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a b s t r a c t

Antigen presenting cells (APC) express a variety of pattern recognition receptors, including the C-type
lectin receptors (CLR) that specifically recognize carbohydrate structures expressed on self-tissue and
pathogens. The CLR play an important role in antigen uptake and presentation and have been shown
to mediate cellular interactions. The ligand specificity of the human macrophage galactose-type lectin
(MGL) has been characterized extensively. Here, we set out to determine the glycan specificity of the
murine homologues, MGL1 and MGL2, using a glycan array. Murine MGL1 was found to be highly specific
for Lewis X and Lewis A structures, whereas mMGL2, more similar to the human MGL, recognized N-
actetylgalactosamine (GalNAc) and galactose, including the O-linked Tn-antigen, TF-antigen and core 2.
The generation of MGL1 and MGL2-Fc proteins allowed us to identify ligands in lymph nodes, and MGL1-Fc
additionally recognized high endothelial venules. Strikingly, MGL2 interacted strongly to adenocarcinoma
cells, suggesting a potential role in tumor immunity.

© 2009 Published by Elsevier Ltd.

1. Introduction

Antigen presenting cells (APC) express an array of pattern recog-
nition receptors (PRR) important for their function to recognize
antigens. The most commonly studied receptors are the Toll-like
receptors that play an important role in activation/maturation of
the cell, upon engagement with conserved pathogen structures
(Akira et al., 2006). C-type lectin receptors (CLR), another family
of PRR, recognize carbohydrate structures that are expressed by
pathogens as well as host tissues (van Kooyk and Rabinovich, 2008).
The family includes a wide variety of transmembrane receptors
responsible for antigen uptake and presentation. Type I CLR, such as
the mannose receptor (MR) and DEC-205, contain several conserved
carbohydrate recognition domains (CRD) whereas the type II fam-
ily members, including DC-SIGN, DCIR and MGL, each contain one
CRD (van Kooyk and Rabinovich, 2008). Macrophage galactose-type
lectin (MGL) is a member of the type II family of CLR and is expressed
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on professional APC both in humans (Suzuki et al., 1996) and in mice
(Sato et al., 1992). In the mouse, two MGL orthologues exist, mMGL1
and mMGL2 (Tsuiji et al., 2002). Both contain the Gln–Pro–Asp
(QPD) sequence in their carbohydrate recognition domain that
facilitates galactose or N-acetylgalactosamine (GalNAc) recogni-
tion (Drickamer, 1999; Tsuiji et al., 2002). The cytoplasmic domain
contains the conserved YXX∅ motif, where X denotes any amino
acid and ∅ denotes an amino acid with a bulky hydrophobic side
chain. This domain is crucial for ligand internalisation via MGL
(van Vliet et al., 2007). Also, within the cytoplasmic tail, mMGL2
contains a stretch of 14 amino acids that is not present in mMGL1
(Tsuiji et al., 2002). In mice, both MGL orthologues are expressed
near epithelial surfaces, such as the dermis, the small intestines,
and also in lymph nodes (Dupasquier et al., 2004; Onami et al.,
2002). Initial glycan binding studies have demonstrated that both
mMGL1 and mMGL2 recognize galactose-related structures but
appear to have distinct specificities. Whereas mMGL1 recognizes
the carbohydrate Lewis X (Gal�1-4(Fuc�1-3)GlcNAc), mMGL2 rec-
ognizes carbohydrates containing N-acetylgalactosamine, similar
to the carbohydrate specificity of human MGL (Tsuiji et al., 2002;
van Vliet et al., 2005). Despite these initial findings, the exact car-
bohydrate recognition profile has not been elucidated for murine
MGL1 and MGL2 using a large array of different glycans and, in
particular, the carbohydrates specificity of MGL expressing cells.

The known carbohydrate recognition profile of human MGL
suggests that it may play a role in tumor immunity. Human MGL
clearly recognizes Tn-antigens (GalNAc�-Ser/Thr) expressed by
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adenocarcinoma cells and aberrantly glycosylated MUC1 (Saeland
et al., 2007; van Vliet et al., 2005). In human Lewis X-containing
carbohydrates are also expressed in colon carcinoma and we have
demonstrated that the human C-type lectin DC-SIGN, expressed
by dendritic cells, recognizes carcinoembryonic antigen in colon
cancer via Lewis X (van Gisbergen et al., 2005). Although murine
MGL has been suggested to play a role in tumor immunity (Ichii
et al., 1997, 2000), the molecular mechanisms have not yet been
defined. These early studies suggested that both murine MGL1 and
MGL2 were responsible for tumor clearance in vivo, however, no
discrimination was made between the two MGL orthologues, that
have distinct carbohydrate specificities.

