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Tumors have developed elaborate 
mechanisms to avoid recognition and 
subsequent elimination by the immune 
system. One of such evasion mechanisms 
consist in the recruitment and expan-
sion of regulatory T cells (Tregs). While 
there are both regulatory CD4+ and CD8+ 
T cells, most studies performed so far 
have focused on CD4+ Tregs, which can 
be distinguished from conventional CD4+ 
T cells by the expression of CD25 at high 
levels and the transcription factor fork-
head box P3 (FOXP3). Cancer patients 
exhibit increased numbers of circulating 
Tregs, which actively inhibit the prolif-
eration and activation of effector immune 
cells. The importance of Tregs in cancer 
is such that the ratio of tumor-infiltrat-
ing CD8+ T cells to Tregs has been pro-
posed as a prognostic indicator of disease 
progression.1

Dendritic cells (DCs) are key com-
ponents of the immune system and can 
determine the extent, specificity, and 
type of T-cell response elicited by both 
microbial and neoplastic stimuli.2,3 The 
robust ability of DCs to take-up anti-
genic material, process it and present it 
in the form of peptide: MHC molecules 
to direct T-cell responses has allowed for 
the development of DC-based anticancer 

therapeutics. The infusion of DCs loaded 
with tumor-associated antigens, be them 
provided in the form of purified peptides 
or apoptotic/necrotic cancer cells, can 
indeed generate potent tumor-specific 
immune responses. Of note, the induction 
of T

H
1 T cell responses requires the pro-

duction of bioactive interleukin (IL)-12 
by DCs.4 We and others have developed 
maturation protocols for the generation of 
T

H
1-polarized DCs (DC1s) that produce 

high levels of biologically active IL-12. 
Mature monocyte-derived DC1s can be 
obtained by the exposure of immature 
DCs to inflammatory cytokines and Toll-
like receptor (TLR) agonists.5

It has been shown that some TLRs 
cannot only activate DCs, but also impair 
the inhibitory activity of Tregs.6 We have 
recently examined whether DCs matured 
in the presence of TLR agonists can over-
come the inhibitory activity of Tregs.7 
Carboxyfluorescein succinimidyl ester 
(CFSE)-labeled T cells were stimulated 
with anti-CD3 antibodies to proliferate 
in the presence of autologous Tregs and 
either immature DCs (iDCs) or DCs 
matured by lipopolysaccharide (LPS) 
and interferon γ (IFNγ), i.e., DC1s. 
CD4+ and CD8+ T-cell proliferation 
was inhibited by the presence of Tregs, a 

phenomenon that was unaffected by the 
presence of iDCs. In contrast, DC1s were 
able to overcome the suppressive effect of 
Tregs. Experiments involving the physical 
separation of responder T cells and Tregs 
from DCs by a semi-permeable membrane 
revealed that DC1s produce a soluble fac-
tor that impairs the inhibitory functions 
of Tregs. The addition of neutralizing 
antibodies specific for IL-12, which is pro-
duced in large amounts by DC1s, or IL-6, 
which is involved in the LPS-mediated 
inhibition of Tregs, minimally affected 
the proliferation of responder cells in the 
presence of Tregs and DC1s, excluding a 
major role for IL-12 and IL-6 in this set-
ting. The exposure of Tregs for 24 h to cell-
free DC1-conditioned culture medium 
partly blocked their ability to inhibit the 
proliferation of responder cells, suggest-
ing that the soluble factor produced by 
DC1s directly act on the Tregs. When co-
cultured with DC1s, but not with iDCs, 
Tregs produced IFNγ. Furthermore, a 
considerable portion of FOXP3+ cells 
expressed IFNγ. The presence of DC1s 
stimulated the expression of the transcrip-
tion factor T-box 21 (TBX21, best known 
as T-bet), which is associated with T

H
1 

immune responses, pointing to a con-
version of Tregs into T

H
1-like cells. The 
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Toll like receptor (TLR)-stimulated dendritic cells (DCs) are able to overcome the inhibitory activity of regulatory T cells 
(Tregs) and induce the proliferation of effector T cells. TLR-activated DCs secrete a soluble factor and act directly on Tregs 
to convert them into interferon γ-secreting TH1-like cells that express the transcription factor T-bet.
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expression of T-bet by Tregs was inhibited 
upon the neutralization of DC1-derived 
IL-12, suggesting that distinct DC1-
derived factors regulate the inhibitory 
functions of Tregs and their conversion 
into IFNγ-producing cells.

DCs have been tested in clinical tri-
als for cancer therapy with variable suc-
cess. One reason for the lack of consistent 
clinical efficacy of this approach is the 
use of differentially matured DCs. The 
conventional maturation protocol (which 
includes prostaglandin E

2
, PGE

2
) results 

indeed in DCs that do not produce IL-12 
and reportedly favor the expansion of 

FOXP3+ cells, which would be an unde-
sirable outcome.8 In contrast, we and 
others have shown that the maturation 
of iDCs in the presence of TLR agonists 
and inflammatory cytokines yields DC1s, 
which secrete high levels of bioactive IL-12 
and are able to promote T

H
1 immune 

responses.9 Our findings suggest that, 
in contrast to iDCs, DC1s cannot only 
induce antitumor T

H
1/T

C
1 responses, but 

might also be able to abolish the inhibitory 
activity of Tregs and convert Tregs into 
T

H
1-like effector cells, which could signif-

icantly enhance the overall antineoplastic 
potential of DC-based immunotherapy 

(Fig.  1). Furthermore, our data high-
lights the plasticity of the Treg popula-
tion and the possibility to modulate their 
function. We are currently attempting to 
identify the soluble DC-derived factor(s) 
that influence(s) the immunosuppressive 
functions of Tregs, a discovery that will 
improve our understanding of the mecha-
nism by which DC1s can modulate the 
activity of this immunosuppressive cell 
population.
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Figure 1. Superior immunostimulatory activity of TLR-activated dendritic cells. (A) In the presence of immature dendritic cells (iDCs), regulatory T cells 
(Tregs) inhibit the proliferation of conventional T cells. (B) DCs matured in the presence of Toll-like receptor (TLR) agonists (DC1s) secrete an unknown 
soluble factor that abolish the immunosuppressive functions of Tregs, hence allowing for T-cell proliferation. DC1s also secrete biologically active inter-
leukin-12 (IL-12), which converts Tregs into T-bet+ interferon γ (IFNγ)-secreting TH1-like cells.
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