Mechano-sensitive protein TXNDC5 promotes AVF neointimal hyperplasia through EndoMT and eNOS suppression
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Introduction. Arteriovenous fistula (AVF) is the preferred access for hemodialysis in end-stage renal disease. Neointimal hyperplasia (NH) near fistulas, induced by disturbed blood flow (DF) and low shear stress, contributes to AVF stenosis and failure. The underlying molecular mechanisms of NH and AVF dysfunction remain poorly understood. Combining bioinformatics, clinical and basic experiments, we identified an endoplasmic reticulum protein, thioredoxin domain containing 5 (TXNDC5), as a novel mediator of DF-induced endothelial dysfunction and AVF failure. 
Aims. This study aimed to explore the role of TXNDC5 in NH formation in AVF and assess if targeting TXNDC5 can prevent AVF failure.
Methods. HUVECs were subjected to laminar and oscillatory flow in a cone flow device to mimic hemodynamic stress. siRNA transfection targeted TXNDC5, followed by qRT-PCR. AVF surgery in vivo model and further IF staining studies.
Results. TXNDC5 was markedly upregulated in the vascular wall of stenotic AVF from hemodialysis patients and in the neointima of mouse aortocaval fistula. Endothelium-specific deletion of Txndc5 in mice significantly reduced AVF neointimal volume, venous wall thickness and collagen deposition 42 days post AVF creation, which was accompanied by a restoration of the expression level of endothelial nitric oxide synthase (eNOS), a vasoprotective enzyme downregulated in the endothelium by DF, suggesting the essential role of endothelial TXNDC5 in AVF neointima formation. Lineage-tracing experiments revealed that endothelial cells contribute to neointima via endothelial-to-mesenchymal transition (EndoMT). In human endothelial cells, DF decreased eNOS while increasing TXNDC5 and mesenchymal markers, linking TXNDC5 to DF-induced NH and dysfunction via EndoMT and eNOS suppression.
Discussion. TXNDC5 is a pivotal mediator of DF-induced NH and AVF dysfunction through regulating EndoMT and eNOS. Targeting endothelial TXNDC5 could be an effective therapeutic strategy to combat AVF dysfunction in hemodialysis patients.
