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ABSTRACT

Although melanoma is notorious for its high degree of
heterogeneity and plasticity, the origin and magnitude of cell state
diversity remains poorly understood. Equally, it is not known
whether melanoma growth and metastatic dissemination and
therapy resistance are supported by overlapping or distinct
melanoma subpopulations. Leveraging single-cell and spatial
transcriptomics, we established a high-resolution and
spatially-resolved map of the drug-naive melanoma ecosystem and
a comprehensive view of the malignant transcriptomic landscape.
Moreover, by combining mouse genetics, unbiased lineage tracing
and quantitative modelling, we provide evidence of a hierarchical
model of tumour growth that mirrors the cellular and molecular
logic underlying embryonic neural crest cell fate specification and
differentiation. Our findings indicate that tumorigenic competence
is associated with a spatially localized perivascular niche
environment, a phenotype acquired through a
NOTCH3-dependent intercellular communication pathway
established by endothelial cells. Consistent with a model in which
only a fraction of melanoma cells is fated to fuel growth, temporal
single-cell tracing of a population of melanoma cells harbouring a
mesenchymal-like state revealed that these cells do not contribute
to primary tumour growth but, instead, constitutes a pool of
metastatic-initiating cells.

We next studied how targeted therapy and immune checkpoint
blockade (ICB) remodel the entire melanoma ecosystem. We
identified a series of melanoma cell states, and their underlying
gene regulatory networks, that are either selected by and/or
induced by the treatment to constitute a pool of
relapsing-initiating cells. These studies demonstrate that the ability
to support growth, metastasis and therapy resistance is limited to
partly overlapping pools of melanoma subpopulations. The
observation that these phenotypic competencies can be
dynamically acquired upon exposure to specific niche signals
warrant the development of therapeutic strategies that interfere
with the cancer cell reprogramming activity of such
microenvironmental cues.
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