has been shown extensively, and 
one of the TLR-ligands under investigation is LPS (or its clinically approved equi-
valent Monophosphoryl lipid A ), which triggers TLR420, 21.

Recently, we have shown that modification of the model-antigen OVA with 2 
LewisX (LeX) carbohydrate-structures targets antigen to the CLR MGL1 on mu-
rine DC (chapter 3 of this thesis). This resulted in enhanced cross-presentation 
and CD8+ T-cell responses. Furthermore, CD4 T-cells were skewed to a Th1-phe-
notype. However, DCs are not matured upon MGL1-mediated uptake of OVA. 
To potentiate antigen-specific T-cell responses and avoid that CD8+ T-cells are 
only transiently activated, our aim was to investigate which combination of our 
glycan-antigen vaccine and adjuvants such as LPS resulted in potent effector 
CD8+ T-cell development.
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Methods

Mice

C57BL/6 mice and OT-I31 and OT-II TCR transgenic mice32 were used at 8-12 
weeks of age and were bred in our animal facility under specific pathogen-
free conditions. All experiments were performed according to institutional, sta-
te and federal guidelines. 

Antibodies
Fluorochrome-conjugated antibodies used: anti-CD40-PE, anti-CD80-PE, anti-
CD70-PE, anti-4-1BB-PE and anti-CD11c-APC (E-bioscience, San Diego, CA, 
USA). Unconjugated mouse anti-OVA (Sigma Aldrich, St.Louis, MO, USA) and 
rat anti-mMGL (ER-MP23; kind gift of Dr. P. Leenen, Rotterdam, Netherlands). 
Secondary antibodies used: peroxidase-labeled goat anti-mouse IgM (Nordic 
Immunology, Tilburg, The Netherlands) and goat anti-rat Alexa 448 (Molecular 
Probes, CA, USA).

Generation of neo-glycoconjugates

LeX (lacto-N-fucopentose III; Dextra Labs, UK) carbohydrate structure was con-
jugated to OVA (Calbiochem) as previously described33, 34. In short, the bifunc-
tional cross-linker (4-N-maleimidophenyl) butyric acid hydrazide (MPBH; Pierce, 
Rockford, USA) was covalently linked to the reducing end of the LeX and the 
maleimide moiety of the linker was later used for coupling the LeX to OVA. 
Neo-glycoconjugates were separated from reaction reductants using PD-10 
desalting columns (Pierce). 

Additionally, a Dylight 549- N-hydroxysuccimide (NHS) label (Thermo Scientific, 
Rockford, USA) was covalently coupled to OVA or OVA-LeX (Dylight-549-OVA). 
Free label was removed using a PD-10 column (Pierce).

Presence of LeX and CLR binding to OVA was measured by ELISA.  In brief, OVA-
conjugates were coated directly on ELISA plates (NUNC Maxisorb, Roskilde, 
Denmark) and binding of MGL1-Fc, anti-LeX and anti-OVA antibodies to OVA 
was determined as described33, 35.

Presence of endotoxin was measured using a LAL-assay (Lonza, Basel, Switzer-
land) was performed following manufacturers protocol.

In our experiments 30 µg/ml OVA or OVA-LeX was used.
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Antigen-presentation and T-cell proliferation assays

BM-DC were cultured as previously described33. OVA-specific CD4+ and CD8+ 
T-cells were isolated from spleen and lymph nodes cell suspensions from OT-II 
and OT-I mice, respectively using the mouse CD4/CD8 negative isolation kit (In-
vitrogen, CA, USA) according to manufacturer’s protocol. The T-cell proliferati-
on assay was performed as described33.  In short, DC were pulsed with OVA-LeX 
with or without TLR-stimulus for 4h before incubation with OVA-specific T-cells 
(OT-I and OT-II; 2:1 DC:T). [3H]-thymidine (1µCi/well; Amersham Biosciences, NJ, 
USA) was present during the last 16h of a 72h culture.  [3H]-thymidine incor po-
ration was measured using a Wallac microbeta counter (Perkin-Elmer, USA).

TLR-ligands used were Lipopolysaccharides 100 ng/ml (LPS), 0,5 µg/ml (CpG) or 
0,5 µg/ml flagellin.  

