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Dendritic cells (DCs) are central play-
ers in the induction of adaptive immune 
responses. Upon infection or inflamma-
tion, DCs take up antigens and migrate 
to lymphoid organs where they activate 
naïve antigen-specific T and B cells. 
This unique capacity of DCs is exploited 
worldwide for DC-based anticancer 
immunotherapy, a therapeutic approach 
aimed at eliciting specific antitumor 
immune responses.1 Thus far, the vacci-
nation of cancer patients with DCs has 
proven to be feasible, safe and able to 
promote potent immune responses, pro-
vided that DCs had been appropriately 
matured. Nevertheless, since objective 
clinical responses are only observed in a 
minority of patients treated with DCs, 
further improvements are warranted 
before their use will be accepted in the 
standard clinical practice.2

DCs present endogenous antigens 
complexed with MHC Class I mol-
ecules to CD8+ cytotoxic T lympho-
cytes (CTLs), whereas exogenous 
antigens are either presented in asso-
ciation to MHC Class II molecules to 
CD4+ helper T  cells or cross-presented 
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on MHC Class I molecules to CD8+ 
T cells. In most clinical DC-based vacci-
nation studies performed so far, patients 
have been vaccinated with mature mono-
cyte-derived DCs loaded with synthetic 
MHC Class I-binding peptides to induce 
tumor-specific CTLs. However, convinc-
ing evidence indicates that both CTLs 
and helper T cells are important for the 
induction of strong and sustained anti-
tumor T-cell responses (Fig. 1).3 Helper 
T  cells not only provide growth and 
differentiation signals to CTL precur-
sors, but also stimulate them by recipro-
cally activating antigen-presenting cells, 
enhance their recruitment to lymph 
nodes and neoplastic lesions, and even 
exert direct antitumor effector functions. 
It may therefore be important to establish 
protocols for the simultaneous activation 
of both CTLs and helper T cells against 
tumor-associated antigens (TAAs), rather 
than that of CTLs alone.

In metastatic melanoma patients, we 
investigated the immunologic and clini-
cal responses to the intranodal adminis-
tration of monocyte-derived DCs pulsed 
either with MHC class I-restricted 

TAA-derived peptides alone or with 
both MHC Class I and II-binding TAA-
derived epitopes simultanoeusly.4 In both 
groups of patients, we detected TAA-
specific CD8+ T cells by means of delayed 
type hypersensitivity (DTH) skin tests. 
Nevertheless, only upon vaccination with 
MHC Class I/II-loaded DCs, patients 
developed highly functional TAA-specific 
CD8+ T-cells that maintained their inter-
feron γ (IFNγ)-secreting potential even 
in the presence of an immunosuppressive 
milieu such as that generated by an inter-
leukin (IL)-10-producing melanoma cell 
line. Interestingly, in this group of patients 
we also detected circulating TAA-specific 
CD4+ T cells, coinciding with their CD8+ 
counterparts. These findings strongly sup-
port the hypothesis that the co-activation 
of TAA-specific helper T cells stimulates 
the proliferation and effector functions of 
CD8+ T  cells.5 When we compared the 
clinical outcome of metastatic melanoma 
patients vaccinated with DCs with care-
fully matched control patients treated 
with standard dacarbazine-based che-
motherapy, only patients who received 
MHC Class I/II-loaded DCs exhibited 

Dendritic cell-based anticancer immunotherapy is feasible, safe and results in the induction of tumor-specific immune 
responses, at least in a fraction of vaccinated patients. The concomitant activation of cytotoxic and helper T cells, by 
loading DCs with peptides or electroporating them with the corresponding mRNAs, may further enhance vaccine-
induced antitumor responses.
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peptide-loaded or mRNA-electroporated 
DCs. Nevertheless, our findings from 
two independent studies indicate that 
DC-based vaccines can induce tumor-spe-
cific CTL and helper T-cell responses that 
correlate with improved overall survival, 
provide a rationale for larger prospective 
studies in the future.