For the current study, we generated recombinant MGL1 and
MGL2-Fc proteins and we used MGL-transfected cell lines, to deter-
mine the carbohydrate specificity. We carefully investigated the
carbohydrate recognition profile of mMGL1 and mMGL2, using
a glycan array (www.functionalglycomics.com). Furthermore, we
demonstrated specific interaction of both MGL1 and MGL2 with
cells present in lymph nodes and of MGL2 with extracellular matrix
in the skin. Strikingly, only MGL2 specifically bound to different
murine adenocarcinoma cell lines suggesting that MGL2 may play
an important role in tumor immunity.

2. Materials and methods

2.1. Mice

C57BL/6 mice were purchased from Charles River Laboratories
and used 8–12 weeks of age.

2.2. Cells

BM-DC were cultured as previously described by Lutz et al.
(1999) with minor modifications. The femur and tibia of mice were
removed, both ends were cut and marrow was flushed with Iscove’s
Modified Dulbecco’s Medium (IMDM; Gibco, CA, USA) medium
using a syringe with 0.45 mm diameter needle. The bone marrow
suspension was vigorously resuspended and passed over a 100-�m
gauge to obtain single cell suspension. After washing, the cells were
seeded per 2 × 106 cells per 100 mm petridish (Greiner Bio-One,
Alphen aan de Rijn, The Netherlands) in 10 ml IMDM supplemented
with 2 mM l-glutamine, 50 U/ml penicillin, 50 �g/ml streptomycin
and 50 �M �-mercaptoethanol (Merck, Damstadt, Germany) and
containing 20 ng/ml recombinant murine GM-CSF (rm GM-CSF).
Additional 10 ml containing 20 ng/ml rmGM-CSF was added at
day 2 and 10 ng/ml rmGM-CSF was added at day 5. From day 6
onwards, the non-adherent DC were harvested and used for sub-
sequent experiments. DC were purified by positive selection with
anti-CD11c MACS microbeads (Miltenyi Biotec, Bergisch Gladbach,
Germany) following manufacturer’s protocol.

The MC38 (colon carcinoma; provided by Dr. J. Schlom, National
Institutes of Health, Bethesda, USA), C57MG (breast carcinoma) and
PancO2 (pancreatic carcinoma; both provided by Dr. S. Gendler,
Mayo Clinic Arizona, Scottsdale, AR, USA), and B16 (melanoma; pro-
vided by Dr. T. Schumacher, National Cancer Institute, Amsterdam,
The Netherlands) were cultured in DMEM medium supplemented
with 10% FCS, 50 U/ml penicillin and 50 �g/ml streptomycin.

2.3. Antibodies and reagents

The following antibodies were used: anti CD11c-APC, CD80-PE,
CD86-PE, CD40-PE, MHC-II-Alexa-488 (e-bioscience, San Diego, CA,
USA), anti-hDC-SIGN-FITC (R&D systems Europe Ltd., Oxon, UK),
ER-MP23 (a kind gift from Dr. P Leenen, Rotterdam, The Nether-
lands), anti-Lewis A, B, X and Y antibodies (Calbiochem, Damstadt,

Germany), and ER-MP12 (anti-CD31). For unconjugated antibod-
ies, secondary antibodies were used: peroxidase-labeled F(ab�)2
fragment goat anti-human IgG, Fc� fragment specific antibody;
F(ab�)2 fragment goat anti-mouse IgG, Fc� fragment-specific anti-
body (Jackson, West grove, PA, USA) and peroxidase-labeled goat
anti-mouse IgM, Fc� fragment-specific antibody (Nordic Immunol-
ogy, Tilburg, The Netherlands).

2.4. Enzyme-linked immuno sorbent assay (ELISA)

Neo-glycoconjugates were coated on NUNC maxisorb plates
(Roskilde, Denmark) overnight at RT. Plates were blocked with 1%
BSA in TSM buffer (TSM; 20 mM Tris–HCl, pH 7.4, 150 mM NaCl,
2 mM CaCl2, 2 mM MgCl2). After washing, the conjugates were
incubated with or anti-Lewis B/X antibodies for 1.5 h at room tem-
perature. Binding was detected using peroxidase-labeled F(ab�)2
fragment goat anti-human IgG, Fc� fragment specific antibody,
F(ab�)2 fragment goat anti-mouse IgG, Fc� fragment specific anti-
body and peroxidase-labeled goat anti-mouse IgM, Fc� fragment
specific antibody, respectively.

