ANNUAL REPORT 2025 37

COMPUTATIONAL CANCER

Solip Park
Junior Group Leader

GENOMICS JUNIOR GROUP

Post-Doctoral Fellow Graduate Students
Seokjin Ham, A-Reum Nam (since Jaejun Lee, Adridn Maqueda, Manuel
February) Moradiellos, Ana Maria Sartorius (until

November) (PEJ, CAM)"

“Plan de Empleo Joven de la Comunidad de
Madrid (Youth Employment Plan, Community
of Madrid)

CANCER GENOMICS PROGRAMME

Master’s Student

Maria Legarreta (until February)
(Master’s Programme in
Bioinformatics, ENS-ISCIII, Madrid,
Spain)

Visiting Scientist

Eunae Sandra Cho (since September)
(Yonsei University College, Seoul,
South Korea)

OVERVIEW

Our Group investigates how somatic mutations reshape cancer
systems at the protein network level. We define large-scale
protein-protein functional associations, including previously
underappreciated negative interactions, to quantify mutation-
driven network perturbations across more than 1,000 tumours.
We integrate subclonal architecture with network propagation to
develop Al-based models for treatment response prediction across
therapies and cancer types. In parallel, we are establishing deep
learning frameworks to predict protein-protein interactions from
motif and sequence features, enabling scalable reconstruction of
cancer-specific interactomes. Together, our work builds a systems-
level platform linking mutation, network dynamics, and therapeutic
outcome for precision oncology.

“We established a systems-
level Al framework linking
mutation-driven network
perturbations to treatment
response prediction in
cancer.”

RESEARCH HIGHLIGHTS

Elucidating the mutational impact in cancer through
negatively interacting proteins

To understand the system-level consequences of somatic mutations
in cancer, we established a proteome-wide framework to define
protein—protein functional associations using large-scale tumour
proteomics data (from over 1,000 patients). Beyond conventional
positive associations, we identified a substantial set of negatively
interacting protein pairs (False Discovery Rate [FDR] < 5%), which
are largely underrepresented in existing interaction datasets.
Proteinsinvolved in negative associations showed strong enrichment
for known cancer genes (> 5-fold), unlike positively associated
proteins, highlighting their potential role in tumour progression.
Deleterious mutations preferentially disrupted negative interactions,
leading to significant network destabilisation and global proteomic
perturbation. Key oncogenic drivers, including TP53 and KRAS,
were major contributors to these effects, and survival analyses
further supported their clinical relevance. This work introduces a
conceptual and analytical framework that incorporates negatively
interacting proteins to better explain how mutations reshape cancer
proteomic networks.

Advanced Al framework for network-based treatment
response prediction

Building on these findings, we developed a deep learning framework
to predict therapeutic response by integrating tumour subclonality
with network propagation across protein interaction networks. This
approach captures patient-specific tumour evolution and diffuses
mutational effects across functional networks, overcoming the
limitations of mutation-centric predictors. The model demonstrated
robust and generalisable performance across chemotherapy and
immunotherapy, as well as across multiple cancer types. Incorporating
negatively interacting protein relationships significantly improved
predictive accuracy, underscoring the importance of antagonistic
network dynamics in treatment response. Together, this work
establishes a systems-aware Al strategy for precision oncology that
links mutation, network perturbation, and therapeutic outcome. W

FIGURE 1 Proteomic networks reveal
cancer-specific negative dependencies
and predict immunotherapy response.
(A) Co-abundance analysis identifies
high-confidence functional pairs. (B)
Negative pairs are enriched for cancer
genes. (C, D) Pathogenic negative
interaction rewiring is conserved
across cancer types. (E, F) Integrated
deep learning predicts immunotherapy
response.
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