Both immunological and clinical 
responses, as measured in the context of 
carefully designed clinical trials, support 
the therapeutic potential of DC-based 
vaccination. Although clinical evidence is 
still limited, the responses that have been 
observed are often long-lasting. These 
findings call for studies aimed at further 
optimizing DC-based vaccines to induce 
a favorable clinical outcome in an ever 
increasing number of patients. Several 
variables are already being evaluated, 
including the maturation of DCs, the 
route of administration, and the use of nat-
ural circulating DC subsets.2 Additional 
aspects that are being explored include 
(1) extending the antigen repertoire based 
on the profiling of MHC-bound peptides 
on tumor cells of individual patients, 
(2) targeting DCs in vivo and (3) develop-
ing combinatorial approaches to overcome 
local and systemic immunosuppression 

the peripheral blood of these patients the 
presence of vaccine-induced CD4+ T cells 
did not correlate with the presence of 
TAA-specific CD8+ T  cells. This might 
suggest that DCs electroporated with 
TAA-encoding mRNA are less potent in 
inducing immune responses than their 
peptide-loaded counterparts. More likely, 
however, the total repertoire of TAA-
specific T cells was underestimated in this 
study, owing to limitations in immuno-
monitoring with HLA-A2- and HLA-
DR4-binding peptides. Indeed, our data 
suggest that T cells with a broader speci-
ficity than HLA-A2 and HLA-DR4 epit-
opes were induced.8

Also patients receiving DCs electro-
porated with TAA-encoding mRNA 
exhibited a trend toward improved overall 
survival as compared with matched con-
trols. Moreover, the results confirm and 
extend our previous findings indicating 
that the presence of functional tumor-
specific T  cells in DTH tissue biopsies 
correlates with clinical outcome following 
DC-based vaccination.9,10 Unfortunately, 
the groups of patients involved in this 
study were too small and variable to sta-
tistically compare the immunological and 
clinical outcomes upon vaccination with 

a significant increase in progression-free 
and overall survival, suggesting that the 
co-activation of CD4+ T cells contributes 
to improved clinical responses upon DC 
vaccination.

Unfortunately, MHC-binding pep-
tides are restricted to a given HLA type 
and may dissociate from HLA molecules 
due to turnover or low affinity. In addi-
tion, TAA-elicited immune responses 
are limited to defined epitopes, although 
a phenomenon of “epitope spreading” 
has been described upon vaccination. 
Electroporating DCs with a synthetic 
mRNA coding for specific TAAs cir-
cumvents the disadvantages of peptide 
pulsing and results in the endogenous 
synthesis of full-length TAAs as well as, 
depending on the presence of endosome-
targeting sequences, antigen presentation 
on both MHC Class I and II molecules. 
We have demonstrated that mature 
monocyte-derived DCs highly and sus-
tainably express TAAs upon mRNA 
electroporation6 and that TAA expres-
sion can be detected within lymph nodes 
24 h after vaccination.7 In DTH tissue 
biopsies from patients receiving these 
cells a wide spectrum of tumor-specific 
T  cells was detected.8 Importantly, in 

Figure 1. Induction of tumor antigen-specific CD4+ and CD8+ T cells by dendritic cell-based vaccines. To achieve antigen presentation to both 
CD4+ helper and CD8+ cytotoxic T cells, dendritic cells (DCs) can either be loaded with HLA-binding peptides or electroporated with mRNA encoding 
full-length tumor-associated antigens (TAAs). Upon intranodal administration, DCs migrate to the T-cell areas of lymph nodes where they present 
TAA-derived peptides to and activate antigen-specific CD4+ and CD8+ T lymphocytes. CD4+ T cells provide help to the CD8+ counterparts via cell-to-
cell interactions and by secreting several cytokines. Both activated antigen-specific CD4+ and CD8+ T cells are involved in tumor eradication.
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exploited and DC-based anticancer vac-
cines may constitute a valuable alternative 
to conventional chemotherapy.

and to limit immune escape mechanisms. 
In conclusion, the potential of DC-based 
immunotherapy has not yet been fully 
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