2.5. Glycan array

The Glycan array screening was performed at the Consortium for
Functional Glycomics (Carbohydrate Synthesis/Protein Expression
Core D, Scripps Research Institute, La Jolla), as previously described
(Blixt et al., 2004). Glycans were spotted on Consortium Printed
Array Slides (Schott Nexterion H slides), coated at a concentration of
100 �M (n = 6 per glycan). Pre-printed slides were soaked in deion-
ized water for 5 min at room temperature and dried under a stream
of nitrogen. MGL1-Fc or MGL2-Fc was diluted in TSM + 0.05% Tween
20 + 1% BSA. 50 �l were applied to the printed surface and cover-
slipped. Slide was incubated protected from light in a humidified
chamber for 1 h at RT. Slide was removed, coverslip removed and
washed for 10 s each in TSM buffer +0.05% Tween 20. The slide was
then incubated with 50 �l FITC-labeled anti-human Fc antibody,
coverslipped and incubated for 1 h at RT. The slide was then washed
in TSM buffer +0.05% Tween 20, wash buffer lacking Tween 20, and
deionized water. The slide was dried under a stream of nitrogen
and the binding image was read in a Perkin Elmer Microscanar-
ray XL4000 scanner and the tiff file of the image stored. Image
analysis was performed using Imagene (V.6) image analysis soft-
ware.

2.6. Flow cytometry and cellular adhesion assays

Cells were incubated with primary antibody, followed by con-
jugated secondary antibody and analysed by flow cytometry
(FACScalibur, BD Pharmingen, San Diego, CA, USA). For carbohydrate
binding assays, cells were incubated with biotinylated PAA-coupled
glycoconjugates (10 �g/ml; Lectinity Holdings, Inc., Moscow, Rus-
sia) for 30 min at 37 ◦C followed by staining with streptavidine
Alexa-488 (Molecular Probes, CA, USA). Binding of glycoconjugates
was analysed by flow cytometry and presented as the percentage
or relative percentage of cells that bound the glycoconjugate.

2.7. cDNA synthesis and real-time PCR

Cells were lysed and mRNA was specifically 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
manufacturer’s guidelines. cDNA was diluted 1:2 in nuclease-free
water after synthesis and stored at −20 ◦C until analysis.

Specific primers for mouse MGL1 and MGL2 were designed by
using the computer software Primer Express 2.0 (Applied Biosys-
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tems, CA, USA) and synthesized at Isogen (MGL1 fwd: 5� AACCTCCA-
GAACTCAAGGATCG 3�; MGL1 rev: 5� AGCTTTACCAGGCTCTTGGGT
3�; MGL2 forward: 5� CAGAACTTGGAGCGGGAAGAG 3�; MGL2
reverse: 5� TTCTTGTCACCATTTCTCATCTCCT. Primer specificity was
computer tested by homology search with the mouse genome
(BLAST, National Center for Bioctechnology Information, MD, USA)
and later confirmed by dissociation curve analysis. Real-time PCR
reactions were performed using the SYBR Green method in an ABI
7900HT sequence detection system (Applied Biosystems, USA) as
previously described (Garcia-Vallejo et al., 2004). Briefly, 4 �l of
the Power SYBR Green Master Mix (Applied Biosystems, USA) were
mixed with 2 �l of a solution containing 5 nmol/�l of both oligonu-
cleotides, and 2 �l of a cDNA solution (1/100) of the cDNA synthesis
product). The Ct value is defined as the number of PCR cycles where
the fluorescence signal exceeds the detection threshold value (fixed
at 0.045 relative fluorescence units). For each sample the relative
abundance of target mRNA was calculated from the obtained Ct val-
ues for both target and endogenous reference gene GAPDH applying
the formula: relative mRNA expression = 2[Ct(GAPDH)−Ct(target)].

