Modulating effective lymphatic drainage in aortic adventitia has anti-atherosclerotic effects: a new mechanism of FOXC2 to improve lymphatic endothelial cell inflammatory damage 
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Introduction. Atherosclerosis is a chronic, multifactorial cardiovascular disease. Maintaining effective lymphatic drainage in the aortic adventitia is a key strategy for suppressing atherosclerosis. Disruption of lymphatic drainage, induced by inflammatory damage to lymphatic endothelial cells (LECs), plays an essential role in disease progression. However, the detailed regulatory mechanisms remain largely unknown.  
Aims. our study aims to clarify the role of lymphatic drainage in atherosclerosis and uncover FOXC2 as a molecular regulator of this process.
Methods. We used Gene Expression Omnibus (GEO) database to predicted FOXC2 expression in atherosclerosis, and 
verified these results in ApoE-/- mice fed a high-fat diet and found that FOXC2 acts as a key regulator of lymphatic drainage, reducing inflammation in the vascular wall and attenuating plaque formation. To assess whether effective lymphatic drainage is necessary for FOXC2-mediated atherosclerosis regression, we surgically disrupted lymphatic drainage by ligating the left carotid artery (LCA) and removing the corresponding deep cervical lymph nodes. Evans Blue staining and near-infrared (NIR) imaging to measured lymphatic fluid transport within the aorta. Mechanistically, FOXC2 suppressed TRAF2 expression and disrupted the interaction between TNF-α and TRAF2, thereby alleviating inflammatory injury in LECs and restoring their function, which in turn enhanced lymphatic drainage. 
Results. We observed that aortic lymphatic drainage function significantly impaired during atherosclerosis development. Notably, FOXC2 overexpression enhanced lymphatic transport and facilitated lesion regression. Mechanistically, increased FOXC2 expression in inflammation-damaged lymphatic endothelial cells (LECs) restored LEC function and improved lymphatic drainage capacity. Further analysis revealed the molecular pathways through which FOXC2 regulates lymphatic drainage. 
Discussion. In summary, our study demonstrates for the first time that FOXC2 attenuates inflammatory injury in LECs and enhances lymphatic drainage by inhibiting the TNF-α–TRAF2 interaction. These findings reveal a novel mechanism by which FOXC2 promotes the clearance of immune cells and inflammatory mediators from the arterial wall, thereby mitigating atherosclerosis progression. Targeting FOXC2 may offer a new therapeutic strategy to restore lymphatic function, resolve chronic inflammation, and protect against cardiovascular disease
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