CBA
For the analysis of cytokines, produced by the BMDC after incubation with an-
tigen, we used a CBA inflammation kit. With this kit we could analyzed for IL-6, 
IL-10, IL12p70, IFN-γ, TNF-α and MCP-1.  

Results

OVA-LeX induced CD8+ T cell proliferation is abrogated by the addition 
of LPS in vitro

To investigate whether LPS is a potent adjuvant to enhance T-cell responses 
induced by OVA-LeX-pulsed DC, we analyzed the proliferation of antigen-spe-
cific CD8+ and CD4+ T-cells. We compared this to responses induced by native 
OVA-pulsed DC, as it is known that cross-presentation of native OVA is incre-
ased in the presence of LPS22. Hereto, we loaded BM-DC with OVA-LeX OVA or 
in the presence or absence of LPS, and co-cultured them with antigen-specific 
CD4+ or CD8+ T-cells (OT-II or OT-I cells, respectively) for 2 days. In accordance 
with our previous studies, LeX-modified OVA enhanced cross-presentation and 
subsequent CD8+ T-cell proliferation (Fig. 1a). Surprisingly, we observed that LPS 
counteracts LeX-induced cross-presentation, as CD8+ T-cell proliferation indu-
ced by OVA-LeX in the presence of LPS was diminished. This was not observed 
for native OVA: addition of LPS increased cross-presentation as assessed by 
increased CD8 T-cell proliferation, herewith, confirming previous reports22. In 
contrast to LPS, the addition of TLR-ligands CPG (TLR9) or flagellin (TLR5) did not 
reduce MGL1-induced cross-presentation (Fig. 1b). Furthermore, the inhibitory 
effect of LPS was not observed for OVA-LeX induced CD4+ T-cell proliferation 
(Fig. 1c).
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Figure 1. Neo-glycoconjugate targeting of OVA-LeX to MGL1 in the presence of LPS abrogates 
cross-presentation. 

BM-DC were pulsed with OVA-LeX in the presence or absence of LPS (a, 100ng/ml), CPG (b, 0.5 μg/
ml) or flagellin (b, 0.5 μg/ml). Antigen-presentation was determined using [3H]-thymidine assay after 2 
days co-culture with either OT-I- (a+b) or OT-II cells (c). Data are presented as mean cpm of triplicates, 
representative of three independent experiments. (d) CFSE-labeled OT-I cells were co-cultured with 
OVA-LeX or OVA pulsed BM-DC in the presence of 100 ng/ml LPS. OVA-LeX induced robust proliferation 
as measured by CFSE dilution.
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To establish whether the presence of LPS also influences long-term CD8+ T-cell 
proliferation induced by OVA-LeX pulsed DCs, we labeled antigen-specific 
CD8+ T-cells with CFSE and co-cultured them with BM-DC that were loaded 
with OVA-LeX in the presence or absence of LPS. After 5 days, T-cell proliferation 
was analyzed by determining CFSE-dilution of OT-I cells by flow-cytometry. Inte-
restingly, we found that LPS also impairs long-time antigen-specific CD8+ T-cell 
proliferation, as OVA-LeX  loaded BM-DC pulsed in the  presence of LPS decre-
ased proliferation compared to OVA-LeX-loaded BM-DC pulsed in the absence 
of LPS (Fig. 1d). Again, we confirm that LPS enhances long-term proliferation of 
OVA-pulsed DC and that OVA-LeX- loaded BM-DC pulsed in the absence of 
LPS increased proliferation compared to native OVA.

Together, these results show that the presence of LPS in a MGL1-targeting vac-
cine causes a long-term reduction of MGL1-mediated CD8+ T-cell proliferation.

Internalization via MGL1 not influenced by LPS

It is possible that the reduced cross-presentation is due to reduced uptake of 
OVA-LeX as the expression of MGL1 is shown to be down-regulated upon DC 
maturation23. However, the kinetics of MGL1 down-regulation after LPS stimu-
lation is not known. We first investigated the kinetics of MGL1 down-regulation 
upon stimulation of DC with LPS. As shown in figure 2a, the expression of MGL1 
diminishes already 2 h after LPS addition, and is completely absent after 5 h. By 
contrast, co-stimulatory molecules like CD80 are up-regulated upon addition 
of LPS, indicating that BM-DC become activated (Fig. 2a). 

