Compensatory role of Neuregulin-1-ErbB2/ErbB4 axis in protecting systolic function in diabetic cardiomyopathy
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Introduction. Diabetic cardiomyopathy patients present with left ventricular (LV) diastolic dysfunction at an early stage, followed by systolic dysfunction as the disease progresses. Diabetes mellitus (DM) is recognized as a risk factor for cardiotoxicity induced by trastuzumab (TRZ), an anti-ErbB2/HER2 antibody used in the treatment of HER2-positive cancers. However, the underlying mechanism remains unclear.
Aims. This study aimed to elucidate the mechanisms underlying LV contractile dysfunction in the early stage of diabetic cardiomyopathy and to clarify how DM increases the risk of trastuzumab-induced cardiotoxicity.
Methods. Animal experiments were approved by the Animal Care and Use Committee of Toho University. We used a streptozotocin (STZ)-induced type 1 diabetes mellitus (T1DM) mouse model (C57BL/6J mice) to investigate the effect of insulin deficiency on cardiac function. Age-matched control mice were treated with citrate-buffered saline. 

Results. Diastolic dysfunction, but not systolic dysfunction, was observed in the T1DM model mice 4 weeks after STZ administration (STZ-4W) at the early stage of diabetic cardiomyopathy. Unexpectedly, the plasma neuregulin-1 (NRG1) concentrations were significantly increased, and NRG1 expression was markedly upregulated in the ventricle, liver, and kidney of STZ-4W mice. Blocking NRG1 receptor ErbB2/ErbB4 with trastuzumab (TRZ) significantly reduced the systolic function without affecting diastolic function. The Akt phosphorylation levels in LV were significantly decreased in the STZ group, and decreased further in the STZ-TRZ group. Consequently, Akt-dependent regulation of Ca2+-signaling/excitation-contraction coupling machinery proteins, as well as extracellular matrix protein expression, decreased significantly, whereas TRZ had no effect in control mice. Administering insulin to the STZ-TRZ group restored both systolic function and Akt phosphorylation levels. Analysis of a database of patients with heart failure revealed that the upregulation of the NRG1-ErbB2/ErbB4 axis is also observed in patients with type 2 diabetes mellitus.
Discussion. These results indicate that NRG1 plays a critical role in compensating for insulin signaling deficiency to maintain systolic function, which explains why diastolic dysfunction precedes systolic dysfunction in the early stage of diabetic cardiomyopathy and why diabetic patients are at a higher risk for developing TRZ-induced cardiomyopathy.
