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 � Abstract

Dendritic cells (DCs) are important regulators of immune responses. Depending on the type 
of pathogen encountered and the profile of cell surface receptors, DCs either induce tolerance 
or immunity. Sialic acid binding Ig-like lectins (Siglecs) are an important class of carbohydrate 
receptors expressed on the cell surface of DCs that regulate cellular adhesion, antigen uptake 
and signaling. Murine (m)Siglec-E, expressed on DCs, bears a tyrosine-based inhibitory 
signaling motif, which makes it an interesting targeting candidate to prevent unwanted immune 
responses. In the current study, we investigated the effect of targeting antigen to mSiglec-E 
on bone marrow-derived DCs (BM-DCs) by using its natural ligand α2,8-linked disialic acid. 
α2,8-linked disialic acid was coupled to ovalbumin (OVA) to study Siglec-E-mediated antigen 
binding, uptake, the effect on DC phenotype, as well as the antigen-presenting capacity. We 
show that mSiglec-E is expressed on BM-DCs and strongly binds α2,8-linked disialic acids. 
Using confocal microscopy we established that α2,8-linked disialylated-OVA is rapidly taken 
up by BM-DCs and transported predominantly to the early endosomes, and subsequently 
to lysosomes, whereas unmodified OVA did not co-localize with endosomes and lysosomes. 
Although α2,8-linked disialylated OVA is rapidly internalized in BM-DCs compared to 
unmodified OVA, antigen presentation was diminished leading to reduced OVA-specific CD4+ 
T cell and CD8+ T cell proliferation. Together, these data suggest that mSiglec-E might be a 
promising target on DCs to dampen unwanted CD4+ T cell and CD8+ T cell responses as occur 
in auto-immune diseases.

 � Introduction

Dendritic cells (DCs) are antigen-presenting cells that play a major role in the initiation and 
regulation of innate and adaptive immunity, either through secretion of pro-inflammatory and 
immunoregulatory cytokines or via cellular interactions. They are equipped with a variety of 
surface receptors to sense for many different types of pathogens, such as Toll like receptors (TLR), 
C-type lectin receptors (CLR) and Sialic acid binding Ig-like lectins (Siglecs)1,2. Depending 
on the type of antigen encountered, triggering of these receptors elicits the appropriate type 
of immune response towards pathogens but prevents detrimental inflammatory responses to 
innocuous antigens.
Siglecs are a class of carbohydrate receptors that promote cell-cell interactions, antigen uptake 
and regulate cellular functions during innate and adaptive immune responses. Siglecs are 
type I transmembrane proteins displaying an amino-terminal V set immunoglobin domain 
that facilitates sialic acid binding, variable numbers of C2-set immunoglobin domains, a 
transmembrane region and a cytosolic tail3,4. Each Siglec exhibits a unique specificity against 
different terminal sialoside sequences found on mammalian glycoproteins and glycolipids5,6. 
Sialic acids can be coupled to the underlying glycan via an α2,3-linkage, α2,6-linkage or α2,8-
linkage. Besides primary sialic acid binding, the underlying glycan core is also important for 
determining the individual Siglec binding specificity7.
Siglec expression has been found mainly on cells of the haematopoietic and immune 
system, with highly restricted cell-type specific expression4. In humans, fourteen Siglecs are 
described, of which ten belong to the rapidly evolving CD33-related subfamily of Siglecs 
(Siglec-3,-5,-7,-8,-9,-10,-11,-14 and 16)8. Siglecs are thought to play a role in both positive and 
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negative regulation of immune and inflammatory responses3. The CD33-related Siglecs can act 
as negative immunoregulators of immune responses due to the presence of immunoreceptor 
tyrosine based inhibitory motifs (ITIM) in their cytoplasmic domains. Through Src family 
tyrosine kinases these motifs are phosphorylated, thereby creating binding sites for SH2-
domain-containing signaling molecules, like SHP-1 and -24.
Human Siglec-7 is mainly expressed on natural killer cells (NK), monocytes and DCs5,9 (Bax 
et al, unpublished data) and a potential target for Siglec-7 binding are gangliosides10; which are 
glycolipids that consist of a ceramide linked to a sialylated glycan. Human Siglec-7 exhibits an 
unusual preference for α2,8-linked disialic acids over α2,6- and α2,3-linked sialic acids5,11,12, 
which are normally found on gangliosides in the central nervous system. It was shown that 
interaction of human Siglec-7 on NK cells with the ganglioside GD3, expressed on target cells, 
results in the suppression of NK cell-mediated cytolytic acitivity13.
The composition of CD33-related Siglecs varies greatly between humans and mice. In contrast 
to humans, mice have only have five CD33-related Siglecs, namely CD33, Siglec-E, -F, -G and 
-H3. Amongst the murine Siglecs, mSiglec-E shows sequence similarity to human Siglec-7, -8 
and -9. However, bindings preferences for α2,8-linked disialic acids are only shared to human 
Siglec-7, whereas human Siglec-8 and -9 prefer α2,3- and α2,6-linked sialic acids14. This suggests 
that mSiglec-E is the orthologue of human Siglec-7. Siglec-E expression has been described on 
neutrophils, macrophages, NK cells, B cells, and DCs14. Siglec-E cDNA encodes 3-Ig-domains, 
a transmembrane region and a cytoplasmic tail with two ITIMs that can recruit SHP-1 and -215.
The ability to modulate immune responses makes DCs attractive for novel vaccination 
strategies. To date, Fc receptors and C-type lectins are commonly used to deliver antigens to 
DCs in different vaccination protocols16,17. Numerous studies have shown that phagocytosis of 
antibody-immune complexes by Fc receptors results in degradation of immune complexes in 
intracellular compartments and presentation to cytotoxic and T helper cells. Moreover, several 
C-type lectins such as DEC-205, Clec9a, and mannose receptor (MR)18 have been targeted by 
either antibody-antigen complexes or receptor specific lentiviruses19-21. Initial studies on the 
C-type lectin DEC-205 have provided evidence that targeting DEC-205 with specific antibody-
OVA complexes in combination with agonistic anti-CD40 resulted in enhanced CD4+ and CD8+ 
T cell responses22,23. Recently, Siglecs are also gaining attention for antigen delivery leading to 
appropriate immune response modulation. Due to their (potential) inhibitory properties, the 
CD33-subfamily of Siglecs is an attractive candidate to target antigen to DCs to manipulate 
unwanted immune responses.
In the current study, we have investigated the effect of targeting Siglec-E on murine BM-DCs 
by using its natural ligand α2,8-linked disialic acids. We generated neo-glycoconjugates of OVA 
to study Siglec-E-mediated antigen uptake, processing and presentation to CD4+ and CD8+ T 
cells. We show that Siglec-E is expressed on murine BM-DCs and binds to α2,8-linked disialic 
acids. Furthermore, α2,8-linked disialylated OVA targeted to Siglec-E was rapidly taken up by 
murine BM-DCs and transported to early endosomes or lysosomes for degradation, in contrast 
to unmodified OVA, which did not co-localize with early endosomes or lysosomes. Despite 
the fact that α2,8-linked disialylated OVA is rapidly internalized in BM-DCs, it resulted in 
inhibition of antigen presentation, especially cross-presentation, leading to dampened OVA-
specific CD4+ and CD8+ T cell proliferation.