Because expression of MGL1 is already reduced 2 hours after LPS addition, up-
take of OVA-LeX via MGL1 could be affected as in our antigen-presentation as-
say we pulse DC with antigen for 4h. To investigate whether LPS influences the 
uptake of OVA-LeX via MGL1, BM-DC were incubated with fluorescently-labe-
led antigen in the presence or absence of LPS and determined uptake after 2 
hrs by flow cytometry. In Figure 2b we show that BM-DC bound and internalized 
OVA-LeX more efficiently than native OVA, as dezcribed previously (Chapter 3 
of this thesis). Strikingly, in the presence of LPS, more BM-DC (57,2%) have taken 
up OVA-LeX. This uptake seems to be even more efficient than in the absence 
of LPS, where 21,3% of BM-DC have taken up OVA-LeX. These results indicate 
that the observed reduction in cross-presentation of OVA-LeX in the presence 
of LPS is not due to decreased antigen uptake by DC.
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Figure 2. MGL1 expressed on BM-DC mediates enhanced uptake of LeX-modified OVA. 
(a) Expression of murine MGL on BM-DC incubated with LPS analyzed by flow cytometry. (b) Binding 
and uptake of fluorescent-labeled OVA-LeX (30 µg/ml) by WT BM-DC was compared to native OVA 
in the presence or absence of LPS (100 ng/ml) and analyzed by flow cytometry after 90 min. Data 
shown are representative of three independent experiments. Numbers indicate percentage of DC 
that have taken up the antigen.
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In the presence of LPS, OVA-LeX seems to be rerouted leading in less 
peptide-MHC class-I on the cell-surface

After we observed that antigen uptake was not reduced, we hypothesized 
that in the presence of LPS the processing and presentation of OVA-LeX might 
be altered. We therefore analyzed the presentation of the immunodominant 
epitope of OVA (SIINFEKL, OVA257-264) in MHC class-I using the 25.1D1 anti-
body. Compared to native OVA, the uptake of OVA-LeX leads to more SIINFE-
KL-MHC class-I complexes on the DC-surface, as revealed by higher 25.1D1-
staining (Fig. 3a). Strikingly, the presence of LPS results in reduced expression 
of these SIINFEKL-MHC class-I complexes on the cell-surface. LPS did not signifi-
cantly change 25.1D1-staining of OVA-pulsed DC. Thus, in the presence of LPS, 
OVA-LeX uptake leads to less expression of MHC class-I molecules that contain 
the immunodominant epitope. This suggests that the intracellular processing of 
OVA-LeX may be different. Routing to an intracellular compartment where an-
tigen is slowly degraded favours cross-presentation, whereas fast degradation 
of antigen is disadvantageous for cross-presentation24. We therefore investiga-
ted how much OVA-LeX or OVA was still present in DC 24 hrs after pulsing using 
ELISA. We observed that more OVA was present in the DC pulsed with OVA-LeX 
than native OVA (Fig. 3b). In the presence of LPS, the amount of OVA in OVA-
LeX pulsed DC was less and not significantly different than the amount in native 
OVA-pulsed DC. 

This may indicate that the intracellular routing of OVA-LeX is different in the pre-
sence of LPS. We therefore investigated whether LeX modified OVA is differently 
taken up under the influence of LPS. For this, we analyzed uptake of OVA-LeX 
in the presence or absence of LPS by MGL1-/- BM-DC. In the absence of LPS, 
LeX modified OVA uptake is diminished using MGL1-/- BM-DC ( Fig. 3c). Yet, the 
reduced uptake is absent when OVA-LeX is given in the presence of LPS. This 
indicates that in the presence of LPS, OVA-LeX is derailed from MGL1 and taken 
up via another receptor, as uptake of OVA-LeX was not affected using MGL1-
deficient cells.

Together, our data show that in the presence of LPS, OVA-LeX might be rou-
ted to a different uptake receptor and subsequently to a different intracellular 
compartment unfavourable for cross-presentation. Consequently, this leads to 
less expression of SIINFEKL-MHC class-I on the DC-surface and less proliferation 
of CD8+ T-cells.
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Figure 3. In the presence of LPS, LeX-modified OVA is faster degraded by BM-DC in the presence of 
LPS.