2.8. Immunofluorescence

To study the expression of MGL in murine tissues, cryosec-
tions (7 �m) were fixed in 100% acetone and stained with primary
antibody combinations against FITC-labeled anti-MGL (ER-MP23),
CD11c-APC and F4/80-Alexa647 (e-bioscience, San Diego, CA, USA)
or a buffer control for 18 h at 4 ◦C. The nuclei were stained with
Hoechst (Molecular Probes, Eugene, OR, USA). To examine the pres-
ence of MGL ligands in murine tissues, cryosections (7 �m) were
fixed with 2% paraformaldehyde. MGL1-Fc or MGL2-Fc (25 �g/ml),
F4/80-Alexa647, and ER-MP12 were added in TSM buffer containing
1% BSA and incubated for 2 h at 37 ◦C or overnight at 4 ◦C. Bind-
ing was detected with FITC-conjugated goat anti-human IgG-Fc
antibody (Jackson, West grove, PA, USA) and nuclei stained with
Hoechst.

3. Results

3.1. Glycan profiling of MGL1 and MGL2

To study in detail the carbohydrate recognition profiles of
murine MGL1 and MGL2 we generated recombinant Fc proteins, by
fusing the extracellular domain of each lectin to a human IgG1-Fc
tail. Chimeric proteins were produced in 293T cells. The carbo-
hydrate recognition profile of the lectins was analysed by ELISA
by coating the plates with polyacrylamide-linked carbohydrates
(multivalent). As reported earlier MGL1 demonstrated a strong
preference for Lewis X (Gal�1-4(Fuc�1-3)GlcNAc). However, we
also observed strong binding activity to Lewis A (Gal�1-3(Fuc�1-
4)GlcNAc) carbohydrates (Fig. 1A). These are highly related
structures, only differing in the carbohydrate linkage between the
fucose and the GlcNAc moieties. Interaction with other related
carbohydrate structures, such as Lewis B (Fuc�1-2Gal�1-3(Fuc�1-
4)GlcNAc) and Lewis Y (Fuc�1-2Gal�1-4(Fuc�1-3)GlcNAc) was
negligible. This suggested that MGL1 bound specifically to the
galactose moiety of Lewis A and Lewis X, since the fucose linked to
galactose (in Lewis B and Lewis Y) completely abrogated the binding
(Fig. 1A). Furthermore, pre-incubation of MGL1-Fc with free galac-
tose or �-N-acetylgalactosamine (�-GalNAc), completely inhibited
interaction with Lewis X and Lewis A. In contrast, fucose only par-
tially blocked the interaction. No binding of MGL1 was observed
to galactose, �-GalNAc or fucose alone (Fig. 1A), indicating that
fucose is also necessary for binding. In contrast, MGL2-Fc demon-
strated specificity for �-GalNAc and the binding was only abrogated
in the presence of free GalNAc monosaccharides. No interaction

Fig. 1. Murine MGL1 recognizes Lewis X and Lewis A and MGL2 recognizes GalNAc.
Different PAA-coupled carbohydrates were coated on ELISA plates, followed by incu-
bation with mouse MGL-Fc. MGL1-Fc (A) and MGL2-Fc (B) binding was determined
with peroxidase-labeled anti-human Fc. To determine the specificity of the bind-
ing, MGL-Fc was pre-incubated with free monosaccharides (fucose, GalNAc, and
galactose). One representative experiment out of three is shown.

was observed to the Lewis structures, nor galactose, indicating that
galactose was not the main specific structure recognized by MGL2
(Fig. 1B).

To get a broader idea of the recognition pattern of MGL1
and MGL2, we used a glycan array. Two hundred eighty-five
different glycan structures on a glycan array, obtained from the Con-
sortium for Functional Glycomics (www.functionalglycomics.org),
were screened for MGL binding. MGL1 demonstrated again high
selectivity for Lewis X (Fig. 2A). In contrast to previous results, bind-
ing to Lewis A was low, although higher than to other Lewis- or
galactose-containing structures. The array contained only mono-
valent units of the carbohydrates and, therefore, could explain the
discrepancy between these data and Fig. 1, where polyvalent PAA-
coupled carbohydrates were used. MGL1 did not react with any
other galactose-containing carbohydrate structures (Fig. 2A and B).
Interestingly, a highly related structure to Lewis X, called LDNF
(GalNAc�1-4(Fuc�1-3)GlcNAc; Fig. 2A), containing GalNAc instead
of galactose, was not recognized by MGL1, again demonstrating
selective preference for galactose (and not GalNAc) and fucose.

