Multi-level insights into connexin-43 alterations in doxorubicin cardiotoxicity
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Introduction. Doxorubicin (DOX) is an effective chemotherapeutic agent but is limited by dose-dependent cardiotoxicity, manifesting as arrhythmias, contractile dysfunction, and dilated cardiomyopathy. Connexin-43 (Cx43), the predominant cardiac gap-junctional protein, plays a crucial role in intercellular communication and cardiac function. Dysregulation of Cx43 has been implicated in cardiac dysfunction, yet its role in DOX-induced cardiotoxicity remains incompletely defined.

Aims: This study aimed to investigate how DOX affects Cx43 expression and localisation in cardiac and vascular cells, ex vivo rat hearts, and 3D human cardiac spheroid models, and how these effects relate to changes in ventricular contractility. Cx43-related effects in cancer cells were examined to determine if DOX impacted Cx43 differently in cardiac versus cancerous contexts.
Methods. Human coronary artery endothelial cells, AC16 cardiomyocytes and cardiac fibroblasts were treated with DOX. Cx43 expression and localisation were analysed using Western blotting and immunofluorescence. Langendorff-perfused rat hearts, organ bath stimulated ventricular contractility and human 3D contractile tri-cell cardiac spheroids were employed to assess tissue-level / multi-cellular level responses. Parallel DOX experiments were conducted in MDA-MB-231 cancer cells. 
Results. DOX reduced Cx43 protein levels across multiple human cardiac and vascular cell types, whereas Langendorff perfusion increased ventricular Cx43 expression with lateralisation in cardiomyocytes. Acute changes in Cx43 expression in rat left ventricular tissue was similarly observed in organ bath experiments. Interestingly, in 3D human cardiac spheroids, Cx43 levels were maintained; however, DOX impaired contractility and calcium handling. Cancer cell lines did not exhibit significant Cx43 alterations therefore effects these were limited to the cardiac niche.

Discussion. DOX-induced dysregulation of Cx43 is context-dependent, with differential effects across mono- and multicellular cardiac models. Altered Cx43 expression, localisation, and calcium handling may contribute to cardiotoxicity, highlighting Cx43 as a potential biomarker and therapeutic target in cardio-oncology.
