
Chronic mtDNA Damage Drives Muscle Wasting Through Sustained Integrated Stress Response Activation and One-Carbon Metabolic Rewiring


Aim: To delineate the role of the Integrated Stress Response (ISR) as a core biological driver of cardiometabolic disease and to determine whether targeted modulation of this pathway can modify disease progression.

Method: The ISR is an evolutionarily conserved adaptive signalling network that coordinates cellular processes in response to various stressors. While transient ISR activation is pro-resolving, chronic activation is increasingly recognised as a driver of disease pathologies. Despite growing recognition of ISR involvement across multiple diseases, the mechanistic triggers and downstream effectors remain incompletely defined. 

Mitochondrial DNA (mtDNA) instability is a potent stressor of the ISR. mtDNA replication and repair are exclusively mediated by polymerase gamma (PolG), which possesses polymerase, proofreading and base excision repair functions. Impaired PolG activity can thus lead to mtDNA damage and mitochondrial dysfunction. Here, we studied mtDNA damage and ISR activation in skeletal muscle via a unique PolG mutator mouse, that enables temporal and tissue-specific induction of mtDNA mutagenesis. This was achieved by crossing floxed PolG mice with inducible ACTA1-Cre-ERT2 mice, to generate mice with post-developmental, muscle specific PolG insufficiency (SM-PolGfl/fl).

Results: SM-PolGfl/fl mice exhibited significant reductions in weight from ~15 weeks post-induction, without changes in food intake. Circulating FGF21 and GDF15 were markedly elevated, consistent with mitochondrial driven ISR activation. Proteomic and functional analyses revealed reduced respiratory chain complex abundance with impaired complex activity. Furthermore, transcriptomic profiling demonstrated robust ISR activation, with suppression of protein translation and pronounced modulation of one-carbon (1-C) metabolism, demonstrating the utility of this mouse model to dissect ISR driven pathologies and mechanisms.

Conclusion: Our findings identify 1-C metabolism as a central effector of chronic ISR activation in response to mtDNA damage. Given the essential role of 1-C metabolism in cellular processes, targeting this pathway via supplementation with serine or folate derivatives may mitigate chronic ISR-driven disease.