Chapter 4

- 74 -

 �Material and Methods

Mice
C57BL/6 mice were purchased from Charles River Laboratories and used at 8-12 weeks of age. 
OT-I mice and OT-II mice, bred in our animal facility under pathogen-free conditions, express 
a transgenic Vα2Vβ5 T cell receptor (TCR) specific for OVA257-264 (SIINFEKL) presented in 
H2-Kb and OVA323-339 (ISQAVHAAHAEINEAGR) in I-Ab, respectively. All experiments were 
approved by the animal experiment committee of the VU University Medical Center.

Bone marrow-derived DC (BM-DC)
BM-DC were cultured as previously described24,25 with minor modifications. The femeur and 
tibia of C57BL/6 were removed, both ends were cut and marrow was flushed with Iscove’s 
Modified Dulbecco’s Medium (IMDM; Gibco, CA, USA) using a syringe with 0.45mm 
diameter needle. The bone marrow suspension was vigorously resuspended and passed over a 
100μm gauge to obtain a single cell suspension. After washing, cells were seeded 2x106 cells per 
100 mm Petri dish (Greiner Bio-One, Alphen aan de Rijn, The Netherlands) in 10 ml IMDM, 
supplemented with 2 mM L-glutamine, 50 U/ml penicillin, 50 ug/ml streptomycin and 50 μM 
β-mercaptoethanol (Merck, Damstadt, Germany) and 30 ng/ml recombinant murine GM-CSF 
(rm GM-CSF). At day 2, 10 ml medium containing 30 ng/ml rmGM-CSF was added. At day 5 
another 30 ng/ml rmGM-CSF was added to each plate. From day 6 onwards, the non-adherent 
DCs were harvested and used for subsequent experiments. Maturation was induced by the 
addition of 10 ng/ml LPS (E. Coli; Sigma-Aldrich, MO, USA) for 24 hours.

