Muscle-to-brain communication under voluntary and forced exercise training applied in the context of obesity in mice.
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Skeletal muscle activity through Exercise Training (ET) has multiple positive effects, notably on brain health. Although molecular mechanisms underlying ET benefits are still poorly understood, a cross-talk between skeletal muscle and brain has been described. During ET, muscle releases specific myokines, called exerkines, among which potential regulators of hippocampal function, such as Irisin. This exerkine is a PGC1α-dependant myokine released by cleavage of FNDC5 (Fibronectin type III domain-containing protein 5). Also expressed in the brain, FNDC5 contributes to increase the level of brain-derived neurotrophic factor (e.g. BDNF). However, the contribution of muscle-derived Irisin on cognitive function remains controversial, as well as the influence of obesity or ET modalities. 

The goal of our study is to determine (i) inter-relationships between PGC-1α/FNDC5/Irisin pathway and cognition depending on ET modalities and (ii) whether muscle-to-brain crosstalk is altered in the context of obesity. To this aim, two ET modalities were compared in Low-Fat (LF) and High-Fat (HF) fed mice: voluntary (enriched environment) and forced ET (treadmill endurance training). 

As expected, ET reduces weight gain and fasting glycaemia in obese mice. Irisin plasmatic level is increased by ET, whatever ET modality or diet. In the gastrocnemius muscle, we also observed a positive correlation between Ppargc1a (encoding Pgc-1α) and Fndc5 mRNA levels. Voluntary ET is associated to an increased Fndc5 protein level in LF but not in HF muscles while forced ET does not modify Fndc5 protein level in muscular or brain tissues. Enrichment in mice improves spatial learning, and memory in a proportional way. However, the Bdnf protein level is not modified by voluntary ET in the brain cortex and hippocampus. Forced ET does not modify spatial learning and memory or BDNF protein level in the hippocampus. However, Bdnf protein level is increased in the brain cortex by endurance training and surprisingly, by HF diet. 

In conclusion, ET increases Irisin plasmatic level and enrichment improves cognitive function in mice. In muscles, modifications of Fndc5 expression induced by diet in voluntary trained groups are correlated with Ppargc1a expression. Fndc5 protein level depends on training modalities, is tissue-specific and influenced by diet.
