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Aberrant glycosylation is a key feature of car-
cinogenesis. The dense surface distribution 
of unique glycan structures on malignant 
cells makes carbohydrates attractive targets 
for the development of anti-cancer vac-
cines. In particular, mucin-type O-glycan 
synthesis is a complex, regulated process 
involving more than 50 gene products. A 
consistent feature of cancer cells is the aber-
rant truncation of mucin-type O-glycans 
to short monosaccharides and disac-
charides, also known as pan-carcinoma 
antigens, Tn (GalNAcα-O-Ser/Thr) and 
STn (NeuAcα2,6GalNAcα-O-Ser/Thr). 
Truncated, immature glycans are recog-
nized by natural IgM antibodies and by 
lectin receptors on antigen-presenting 
cells. This may lead to the presentation of 
aberrantly O-glycosylated proteins to the 
adaptive immune system.1 Thus, immune 
responses may be directed against aberrant 
carbohydrate structures, peptide epitopes 
in the protein backbone, as well as against 
new epitopes generated by an aberrant 
O-glycan structure combined with the pro-
tein backbone. The latter O-glycopeptide 
epitopes are particularly interesting as they 
are virtually specific of malignant cells.2

Besides their usefulness in developing 
vaccines that target glycopeptide antigens, 
glycans may also improve the uptake of 
tumor antigens by dendritic cells (DCs). 
This strategy could open several new 
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avenues for the design of anti-cancer vac-
cines. Antigen-presenting cells are armed 
with a variety of carbohydrate receptors 
(Fig. 1).1 When several of these receptors 
are targeted, antigen uptake increases and 
several intracellular signaling pathways are 
activated, resulting in cytokine secretion, 
cell activation, phagocytosis, and antigen 
presentation. The latter is pivotal for the 
differentiation of helper T cells and hence 
for the elicitation of adaptive immune 
responses.1 Targeting an antigen to the DC 
mannose receptor has been shown to stim-
ulate the activation of CD4+ and, to a lesser 
extent, CD8+ T cells.3 Similarly, the incor-
poration of Lewis structures into protein 
antigens has been shown to result in the 
targeting of the DC receptor DC-SIGN.4 
In addition, we and others have demon-
strated an important role for GalNAc 
residues in DC antigen uptake and func-
tional responses.5–7 In contrast to other 
methods for targeting antigen-presenting 
cells, including liposomal delivery systems, 
the loading of DCs in vitro and Toll-like 
receptor (TLR)-targeted delivery, glycans 
are advantageous in that they increase the 
specificity of elicited humoral responses 
for cancer cells. The choice of the glycan 
might also affect MHC presentation, and 
this might be used to obtain the desired 
type of immune response from a given 
vaccine.1 It is important to note, however, 

that the glycosylation of peptide antigens 
may complicate the antigen processing and 
presentation. This is particularly true for 
CD8+ T-cell responses, as in some loca-
tions GalNAc residues can compromise 
the function of the immunoproteasome.8

We have recently examined the influ-
ence of GalNAc on antigen uptake, MHC 
presentation, as well as on the activation 
of CD4+ and CD8+ T cells.5 We chemo-
enzymatically synthesized an array of 
model peptides encompassing MHC 
Class I and II ovalbumin (OVA)-derived 
epitopes fused to peptides derived from 
the prototypic tumor-associated anti-
gen mucin 1 (MUC1), with and without 
GalNAc residues. MUC1 is a surface-
associated mucin that carries a high 
number of O-linked glycans. MUC1 is 
highly upregulated in a majority of epi-
thelial cancers. Interestingly, the presence 
of GalNAc residues increased the MHC 
Class II-dependent activation of CD4+ 
T-cells but inhibited the processing and 
presentation of OVA epitopes in associa-
tion to MHC Class I molecules in a dose 
dependent manner. In line with these 
findings, the immunization of mice with 
GalNAc-glycosylated MUC1 abolished 
CD8+ T-cell responses. This was originally 
interpreted as a processing problem, but 
the CD8+ T-cell response was abrogated 
regardless of the location at which GalNAc 
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antigen that contains a single GalNAc-
glycosylation coupled to a DC-targeting 
moiety. This design would avoid the 
potential localization and processing 
problems inherent to highly GalNAc-
glycosylated antigens, and hence allow for 
the induction of CD8+ T-cell responses 
that maintain the specificity for cancer 
cells dictated by glycopeptide epitopes. 
Lakshminarayanan et al. have developed 
such type of vaccine, consisting of a TLR2 
agonist (Pam