T cell isolation
OVA-specific CD4+ and CD8+ T cells were isolated from spleen and lymph node cell 
suspensions from OT-II and OT-I mice, respectively. In brief, lymph nodes and spleen were 
collected and single cell suspensions were obtained by mincing the spleens through a 100 µm 
gauze. Erythrocytes were lysed using ACK lysis buffer. Subsequently, CD4+ or CD8+ T cells 
were isolated using Dynal CD4 or CD8 negative isolation kit (Invitrogen, CA, USA) according 
to the manufacturer’s protocol.

Neuraminidase treatment
To remove sialic acids from the cell surface, BM-DCs were incubated with the Vibrio cholera 
neuraminidase (Roche, 2.5x10-2 U/ml) for 1 hour at 37oC at a concentration of 5x106 cells/ml in 
20 mM Tris (pH 7.4), 150 mM NaCl, 1 mM CaCl2, and 2 mM MgCl2 (TSM).

Lectin and antibody stainings
Cells (5x104/well) were incubated with PE-labeled rat anti-murine CD40 antibodies 
(E-bioscience, CA, USA, clone IC10) for 45 min at RT or APC-labeled anti-CD11c 
(E-bioscience, CA, USA, clone N418) for 15 min at RT in PBS supplemented with 1% BSA 
(Fluka Biochemika). To analyze sialic acid expression on the cell surface, DCs were incubated 
with the biotin-labeled plant lectin MAA (Maackia amurensis, Vector labs, CA, USA) (10 mg/
ml) at RT in TSM supplemented with 1% BSA. Forty-five minutes later, cells were washed with 
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TSM, and incubated with Alexa488-labeled streptavidin (Invitrogen, CA, USA) for 30 min at 
RT in PBS with 1% BSA (Fluka Biochemika). After washing, the cells resuspended in PBS and 
analyzed by flow cytometry (Calibur, BD Biosciences, CA, USA).

PAA probe binding assay
BM-DCs (5x104/well) were incubated with biotinylated polyacrylamide (PAA) attached to a2,3-
linked sialyllactose, a2,6-linked sialyllactose, a2,8-linked di-, tri-, or polysialic acid (Lectinity, 
Moscow, Russia) at 37oC in PBS with 1% BSA. Thirty minutes later, cells were washed in PBS 
and stained Alexa 488-labeled streptavidin (Invitrogen, Breda, The Netherlands) for 30 min at 
RT. Thereafter, cells were co-stained with APC-labeled anti-CD11c (E-bioscience, CA, USA, 
clone N418) for 15 min at RT, and analyzed by flow cytometry (Calibur, BD Biosciences).

OVA glycoconjugates
a2,8-linked disialic acid (Neu5Aca2-8Neu5Aca2-8Neu5Aca2-3Galb1-4Glcb, Consortium 
for Functional Glycomics, GD3) was conjugated to Ovalbumin (Calbiochem, Darmstadt, 
Germany) by a bifunctional cross linker (4-N-Maleimidophenyl) butyric acid hydrazide 
(MPBH; Pierce, Rockford, USA). Via reductive amination the hydrazide moiety of the linker 
was covalently linked to the reducing end of the carbohydrate and the maleimide moiety of 
the linker was later used for coupling the carbohydrate structures to ovalbumin. Briefly, the 
carbohydrate was dissolved in 100μl Dimethyl sulfoxide (DMSO)-acetic acid (17:3 v/v). A 
mixture of sodium cyanoborohydride (Sigma-Aldrich, St. Louis, MO, USA) and MPBH (1:1 
molar equivalent) in DMSO-Acetic Acid (17:3 v/v) was freshly prepared and added to the 
carbohydrate mixtures (10:1 molar equivalent). After 2 hours incubation at 70oC, the mixtures 
were cooled down to room temperature. 1 ml ice-cold isopropanol (HPLC grade; Riedel de 
Haan, Seelze, Germany) was added and further incubated at –20oC for 1 hour. The precipitated 
derivatized carbohydrates were pelleted by centrifugation (5 min at 14000 rpm) and washed 
twice with ice-cold isopropanol. Pelleted carbohydrates were dissolved in 1 mM HCL (at this 
pH the maleimide moiety will remain stable). A sample was also dissolved in 50% acetonitrile 
and spiked with 0.1% acetic acid for offline analysis using offline needles (Promega) on Iontap 
Mass Spectrometer (Thermo Fisher Scientific Inc., Waltham, MA). Ovalbumin in PBS was 
added to derivatized carbohydrates (10:1 molar equivalent carbohydrate:OVA) and conjugation 
was performed overnight at 4oC. Neo-glycoconjugates were separated from reaction reductants 
using PD-10 desalting columns (Pierce, Rockford, USA).

