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OVERVIEW

The main objective of our Group is to identify and validate new
drivers and therapeutic targets in melanoma, the most aggressive
form of skin cancer. We are particularly interested in mechanisms
that account for the unique ability of this tumour type to bypass
immune recognition and generate metastases from lesions barely
over one millimetre in depth (publications in Nature, Cancer Cell,
Nature Cell Biology, Nature Communications, among others).
Our laboratory has also reported first-in-class lymphoreporter
(MetAlert) mice for non-invasive imaging of pre-metastatic niches
in melanoma (Nature). These systems led to the identification of
new mechanisms of immune resistance (Nature Medicine, Nature
Cancer) and the development of nanoparticle-based treatments
(Cancer Cell, EMBO Mol Med), with derivatives now being tested
in clinical trials. These studies are performed in the context of large
cohorts of patient-associated datasets, with the ultimate goal of
defining physiological relevance.

“By combining expression
and functional analyses of
mechanisms underlying
iImmune suppression in
melanoma, we have
identified new tumour
drivers and potential
therapeutic targets in this
otherwise highly metastatic
disease.”
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RESEARCH HIGHLIGHTS

The long-term goals of our Group are:

1. To monitor and characterise the mechanisms of melanoma
initiation and progression, with emphasis on whole-body imaging
techniques.

2. To determine and target signalling cascades that turn
immunologically “hot” melanomas into “cold” and therapy-
refractory tumours.

3. To develop new therapeutic strategies to overcome immune
suppression and immune tolerance in melanoma.

4. To assess immunomodulatory drivers in other cancer types.

New drivers of melanoma progression and immune
suppression

Amain objective of our groupis tounderstand and target mechanisms
that define the inherent aggressiveness of malignant melanoma.
We address this unmet need using genetic and functional studies in
melanocytic cell lines, mouse models and tissue specimens, as well
as by performing cross-cancer type analyses. We have previously
identified mechanisms of vesicular trafficking, autophagy, and
RNA-associated metabolism that promote melanoma metastasis
by mechanisms selectively enriched in melanoma compared with
more than 25 malignancies (Alonso-Curbelo et al., Cancer Cell
2014; Garcia-Fernandez et al., Autophagy 2016; Perez- Guijarro et
al., Nat Commun 2016; Cifdaloz et al., Nat Commun 2017; Karras et
al., Cancer Cell 2019). Moreover, and in collaboration with Sagrario
Ortegaat CNIO, we developed the first ‘Melanoma-MetAlert murine
strain for spatio-temporal analyses of pre-metastatic niches in
vivo (Olmeda et al., Nature 2017). These ‘MetAlert’ animals, in

FIGURE 1 Immune suppressive roles
of Midkine (MDK). (A) Rewiring of
macrophages and dendritic cells (DCs)
from antitumoral and immune-sensitive
phenotypes to protumoral and immune-

resistant resistant states. MDK inhibitors
reverse this effect and synergise with
immune checkpoint blockers (ICB).
(B) Graphical depiction of an MDK-
induced “shield” (yellow) that prevents

combination with human tissue specimens, revealed the growth
factor Midkine (MDK) as a tumour-secreted pro-metastatic factor
that promotes a systemic expansion of the lymphatic vasculature
(neolymphangiogenesis) at early stages of melanoma progression.
Subsequently, we uncovered potent immune suppressive roles of
MDK on different immune cell populations (Figure 1A). First, we
demonstrated that MDK promotes a transcriptional rewiring of
macrophages towards pro-tumorigenic phenotypes that ultimately
resulted in CD8" T cell dysfunction and resistance to immune
checkpointblockade (Cerezo-Wallis et al., Nat Medicine 2020). We
have now found that MDK acts in a systemic manner on antigen-
presenting cells, in particular conventional type 1 dendritic cells
(cDC1). Specifically, we discovered that MDK compromises cDC1
differentiation and interferes with all main actions of these cells:
antigen uptake, antigen processing, cross-priming, and activation
of CDS8*T cells (Catena et al., Nature Cancer 2025). As a result,
melanoma cells can evade immune cell surveillance and become
resistant to different treatments, including vaccines and immune
checkpoint blockers that depend on DC action (see graphical
depiction in Figure 1B). Interestingly, MDK acts through NF-kB
and TGFp -mediated signalling in macrophages, but via STAT3
cascades in DCs (Figure 1), highlighting cell-type specific effects
in immune modulation. By mining over 150 patient-associated
datasets, we have uncovered gene signatures that define immune-
cold phenotypes in melanoma and other tumour types (Catena et
al., Nature Cancer 2025), thus broadening the putative clinical
implications of MDK as a tumour driver and therapeutic target.

recognition and attack by DCs and other
antigen-presenting cells. Adapted from
Cerezo-Wallis et al., Nature Medicine
2020; Catena et al., Nature Cancer 2025.

FIGURE 2 Pharmacological inhibitors
of MDK. (A) Results from a screen of
FDA-approved small molecules tested
for their ability to displace MDK from a
well-established binding target (heparin).

Highlighted are those with >75%
inhibitory activity. (B) New anti-MDK
antibodies (MDK-71B, -91A, -237B) tested
by immunohistochemistry in whole-body
sections of embryos from wild type mice,

or in animals with homozygous deletions
of the Mdk gene, the latter included as a
control for selectivity.

Targeting mechanisms of immune suppression in
melanoma, with implications for other cancer types

Our group has a long-standing interest in pursuing anti-cancer
agents. Using genetic tools (i.e. shRNAs) we have reported that
blocking MDK activates a potent interferon (IFN) response that
promotes a cold-to-hot shift in the tumour microenvironment that
can potentiate the effect of immune checkpoint blockers (Figure
1A). Other strategies we have developed to promote IFN responses
are dsRNA-based nanoplexes (BO-110), which we demonstrated
have a distinct mode of action on tumour self-killing by autophagy.
Using the MetAlert mice, we then reported that BO-110 exerts a
potent anti-lymphangiogenic and anti-metastatic action, in part,

and unexpectedly, by targeting MDK (Olmeda et al., EMBO Mol
Biol 2021). In collaboration with the Experimental Therapeutics
Programme and the Monoclonal Antibody Unit at CNIO, we are
now pursuing small molecule inhibitors (Figure 2A) and blocking
antibodies to interfere pharmacologically with MDK (Figure 2B).
Our expertise in functional studies of tumour promotion has also
contributed to collaborative studies with the groups of Soledad
Sosa (Mount Sinai) and Manuel Valiente (CNIO), to describe new
mechanisms of evasion of dormancy in melanoma (Rodriguez-Tirado
et al., BioRxiv 2025) and in characterising immunomodulatory
signals in neuroblastoma (Alvaro-Espinosa et al., Cancer Res in
Press), respectively. B
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