TRPA1 as a drug target: modulating fibrosis-related gene expression in lung epithelium
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Introduction. Transient receptor potential ankyrin 1 (TRPA1) is a cation channel associated with pain, cough and neurogenic inflammation in sensory neurons. We and others have recently shown that TRPA1 is also present in epithelial cells, and its expression is regulated by the cytokine environment. This study aims to address the role of TRPA1 in lung epithelium under inflammatory conditions.
Methods. RNA-sequencing followed by Ingenuity Pathway Analysis (IPA), STRING network analysis, RT-PCR and ELISA was used to investigate the role of TRPA1 in the regulation of gene expression in A549 cells exposed to cytokines tumour necrosis factor and interleukin-1β modelling human lung epithelium in inflammation. 
Results. Cytokine treatment significantly enhanced TRPA1 expression and function, and caused a major shift in the gene expression profile in lung epithelial cells, as seen in the RNA-Seq. The TRPA1 antagonists HC-030031 and A-967079 altered the expression of 968 protein-coding genes in a statistically significant manner. IPA analysis showed an inhibition of seven canonical pathways, including “Pulmonary fibrosis idiopathic signaling” and “Pathogen Induced Cytokine Storm Signalling”. According to RNA-Seq and RT-PCR, the expression of 28 genes related to pulmonary fibrosis was significantly altered (|fold change| > 1.5) by the TRPA1 antagonists. Particularly, the expression of matrix metalloproteases 12 (MMP-12) and 7 (MMP-7), linked to the pathogenesis and poor prognosis in idiopathic pulmonary fibrosis, was increased by the inflammatory cytokines, and the effect was significantly inhibited by the TRPA1 antagonists. The TRPA1 antagonist effects on MMP-12 and MMP-7 expression were similar to those of the glucocorticoid fluticasone, the JAK inhibitors tofacitinib and baricitinib, and the currently used IPF drug nintedanib. STRING interaction network analysis suggested that TRPA1 regulates the expression of these fibrosis-related factors through FOS gene and AP-1 transcription factor.
Discussion. Our findings identify TRPA1 as a regulator of gene expression in lung epithelial cells and a potential therapeutic target for lung inflammation and fibrosis.
