SLC6A14-mediated leucine transport drives pulmonary fibrosis via the TRIB3/BCAT1 axis 
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Introduction. Idiopathic pulmonary fibrosis (IPF) is a progressive, life‑threatening interstitial lung disease characterized by extracellular matrix deposition. Amino acid metabolism has emerged as an important driver of IPF. Solute carrier family 6 member 14 (SLC6A14) transports neutral and basic amino acids, including leucine, but its role in lung fibrosis is unknown. 
Aims. We investigated whether SLC6A14‑mediated leucine transport contributes to IPF progression and whether SLC6A14 is a therapeutic target.
Methods. SLC6A14 expression was assessed in lung tissues from IPF patients, in bleomycin (BLM)‑induced pulmonary fibrosis in mice, and in transforming growth factor‑β (TGF‑β)‑treated cell models. SLC6A14 knockout mice and the SLC6A14 inhibitor α‑methyltryptophan were used to evaluate its role in fibrosis and survival. Single‑cell RNA sequencing, targeted metabolomics, metabolic flux analysis, proteomics, co‑immunoprecipitation, and ubiquitination assays were used to delineate the SLC6A14–TRIB3–BCAT1 pathway. Molecular docking and cellular thermal shift assays were used to identify an FDA‑approved SLC6A14 inhibitor.
Results. SLC6A14 was upregulated in fibrotic lungs from IPF patients, BLM‑treated mice, and TGF‑β‑stimulated cells. Genetic deletion or pharmacological inhibition of SLC6A14 attenuated lung fibrosis and improved survival in BLM‑treated mice. Mechanistically, SLC6A14 overexpression increased leucine accumulation in alveolar epithelial cells, suppressed activating transcription factor 4, and reduced tribbles homologue 3 (TRIB3), decreasing K48‑linked ubiquitination and stabilizing branched‑chain amino acid transaminase 1 (BCAT1). This enhanced leucine catabolism to acetyl‑CoA and increased H3K27 acetylation at profibrotic genes. Carvedilol was identified as a high-affinity SLC6A14 binder and protected mice from pulmonary fibrosis in an SLC6A14‑dependent manner.
Discussion. SLC6A14 drives IPF through TRIB3–BCAT1‑dependent leucine metabolic reprogramming. Targeting SLC6A14, including repurposing carvedilol, may offer a novel therapeutic strategy for IPF.