(a) 25.1D1 staining 16 hours after 4 hours pulse loading of OVA-LeX or OVA in the presence or absence 
of 100ng/ml LPS. Expression of peptide-MHC-class I complexes was analyzed the next day. (b)  BM-DC 
were pulsed for 2 hrs with OVA-LeX or OVA (30 μg/ml) in the presence of LPS (100 ng/ml). The next day, 
cells were lysed and the amount of OVA still present in the cell was determined by ELISA. (c) Binding 
and uptake of fluorescent-labeled OVA-LeX (30 µg/ml) by WT or MGL1-/- BM-DC was compared to na-
tive OVA in the presence or absence of LPS (100 ng/ml) and analyzed by flow cytometry after 90 min. 
Data shown are representative of three independent experiments. Numbers indicate the percentage 
of DC that have taken up antigen.
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LPS-MGL1 cross-talk leads to reduced secretion of the pro-inflamma-
tory cytokine TNFα 

Because the presence of LPS may lead to rerouting of OVA we investigated 
whether LPS-signaling also interfered with signaling induced via MGL1, leading 
to different expression of co-stimulatory molecules or production of cytokines. 
To investigate this, we pulsed BM-DC with OVA-LeX mixed with LPS for 4hrs, and, 
after extensive washing, cells were cultured overnight.  The expression of co-

Figure 4.  TNFα-production but not co-stimulatory molecule expression was reduced by MGL1-TLR4 
cross-talk. 

WT BMDC were incubated with OVA-LeX or OVA (30 µg/ml) for 4 hrs. After culturing o/n, expression of 
co-stimulatory molecules was determined using flow cytometry (a). Furthermore, cytokine-production 
was determined using the CBA-kit (b) 
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stimulatory molecules CD40, CD86 as well as CD70 and 4-1 BB, known to be 
important for CD8+ T-cell priming, were determined by flow cytometry. Further-
more, we determined the production of cytokines in the supernatant of BM-DC 
cultures. 

In Figure 4a we show that co-stimulatory molecules are up-regulated on BM-DC 
after triggering of TLR4. However, no differences were seen between BM-DC 
pulsed with OVA-LeX or OVA, indicating that uptake of antigen through MGL1 
in the presence of LPS did not alter expression of co-stimulatory molecules.

Next, we analyzed whether LPS influenced the cytokine production of OVA-
LeX pulsed DC. Incubation of DC with OVA-LeX or OVA alone did not result in 
any cytokine-production (data not shown), but was induced by TLR-4 trigge-
ring (Fig. 4b). In this setting, the amount of TNF-α produced by OVA-LeX pulsed 
DC was significantly less than secreted by native OVA-pulsed DC. No diffe-
rences were observed in production of IL-6 or the anti-inflammatory cytokine 
IL10. In conclusion, our data show that LPS did not affect the expression of 
co-stimulatory molecules of OVA-LeX pulsed DC compared to OVA pulsed DC. 
In contrast, OVA-LeX decreased TNFα-production in BM-DC incubated in the 
presence of LPS.

Discussion

In this paper we showed that LPS negatively influences MGL1-mediated cross-
presentation. The observed decrease in cross-presentation induced by LeX-
modified OVA was not due to reduced uptake of antigen or altered expression 
of co-stimulatory molecules. We found that LPS diminished the production of 
the pro-inflammatory cytokine TNF-α by BM-DC. Interestingly, in the presence 
of LPS, OVA-LeX seems to by rerouted to another uptake receptor, leading to 
localization in an intracellular compartment where OVA-LeX is degraded faster 
then in the absence of LPS. This was paralleled by the presence of less SIINFEKL-
MHC class-I complexes on the surface. Consequently, this will lead to reduced 
antigen-specific CD8+ T-cell proliferation. In conclusion, TLR4-MGL1 cross-talk 
not only negatively influences pro-inflammatory cytokine-production but might 
also influence the intracellular routing of antigen. 

