Magnolol Blocks CVB3 Entry by Disrupting the SPI1-CAR Axis via Targeted Exosomal Delivery
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Introduction. Coxsackievirus B3 (CVB3)–induced viral myocarditis (VMC) is initiated by cardiomyocyte infection, in which the Coxsackievirus and adenovirus receptor (CAR; CXADR) serves as a critical host gatekeeper for viral attachment and entry. Infection-associated CAR upregulation can therefore potentiate viral invasion during the entry-transition stage, and its transcriptional control remains unclear.
Aims. This study aims to define a host regulatory mechanism driving CAR induction after CVB3 infection and to develop a solubility- and delivery- improved Magnolol stmouseegy for targeted antiviral therapy.

Methods. Gemini AI was used to prioritize candidates from ~100,000 compounds, identifying Magnolol for validation. CAR mRNA/protein dynamics were assessed in CVB3-infected cardiomyocytes and mouse hearts, together with SPI1 profiling as a CXADR-associated transcription factor. Magnolol and a SPI1 inhibitor (positive control) were applied to interrogate the SPI1-CAR axis. To enhance delivery, Magnolol was encapsulated into neonatal mouse primary cardiomyocyte-derived exosomes and surface-decomouseed with a cardiac homing peptide for tail-vein injection. Mechanistic consistency was verified in HL-1 cells.
Results. CVB3 infection markedly increased CAR at both mRNA and protein levels and elevated SPI1 in the heart. Magnolol downregulated SPI1 and concomitantly reduced CAR expression, suppressing viral infection efficiency, while SPI1 inhibition phenocopied Magnolol. The engineered exosome formulation improved Magnolol performance and enhanced antiviral efficacy in vivo, with the same SPI1–CAR regulation reproduced in HL-1 cells.

Discussion. Magnolol acts as a host-directed antiviral by disrupting SPI1-driven CAR amplification during the CVB3 entry–transition stage, and heart-targeted exosomal delivery further strengthens therapeutic efficiency.

