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    ABSTRACT
Mutations in the human LMNA gene, which encodes the nuclear envelope (NE) proteins lamins A and C, cause autosomal dominant Emery-Dreifuss muscular dystrophy, congenital muscular dystrophy, limb-girdle muscular dystrophy, and other diseases collectively known as laminopathies. The molecular mechanisms responsible for these diseases remain incompletely understood, but the muscle-specific defects suggest that mutations may render nuclei more susceptible to mechanical stress. Using three mouse models of muscle laminopathies, we found that Lmna mutations caused extensive NE abnormalities, consisting of chromatin protrusions into the cytoplasm and transient rupture of the NE in skeletal muscle cells. NE damage was associated with DNA damage, activation of DNA damage response pathways, and reduced viability. Intriguingly, NE damage resulted from nuclear migration in maturing skeletal muscle cells, rather than actomyosin contractility. NE damage and DNA damage was reduced by either depletion of kinesin-1 or disruption of the Linker of Nucleoskeleton and Cytoskeleton (LINC) complex. LINC complex disruption rescued myofiber function and viability in Lmna mutant myofibers, indicating that the myofiber dysfunction is the result of mechanically induced NE damage. The extent of NE damage and DNA damage in Lmna mouse models correlated with the disease onset and severity in vivo. Moreover, inducing DNA damage in wild-type muscle cells was sufficient to phenocopy the reduced cell viability of lamin A/C-deficient muscle cells, suggesting a causative role of DNA damage in disease pathogenesis. Corroborating the mouse model data, muscle biopsies from patients with LMNA muscular dystrophy revealed significant DNA damage compared to age-matched controls, particularly in severe cases of the disease. Taken together, these findings point to a new and important role of DNA damage as a pathogenic contributor for LMNA skeletal muscle diseases.

Footnotes
	The manuscript has been revised to include additional data and mechanistic insights. Several figures have been updated and revised to accommodate the new findings.
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