Although we observed that MGL-1 induced cross-presentation is reduced in 
the presence of LPS, no evidence was found for the induction of T-cell tole-
rance. We observed that IL-10-production by T-cells triggered by OVA-LeX and 
LPS was not increased. Furthermore, in the presence of LPS OVA-LeX pulsed DCs 
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did not produce higher amounts of IL- 10 or TGFβ, which favour induction of 
adaptive T regulatory cells (data not shown)25.

To our knowledge, this is the first evidence that the combination of TLR-CLR 
signaling likely influences the intracellular fate of antigen, leading to faster de-
gradation of the OVA-antigen unfavorable for cross-presentation. Moreover, till 
now it was not described that MGL1 influences TLR-4 induced cytokine-produc-
tion. For other CLRs, such as DC-SIGN it has been shown that the cross-talk with 
TLR-signals altered cytokine production10, 11, 13, 26, 27. However, in these studies the 
effect on antigen-presentation was not addressed.

The diminished cross-presentation of antigen taken up via MGL1, makes LPS un-
suitable as an adjuvant for MGL1-induced immune responses. Other stimuli like 
anti-CD40 or cross-presentation-skewing saponine-based adjuvants could be 
advantageous for MGL1-induced cross-presentation and need to be directly 
compared in cross-presentation assays for their potency to potentiate MGL-1 
induced CD8 T-cell responses.

Recently, it has been described that OVA in the form of immune-complexes is 
taken up via Fc-receptors, and routed to a LAMP1+ storage compartment. This 
storage compartment functions as an antigen-depot, slowly releasing antigen 
in favor of cross-presentation19, 28. We obtained evidence that OVA-LeX could 
be routed to such a compartment as higher levels of LeX-modified OVA were 
present intracellularly compared to native OVA 24 hours after antigen-pulsing. 
However, to test whether this is the case, experiments compassing confocal 
analysis and the direct comparison to OVA-immune-complexes should be per-
formed. Furthermore, we hypothesize that signaling of TLR4 interferes with this 
routing, redirecting antigen to another intracellular compartment unfavora-
ble for cross-presentation. This is strengthened by the observation that in the 
presence of LPS, OVA-LeX is better taken up by BM-DC. Moreover, the uptake 
of OVA-LeX was reduced when MGL1-/- BM-DC were used. However, these 
MGL1-deficient DC took up OVA-LeX mixed with LPS as efficient as WT BM-DC. 
This indicates that there is another uptake receptor which is becoming active 
under the influence of LPS. Whether this holds true can be tested by performing 
OVA-uptake experiments using inhibitors or knock-out mice for different uptake 
receptors. We can exclude the involvement of SIGNR1, a DC-SIGN homologue 
expressed in mice and also recognizing LeX-structures29, as uptake of OVA-LeX 
in SIGNR1-/- BM-DC was not affected (data not shown).

LPS-signaling differently influences cross-presentation mediated by different 
CLR. The presence of LPS counteracts cross-presentation induced through an-
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tigen-targeting via MGL-1, whereas targeting of other neoglycoconjugates to 
for example the MR or DC-SIGN leads to a strong up-regulation of CD8+ T-cell 
responses (unpublished observations,30). Also cross-presentation of native OVA, 
which is taken up via MR, was enhanced in the presence of LPS22.

How LPS-signaling modulates CLR-signaling still needs to be investigated, but 
several factors can be of influence. First, the concentration of both the OVA-
LeX and the LPS are of importance. In this study we use considerable amounts 
of LPS, and whether cross-presentation is diminished by lower amounts of LPS is 
subject of current investigation. Also, the multivalency of the glycan-structures 
conjugated to the OVA-antigen could play a role. It is feasible that increasing 
multivalency of LeX-structures to OVA will alter the affinity to the MGL1-recep-
tor, thereby changing the impact of TLR4-signaling on the signal provided by 
MGL1.

In conclusion, the cross-talk between MGL1 and TLR4 diminishes the produc-
tion of pro-inflammatory cytokine TNF-α. Moreover, MGL1-TLR4 cross-talk may 
also influence antigen routing, leading to diminished CD8+ T-cell activation. 
Although the uptake-mechanism and intracellular routing of OVA-LeX in the 
presence of LPS still needs to be elucidated, these data illustrate that for every 
CLR-receptor used in DC-targeting it is important to identify which adjuvant is 
best to combine to obtain the desired immune response.
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