DOES TRANSCRIPTIONAL CYCLIN-DEPENDENT KINASE SIGNALLING PLAY A CAUSATIVE ROLE IN PULMONARY HYPERTENSION?
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Pulmonary hypertension (PH) is an incurable disease, characterised by a progressive increase of pulmonary arterial pressure due to chronic vasoconstriction and pathological remodelling of all vascular layers, ultimately leading to fatal heart failure. Despite significant progress in mechanistic understanding, there is still a lack of novel targets for true disease-modifying therapies. By employing gene-chip analysis and bioinformatics to profile gene expression in the lungs of mice subjected to hypoxia (10% O2) for three days, we found upregulation of the cyclin-dependent kinase 19 (Cdk19) gene, which encodes the CDK19 subunit of the multi-protein Mediator complex that regulates gene transcription. Based on its known biological role, we hypothesised that CDK19 is a crucial driver of aberrant pulmonary vascular remodelling and aimed to decipher the functional significance of CDK19 upregulation in experimental PH.
Wild-type (WT) or Cdk19 global knockout (KO) C57BL/6N mice were subjected to two experimental PH models, three weeks of hypoxia (Hx) or Sugen-Hx (SuHx) and functionally assessed by non-invasive echocardiographic analysis, hemodynamic assessment and immunohistochemical staining. RNA-sequencing was performed in the main pulmonary arteries of WT and KO mice subjected to Hx, followed by analysis using DESeq2,  R programming language and Metascape. 
CDK19 protein expression was increased in hypoxic (2% 02, 24hrs) human pulmonary arterial smooth muscle cells whilst expression of its paralog, CDK8, decreased compared to normoxic cells (~18% O2, 24hrs). Interestingly, this was not recapitulated by the pharmacological stabilisation of HIF1α. KO mice subjected to experimental PH developed a mild but less severe disease phenotype than WT littermates. Expectedly, CDK19 gene and protein expression were upregulated in the lungs of hypoxic WT mice while absent in the KOs, which demonstrated upregulated CDK8 protein expression that did not change in Hx. RNA-sequencing data analysis identified dysregulated primary cilia signalling, water homeostasis and fatty acids pathways in the hypoxic KOs - transcriptional changes that functionally aligned with a milder PH phenotype. Notably, pharmacological inhibition of CDK8/19 with Senexin A prevented a more severe PH phenotype in two mouse experimental PH models. 
Increased CDK19 activity likely drives PH by transcriptional reprogramming of signalling pathways that may involve mechano-sensing through primary cilia, amongst others. Inhibition of CDK8/19 could be further exploited as a new therapy to reverse PH. This observation is directly relevant to Group 3 PH and Group 1 PAH with systemic hypoxia due to progressively falling cardiac output or pseudo-hypoxia in pulmonary circulation due to chronic transcriptional or metabolic changes.  
