Let-7 as epigenetic mechanism and intervention target for chronic neuropathic pain
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Introduction. The fundamental understanding of neuropathic pain is poorly understood. For this study, we employed a humanized transgenic mouse model of sickle cell disease (SCD) with persistent neuropathic pain in patients.

Aims. This study aimed to investigate the role of exosomal let-7 miRNA as an epigenetic mechanism in the neuropathogenesis of chronic neuropathic pain. 

Methods. Exosomes were isolated from serum using volume-excluding polymeric precipitation. The miRNA was determined by real-time RT-PCR and fluorescence in situ hybridization. An array of stimulus dependent and independent methods was used to determine evoked pain (mechanical allodynia and thermal hyperalgesia) and ongoing spontaneous pain in mice.
Results. The presence of ongoing spontaneous pain as well as evoked hypersensitivity to mechanical and thermal stimuli can be identified in mice carrying the human sickle hemoglobin gene, but not in non-sickle control littermates. The on-set, persistency and characteristics of pain mimics the neuropathic pain symptoms in patients with SCD. We found higher levels of exosomal let-7 miRNAs circulating in the peripheral bloodstream of these patients compared to healthy subjects.  Similarly, we found higher levels of let-7 family miRNAs in sickle cell mice, which allowed us to correlate with pain onset and severity.  Moreover, prominent elevations of let-7 miRNAs were further identified in the spinal cord dorsal horn region and in the primary afferent sensory neurons, areas critical for pain sensing and transmission, in sickle cell mice.  We were able to further link the epigenetic mechanism with the posttranslational modification by the CaMKII mechanism in the neuropathogenesis. For let-7 microRNA, direct spinal administration of LNA-modified antisense oligonucleotides (LNA-anti-let-7) effectively knocked down the expression of supraspinal let-7, attenuated spontaneous pain, mechanical allodynia, and heat hyperalgesia in sickle mice with chronic neuropathic pain. Moreover, the effect lasted for at least 2 weeks. 

Discussion. These findings suggest the functional participation of let-7 miRNAs in the pathogenesis of neuropathic pain, advancing our knowledge on the epigenetic regulation. These data highlighted the possibility of new intervention targets for treating chronic neuropathic pain. 