Enzyme-linked immuno sorbent assay (ELISA) 
Nunc maxisorp 96-wells ELISA plates (Nalge Nunc international, Rochester, NY) were coated 
o/n at 4oC with unmodified OVA or a2,8-linked disialylated OVA at 10 mg/ml in PBS. The next 
day, plates were incubated with 1% BSA in PBS for 30 min at 37 oC to block non-specific binding 
and washed with PBS. For the analysis of the amount of OVA in the samples, monoclonal anti-
OVA antibodies (10 mg/ml, Sigma-Aldrich, St. Louis, MO, USA, clone A6075) were added and 
incubated for 1.5 hrs at room temperature. The amount of OVA was detected using peroxidase-
labeled goat anti-mouse IgG, Fcγ fragment specific antibody (Jackson, Suffolk, UK, clone 
115-036-071). For the measurement of BM-DC-expressed Siglec-E binding to a2,8-linked 
disialylated OVA, Nunc maxisorp 96-wells ELISA plates (Nalge Nunc international, Rochester, 
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NY) were coated o/n at 4oC with unmodified OVA or a2,8-linked disialylated OVA at 30 mg/
ml in PBS. The next day, plates were incubated with 1% BSA in TSM for 30 min at 37 oC. 
After washing, cell lysates of BM-DCs (4x108/ml) in TSM were added to the wells o/n at RT. 
After washing, anti-Siglec-E antibodies14 were inbubated at 5 mg/ml in TSM with 1% BSA for 
2 hours at RT. Siglec-E binding was detected using peroxidase-labeled goat anti-mouse IgG, 
Fcγ fragment specific antibody (Jackson, Suffolk, UK). The reaction was developed and optical 
density was measured at 450 nm.

TLR4 activation
HEK293-TLR4/MD2 co-transfectants were grown in T75 flasks in RPMI 1640 (Invitrogen, 
Gibco, CA, USA) supplemented with 10% FCS (BioWhittaker, Walkersville, MD), 10,000 U/
ml penicillin (BioWhittaker, Walkersville, MD), 10,000 U/ml streptomycin (BioWhittaker, 
Walkersville, MD), 10,000 U/ml glutamine (Sigma-Aldrich, MO, USA) and G418 (1 mg/
ml). 105 cells in 100 ml RPMI were plated into 96-wells flat bottom plates and stimulated with 
unmodified OVA or α2,8-linked disialylated OVA for 24 hours. E. Coli LPS served as positive 
control for TLR4 activation. Subsequently, supernatants were analyzed for IL-8 production by 
ELISA according to the manufacturer’s guidelines (Biosource, CA, USA).

RT-PCR
DCs were incubated with 50 mg/ml unmodified OVA or a2,8-linked disialylated OVA. 6 hr 
later, cells were lysed and mRNA was isolated by capturing poly(A+) RNA in streptavidin-
coated tubes using a mRNA Capture kit (Roche, Basel, Switzerland). cDNA was synthesized 
using the Reverse Transcription System kit (Promega, WI, USA) following manufacture’s 
guidelines. Oligonucleotides were designed by using the computer software Primer Express 
2.0 (Applied Biosystems) and synthesized by Invitrogen Life Technologies (Invitrogen, Breda, 
The Netherlands). PCR were performed with the SYBR Green method using an ABI 7900HT 
sequence detection system (Applied Biosystems)26.

T cell proliferation assay
Irradiated (1500 rad) BM-DCs (1x105) were incubated with indicated concentrations of OVA 
or OVA-neo-glycoconjugates in round bottom 96-wells plates (Nalge Nunc international, 
Rochester, NY). After 5 hr, BM-DC were washed three times and purified CD4+ T cells (5x104) 
from OT-II mice or CD8+ T cells (5x104) from OT-I mice were added to each well. After 48 
hr, [3H]Thymidine (1µCi/well; Amersham Biosciences, NJ, USA) was added for another 16 
hr to detect proliferating T cells. Cells were harvested and [3H]Thymidine incorporation was 
assessed using a beta counter. Data are expressed as mean cpm of triplicates.

Internalisation and Confocal laser scanning microscopy
For internalisation studies, OVA and a2,8-linked disialylated OVA were labelled with DyLight 
594 conjugate according to the manufacturer’s protocol (Thermo scientific, MA, USA). For 
flow cytometry analysis, BM-DCs were incubated for 30, 120, or 180 min at 37°C with DyLight 
594 conjugated-OVA or a2,8-linked disialylated OVA. For confocal laser scanner microscopy, 
BM-DCs were incubated for 30, 60 or 120 min at 37°C with DyLight 594 conjugated-OVA 
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or a2,8-linked disialylated OVA. Labelled cells were fixed and permeabilised for 20 min at 
37°C. Cells were stained in PBS containing 0.5% bovine serum albumin and 0.1% saponin with 
antibodies against LAMP-1 (lysosomes, BD bioscience) or EEA-1 (early endosomes, Dianova) 
and followed by incubation with Alexa Fluor 647-conjugated anti-rat IgG1 (Invitrogen, 
CA, USA) and anti-rabbit conjugated Alexa Fluor 488 (Invitrogen, CA, USA) respectively. 
Thereafter, cells were allowed to adhere to poly-L-lysine-coated glass slides, mounted with anti-
bleach reagent and analyzed by confocal microscopy (Leica AOBS SP2 confocal laser scanning 
microscope, Leica Biosystems, Rijswijk, The Netherlands); images were acquired using Leica 
confocal software (version 2.61).

