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Dendritic cells (DCs) detect pathogens 
and their products using a gamut of 
receptors,1 including Toll-like receptor 9 
(TLR9), which recognizes non-methyl-
ated cytosine-guanosine (CpG) motifs 
found in bacterial DNA.1,2 Synthetic CpG 
oligonucleotide (ODN) TLR9 agonists 
are used as vaccine adjuvants.3 Although 
different classes of CpG ODNs have been 
developed, clinical trials predominantly 
utilize class B ODNs (B-ODNs),3 which 
are single stranded, fully phosphorothio-
ated and activate B cells, plasmacytoid 
DC (pDCs) and, in the mouse, conven-
tional DCs (cDCs). The phosphorothio-
ate backbone confers resistance to nuclease 
degradation and facilitates uptake.4,5 The 
CpG ODN-mediated activation of DCs 
is known to require TLR9 but it has long 
remained unclear how extracellular CpG 
ODNs gain access to the intracellular 
compartments that house TLR9. We have 
recently shown that DEC-205 (CD205), 
a 205 kDa cell-surface molecule bear-
ing 10 C-type lectin-like domains, is a 
key receptor involved in the uptake of 
B-ODNs (Fig. 1).6 DEC-205 is expressed 
in both mice and humans, by various cell 
types including DCs, B cells and T cells.

Utilizing three distinct assays, we have 
demonstrated that DEC-205 directly 
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interacts with CpG ODNs.6 By flow 
cytometry, we have shown that cells that 
normally do not express DEC-205 become 
able to specifically bind CpG ODNs upon 
DEC-205 plasmid-driven expression. In 
line with this notion, soluble DEC-205, 
but not other C-type lectins, was shown 
to bind CpG ODNs by ELISA and surface 
plasmon resonance. Interestingly, whereas 
CpG motifs are required for the activation 
of TLR9 by CpG ODNs,7 the same does 
not apply to DEC-205 binding. Arguably, 
the most important finding that we have 
reported is that human DEC-205 also 
binds CpG ODNs, but—interestingly—
does so in a selective fashion.6 Thus, while 
mouse DEC-205 bound equally well vari-
ous B-ODNs, human DEC-205 preferen-
tially bound CpG ODN 2006, which is 
the ODNs currently used in clinical trials. 
This observation suggests DEC-205 bind-
ing contributes to the efficacy of CpG 
ODN 2006 in vivo.

To assess the biological significance of 
the interaction between DEC-205 and 
CpG ODNs, we compared the response 
of DEC-205-deficient and wild-type mice 
to these agents. We observed that CD8+ 
DCs, which express the highest levels of 
DEC-205, actively use this receptor to 
capture and internalize CpG ODNs in 

vivo. Normally, when DCs detect danger 
signals, such as CpG ODNs, they mature 
while upregulating molecules that promote 
antigen presentation. This was not the case 
for CD8+ DCs lacking DEC-205, which 
did not respond to CpG ODNs by upregu-
lating the antigen-presentation machinery 
(i.e., CD40, CD80, MHC Class II mol-
ecules) to the same extent than wild type 
CD8+ DCs. These observations indicate 
that DEC-205 is required for optimal 
DC responses to CpG ODNs. B cells also 
present antigens to T cells, express DEC-
205 and are activated by CpG ODNs. 
Importantly, just like DCs, B cells turned 
out to require DEC-205 to optimally 
respond to CpG ODNs and upregulate the 
factors that are required for T-cell activa-
tion (i.e., CD40, CD86 and MHC Class II 
molecules). While suboptimal antigen pre-
sentation can affect the priming of adap-
tive immune responses, DCs are also 
involved in innate immune responses. 
Indeed CpG ODNs induce the rapid pro-
duction of pro-inflammatory cytokines. 
We have demonstrated that DEC-205 is 
required for the optimal induction of vari-
ous cytokines and chemokines, including 
interleukin(IL)-1α, IL-6, tumor necrosis 
factor α (TNFα), monocyte chemoat-
tractant protein 1 (MCP1), macrophage 

We have recently demonstrated that synthetic CpG oligonucleotides (ODNs), which function as potent immunostimulators, 
bind to the multi-lectin receptor DEC-205, resulting in their internalization. DEC-205-deficient mice exhibit impaired 
dendritic-cell and B-cell maturation, impaired cytokine responses and suboptimal cytotoxic T-cell responses. As murine 
and human DEC-205 are highly conserved, CpG ODNs destined to clinical applications should be designed to maximize 
DEC-205 binding.



e23128-2	 OncoImmunology	 Volume 2 Issue 3

capacity of human DEC-205 to bind CpG 
ODNs heavily depends on their DNA 
sequence, it will be important to identify 
the motifs that most efficiently bind DEC-
205 so as to facilitate optimal uptake. In 
man, the main targets of CpG ODNs are 
B cells and pDCs, both of which express 
TLR99 and DEC-205.10 Thus, identify-
ing the ideal sequence for human DEC-
205 binding and coupling this to the ideal 
sequence for TLR9 activation should 
allow for the design of CpG ODNs with 
maximal stimulatory capacities.
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together with a monoclonal antibody spe-
cific for Clec12A coupled to ovalbumin. 
Since Clec12A is expressed on DCs, this 
immunization regimen delivers ovalbumin 
to DCs, yet it requires the adjuvant effect of 
CpG ODNs for the successful priming of 
CTLs.8 With this approach, we have shown 
that the induction of robust CTL responses 
that depend on the adjuvant effect of CpG 
ODNs also requires DEC-205.6

Thus, DEC-205 is required for the 
induction of strong pro-inflammatory 
responses to CpG ODNs in mice. As this 
receptor is well conserved in humans, 
DEC-205 may also play an important 
role in promoting optimal responses to 
CpG ODNs in clinical settings. Since the 

inflammatory protein (MIP)-1α and 
MIP-1β, in response to CpG ODNs. Most 
strikingly though was the poor produc-
tion of IL-12, a cytokine produced in large 
amounts by CD8+ DCs.6

Given that CD8+ DCs play a key role 
in activating naïve CD8+ T cells and IL-12 
promotes the acquisition of cytotoxic func-
tions, and that DEC-205-deficient mice 
exhibited impaired CD8+ DC maturation 
and an impaired ability to produce IL-12 
in response to CpG ODNs, we won-
dered whether DEC-205 is required for 
the induction of cytotoxic T lymphocytes 
(CTLs) in a model that depends on CpG 
ODNs for adjuvancy. To test this hypoth-
esis, we immunized mice with CpG ODN 

Figure 1. DEC-205 facilitates the uptake of CpG oligodeoxynucleotides. (A) A CD8+ DC bearing intracellular CpG oligodeoxynucleotides (ODN) upon 
DEC-205-mediated internalization. Nuclei appear in blue, MHC Class II molecules in green and a fluorescent CpG ODN in red. Yellow zones constitute 
areas in which CpG ODN has co-localized with MHC Class II molecules. (B) Role of DEC-205 in the capture and internalization of CpG ODNs by CD8+ DCs.
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