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OVERVIEW

The Molecular Cytogenetics and Genome Editing Unit investigates
how structural genomic alterations, particularly oncogene
amplifications and chromosomal rearrangements, drive cancer
progression, immune evasion, and therapeutic resistance. By
combining advanced cytogenetic tools with CRISPR-based genome
editing, we develop experimental models that recapitulate tumour-
specific genomic architectures and exploit copy-number alterations
as therapeutic vulnerabilities. Our work bridges mechanistic cancer
biology and translational innovation, aiming to convert genomic
instability into precision therapeutic strategies. In parallel, the
Unit provides cutting-edge molecular cytogenetics and genome
editing platforms to CNIO researchers and collaborators, fostering
interdisciplinary research and clinical applications.

“We demonstrated that
CRISPR targeting of
oncogene amplifications
induces immunogenic cell
death and tumour
remodelling, converting
copy-number alterations into
therapeutic vulnerabilities.”

RESEARCH HIGHLIGHTS

We developed a single intronic sgRNA strategy that exploits the high
copy number of oncogene amplifications (e.g., MYCN, MYC, EGFR,
ERBB2, CDK4). While a single double-strand break is tolerated
in diploid cells, multiple simultaneous breaks across amplified
loci overwhelm DNA repair capacity in cancer cells, inducing
catastrophic DNA damage, G2/M arrest, and selective loss of viability
across diverse tumour models, including neuroblastoma, small-cell
lung cancer, and colorectal carcinoma.

Importantly, beyond direct cytotoxicity, amplified-locus targeting
activated the cGAS-STING pathway and triggered necroptosis-
associated immunogenic cell death. Edited tumour cells exposed
calreticulin, released ATP and HMGBI, enhanced dendritic-cell
phagocytosis and maturation, and promoted T-cell activation and
proliferation in vitro. In vivo, intratumoral adenoviral delivery of
sgMYCN reduced tumour volume by >90%, prolonged survival,
and remodelled the innate tumour microenvironment, promoting
inflammatory macrophage and dendritic-cell infiltration.

These findings establish amplification density, not gene sequence,
asatractable, tumour-exclusive vulnerability and introduce a dual-
action therapeutic concept combining genome-editing-mediated
cytotoxicity with immune activation. This work positions copy-
number-driven CRISPR targeting as a promising strategy for treating
aggressive, amplification-driven and therapy-resistant cancers. W

FIGURE 1 Selective CRISPR targeting
of MYCN amplification induces tumour-
specific cytotoxicity and tumour
regression: (@) Schematic representation
of the CRISPR/Cas9 strategy targeting
intronic regions of amplified MYCN in
neuroblastoma. While double-strand
breaks are efficiently repaired in

healthy or nonamplified cells, multiple
simultaneous breaks in MYCN-amplified
cells overwhelm repair capacity. (b)
Selective reduction in cell viability in
MYCN-amplified neuroblastoma cells
in vitro and significant tumour-volume
reduction in vivo following CRISPR
targeting.
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- Board Member of SETGyC’s Executive
Committee, The Spanish Society for Gene
and Cell Therapy (SETGYC).
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