Integrated multi-omics and experiments to elucidate mechanism of rutaecarpine treating vestibular schwannoma
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Introduction. Vestibular schwannoma (VS) is a benign tumor arising from the vestibular nerve in the cerebellopontine angle. However, VS lacks FDA-approved therapeutic agents. Network pharmacology screening identified rutaecarpine, a pharmacological plant alkaloid, as a promising canditate in treating VS, yet the mechanism remains unclear.
Aims. To identify promising therapeutic targets and investigate the potential mechanisms of rutaecarpine against VS.
Methods. This study employed a GEO dataset to identify potential targets in VS by weighted gene co-expression network analysis (WGCNA) and bulk RNA-seq to screen therapeutic targets of rutaecarpine on VS. The targets were analyzed with protein-protein interaction (PPI) network, GO and KEGG enrichment, and immune infiltration analysis. Machine learning algorithms including least absolute shrinkage and selection operator (LASSO) regression and random forest were employed to screen core targets. Subsequently, single-cell RNA sequencing and ATAC sequencing were performed to analyze the distribution of target genes across cell populations. Molecular docking and dynamics simulation evaluated the interaction between rutaecarpine and core targets. Then, cell viability was evaluated to explore the effects of rutaecarpine on VS in vitro. The expression of core genes was verified by RT-PCR and the key mechanisms were validated through Western blotting assay.
Results. A total of 552 differentially expressed genes (DEGs) were identified by RNA-seq of rutaecarpine against VS were identified. The effects were mainly mediated by the immune-related pathways. Combined with WGCNA, 22 intersecting targets were obtained. Machine learning identified 5 core targets including CEBPA, CLDN1, FABP3, INSIG1 and VGF. Single-cell RNA and scATAC sequencing demonstrated marked upregulation of INSIG1 in macrophages. Molecular docking and dynamics simulations collectively displayed strong binding interactions between rutaecarpine and targets. Subsequently, rutaecarpine exhibited a markedly strong anti-proliferative effect on VS cells. Furthermore, rutaecarpine inhibited activation of p38 MAPK signalling pathway and regulated the mRNA expression of core genes.
Discussion. This study demonstrates that rutaecarpine exerts potent anti-VS effects by promoting INSIG1 expression and modulating p38 MAPK signaling. These findings underscore the promise of rutaecarpine as a therapeutic agent for VS and provide full support for the development of natural drugs for benign brain tumors.