 � Results

Murine BM-DCs express Siglec-E and bind 
to a2,8-linked sialylated structures
To investigate the functional consequences 
of mSiglec-E binding by its ligand, we 
first needed to assess whether murine 
BM-DC express mSiglec-E, and to which 
sialic acids it binds. To this end, BM-DCs 
were cultured and mSiglec-E expression 
was analyzed on both immature BM-
DCs (iBM-DCs) and LPS acitvated 
mature BM-DCs (mBM-DCs). To assess 
whether addition of LPS had indeed 
induced maturation, we analyzed CD40 
expression. As expected, CD40 expression 
was higher on activated mBM-DCs than 
non-activated iBM-DCs, confirming 
maturation (data not shown).
mRNA coding for mSiglec-E was 
detectable in both iBM-DCs and mBM-
DCs (Fig. 1A). mSiglec-E shows high 
affinity for a2,8-disialylated structures14. 
We next tested the ability of murine 
BM-DC-expressed Siglecs to bind to 
sialylated structures. The interaction 
of polyacrylamide (PAA)-conjugated 
a2,3-linked sialyllactose, a2,6-linked 
sialyllactose orα a2,8-linked di- tri- or 
polysialic acid with CD11chigh iBM-
DCs and mBM-DCs was analyzed. In 
general, binding of Siglecs on blood cells 
to sialylated trans ligands is low. This is 
due endogenous expression of cis-ligands, 

Figure 1. Murine BM-DCs express Siglec-E and the BM-
DCs bind to a2,8-linked sialylated structures. (A) mRNA 
expression levels of mSiglec-E of iBM-DC and mBM-DC as 
analyzed by quantitative RT-PCR. Averages of 3 donors are 
depicted. (B) Binding of biotinylated sialic acid-PAA conjugated 
probes to CD11chigh iBM-DCs and mBM-DCs as measured by 
flow cytometry. Binding to non-treated BM-DCs (white bar) 
or neuraminidase pre-treated BM-DCs (black bar) of one out 
of 3 representative donors is shown. The percentage sialic acid 
binding CD11high cells is depicted. NA, neuraminidase treated; 
iBM-DC, immature BM-DC, mBM-DC; mature BM-DC.
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present on the same cell membrane as the expressed Siglecs, which mask the Siglecs. Siglecs 
can be unmasked and released from their cis ligands by neuraminidase treatment27. To unmask 
the DC-expressed Siglecs, we treated the BM-DCs with neuraminidase before measuring 
sialic acid binding. Removal of sialic acids by neuraminidase treatment was confirmed by 
diminished binding of the a2,3-linked sialic acid recognizing lectin MAA (data not shown). 
The binding pattern of iBM-DCs and mBM-DCs was similar, although generally higher sialic 
acid binding was observed by mBM-DCs. Both iBM-DCs and mBM-DCs showed high binding 
affinity for a2,8-linked di-, and tri-sialic acids, the preferred sialic acid ligand of Siglec-E. In 
contrast, a2,3-linked sialyllactose, a2,6-linked sialyllactose, and a2,8-polysialic acid displayed 
low binding to both iBM-DCs and mBM-DCs (Fig. 1B).

Conjugation of a2,8-linked disialylated OVA
To investigate whether modification of an antigen with an mSiglec-E-specific glycan would 
modulate DC function and antigen presentation to CD4+ and CD8+ T cells, we chemically 
conjugated an a2,8-linked disialylated structure (Neu5Aca2-8Neu5Aca2-8Neu5Aca2-
3Galβ1-4Glcβ) to the model antigen OVA, resulting in a2,8-linked disialylated OVA. We 
thoroughly analysed our OVA preparations after coupling and observed that both native 
OVA and a2,8-linked disialylated OVA were equally recognised by OVA-specific monoclonal 
antibodies (Fig. 2A). Furthermore, before using the neo-glycoconjugates in functional assays 
we determined the endotoxin levels in our conjugate preparations by incubating the neo-
glycocojugates with HEK-TLR4 transfectants. These transfectants produce IL-8 upon upon 
TLR4 triggering. Both OVA and a2,8-linked disialylated OVA did not trigger IL-8 secretion 

by HEK-TLR4 transfectants, indicating that 
endotoxin levels were below the detection limit 
(< 2 ng/ml) (Fig. 2B).
To confirm that a2,8-linked disialylated 
OVA indeed bound to BM-DC-expressed 
mSiglec-E, binding of mSiglec-E derived from 
cell lysates of wild type BM-DC to unmodified 
OVA and a2,8-linked disialylated OVA was 
analyzed. Indeed, mSiglec-E of wild type BM-
DCs bound only to a2,8-linked disialylated 
OVA and not to unmodified OVA (Fig 2C).