MGL2 has previously been demonstrated to recognize �-GalNAc
and �-GalNAc (Tsuiji et al., 2002), and appears to have a similar
recognition profile as its human counterpart (van Vliet et al., 2005).
These findings were confirmed on the glycan array, however also
several additional carbohydrate ligands were identified for MGL2.
Unlike human MGL, murine MGL2 recognized the core 1 exten-
sion of the �-GalNAc (Thomsen-Friedenreich; Gal�1-3GalNAc�)
(Fig. 2D). Sialylation of �-GalNAc and core 1 significantly reduced
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Fig. 2. Carbohydrate profiling of murine MGL. MGL1-Fc (A and B) and MGL2-Fc (C–E) binding was determined by a glycan array obtained from the Consortium for Function
Glycomics. Recognition of LacNAc, LDN, LDNF and Lewis structures (A and C), O-glycan core structures (B and D) and ganglioside glycan structures (E) is shown. Error bars
represent standard error of mean (S.E.M.) of replicates of 6.

or completely abrogated the binding. Strikingly, MGL2 additionally
recognized the core 2 structure (Gal�1-3(GlcNAc�1-6)GalNAc�),
but not core 3 (GlcNAc�1-3GalNAc�) nor core 6 (GlcNAc�1-
6GalNAc�) (Fig. 2D). Collectively, these data indicate that MGL2 was
specific for terminal GalNAc structures, similar to human MGL, but
also to galactose–GalNAc carbohydrates. Interestingly, MGL2 recog-
nized the LacDiNAc structure (GalNAc�1-4GlcNAc�), probably via
the GalNAc moiety, but did not interact with LDNF that contains
fucose (GalNAc�1-4(Fuc�1-3)GlcNAc�) (Fig. 2C). The specificity of
murine MGL2 is in contrast to that of human MGL that recognises
both LDN and LDNF. Certain glycosphingolipids contain terminal

GalNAc residues that are recognised by human MGL (van Vliet et
al., 2005). Similarly, murine MGL2 recognized GM2 and GD2, both
containing terminal GalNAc (Fig. 2E). These data indicate that MGL2,
and not MGL1, can be considered a functional homologue of human
MGL.

3.2. Interaction of cellular MGL with carbohydrate ligands

MGL is expressed on antigen presenting cells, such as bone
marrow-derived dendritic cells (BM-DC). MGL forms oligomers at
the cell surface and, compared with soluble MGL, cellular MGL
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Fig. 3. Carbohydrates interact with MGL-transfected 293T cells. Biotinylated PAA-coupled carbohydrates were incubated with MGL1- or MGL2-transfected 293T cells and
binding detected with Alexa-488-labeled streptavidin. (A) Expression of MGL on transfected 293T cells detected by anti-MGL antibodies (ER-MP23). (B) Binding of carbohy-
drates to MGL1-transfected cells. (C) Binding of carbohydrates to MGL2-transfected cells. Binding is presented as the percentage of transfected cells binding carbohydrate
subtracted by percentage of non-transfected 293T cells binding the same carbohydrate. One representative experiment out of two is shown.

may exhibit increased avidity for its ligands. To study carbohydrate
recognition by cellular MGL, full-length constructs of MGL1 and
MGL2 were transfected into 293T cells (Fig. 3A) and interaction
with PAA-coupled carbohydrates was analysed. Both cell lines rec-
ognized carbohydrates already identified with the soluble MGL-Fc
proteins (Fig. 3B and C). These findings suggest that the MGL-Fc pro-
teins represent a good model to study the carbohydrate recognition
profile of these lectins.

Next, we generated DC from murine bone marrow. The BM-DC
were CD11c++, MHC class II+, F4/80+, CD80+, CD86+, and CD40 neg.
MGL expression, as determined with an antibody (ER-MP23) recog-
nizing both MGL orthologues, was observed on BM-DC (Fig. 4A). To
discriminate between the two MGL transcripts in BM-DC we per-
formed real-time PCR and we demonstrated that both lectins were
expressed by BM-DC (Fig. 4B).

Interestingly, BM-DC interacted stronger to PAA-coupled GalNAc
structures, than to either Lewis A or Lewis X (Fig. 4C). This was
observed in the range between 0.085 and 5 �g/ml PAA-coupled
carbohydrate (Fig. 4D).