3
CysSK

4
), a T

H
 epitope from 

poliovirus and a MUC1-derived epitope. 

acidification of endosomes (discussed in 
ref. 5). It is also possible that a spatial 
restriction in the MHC-peptide-TCR 
interaction might play a role, although this 
would depend on the size and localization 
of the glycan structure within the antigen. 
Glycans can fit into the MHC groove, 
creating a MHC-restricted glycopeptide 
binding. Moreover, glycans can protrude 
away from the MHC groove into the TCR 
pocket, inducing a glyco-specific immune 
response.9 These observations suggest 
that it may be possible to design a small 

residues were incorporated. Indeed, even 
when GalNAc residues were placed far 
from the actual T-cell epitope with appro-
priate cleavable linkers, very little MHC 
Class I and CD8+ T-cell responses were 
generated. Thus, we hypothesized that 
the lack of CD8+ T-cell responses against 
GalNAc-glycosylated epitopes might be 
due to an alternative intracellular routing 
of these antigens by DCs.5–8 Alternatively, 
DC effector functions might be reduced 
upon the uptake of glycosylated anti-
gens, or the latter may trigger an early 

Figure 1. Uptake, processing and presentation of a GalNAc-glycosylated antigen in dendritic cells. Antigen-presenting cells are armed with a variety 
of receptors that bind specific carbohydrates (ligands), including MGL (GalNAc), DC-SIGN (high mannose/Lewis structures), dectin 1 (β1–3-glucan), 
dectin 2 (high mannose), mannose receptor (mannose and fucose), Langerin (mannose and fucose) and DEC205 (ligand not yet identified with certainty). 
The addition of GalNAc moieties to a mucin 1 (MUC1)-targeting vaccine may potentiate dendritic cell (DC) uptake and increase MHC Class II presentation, 
most likely through the normal antigen presentation pathway. However, it is not clear how GalNAc-modified peptides are cross-presented on MHC Class I 
molecules. When processed correctly, small glycan moieties have been shown to fit into the MHC Class I peptide-binding groove, eliciting an MHC Class I-
restricted, glycopeptide-specific, CD8+ T-cell response. However, the pathways leading from the uptake of GalNAc-glycosylated antigens to their pro-
teasomal processing and cross-presentation on MHC Class I molecules are not well characterized. Antigen processing in the proteasome might also be 
negatively affected by GalNAc glycosylation, depending on the location of the GalNAc residues. Conjugation and the choice of a linker region can cause 
steric hindrance, potentially interfering with antigen processing via the MHC Class I pathway. Indeed, GalNAc-modified antigens appear to preferentially 
generate CD4+ T-cell responses, resulting in increased activation of CD4+ T cells at the expenses of their CD8+ counterparts.
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antigens. A different and relatively simple 
solution would be to use a two-component 
vaccine, consisting of a glycosylated CD4+ 
T-cell epitope and a separate, single site, 
O-glycosylated or non-glycosylated CD8+ 
T-cell epitope coupled to an alternative 
DC-targeting moiety. Alternatively, a sugar 
moiety could be used to target a CD8+ 

In MUC1-transgenic mice, this vaccine 
elicited both a glycopeptide-specific cellu-
lar response that targeted a known CD8+ 
T-cell epitope within the MUC1 tandem 
repeat and a humoral response.10

A similar vaccine design, however, har-
bors several limitations that complicate 
its application to other tumor-associated 

T-cell epitope to DCs. This would require 
an optimal linker that can be cleaved upon 
cellular uptake to avoid interferences with 
antigen localization and processing.

