Moonlight: a tool for biological interpretation and
driver genes discovery
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Motivation

Cancer is an extremely complex disease and the cancer-related alterations are highly
heterogeneous. It is crucial to identify the key driver genes and their roles in can-
cer mechanisms. Driver genes are often elusive and their discovery is even com-
plicated by the fact that the same gene can play diverse roles in different cancer
types or stages. Key biological processes, such as proliferation and apoptosis, have
been linked to cancer progression and they can be used to classify the cancer genes.
Furthermore, high-throughput genomic initiatives have been providing a precious
source of biological signatures associated to cancer. We propose a new frame-
work, called Moonlight, to conduct an integrative bioinformatics analysis of (epi)-
genomic and transcriptomic experiments to (i) classify and identify genes that act
as tumor suppressor genes (TSGs) and oncogenes (OCGs) (ii) characterize intra-
and inter-tumoral heterogeneity in cancer tissue (iii) evaluate and validate the prog-
nostic value of dual role genes in cancer cell lines and in patient tumor xenograft



models by means of in-silico validation and in-vitro/in-vivo experiments. Our new
and original approach relies on functional enrichment analyses, prediction of gene
regulatory networks and upstream regulator analyses to score the importance of
known biological processes with respect to the cancer type. The methodology not
only allows us to identify OCGs and TSGs, but it also predicts genes with dual roles,
i.e. TSG in one cancer and OCG in another but also to elucidate the underlying bi-
ological processes. The three objectives mentioned above will allow a better com-
prehension of global tumoral heterogeneity and to evaluate its impact on progno-
sis, resistance to therapy, as well as to guide therapeutic decisions.

Methods

The Moonlight protocol aims: To identify biological processes enriched by a gene
set of differentially expressed genes (DEGs) between two conditions by means of
Functional Enrichment Analysis (FEA); To Identify the upstream regulators of those
biological processes that are enriched significantly in the comparison by means of
URA; To identify ‘driver genes’ with dual role that acts as TSG or OCG in different
cancer contexts (i.e., different cancer types, subtypes or stages).

Results

In summary, we have presented a method to determine which role cancer driver
genes play in cancer development. Moonlight distinguishes itself from state-of-
the-art approaches in multiple ways. It allows the understanding of cancer devel-
opment from a different angle, gene expression, rather than the classic determina-
tion based on mutations. Moonlight also assigns relevance scores to the underly-
ing biological processes, which is a unique feature. Lastly, Moonlight facilitates the
identification of the specific role cancer genes play in a variety of contexts, such
as specific cancer types or in even in different stages of cancer development. Re-
cently two works within The Cancer Genome Atlas Research Network such as: (i)
Ding et al., Perspective on Oncogenic Processes at the End of the Beginning of Can-
cer Genomics, Cell, 2018 and (ii) Malta et al., Machine Learning Identifies Stemness
Features Associated with Oncogenic Dedifferentiation, Cell 2018 showed the capa-
bilities of Moonlight functions such as DRA and URA in a combination using both
Moonlight z-score and GSEA NES-score . These examples can help to elucidate fur-
ther mechanism underlying cancer complexity. We are interested as future work
to investigate causes of these effects captured by using Moonlight as tool of gene
programs altered at gene level. We would like to hypotheses that more possible al-
terations in a gene, more is a key gene for a disease? Epi-genetic changes such as
microRNA or long-noncoding RNA and DNA methylation differences regulator of
these genes can be therapeutic tool? In particular for the the association of a miRNA
with a TR could determine or not the degradation of the TR mRNA. Consequently
the expression of TR could be down-regulated, in the case of degradation, or at least
unchanged, when mRNA degradation does not occur allowing mRNA stability and
accumulation.

Availability:
https://bioconductor.org/packages/MoonlightR & https://github.com/ibsquare/MoonlightR/
https://www.cell.com/cell/fulltext/S0092-8674(18)30313-1
https://www.cell.com/cell/fulltext/S0092-8674(18)30358-1



