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Melanoma is a highly metastatic and 
chemoresistant tumor. Recent progress 
in tumor genetics led to the discovery 
that BRAF—coding for a mitogenic 
serine/threonine kinase—is mutated in 
approximately 40% of melanoma patients, 
which hence can benefit from BRAF-
targeted agents. When such targeted ther-
apies cannot be employed, most patients 
bearing metastatic melanoma receive 
chemotherapeutic regimens, most often 
based on the alkylating agent dacarbazine 
(DTIC). This drug has been adminis-
trated as a first line therapy against meta-
static melanoma since the 1970s, yet it 
promotes relatively poor response rates.1 
While the cytotoxic activity of DTIC 
is well characterized, little information 
is currently available on its immuno-
genic properties. In this setting, we have 
recently evaluated the relative contribu-
tion of innate and adaptive immunity to 
the antineoplastic effects of DTIC in a 
mouse model of melanoma.2 We observed 
that DTIC neither inhibits immunosup-
pressive cells including regulatory T cells 
and myeloid derived suppressor cells, 
neither promotes the maturation of den-
dritic cells (DCs), nor triggers the immu-
nogenic cell death and/or the exposure of 
calreticulin on the surface of tumor cells. 
However, in B16F10 melanoma model, 
the antineoplastic effects of DTIC in vivo 
are completely dependent on the immune 
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system, as DTIC loses its efficacy in nude 
mice as well as in mice selectively depleted 
of CD8+ T cells, natural killer (NK) cells, 
or interferon γ (IFNγ).

Recent evidence demonstrates that the 
ligands for NKG2D, an NK-cell activat-
ing receptor, are poorly expressed on the 
surface of normal cells but consistently 
upregulated by tumor cells or virus-
infected cells.3 In particular, NKG2D 
ligands were found to be highly expressed 
on the surface of some melanoma cell lines 
and primary lesions.4 Morevoer, both 
radiation5 and DNA-damaging agents6 
can increase by several fold the expres-
sion of NKG2D ligands. This process is 
regulated by major DNA-damage check-
point pathways such as those initiated by 
ataxia telangiectasia, mutated (ATM) and 
ATM- and Rad3-related (ATR) protein 
kinases.7

We discovered that DTIC is capable 
of triggering or enhancing the expres-
sion of NKG2D ligands on both murine 
and human tumor cells, thus promoting 
NK-cell cytotoxicity and IFNγ secre-
tion (Fig. 1). In turn, IFNγ augments 
the expression of MHC Class I/peptide 
complexes at the tumor cell surface, de 
facto increasing antigen presentation and 
facilitating the elicitation of cytotoxic 
T-lymphocyte responses. Thus, DTIC 
can be added to the expanding list of che-
motherapeutic agents that exert antitumor 

effects as they promote or enhance anti-
cancer immune responses.8

Melanoma is a highly immunogenic 
tumor and many immunotherapeutic 
approaches have been developed to cir-
cumvent disease progression. These strat-
egies have obtained little success in the 
clinic because of their complexity, costs, 
toxicity and often inconsistent clinical 
efficacy. The recent introduction into the 
clinics of monoclonal antibodies that spe-
cifically target immunosuppressive T-cell 
receptors such as CTLA4 and PD1 has 
largely expanded the battery of immu-
notherapeutic tools that are available for 
cancer therapy. Indeed, blocking immu-
nosuppression with the anti-CTLA4 
antibody ipilimumab has recently been 
shown to improve the overall survival of 
patients affected metastatic melanoma 
who had failed first-line chemotherapy.9 
Moreover, Robert et al. have recently 
shown that a chemoimmunotherapy pro-
tocol based on the combination of ipilim-
umab and DTIC is superior in terms of 
overall survival as compared with DTIC 
administered as a standalone interven-
tion.10 While this combinatorial regimen 
improved response rates and survival, the 
clinical survival advantage was observed 
among a small percentage of patients. In 
addition, such therapeutic approach is 
frequently associated with immune sys-
tem-related adverse events, which can be 

Melanoma is a highly chemoresistant and metastatic tumor that, in the absence of BRAF mutations, is generally treated 
with the alkylating agent dacarbazine (DtIC). we discovered that DtIC upregulates the expression of NKG2D ligands 
on tumor cells, leading to the activation of natural killer (NK) and CD8+ t cells. these observations underscore the 
immunogenic properties of DtIC and provide a rationale to combine DtIC with immunotherapeutic agents.
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synergistic antineoplastic effect against 
B16F10 melanomas, yet only when NK 
cells can be activated upon the adminis-
tration of DTIC. One may wonder that 
some tumors may be insensitive to the 
DTIC mediated-upregulation of NKG2D 
ligands, a setting that would compromise 
the immunogenic effects of DTIC. Our 
results predict that the administration of 
anti-CTLA4 antibodies in such patients 
results in poor, if any, antitumor effects. 

relatively severe and long lasting. Finally, 
ipilimumab is an expensive drug, costing 
around $100,000 per patient. Therefore, 
there is an emerging need of predictive 
biomarkers allowing for the identification 
of melanoma patients who would actually 
benefit from the combination ipilimumab 
and DTIC. In this regard, our results may 
be of particular importance. Indeed, we 
demonstrated that the combination of 
DTIC and anti-CTLA4 antibodies exerts 

Figure 1. Dacarbazine-mediated immune antitumor effects. Based on results obtained in a subcutaneous B16F10 mouse model, we concluded that: 
(1) after dacarbazine (DtIC) administration, tumor cells express NKG2D ligands; (2) these ligands promote the activation of natural killer (NK) cells, 
resulting in cytotoxic functions and interferon γ (IFNγ) secretion; (3) IFNγ stimulates the expression of MhC Class I/peptide complexes on the surface 
of DtIC-resistant tumor cells, whereupon tumor-specific CD8+ t cells can proceed to antigen-dependent lysis.

Overall, our findings provide a rationale 
for determining whether NKG2D ligands 
can be upregulated by tumor cells and/or 
whether NK cells become activated upon 
DTIC administration, both of which may 
constitute predictive biomarkers of the 
clinical efficacy of ipilimumab.
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