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OVERVIEW

Rational and precise targeting of oncogene-driven signalling remains
amajor and unresolved challenge in cancer research. A detailed
understanding of the structural and molecular mechanisms underlying
oncogene activation and signalling is essential for the development
of more effective and selective therapeutics. Our research focuses on
the molecular principles governing protein kinase function, including
how kinases are activated and regulated through post-translational
modifications and allosteric mechanisms, and how they assemble into
macromolecular complexes to transmit signals within the cell. We place
particular emphasis on how these regulatory processes are disrupted
in cancer by oncogenic mutations and aberrant signalling events.
Importantly, this atomic-level understanding provides afoundation
for the rational design of next-generation protein kinase inhibitors,
enabling more precise and personalised therapeutic strategies.

To address these questions, we employ an integrated and
multidisciplinary approach that combines molecular biology for
construct design, protein biochemistry and biophysics for protein
production and functional characterisation, and mass spectrometry
for the identification and quantification of post-translational
modifications. Structural insights are obtained through X-ray
crystallography, XL.-MS and electron microscopy, allowing high-
resolution visualisation of protein architecture and dynamics.
Functional validation is performed using in vivo models such as
Drosophila. In parallel, we apply structure-guided drug discovery
approaches, including molecular docking and molecular dynamics
simulations, to identify and exploit structural and functional
vulnerabilities for the development of novel therapeutic agents.

RESEARCH HIGHLIGHTS

Our main strategic lines are:

1. Structural and molecular determinants that control protein
kinase function. Auto-phosphorylation controls the transition
between discrete functional and conformational states in protein
kinases, yet the structural and molecular determinants underlying
this fundamental process remain unclear. We recently proved
a self-autonomous mechanism for c-Src regulation driven by
autophosphorylation. We demonstrated that C-terminal Tyr
530 is a de facto c-Src autophosphorylation site and identified a
critical C-terminal palindrome phospho-motif that controls the
interplay between substrate- and enzyme-acting kinases during the
autophosphorylation process (Cuesta-Hernandez and Contreras et
al., Nature Commun 2023). This work is fundamental for the design
and development of next-generation tyrosine kinase inhibitors
targeting allosteric and non-catalytic functions for targeted and
personalised therapies in cancer (see point 3).

2. Structure, function, and pharmacology of RET gene fusion products.
Gene fusion products are known drivers in human cancers and are
current drug targets for personalised therapy. A second strategic
line in the lab is focused on the dissection of the functional and
structural determinants for several RET oncogenic fusion products.
‘We have advanced projects on CCDC6-RET and KIF5B-RET fusion
products, both drivers and therapeutic targets in lung (NSCLC) and
thyroid cancers. We have performed a careful and detailed structural
and functional characterisation, revealing striking and unexpected
regulatory mechanisms and interactions not previously known or
envisioned for the wild-type protein, with important implications
for drug discovery. In particular, we have dissected for the first time
the mechanism of CCDC6-RET fusion protein auto-activation
and found that CCDC6-RET is a highly active dimeric protein
in solution, showing a striking dual ATP- and ADP-dependency
(Martin-Hurtado et al., 2025, see Figure 1). In the case of KIF5B-
RET, we are investigating the specific interaction between this
fusion product and key components of the cytoskeleton.

3. Structure-guided drug discovery for next generation protein kinase
inhibitors. A third main research line is focused on the exploitation
of structural and functional vulnerabilities in RET and c-Src for the
rational design and development of next-generation tyrosine kinase
inhibitors. Our current paradigm is based on the second-generation
RET inhibitors LOX0-292 and BLU-667, and the last-generation
c-Src inhibitor TPX-0046, a poly-pharmacological compound
able to inhibit RET and c-Src simultaneously. We are applying an
integrated approach combining structural data, molecular docking,
structure-guided molecular dynamics simulations, and screening
with both virtual and chemical libraries, together with biophysical
and biochemical tools for binding and functional validation. We have
identified an allosteric interface in RET with a good druggability
score that can be potentially targeted with allosteric inhibitors.
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Furthermore, we found a cryptic and druggable pocket within the
ATP-binding site that is exploited by LOX0-292 and BLU-667
(Shehata et al., J Adv Res 2023).

In addition, abiophysical (IF) screening of the ETP-CNIO anticancer
library of small molecule inhibitors revealed three new compounds
that bind efficiently to the Focal Adhesion Kinase (FAK) catalytic
domain. The crystal structure of the three candidates in complex
with the catalytic domain of FAK has been solved at high resolution
(Astudillo et al. in preparation). This information is crucial for
designing and developing highly specific third-generation RET, c-Src
and FAK inhibitors, in collaboration with the CNIO Experimental
Therapeutics Programme. B
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