Pathophysiological roles of midnolin in Parkinson’s disease
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Introduction. Parkinson’s disease (PD) is a common neurodegenerative disease, and the number of the patients with PD increases rapidly worldwide. Although more than 20 causal genes have been identified from patients with familial PD, the mechanism of onset of sporadic PD remains unclear.

Aims. We previously performed a genetic analysis in Yamagata (Japan) cohort and identified Midnolin (MIDN) as a genetic risk factor for PD. In this study, we attempted to clarify the pathophysiological roles of Midnolin in neuronal cells in detail.

Methods. We performed the genetic analysis in Yamagata and British cohorts by microarray. For cell-based experiments, we established Midn-knockout PC12 cells by CRISPR/Cas9 method and used them to clarify the molecular functions of MIDN.

Results. Sequential genetic analysis revealed that there was also a significant association between MIDN loss and PD risk in a large British cohort, and MIDN loss was very rare (0.066%) in a general population of Yamagata. Neurite outgrowth by NGF was largely inhibited in MIDN-knockout PC12 cells. Expression of neurofilament light chain (NEFL), a neuron-specific intermediate filament required for neurite outgrowth, was also suppressed. In addition, expression of Parkin ubiquitin ligase was also reduced in Midn knockout cells. We found that MIDN directly bound to EGR1 and enhanced its transcription activity, and Nefl expression required MIDN/EGR1 complex. 

Discussion. MIDN is a confirmed genetic risk factor for PD and essential for maintenance of neuronal functions. Therefore, MIDN is a promising biomarker and target for the drug development. Further studies are necessary to examine PD-like phenotypes in KO mice and clinical symptoms in patients with MIDN loss.
