Computationally-designed DNA aptamers targeting RAD52 for innovative synthetic lethality-based cancer therapy
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Introduction. RAD52 is emerging as a synthetic lethality target in homologous recombination (HR)-deficient tumours, including those harbouring BRCA1, BRCA2 or PALB2 mutations. Pharmacological inhibition of RAD52 represents a promising strategy to overcome resistance to PARP inhibitors (PARPi) and expand therapeutic options in DNA repair-deficient cancers (Balboni et al, 2023). However, selective RAD52 inhibitors remain limited.
Aims. Building on previously reported RAD51-targeting aptamers (Milordini et al, 2025), the aim was to extend our approach to develop computationally designed DNA aptamers targeting RAD52 and evaluate their pharmacological potential to disrupt HR and induce synthetic lethality in HR-deficient cancer models.
Methods. DNA aptamers were designed using a computational structure-based approach and validated through multiple biophysical assays (BLI, MST, FRET, DLS, CryoEM). Functional effects were assessed by analysing RAD52 foci formation, HR efficiency assays, DNA damage accumulation, and cell viability in multiple cancer cell lines. Synergistic interactions with PARP inhibitors (PARPi) were evaluated in 3D spheroids and patient-derived organoids (PDO).
Results. RAD52-targeting aptamers disrupted its oligomeric ring assembly, impairing its DNA binding and single strand annealing activities in vitro. Aptamers’ treatment reduced RAD52 foci formation upon DNA damage, impaired HR efficiency, enhance DNA damage accumulation and significantly decreased viability in HR-deficient cancer cell lines. In 3D spheroids and PDOs, RAD52 aptamers synergised with PARPi, enhancing tumour cell death compared to monotherapy. These effects suggest effective targeting of compensatory DNA repair pathways.
Discussion. Computationally designed DNA aptamers represent a novel class of intracellular modulators of RAD52 function. By exploiting synthetic lethality in HR-deficient tumours, RAD52-targeting aptamers may provide a pharmacologically adaptable strategy to enhance or restore sensitivity to PARP inhibition. These findings support further development of aptamer-based therapeutics targeting DNA repair vulnerabilities in oncology.
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