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Endothelial nitric oxide synthase (eNOS) is a major source of endothelium-derived nitric oxide (NO) production which could protect against cerebro- and cardiovascular disorders. Rho-associated kinase (ROCK) is well-known to downregulate eNOS expression via destabilization of eNOS mRNA. Although its precise mechanism still remains unclear, we recently identified eukaryotic elongation factor 1-A1 (eEF1A1) as a downstream target of ROCK. Indeed, eEF1A1 shortened eNOS mRNA stability by its binding to 3' untranslated region (3'-UTR) of eNOS mRNA. We hypothesized that eNOS mRNA stability could be regulated by ROCK1 and/or ROCK2-mediated eEF1A1 activation. In addition, we sought to elucidate whether ROCK-mediated changes in eNOS expression could contribute to neuroprotection following acute cerebral injury. Interestingly, we found that eEF1A1 was strongly phosphorylated by constitutively active ROCK2, but weakly by constitutively active ROCK1. Also, RNA electrophoretic mobility shift assay showed that eEF1A1 binding affinity with 3'-UTR of eNOS mRNA was enhanced by ROCK2-mediated eEF1A1 phosphorylation. In human umbilical vein endothelial cells, a ROCK inhibitor, fasudil, decreased eEF1A1 phosphorylation, while total eEF1A1 expression was not altered. Consistently, eNOS expression and eNOS mRNA stability were increased in primary cultured endothelial cells isolated from haploinsufficient Rock2+/- mice compared to WT and Rock1+/-. Similarly, the infarct volume and neurological damage following transient cerebral ischemia and reperfusion were also reduced in Rock2+/- mice and these reductions were dependent on eNOS expression verified by the additional findings on transient cerebral ischemia of double mutant mice, namely eNOS–/–Rock1+/– and eNOS–/–Rock2+/– mice. These findings indicate that ROCK2 regulates eNOS mRNA stability by enhancing eEF1A binding affinity to 3'-UTR of eNOS mRNA following eEF1A1 phosphorylation and that inhibition of ROCK2 contributes to the primary benefits of ROCK inhibitors on stroke protection, suggesting that ROCK2 could be a promising therapeutic target on cerebral ischemic stroke.