Figure 2. a2,8-linked disialic acid coupled OVA binds 
to Siglec-E on BM-DCs. (A) OVA concentrations as 
determined by adding anti-OVA antibodies to coated 
unmodified OVA or a2,8-linked disialylated OVA. As 
controls, uncoated wells or wells without anti-OVA antibody 
incubation were used. (B) TLR-4 and MD-2 transfected 
HEK-cells were triggered with OVA, a2,8-linked disialylated 
OVA, LPS or medium for 16 hours at various concentrations 
(1, 10 and 100 ng/ml). TLR4 activation was determined by 
analyzing IL-8 concentration in the supernatants by ELISA. 
One out of 2 representative experiment is shown. (C) 
Binding of Siglec-E derived from cell lysates of BM-DCs to 
unmodified OVA and α2,8-linked disialylated OVA.
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α2,8-linked disialylated structures modulate the cytokine expression of BM-DCs
Next we continued by investigating the effect of mSiglec-E targeting on cytokine secretion 
by BM-DCs. Therefore, iBM-DCs and mBM-DCs were incubated with unmodified OVA or 
α2,8-linked disialylated OVA for 6 hr and mRNA expression levels of the pro-inflammatory 
cytokines IL-1β, IL-6 and IL-12p40 were analyzed by RT-PCR. As a control, BM-DCs were 
incubated with unmodified OVA. Incubation of BM-DC with OVA induced expression of 
IL-1β, IL-6 and IL-12p40. However, this induction of cytokine expression was significantly 
reduced when BMDC were incubated with α2,8-linked disialylated OVA. The effect was more 
prominent in mBM-DCs than iBM-DCs (Fig. 3)

a2,8-linked disialylated OVA targeted to mSiglec-E strongly inhibits BM-DC induced CD8+ T cell 
proliferation
Since we observed a clear effect of mSiglec-E triggering on cytokine production by BM-DCs, 
we wondered what the potency of targeting mSiglec-E with α2,8-linked disialylated OVA is 

Figure 4. α2,8-linked disialylated OVA targeted to 
mSiglec E strongly inhibits BM-DC induced CD8+ T 
cell proliferation. Antigen specific OVA-specific T cell 
proliferation of immature BM-DCs incubated with (A) 
CD8+ T cells or (B) CD4+ T cells as well as antigen specific 
OVA-specific T cell proliferation of mBM-DC incubated 
with (C) CD8+ T cells or (D) CD4+ T cells after stimulation 
with unmodified OVA or α2,8-linked disialylated OVA 
at various concentrations. iBM-DC, immature BM-DC, 
mBM-DC; mature BM-DC.

Figure 3. α2,8-linked disialylated structures influence 
the cytokine expression of BM-DCs. mBM-DCs 
were incubated with OVA (white bar) or α2,8-linked 
disialylated OVA (black bar) for 6 h. Cells were lysed and 
by quantitative RT-PCR the expression levels of IL-1β, 
IL-6, and IL-12p40 were analysed (N=4).
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to modulate DC functions, such as antigen presentation to T cells and T cell proliferation. 
Both iBM-DCs and mBM-DCs were incubated with varying concentrations of α2,8-linked 
disialylated OVA or unmodified OVA. After four hours, DCs were washed to remove excess 
antigen and co-cultured with OVA-specific CD4+ and CD8+ T cells. Strikingly, we observed 
that proliferation of OVA-specific OT-I T cells was ~7-8-fold reduced when iBM-DCs were 
incubated with α2,8-linked disialylated OVA compared to unmodified OVA (Fig. 4A). This 
decrease in antigen cross-presentation and subsequent OT-I T cell proliferation was still present 
when the antigen (OVA or α2,8-linked disialylated OVA) was mixed with the TLR stimulus 
LPS, albeit to a lesser extent (~ 3-fold) than in the absence of LPS (Fig. 4C). Analysis of OT-
II proliferation revealed that MHC class II presentation of α2,8-linked disialylated OVA was 
only moderately (~ 3-fold) reduced compared to unmodified OVA (Fig.4B). When mixing the 
antigen with LPS, no difference was observed in OT-II T cell proliferation (Fig.4D). Thus, we 
conclude that despite similar antigen dose, α2,8-linked disialylated OVA targeted to mSiglec-E 
expressed on BM-DCs resulted in reduced MHC class I and to a lesser extent also of MHC 
class II-mediated presentation resulting in decreased CD8+ and CD4+ T cell proliferation, 
respectively.