3.3. MGL ligands in host tissues

We confirmed previous findings that MGL is highly expressed
in skin and lymph nodes, co-localizing with both the macrophage
marker F4/80 and the DC marker CD11c ((Dupasquier et al., 2004),
data not shown). This prompted us to determine potential ligands
of these lectins in murine tissues by using the MGL-Fc chimeric
proteins. Interestingly, strong staining was observed with MGL2-Fc
in skin cryosections, identifying structures present in the extra-
cellular matrix. The staining could be blocked by pre-incubating
the lectin chimera with free GalNAc (Fig. 5). Similar findings have

been observed using human MGL, that also stained the extracel-
lular matrix within the dermis (van Vliet et al., 2008), suggesting
that in both mice and humans MGL ligands are prominent within
the dermis. MGL1-Fc did not stain the dermis, suggesting that the
ligand is MGL2 specific (Fig. 5).

Within the mesenteric lymph nodes (mLN) cells in the T-
cell area were stained with both MGL1-Fc and MGL2-Fc. Staining
was also observed at the outer ridge of the lymph node (Fig. 6).
Pre-incubating the lectin-Fc chimeras with galactose or GalNAc,
respectively, abrogated the staining completely, indicating that the
interaction was specific and mediated via the carbohydrate recog-
nition domain (data now shown). One of the ligands for MGL1
in lymph nodes has previously been shown to be sialoadhesin,
expressed by macrophages (Kumamoto et al., 2004). However,
we also observed that MGL1-Fc staining partly co-localized with
a marker for the high endothelial venules (HEV) (Fig. 6). This
was not observed with MGL2-Fc indicating that MGL1 may play
a role in migration of cells into the lymph node, similar as
recently has been demonstrated for human MGL (van Vliet et al.,
2008).

No MGL ligands were found within the liver or the brain (data
not shown). Within the intestine, no MGL staining of intestinal
epithelial cells was observed nor of the lamina propria around
the intestinal lumen. Strikingly, MGL1-Fc stained the mucus within
both the small intestine and the large intestine, whereas MGL2-Fc
only stained the mucus within the large intestine. The mucus in the
small intestine was devoid of any MGL2 ligands (data not shown).
Human MGL has been reported to interact with MUC1 secreted at
the mucus area of human intestine (Saeland et al., 2007). There-
fore, it may be likely that MGL1 and MGL2 interact with differently
glycosylated MUC1 proteins or other mucins in the intestine.
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Fig. 4. Bone marrow-derived DC express MGL1 and MGL2 and interact with Lewis X and GalNAc. (A) Expression of MGL and maturation markers on BM-DC. (B) MGL1 and
MGL2 expression (relative to the house keeping gene GAPDH) as determined by RT-PCR. (C) Interaction of BM-DC with PAA-coupled carbohydrates (Glucitol represents a
negative control). (D) Interaction of BM-DC with different concentrations of PAA-coupled GalNAc or Lewis X. One representative experiment out of three is shown.

3.4. Murine MGL2 interacts with tumor-associated glycans on
murine adenocarcinoma cells

Tumor cells frequently exhibit altered glycan structures on
their cell surface. This significantly contributes to changes in cell-
adhesive properties as well as recognition by the immune system.
In human adenocarcinoma, O-glycans on tumor-associated mucins
are often shorter in length and exhibit increased sialylation (Vlad
and Finn, 2004), sometimes revealing Tn- and TF-antigens. This
implicates that MGL2 on APC may play a role in tumor recognition,
which has been previously demonstrated for human MGL (Saeland
et al., 2007; van Vliet et al., 2005).

In the mouse, little is known about glycan changes that occur
during tumor progression. To determine the binding of murine MGL
with tumor cells, mMGL1-Fc and mMGL2-Fc were incubated with
four different cell lines derived from C57BL/6 mice, three of epithe-
lial origin (MC38, C57MG and PancO2) and one melanoma cell line
(B16). Strikingly, MGL2-Fc strongly bound to the colon carcinoma
cell line MC38 and the pancreatic carcinoma cell line PancO2. The
binding was mediated via the carbohydrate recognition domain as
it could be blocked by pre-incubating the lectin with EDTA (Fig. 7;

thin line). In contrast, low binding was observed to the mammary
carcinoma cell line C57MG and no binding was observed to the
melanoma cell line B16 (Fig. 7). Interestingly, expression of MGL2
ligands on PancO2 and C57MG appeared to be bimodal, suggesting
that ligand expression could be dependent on the cell cycle.

