Chronic Integrated Stress Response Activation Modulates the Cardiac Secretome in Progressive Heart Failure Following mtDNA Damage

Aim: To investigate how sustained mitochondrial integrated stress response (ISR) activation in the heart alters the cardiac secretome and contributes to progressive heart failure.

Method: The ISR is an evolutionarily conserved signalling pathway that allows cells to respond to various stresses. While acute ISR activation is protective, chronic activation can drive maladaptive remodelling, particularly in energy-demanding tissues such as the heart. Mitochondrial dysfunction is an effective inducer of the mitochondrial arm of the ISR, linking mitochondrial genome instability to transcriptional and metabolic modulation.  

To model mitochondrial ISR activation, we generated an inducible post-developmental cardiac-specific mouse model that accumulates mitochondrial DNA damage in cardiomyocytes, leading to chronic ISR activation. To define secretome remodelling driven by persistent ISR signalling, we used TurboID-based proximity labelling to selectively biotinylate and capture cardiac-derived proteins released into the circulation at defined timepoints following chronic ISR induction, enabling temporal profiling of heart derived factors. 

Results: Chronic mitochondrial ISR activation led to progressive cardiac hypertrophy, reduced cardiac output, and premature mortality. Importantly, ISR activation preceded functional declines in cardiac output, suggesting that sustained ISR signalling may act as a causal driver of cardiac dysfunction, rather than as a secondary response. 

Interestingly, cardiac hepatopathy was observed in mice with heart-specific ISR activation, pointing to potential signalling from the heart to the liver driven by chronic ISR activation. Temporal proteomic profiling was applied to explore how the cardiac secretome remodels over time and to pinpoint factors that may link cardiac stress to liver injury.

Conclusion: Combining this unique cardiac-specific ISR model with proximity labelling proteomics, provides a powerful platform to define how mitochondrial dysfunction and chronic ISR activation can remodel the cardiac secretome over time. Using this pre-clinical model, we can uncover novel mediators of cardiac-hepatic crosstalk to identify circulating biomarkers and therapeutic targets in heart failure and cardiac hepatopathy. 