a2,8-linked disialylated OVA is routed through both early endosomal and lysosomal compartments
Since targeting of α2,8-linked disialylated OVA to mSiglec-E resulted in reduced antigen 
presentation compared to unmodified OVA, we investigated whether this was due to differences 
in uptake of α2,8-linked disialylated OVA and unmodified OVA. In addition, we investigated 
to which compartments α2,8-linked disialylated OVA was routed into the BM-DC upon 
uptake. Surprisingly, an enhancement in uptake of α2,8-linked disialylated OVA was observed 
compared to unmodified OVA, suggesting that the reduction in cross-presentation and MHC 
class II presentation was not due to diminished α2,8-linked disialylated OVA uptake compared 
to unmodified OVA (Fig. 5A). By confocal microscopy analysis of different Z planes we 
observed sporadic co-localization of unmodified OVA with early or late endosomes, whereas 
α2,8-linked disialylated OVA frequently co-localized with both the early endosomal marker 
EEA-1 (yellow) and late endosome/lysosomal marker LAMP-1 (pink) (Fig. 5B). To examine 
uptake and routing of α2,8-linked disialylated OVA in time, fluorescent DyLight 594-labelled 
α2,8-linked disialylated OVA (red) was incubated with BM-DC for different time points. We 
observed that after 30 min α2,8-linked disialylated OVA co-localised with the early endosomal 
marker EEA-1 (green), whereas after 120 min a strong co-localization with the late endosome/
lysosomal marker LAMP-1 (blue) was observed in the BM-DCs. (Fig. 5C). By flow cytometry 
we confirmed enhanced uptake of α2,8-linked disialylated OVA compared to unmodified OVA 
(Fig. 5D).
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 � Discussion

In this study we have demonstrated that mSiglec-E, the murine orthologue of human Siglec-7, 
is expressed on murine BM-DCs and displays a similar specificity as human Siglec-7 for 
α2,8-linked sialic acids. mSiglec-E acts as an endocytic receptor, as neo-glycoconjugate α2,8-
linked disialylated OVA is internalised and processed in both endosomal and lysosomal 
compartments (Figure 5). Strikingly, uptake of α2,8-linked disialylated OVA led to diminished 
MHC class II- and cross-presentation resulting in reduced CD4+ and CD8+ T cell proliferation. 
Co-stimulation with the TLR4 ligand LPS could not revert this inhibition in cross presentation 
(Fig. 4). Consistent with this, we observed reduced production of inflammatory cytokines 
when α2,8-linked disialylated OVA were targeted to Siglec-E compared to umodified OVA 
(Fig. 3).
Siglec-E belongs to the family of CD33-related Siglecs, which rapidly evolve by multiple 
processes such as gene duplication, axon shuffling, exon loss, and gene conversion14. Each 
Siglec has a unique specificity for sialylated ligands, suggesting that Siglecs mediate distinct, 