Disclosure of Potential Conflicts of Interest

No potential conflicts of interest were 
disclosed.

References
1.	 Geijtenbeek TB, Gringhuis SI. Signalling through 

C-type lectin receptors: shaping immune responses. 
Nat Rev Immunol 2009; 9:465-79; PMID:19521399; 
http://dx.doi.org/10.1038/nri2569

2.	 Pedersen JW, Blixt O, Bennett EP, Tarp MA, Dar I, 
Mandel U, et al. Seromic profiling of colorectal cancer 
patients with novel glycopeptide microarray. Int J 
Cancer 2011; 128:1860-71; PMID:21344374; http://
dx.doi.org/10.1002/ijc.25778

3.	 Adams EW, Ratner DM, Seeberger PH, Hacohen 
N. Carbohydrate-mediated targeting of antigen to 
dendritic cells leads to enhanced presentation 
of antigen to T cells. Chembiochem 2008; 9:294-
303; PMID:18186095; http://dx.doi.org/10.1002/
cbic.200700310

4.	 Unger WW, van Kooyk Y. ‘Dressed for success’ C-type 
lectin receptors for the delivery of glyco-vaccines to 
dendritic cells. Curr Opin Immunol 2011; 23:131-
7; PMID:21169001; http://dx.doi.org/10.1016/j.
coi.2010.11.011

5.	 Madsen CB, Petersen C, Lavrsen K, Harndahl M, 
Buus S, Clausen H, et al. Cancer associated aberrant 
protein O-glycosylation can modify antigen processing 
and immune response. PLoS One 2012; 7:e50139; 
PMID:23189185; http://dx.doi.org/10.1371/journal.
pone.0050139

6.	 Napoletano C, Rughetti A, Agervig Tarp MP, Coleman 
J, Bennett EP, Picco G, et al. Tumor-associated 
Tn-MUC1 glycoform is internalized through the mac-
rophage galactose-type C-type lectin and delivered 
to the HLA class I and II compartments in dendritic 
cells. Cancer Res 2007; 67:8358-67; PMID:17804752; 
http://dx.doi.org/10.1158/0008-5472.CAN-07-1035

7.	 Singh SK, Streng-Ouwehand I, Litjens M, Kalay H, 
Saeland E, van Kooyk Y. Tumour-associated glycan 
modifications of antigen enhance MGL2 dependent 
uptake and MHC class I restricted CD8 T cell respons-
es. Int J Cancer 2011; 128:1371-83; PMID:20473945; 
http://dx.doi.org/10.1002/ijc.25458

8.	 Ninkovic T, Hanisch FG. O-glycosylated human 
MUC1 repeats are processed in vitro by immu-
noproteasomes. J Immunol 2007; 179:2380-8; 
PMID:17675499

9.	 Apostolopoulos V, Yuriev E, Ramsland PA, Halton 
J, Osinski C, Li W, et al. A glycopeptide in complex 
with MHC class I uses the GalNAc residue as an 
anchor. Proc Natl Acad Sci U S A 2003; 100:15029-
34; PMID:14657390; http://dx.doi.org/10.1073/
pnas.2432220100

10.	 Lakshminarayanan V, Thompson P, Wolfert MA, 
Buskas T, Bradley JM, Pathangey LB, et al. Immune 
recognition of tumor-associated mucin MUC1 is 
achieved by a fully synthetic aberrantly glycosylated 
MUC1 tripartite vaccine. Proc Natl Acad Sci U S 
A 2012; 109:261-6; PMID:22171012; http://dx.doi.
org/10.1073/pnas.1115166109


