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Introduction. Myocardial infarction (MI)-induced heart failure (HF), a leading cause of death in Australia (~15%, AIHW, 2022), arises from complex cellular and structural changes, especially fibrosis. Current treatments slow progression but fail to reverse damage, underscoring the need for therapies targeting the full spectrum of MI-induced pathology.
Aims. This study aims to identify potent anti-fibrotic drugs and test their protective effects on MI-induced HF in mice.
Methods. We developed a high-content imaging assay using TGF-β1-stimulated human cardiac fibroblasts (HCFs) to screen novel anti-fibrotic drugs against current therapies. Fibrotic markers were quantified via automated microscopy and machine learning-based image analysis. The most potent compound was then evaluated in a mouse model of MI-induced heart failure, assessing cardiac function, fibrosis, injury, inflammation, and senescence.
Results. TGF-β1 (1ng/ml) stimulation induced a fibrotic phenotype in human cardiac fibroblasts, increasing percentage of fibrotic cells from 25% to 70%. Of 30 compounds screened, three IRAP inhibitors outperformed standard HF therapies, with AL-11 reducing fibrosis by ~30% versus <10% for AT1R antagonists, ACE inhibitors, SGLT2 inhibitors, and ARNI. Based on the in vitro high content imaging results, AL-11 was chosen for further testing in our acute MI-induced HF mouse model. In this model, IRAP expression was upregulated 5-fold in the infarcted mouse hearts which mirrored the increase in IRAP gene expression in fibrotic human aortic stenosis tissue. AL-11 (0.72 mg/kg/day; osmotic mini-pump) treatment significantly reduced IRAP expression in the infarct area, peri-infarct and remote area, cardiac fibrosis (15.5% to 9.7%), myofibroblast differentiation, and cellular senescence (p < 0.05-0.001, n=4). AL-11 also attenuated cardiac injury (peri-infarct troponin: 5.8±0.8% to 1.6%±0.5 p < 0.01), apoptosis (cleaved caspase-3 (infarct zone)) and inflammation (CD 68 staining) (p<0.05, n=4), leading to smaller infarct size (31±3.1% to 14±2.6%, p < 0.01) and improved ejection fraction (39% to 49%).
Discussion. These findings highlight IRAP inhibition as a promising anti-fibrotic strategy, outperforming current HF therapies in vitro. AL-11 significantly reduced cardiac injury, fibrosis, and dysfunction in vivo, supporting IRAP inhibition as a novel multi-modal treatment for MI-induced HF. 