Figure 5. α2,8-linked disialylated OVA is 
routed through both early endosomal and 
lysosomal compartments. (A) Internalization 
of unmodified OVA (left) and α2,8-linked 
disialylated OVA (right) by iBM-DCs. (B) 
Z-stacks of unmodified OVA (left) and α2,8-
linked disialylated OVA (right) internalization 
by iBM-DCs. Early endosomes (green) and late 
endosomes/lysosomes (blue) and are visualized 
as well. Co-localization of OVA with early 
endosomes stains yellow, whereas co-localisation 
of OVA with late endosomes/lysosomes stains 
pink. (C) Internalization of labeled α2,8-linked 
sialic acid coupled to OVA (red) by iBM-
DCs, as analyzed by confocal microscopy at 
different time points. Early endosomes (green) 
and late endosomes/lysosomes (blue) and are 
visualized as well. Co-localization of OVA 
with early endosomes stains yellow, whereas 
co-localisation of OVA with late endosomes/
lysosomes stains pink. (D) Internalization of 
labeled α2,8-linked sialic acid coupled to OVA 
(black circle) and labeled unmodified OVA 
(white circle) by iBM-DCs at different time 
points analyzed by flow cytometry.
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but possibly overlapping functions. Siglec-E preferentially binds α2,8-linked sialic acids, 
followed by α2,6-linked sialic acids and α2,3-linked sialic acids with a lower affinity. Human 
Siglec-7 expressed on NK cells has been reported to be masked by cis ligands9. Removal of 
cis ligands (α2,8-sialic acids) from NK cells by sialidase treatment results in trans ligand 
interaction leading to reduced NK cytotoxity13. The role of Siglec-E on murine DCs has not 
been reported yet, but the ligand for human Siglec-7 and mSiglec-E, α2,8-linked disialylated 
structures, are expressed on gangliosides in the central nervous system. Our data provide 
evidence that binding and uptake of α2,8-linked disialylated OVA by mSiglec-E results in 
dampening of CD8+ and CD4+ T cell responses. These data imply that α2,8-linked disialic acids 
are expressed under homeostatic conditions and interaction of hSiglec-7 or mSiglec-E with its 
ligand may play a crucial role in the maintenance of tolerance. Additionally, Miyazaki and co-
workers have reported that another ligand of Siglec-7, disialylated LewisA expressed on colon 
epithelia, is expressed on non-malignant colon epithelial cells and its expression is decreased 
significantly upon malignant transformation of epithelial cells28. The physiological significance 
of the expression of disialylated LewisA on epithelial cells can be proposed to protect the colon 
epithelia from autologuous lymphocytes by binding of Siglec-7 to its ligand. Our data along 
with these previous studies provide evidence that hSiglec-7 or mSiglec-E may play a key role 
in homeostatic control in steady state environment. However, future studies are required in the 
role of Siglec-E in tolerance induction and maintenance.
By inhibiting proliferation, CD33-related Siglecs have been reported to play an important role 
in regulating cell growth and survival. Engagement of CD33 (Siglec-3) and Siglec-7 expressed 
on normal myelomonocytic cell precursors and on chronic myeloid leukemias (CML) by 
anti-CD33 and anti-Siglec-7 antibodies led to inhibition of proliferation of these cells29,30. 
Consistent to earlier findings, we propose that targeting of mSiglec-E with its natural ligand 
α2,8-linked disialic acid can result in inhibition of CML proliferation. This finding may lead to 
novel approaches in myeloid leukemias therapies. However, more insight is required also in the 
role of Siglec-7 or Siglec-E in apoptosis induction, which can refine the quality of therapeutic 
strategies in myeloid leukemias. Moreover, engagement of Siglec-E or Siglec-7 with α2,8-sialic 
acid can also regulate in myeloid differentiation in steady state situations.
The cytoplasmic tail of CD22 (Siglec-2) and CD33-related Siglecs contains ITIM (-like) motifs 
involved in cellular signaling8. Different studies have shed light on the role of these ITIM (-like) 
motifs in the endocytic capacities of Siglecs31,32. In two different studies, Walter and co-workers 
have shown that Siglecs can function as endocytic receptors. Ligand-mediated internalisation is 
ITIM-dependent and the adaptor molecules Src homology-2-containing tyrosine phosphatase 
SHP-1 and SHP-2 play an important role in the downstream signaling32-34. Deletion of SHP-1 
and SHP-2, which bind to phosphorylated CD33, increases internalisation of CD33, implying 
that SHP-1 and SHP-2 can dephosphorylate the ITIMs or mask binding of the phosphorylated 
ITIMs to an endocytic adaptor. Inhibition of MHC class I restricted cross-presentation of α2,8-
linked disialylated OVA in our study can also be due to the interaction of the ITIM motif 
of Siglec-E with SHP-1 and SHP-2. Furthermore, we also observed that secretion of pro-
inflammatory cytokines such as IL-1β, IL-6, and IL-12p40 was reduced in BM-DCs pulsed 
with α2,8-linked disialylated OVA. IL-1β and IL-6 play a prominent role in generation of IL-17 
producing Th17 cells, involved in pathogenesis of autoimmune diseases such as inflammatory 
bowel disease and rheumatoid arthritis 35-37. Targeting Siglec-E or Siglec-7 by using its natural 
ligand α2,8-linked disialic acid could play an important role in the inhibition of inflammatory 
responses in these autoimmune diseases. However, future studies are required to dissect the 
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role of Siglec-7/E signaling in the inhibition of antigen presentation and induction of T cell 
responses.
In conclusion, in this study we have reported that engagement of Siglec-E, the murine 
orthologue of human Siglec 7, with its natural ligand α2,8-linked disialic acid results in 
inhibition of pro-inflammatory cytokines such as IL-1β, IL-6, and IL-12p40. α2,8-linked 
disialylated OVA targeted to mSiglec-E likewise resulted in diminished CD8+ and CD4+ T cell 
proliferation. The results obtained in this study can provide better insight in the development 
of different therapeutic strategies for autoimmune diseases and leukemias by using inhibitory 
receptors such as Siglecs.
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