MGL1-Fc showed poor binding to the three adenocarcinoma cell
lines and no binding to the B16. Strikingly, the adenocarcinoma cell
lines (and not the melanoma cell line B16) were all stained by PNA
and HPA, lectins specific for the tumor-associated TF-antigen and
GalNAc (Tn-antigen), respectively. Binding by MGL2-Fc correlated
well with staining by PNA, coinciding with its carbohydrate speci-
ficity (Fig. 7). As expected, no Lewis X or Lewis A expression was
detected on the carcinoma cell lines (data not shown), explaining
why MGL1-Fc did hardly interact with the cells.

4. Discussion

In this study we have extensively analysed the carbohy-
drate recognition profile of two murine homologues of the
human macrophage galactose-type lectin (mMGL1 and mMGL2),
expressed by professional antigen presenting cells. We demonstrate
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Fig. 5. Ligands for MGL2 are expressed in skin. Cryosections of mouse skin (ear) were stained with MGL1-Fc (A) and MGL2-Fc (C). To determine whether the interaction was
specific, MGL1-Fc and MGL2-Fc were pre-incubated with free galactose (B) and GalNAc (D), respectively, before adding to the tissue sections.

that these CLR have a distinct carbohydrate recognition profile,
which translates into specific interactions with the host tissues.
MGL1 showed specific interaction with cells in the lymph node as
well as with high endothelial venules. Similarly, MGL2 specifically
bound to cells in the lymph node, but also stained extracellular
matrix in the skin. Interestingly, aberrantly expressed glycans on
tumor cells, were strongly bound by MGL2, similar as human MGL
(Saeland et al., 2007; van Vliet et al., 2005). These data demonstrate
that MGL2 could play an important role in immune responses to
cancer.

The galactose-specific lectins were found to have distinct
carbohydrate specificities. MGL1 not only recognized Lewis X
(Gal�1-4(Fuc�1-3)GlcNAc), as previously reported (Tsuiji et al.,
2002) but we demonstrated that also Lewis A (Gal�1-3(Fuc�1-
4)GlcNAc), a highly related structure, was recognized. Strikingly,
MGL1 recognized both the galactose and the fucose moieties of the
Lewis carbohydrates. No binding was observed in absence of fucose
(Gal�1-4GlcNAc) and masking the galactose epitope with a sec-
ond fucose moiety (Lewis B, Fuc�1-2Gal�1-3(Fuc�1-4)GlcNAc; or
Lewis Y, Fuc�1-2Gal�1-4(Fuc�1-3)GlcNAc) completely abrogated
the binding. MGL2 has previously been reported to specifically
bind GalNAc (Tsuiji et al., 2002), similar to human MGL (van
Vliet et al., 2005). Our data confirm these findings, but further
demonstrate a much broader specificity of MGL2. Carbohydrate
structures containing both GalNAc and galactose were attractive
ligands for MGL2, such as core 1 (Gal�1-3GalNAc�) and core 2
(Gal�1-3(GlcNAc�1-6)GalNAc�) O-linked glycans, but no Lewis-
type structures were recognized. It is interesting to note that
expression of Tn-antigens (staining by the lectin Helix poma-
tia agglutinin (HPA) in human adenocarcinoma correlates with
poor prognosis (Brooks and Leathem, 1991; Schumacher et al.,
1994). O-glycans on cancer-associated mucins are often shorter
than in normal tissues, revealing both truncated glycan epitopes
and the peptide backbone (Vlad and Finn, 2004). For exam-

ple, mucins in the blood of breast cancer patients have been
demonstrated to be dominated by core 1-type glycans (Storr et
al., 2008), although breast cancer cell lines have been shown to
express core 2-based glycans (Muller and Hanisch, 2002). These
structures will not be recognized by human MGL, that primar-
ily recognizes the Tn-antigen, however the situation may be
different in the mouse. Mouse MGL2 recognizes basic core 1
and core 2 O-linked glycans, but sialylation appeared to signifi-
cantly abrogate the binding. Little is known about glycosylation
of murine tumors. We demonstrated here that MGL2 strongly
bound to murine adenocarcinoma cell lines and that binding cor-
related with PNA staining, a plant lectin recognizing the TF-antigen
(core 1). Furthermore, we observed strong staining with MGL2-
Fc in tumor tissue, obtained from a solid carcinoma induced
with MC38 colon carcinoma cells in the peritoneum (data not
shown).

