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The elicitation of efficient antitumor immune responses requires the optimal activation of tumor-associated dendritic
cells (DCs). Our comparison of the effect of various immunostimulatory treatments on DCs revealed that the best predic-
tor of the success of immunotherapy is not the activation of existing DC populations, but the appearance of a population
of monocyte-derived DC in tumor-draining lymph nodes.

Effective anticancer immunotherapies
deliver tumor antigens in an immuno-
genic form, hence supporting the induc-
tion of antitumor immune responses of
the relevant specificity. Selection of the
appropriate tumor antigens is critical for
therapeutic success, but it is not straight-
forward. Owing to the heterogeneity of
neoplastic lesions the number of shared
tumor antigens is generally limited, and
tumor antigens arising from functionally
relevant mutations are usually patient-spe-
cific. Available evidence also suggests that
vaccines that simultaneously target a broad
range of tumor antigens are more likely to
be successful than monospecific vaccines,'
possibly reflecting a reduced risk that neo-
plastic cells may escape immune elimina-
tion by downregulating antigen expression.
For these reasons, autologous tumors may
represent an ideal source of antigens for
vaccination. For the generation of antican-
cer vaccines, however, the tumor material
must be collected through surgery and is
generally available in finite amounts. An
alternative, and possibly more attractive,
strategy Is to activate anticancer immune
responses in situ by manipulating the func-
tion of tumor antigen-loaded dendritic cells
(DCs) that are present within neoplastic

lesions or tumor-draining lymph nodes
(dLNs), to render them capable of priming
effective T-cell responses.

Inducing  tumor-specific ~ immune
responses by local interventions is a con-
cept that was pioneered by Coley in the
19th century and more recently applied
with the intratumoral administration
of bacillus Calmette—Guérin or local
application of other Toll-like receptor
(TLR) ligands (reviewed in refs. 2,3).
While several studies have documented
the activation of robust innate and adap-
tive immune responses upon such inter-
ventions, few have focused on the earliest
events of the process and characterized
how these agents influence DCs. The reli-
ance on pathogen-associated molecular
patterns would suggest that all these treat-
ments can induce some extent of DC acti-
vation. However, it is unknown whether
such an activation involves specific
DC subsets and which ones. As a conse-
quence, the agents that are best suited to
trigger antitumor immune responses upon
local administration remain to be defined.

Our study compared the effects of
various agents that induce the activa-
tion of DCs in vitro, upon repeated in
vivo administration in the vicinity of
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established tumors. While several of these
regimens elicited an activated DC pheno-
type in vivo, corresponding to an increased
expression of MHC and co-stimulatory
molecules on intranodal DCs, only a few
of them were able to impact on tumor
progression by supporting the induc-
tion of adaptive immune responses. A
more detailed analysis of DC populations
revealed that only the treatments exerting
antineoplastic activity were able to induce
the rapid appearance of a population of
Ly6B*Ly6C*CD64*CDI11c*MHCII*
cells (Fig. 1),** a phenotype that is charac-
teristic of inflammatory monocyte-derived
DCs (moDCs). This population was
located in dLNs,* suggesting that moDCs
may play a critical role in the activation of
antitumor immune responses. The regi-
mens mediating antineoplastic effects were
also the most potent at inducing an early
increase in the levels of specific cytokines
such as interferon y (IFNvy) and interleu-
kin (IL)-12, suggesting that, as proposed
by others, these mediators may play a criti-
cal part in the generation of moDCs.® In
contrast, typical pro-inflammatory cyto-
kines such as tumor necrosis factor o
(TNFa) and IL-6 may not be required for
the induction of moDCs.
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Figure 1. Role of monocyte-derived dendritic cells in anticancer immune responses. The activation of antitumor immune responses is associated with
the appearance of monocyte-derived dendritic cells (moDCs) in tumor-draining lymph nodes (dLNs). Conversely, “steady-state” DCs are generally
unable to sustain antitumor immunity. MoDCs are defined by the co-expression of DC (e.g., CD11c and high levels of MHC class Il molecules) and mono-
cyte (e.g., CD64, Ly6C and Ly6B) markers, by their DC-like morphology, and by their elevated immunostimulatory activity in vitro.

Our study did not directly test whether
moDCs are required for the success of
immunotherapeutic regimens, or whether
their appearance is an inconsequential
side effect of the beneficial inflamma-
tion induced by the local administration
of these treatments. Ongoing work in our
laboratory is aimed at addressing this ques-
tion. Morphologically, moDCs resemble
conventional DCs.* They are also at least
as effective as mature DCs at inducing the
proliferation of naive CD8" T cells in vitro
(our unpublished observations). Together
with other preliminary data from our
laboratory, this suggests that moDCs may
indeed play a central role in the antitumor
immune response. Further experiments are
in progress to evaluate the relative contribu-
tions of moDCs and conventional DCs in
the activation of antitumor immunity.

Which might be the precise function of
moDCs in antitumor immune responses?
Published data indicate that moDCs can
be highly immunostimulatory and appear
to be superior to conventional DCs with
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respect to the cross-presentation of cell-
associated antigens.” In some situations,
moDCs have also been shown to be the
principal producers of IL-12, which is
critical for the induction of T 1 responses.®
Whether moDCs require each of these
functions to mediate antitumor effects
remains unknown. In addition, the role
of moDCs must be considered in view of
their rapid appearance in dLNs, which may
be indicative of either direct differentia-
tion from blood monocytes or migration of
reprogrammed monocytes from neoplastic
lesions. The latter scenario would be com-
patible with a role in transporting and pre-
senting tumor antigen in the dLN, whereas
in the former case the role of moDCs would
be restricted to the secretion of cytokines
for T-cell differentiation, or perhaps the
engulfment of tumor antigens transported
by other migratory cell populations.

The observation that steady-state
DCs may be unable to drive a productive
antitumor immune response, even when
activated by exposure to TLR ligands
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such as lipopolysaccharide (LPS), is also
intriguing. In the steady-state, tumor
antigens are constitutively presented by
DCs within dLNs.* Why would these
DCs be incapable of initiating a pro-
ductive immune response? Compared
with moDCs, steady-state DCs might be
skewed to an immunosuppressive pheno-
type as a result of prolonged exposure to
inhibitory factors and/or cytokines from
either the neoplastic lesion itself or other
tumor-infiltrating immune cells. The
immunosuppressive phenotype induced
by these signals may be irreversible, and
the recruitment of a new DC population
may therefore be necessary to bypass this
constraint. Defining the role of moDCs in
antitumor immune responses may provide
a fresh understanding of how the immu-
nological unresponsiveness to malignancy
might be unlocked.
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