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Crystal Structure of the TREX1–DNA Mimic Foldamer Complex: A Novel Inhibition Mechanism of the First Foldamer-Based Inhibitor Targeting the Cancer Immunotherapeutic Protein 
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DNA mimic (DM) foldamers are synthetic oligomers that emulate the structural and electrostatic properties of double-stranded DNA (dsDNA), enabling interactions with DNA-binding proteins implicated in cancer and viral infections, such as topoisomerase I and HIV integrase[1, 2]. Despite their biomedical potential, structural insights into how DM foldamers engage target proteins have been lacking. Here, we report the first crystal structure of a DM foldamer–disease-associated protein complex, elucidating the molecular mechanism of DM foldamer-mediated inhibition of TREX1, a DNA exonuclease and key immune suppressor involved in cancer immune evasion[3]. Biochemical assays reveal that TREX1 binds DM foldamers with higher affinity than natural dsDNA, with both binding and inhibitory potency increasing in a length-dependent manner. Structural analysis shows that DM foldamers competitively occupy the active site of TREX1(Fig. 1), displacing substrate dsDNA, as confirmed by competitive binding assays. Notably, the DM foldamer adopts an M-exo (minus helicity, left-handed) helical conformation, distinct from the natural P-exo (plus helicity, right-handed) helicity of B-form dsDNA, as validated by circular dichroism spectroscopy. M-exo foldamers exhibit stronger inhibitory activity than their P-exo counterparts, potentially minimizing off-target interactions with normal B-DNA (P-exo helicity)–binding proteins. These findings provide the first structural framework for understanding DM foldamer–protein recognition and establish a foundation for the rational design of selective TREX1 inhibitors in cancer immunotherapy.
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Figure 1. Crystal structure of TREX1-DM foldamer complex.
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