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OVERVIEW

Wehave ageneral interestin understanding how DNA topoisomerase
activity is regulated to integrate different aspects of genome
dynamics, how an imbalance in these processes can lead to the
appearance of pathological DNA breaks, and how cells specifically
respond to these lesions to maintain genome stability. In this sense,
topoisomerase-induced DNA breaks are emerging as important
drivers of oncogenic transformation. Moreover, since drugs that
target topoisomerase activity are widely used chemotherapeutic
agents, our discoveries have direct implications for cancer treatment.

We therefore have a strong focus on the different cellular processes
that influence topoisomerase activity, as a potential source of
endogenously-occurring and chemotherapeutically-induced DNA
breaks, but also on the different mechanisms that participate in the
repair of these lesions, and how the outcome of these repair events
can compromise genome integrity and fuel oncogenic processes.

“We created REPAIRome,
a catalogue of how each
human gene affects DNA
break repair—a foundation
to understand genome
instability, decode cancer
mutations, and find
potential therapeutic
vulnerabilities.”
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RESEARCH HIGHLIGHTS

REPAIRome: a reference framework for DNA break repair
and associated mutational signatures

In 2025, we published REPATRome, the first experimentally derived,
genome-wide map connecting individual human genes to specific
DNA double-strand break (DSB) repair outcomes. DSB repair is
a central determinant of genome stability and a major driver of
mutagenesis in cancer, while DNA break-inducing agents, together
with repair inhibitors, are widely used in chemotherapy. This
underscores the clinical importance of understanding how cells
respond to these lesions. Yet, the field haslonglacked a systematic
view of how genetic perturbations shape repair architecture and,
ultimately, the mutational patterns observed in human tumours.
REPAIRome addresses this gap by providing a functional reference
that explains how genetic contexts bias repair towards distinct
mutational footprints, offering a new lens through which cancer
genomes can be interpreted.

REPAIRome defines organising principles of DSB repair by
linking pathways and protein complexes to characteristic outcome
signatures, moving the field beyond pathway-centric models towards
apredictive understanding of repair behaviour. The study uncovered
unexpected functional relationships, including opposing roles
for accessory non-homologous end-joining factors in shaping
insertion- versus deletion-prone repair; identified HLTF as a
promoter of insertional repair through the clearance of obstructive
protein—-DNA structures; and connected chromatin regulators to
alternative end-joining mechanisms relevant to cancer biology.
These findings illustrate how diverse cellular processes converge
on the control of mutagenic repair.

Importantly, REPAIRome enables direct connections between
tumour-defining genetic alterations and their mutational
consequences. We uncovered a mechanistic link between loss of
the VHL tumour suppressor and a characteristic repair-associated
mutational signature enriched in clear cell renal cell carcinoma,
providing a biological explanation for a long-observed pattern in
this disease. More broadly, this work demonstrates that mutational
signatures can be traced to specific genetic and cellular states,
opening a path towards the mechanistic interpretation of cancer
genome diversity.

Together, these findings position REPATRome as both a conceptual
and practical framework for predicting repair behaviour across
genetic backgrounds, with broad implications for cancer biology,
genome instability vulnerabilities, and the rational improvement
of genome editing strategies.

Topological regulation of the estrogen response

Estrogen signalling is a central determinant of breast cancer biology,
controlling transcriptional programmes that govern tumour
growth, cellular identity, and therapeutic response. Activation
of the estrogen receptor triggers rapid gene expression changes
that require tight coordination between chromatin architecture
and transcription; yet, how the physical properties of DNA are
dynamically regulated to support these transitions has remained
poorly understood.

FIGURE1 REPAIRome establishes a
genome-wide reference map that links
human genes to distinct DNA repair
signatures, revealing the organising
principles of double-strand break repair.
The interconnection between DSB repair
pathways is illustrated in the presented
network.

We uncovered a direct mechanistic link between DNA supercoiling
dynamics and hormone-induced transcriptional activation,
identifying DNA topoisomerase IIp (TOP2B) as a key regulator
of the topological environment at regulatory elements. Under
basal conditions, TOP2B constrains transcription-associated
torsional stress, maintaining a chromatin state compatible with
controlled gene expression. Upon hormone stimulation, TOP2B
activity becomes locally attenuated, allowing the accumulation of
negative supercoiling that stabilises enhancer-promoter contacts
and promotes efficient gene activation.

These findings support a model in which DNA topology functions as
aregulatory layer of genome activity, coupling supercoiling dynamics
to chromatin communication and helping define the strength of
transcriptional responses. This framework provides a mechanistic
basis for understanding how dysregulated topoisomerase control
may contribute to oncogenic transcriptional programmes.

FIGURE 2 Model for topological
regulation of hormone-induced
transcription. Local control of TOP2B
activity enables accumulation of negative
supercoiling, stabilising chromatin
contacts and promoting rapid gene
activation.

With both endocrine therapies and topoisomerase inhibitors being
widely used in the treatment of breast cancer, these pathways have
traditionally been viewed as mechanistically independent. Our
findings challenge this view by revealing a previously unrecognised
functional interdependence between hormone-driven transcription
and topological control, suggesting that cellular responses to
endocrine therapy may be intrinsically shaped by the topological
state of the genome and raising important implications for the
design and implementation of therapeutic strategies. W
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