Redistribution of the alarmin HMGB1 by insulin in skeletal muscle
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Introduction. High mobility group box 1 (HMGB1) is a nuclear protein with emerging roles in metabolism and inflammation, implicated in insulin resistance and type 2 diabetes. Whether insulin has a direct physiological role in regulation of HMGB1 dynamics is unexplored.

Aims. To test whether insulin, electrical stimulation (EFS), or their combination acutely regulate HMGB1 expression and localisation in healthy rat skeletal muscle.
Methods. Soleus muscles from male and female Sprague Dawley rats were mounted in an ex vivo organ bath. Groups: Control (snap-frozen directly), Insulin (20 nM, 30 min), EFS (0.1 Hz, 2 min, rest 30 min, repeat), and EFS-Insulin (EFS then insulin then repeat EFS). Samples underwent immunoblotting for pAkt, tAkt, and HMGB1. Pilot mitochondrial fractionation and immunofluorescence examined localisation.
Results. Akt phosphorylation confirmed insulin pathway activation. The canonical 25 kDa HMGB1 band remained stable across conditions (n=8-14, P=0.24).  The 100 kDa form differed significantly overall (n=8-14, P=0.02): insulin 0.7±0.07 (n=7, P=0.06), EFS 0.8±0.12 (n=11, P=0.53), EFS-Insulin 1.1±0.13 (n=14, P>0.99) vs control 1.0 (n=8). The 32 kDa form showed a stepwise increase (overall P=0.91): insulin 1.2±0.36 (n=7, P>0.99), EFS 1.7±0.48 (n=11, P>0.99), EFS-Insulin 1.9±0.60 (n=14, P>0.99), with a pronounced effect in males (up to 2.8±0.96, n=8, P=0.48) but not females. Pilot localisation studies supported mitochondrial enrichment of HMGB1 with insulin (Manders’ M1: control 0.47±0.05, insulin 0.58±0.02, EFS-Insulin 0.56±0.07) alongside decreased nuclear:cytoplasmic ratios (control 2.4±0.37, insulin 1.7±0.35, EFS-Insulin 1.0±0.04).
Discussion. HMGB1 in healthy skeletal muscle is regulated mainly through redistribution and post-translational modification. Insulin, especially with contractile activity, promoted nuclear export and mitochondrial localisation of higher molecular weight species. These findings indicate that HMGB1 trafficking responds to acute metabolic and contractile stimuli in a sex-dependent manner, providing proof-of-principle for insulin-sensitive regulation in muscle.