An interesting difference between human MGL and mMGL2
was their differential recognition of LDNF (GalNAc�1-4(Fuc�1-
3)GlcNAc), a carbohydrate antigen commonly expressed by
parasites such as Schistosoma mansoni (Nyame et al., 2002). We have
previously demonstrated LDNF to be a ligand for human MGL (van
Vliet et al., 2005) and involved in the interaction with pathogens
such as S. mansoni, indicating that MGL can also be involved in
pathogen recognition. Surprisingly, LDNF was not found to be rec-
ognized by mMGL2. In contrast, both lectins recognized LacDiNAc
(LDN; GalNAc�1-4GlcNAc), the precursor for LDNF, further sug-
gesting that the specific epitope recognized by the two lectins was
different. It is clear that human and mouse MGL differ in their car-
bohydrate specificities, but common expression pattern indicates
that MGL clearly plays a role on antigen presenting cells. Currently,
we can only speculate about these differences. For example, host
tissue-specific carbohydrate structures and pathogens, that differ
between mice and humans, probably play a major role for this
evolution.
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Fig. 6. MGL1 ligands are expressed on high endothelial venules in lymph nodes. Cryosections of mesenteric lymph nodes were stained with MGL1-Fc (A), MGL2-Fc (D) and
ER-MP12 (B and E), an antibody specific for high endothelial venules (HEV). MGL1-Fc stained parts of the lymph node that co-incided well with ER-MP12 staining (indicated
by arrows in C), whereas MGL2-Fc stained cells within the lymph node and at the outer ridge, not overlapping with ER-MP12 staining (F).

Our findings demonstrate that MGL2 has broader specificity
than previously reported by Tsuiji et al. There, it was demonstrated
that MGL2 primarily recognized GalNAc and neither TF-antigens
nor core 2 O-linked glycans (Tsuiji et al., 2002), in contrast to our
results. The reason for the discrepancy could be the binding effi-
ciency of the recombinant lectins. Tsuiji et al. (2002) expressed
the extracellular domain of MGL in bacteria, whereas we fused the
extracellular domain with human IgG-Fc and produced the proteins
in eukaryotic cells. Only the latter method results in a glycosylated
product, which may be relevant to CLR function. Furthermore, Fc-
proteins are produced as dimers, which may enhance avidity of the
interaction. MGL expressed by transfected cells exhibited similar
carbohydrate recognition as the chimeric proteins.

MGL expression has been detected in skin, lymph nodes, thy-
mus, lung, lamina propria of the small intestine, and muscle tissue
(Mizuochi et al., 1997; Onami et al., 2002). It is exclusively expressed
on antigen presenting cells, both F4/80+ and CD11c+ cells, and
can be considered a good target molecule for vaccination. APC-
restricted expression and its efficient uptake capacity (van Vliet et

al., 2007) make MGL an potential targeting molecule for antigen
presentation. Furthermore, the expression of MGL at sites of vac-
cination makes it an interesting candidate receptor for targeting
purposes. DC-SIGN, a CLR expressed on human DC, has been shown
to be an interesting target molecule for DC-specific targeting, either
by using a lentivirus (Yang et al., 2008) or DC-SIGN-specific anti-
bodies (Tacken et al., 2005). Currently, no specific MGL1 and MGL2
specific antibodies are available, which makes it difficult to investi-
gate which orthologue is best to target. However, the difference of
glycan specificities between MGL1 and MGL2 provides the oppor-
tunity to target them separately. Therefore, it will be interesting
to know whether these two CLR have different potency to process
antigens for MHC class I and II presentation, using glycan-modified
antigens.

In conclusion, we here demonstrate that both MGL1 and MGL2
being expressed on murine APC have different glycan specificity.
Furthermore, similar to human MGL, MGL1 and MGL2 may recog-
nize cell-associated glycans present in lymph nodes as well as on
endothelial cells. We also demonstrate that both MGL2 recognizes
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Fig. 7. Murine MGL2 recognizes carbohydrates on adenocarcinoma cells. Different murine tumor cell lines: B16 melanoma, MC38 colon carcinoma, PancO2 pancreatic
carcinoma, and C57MG mammary carcinoma, were stained with MGL1-Fc, MGL2-Fc (thick lines) or MGL-Fc pre-incubated with 10 mM EDTA (thin lines), HPA, PNA, anti-
Lewis A or anti-Lewis X and analysed by flow cytometry. The numbers indicate MFI of stained cells subtracted by MFI background staining. Numbers in parenthesis indicate
cells incubated with MGL-Fc and EDTA as block of specific binding.

glycans/glycoproteins expressed by tumor cells, suggesting that it
plays a role in tumor immunity.
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