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            Abstract
Gain-of-function mutations in leucine-rich repeat kinase 2 (LRRK2) cause familial as well as sporadic Parkinsonâ€™s disease characterized by age-dependent degeneration of dopaminergic neurons1,2. The molecular mechanism of LRRK2 action is not known. Here we show that LRRK2 interacts with the microRNA (miRNA) pathway to regulate protein synthesis. Drosophila e2f1 and dp messenger RNAs are translationally repressed by let-7 and miR-184*, respectively. Pathogenic LRRK2 antagonizes these miRNAs, leading to the overproduction of E2F1/DP, previously implicated in cell cycle and survival control3 and shown here to be critical for LRRK2 pathogenesis. Genetic deletion of let-7, antagomir-mediated blockage of let-7 and miR-184* action, transgenic expression of dp target protector, or replacement of endogenous dp with a dp transgene non-responsive to let-7 each had toxic effects similar to those of pathogenic LRRK2. Conversely, increasing the level of let-7 or miR-184* attenuated pathogenic LRRK2 effects. LRRK2 associated with Drosophila Argonaute-1 (dAgo1) or human Argonaute-2 (hAgo2) of the RNA-induced silencing complex (RISC). In aged fly brain, dAgo1 protein level was negatively regulated by LRRK2. Further, pathogenic LRRK2 promoted the association of phospho-4E-BP1 with hAgo2. Our results implicate deregulated synthesis of E2F1/DP caused by the miRNA pathway impairment as a key event in LRRK2 pathogenesis and suggest novel miRNA-based therapeutic strategies.
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                    Figure 1: 
                        Pathogenic LRRK2 suppresses let-7 function and interacts with RISC component Argonaute.
                      [image: ]


Figure 2: 
                        Identification of E2F1 and DP as key translational targets of pathogenic LRRK2.
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Figure 3: 
                        Control of E2F1 and DP expression by miR-184* and let-7 and their regulation by pathogenic hLRRK2.
                      [image: ]


Figure 4: Regulated E2F1 and DP translation by let-7 and miR-184* impacts on dopaminergic neuron maintenance and function  in vivo. [image: ]
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        Editorial Summary
MicroRNAs in Parkinson's
Mutations in leucine-rich repeat kinase 2 (LRRK2) have been linked to both familial and sporadic Parkinson's disease, but the biochemical function of LRRK2 has remained elusive. Now that function has been discovered. Both Drosophila and human LRRK2 are shown to antagonize microRNA-mediated translational inhibition of E2F1 and DP transcription factors. LRRK2 interacts with the RNA-induced silencing complex component Argonaute to antagonize its suppressive effect on protein translation. In vivo genetic studies demonstrate a key role for E2F1/DP upregulation in mediating mutant LRRK2 pathogenesis. These findings point to a link between impaired microRNA-mediated silencing and deregulated expression of specific microRNA targets to Parkinson's disease pathogenesis, and suggest possible microRNA-based therapeutic approaches.
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