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In vivo dendritic-cell targeting constitutes a promising strategy for anticancer vaccination. Here, we discuss the usage of
multivalent DC-SIGN-targeting glycan platforms that allow for the efficient routing of antigens to the endo-lysosomal
pathway as well as to a yet uncharacterized cross-presentation mechanism inducing CD4* and CD8* T-cell responses.

The past 15 years have witnessed a grow-
ing interest in the development of den-
dritic cell (DC)-targeting vaccines for the
treatment of cancer in parallel with the
accumulation of knowledge on the biol-
ogy of C-type lectin receptors (CLRs) and
other pattern-recognition receptors on
DCs. Among the different modalities of
DC targeting, in vivo targeting is the pre-
ferred option because vaccines do not need
to be tailored to every patient and can be
prepared in large standardized batches.
Since the pioneering work of Steinman
and coworkers on the use of DEC-205 to
induce potent antigen-specific CD4* and
CD8* T cell-mediated immunity,' several
other CLRs* have been tested for their
capacity to induce T-cell responses against
cancer in animal models. Most of these
strategies are based on the use of anti-CLR
monoclonal antibodies conjugated to the
antigen of choice. In this setting, glycans,
the natural ligands of CLRs, offer several
advantages, including a low toxicity and
immunogenicity as well as the possibility
to be produced in large-scale by chemical
methods. DC-SIGN is an ideal CLR for
such approach as its ligands allow for spe-
cific targeting and are readily available for
conjugation to model antigens.
DC-SIGN is a Type II transmem-
brane CLR mostly expressed on myeloid

DCs.? DC-SIGN contains a carbohydrate
recognition domain that has specific-
ity for high-mannose-containing struc-
tures and Lewis-type blood antigens
(i.e., LeX, LeY, Le® and Le?).* DC-SIGN is
organized in tetramers’ that are grouped
in randomly distributed nanodomains
on the membrane of DCs.® Both the
physical properties and the distribution
pattern of DC-SIGN on the membrane
of DCs determine the fact that the pre-
sentation of glycan ligands in a multiva-
lent form results in an elevated binding
affinity. Therefore, for the design of a
DC-SIGN-targeting vaccine, it is critical
to optimize the ideal multivalent glycan
antigen-carrier to achieve efficient antigen
presentation while decreasing off-target
effects such as those mediated by other
fucose/mannose specific lectins (e.g., the
mannose receptor). Another advantage of
multivalent glycan platforms is that they
also allow for the incorporation of mul-
tiple antigens or multiple copies of a single
antigen within the same macromolecule,
as well as for the inclusion of the adjuvants
needed to boost the immune response.
We have recently focused on two types of
multivalent glycan antigen-carrier plat-
forms: dendrimers and liposomes (Fig. 1).
Dendrimers are repetitively branched syn-
thetic molecules that carry functional
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groups allowing for the conjugation of
glycans and/or antigens. These structures
are highly compact, flexible, soluble, pro-
vide a defined geometric orientation of
glycans and can be engineered with the
desired amount of glycan and/or peptide
antigen(s). Compactness and solubility
are essential to facilitate the preparation
of DC-SIGN-targeting compounds and
also contribute to minimize receptor-
independent uptake. Another advantage
of glycan-modified dendrimers consists in
the possibility of adapting their design to
the particular orientation of the carbohy-
drate-recognition domains of DC-SIGN
tetramers as well as of the organization
of DC-SIGN in nanodomains. In this
respect, we have recently demonstrated
that spherical targeting molecules are more
efficient than linear ones.” Furthermore, a
certain degree of molecular flexibility is
expected to facilitate the engagement of
multiple DC-SIGN ' carbohydrate-recog-
nition domains simultaneously, further
enhancing receptor clustering and antigen
uptake. Finally, the possibility to engineer
dendrimers with the desired number of
glycan units allows for the preparation
of agents that exhibit an optimal level of
multivalency. We have used a wide range
of polyamido amide dendrimers® differ-
ing in the number of available functional
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Figure 1. Glycan-modified dendrimers and liposomes enhance antigen presentation. Although dendrimers and liposomes greatly differ in size and
molecular properties, both systems allow for the display of DC-SIGN ligands, such as Le* or Le®, in a multivalent form. Also Toll-like receptor (TLR)
ligands, such as monophosphoryl lipid A, can be incorporated in dendrimers and liposomes. Dendrimers are prepared using peptide epitopes that
require little antigen-processing capacity, while liposomes can encapsulate whole peptides and adjuvants. Both Le**-modified dendrimers and
liposomes are highly specific for DC-SIGN and induce efficient MHC Class | and MHC Class Il presentation to CD8* and CD4+* T cells, respectively. Besides
providing the co-stimulatory signals required for T-cell priming, TLR activation promotes antigen presentation to CD4* T cells and a yet uncharacter-
ized cross-presentation mechanism leading to the cross-priming of CD8* T cells.

groups (4-512) to characterize the opti-
mal multivalency needed for DC-SIGN
targeting. This study demonstrated that
third generation Le"-modified glycopep-
tide dendrimers, carrying up to 32 glycan
units are sufficient to increase the affin-
ity of DC-SIGN binding to the nanomo-
lar range and achieve maximal antigen
uptake.” Because of the elevated antigen
load of these glycopeptide dendrimers,
our compounds induced very strong
CD4* and CD8" T-cell responses. Similar
dendrimers could be prepared carry-
ing more than one antigenic epitope and
incorporating adjuvants to simultaneously
induce DC maturation and polyclonal
responses.

When whole antigens or hydrophobic
compounds must be employed, liposomes
provide some benefits over dendrimers,
since (1) they allow for the encapsulation
of hydrophilic material and the inclusion
of hydrophobic compounds in the lipid
bilayer and (2) can be modified with the
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internalized by DCs, leading to a mas-
sive potentiation (> 100-fold) in antigen
presentation. The large increase in T-cell
proliferation that we observed stemmed
from two factors: (1) the large amount
of antigens that can be encapsulated
in liposomes and (2) the simultaneous
uptake of multiple liposomes.” Similarly
to dendrimers, liposomes also allow for
the incorporation of a Toll-like receptor
(TLR) ligand and can therefore be used to
simultaneously activate DCs while deliv-
ering high amounts of antigen.
DC-SIGN is an internalization recep-
tor that has long been known to facilitate
routing to the endo-lysosomal pathway,'
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so that antigens targeted to DC-SIGN are
directly linked to processing and presenta-
tion on MHC Class I molecules. This said,
both DC-SIGN-targeting dendrimers’
and liposomes® have been shown to induce
extremely robust CD8* T-cell responses,
demonstrating the co-existence of an
alternative DC-SIGN-dependent intracel-
lular routing leading to antigen cross-pre-
sentation and CD8* T-cell cross-priming.
Our experiments have demonstrated that
routing through this pathway is greatly
enhanced when TLR4 ligands are com-
bined with DC-SIGN targeting. TLR4
triggering also enhanced antigen presen-
tation to CD4* T cells, a promising per-
spective for complementing robust CD8*
T cell responses with an efficient CD4*
T cell help for the design of efficient anti-

cancer immunotherapies.
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