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(Purposel}

Backgrannd: Cardiac-specific myosin light chain kisase (MLCK). encoded by MYLK3., reeulates cardiac
contractitity through phesphorylalion of ventricuiar mvosin regulatory light chain. However, ihe
pathophysiclogical and Lherapeutic tmplicalions of cMLCK in human heari failure remain unclear. %e aimed to
invesiigale whether cMLCK dvsregulation causes cardiac dvsiunction and whether the restoration of eMLCK conldd
be a novel myolropic therapy for systolic heat! [ailure

{(Methods.
We gencrated the knock-in mice (Mylk3+/{s and ¥yik3{s/1s)h with a familial dilated cardiomyopathy-associaled
MYLKR Trameshilt mutation OVLK3</(s] that had heen identified previously by s f{ec. [951-160T: p PEIOVIs*]6)
and the human induced pluripotent stem cell-derived cardiomyucytes [ron the carrier of (he mutation. We also
developed a new small-nolecnle aclivator of oMLCK {LEUQ-1154).

[Results)
Bolh mice Mylk3+/[s and ¥ylk3is/Is} showed reduced ¢MLUR expression dug to nonsense-medialed messcnger REA
decay, reduced MLCZv (venfricular myesin reswlatorv light chaia) phosphorviation in the mvocardium and
svslolic dysfunciion in a cMLCK dose~dependent manner. Consistent with this resull, mvacavdiam [row the mutang
mice showed an iacreased ralio of cardiac seperrclaxation/disordered relaxation stafes that may contribule
to impaired cardiac contractilily. The phenoiypes observed in (ke knock-in mice were rescued by cMLOK
replenishment throeugh Lhe AAVI_MYLKZ voctor. Human induced pluripotent stem cell-derived cardiomyocyies will
MYLE3+/fs mutation reduced cMLCK expression by 56% and coulractile dysfunclion accompanied by ar increased
superreiaxation/disordered relaxation ratio. CRISPR-nediaied gene correclion, or cMLCK replenishment sy
AAVO MYLES vector, successfully recovered cMLCK expression, Lhe superrelaxation/disordered relaxalion ralio,
and contraciite dvslunclion. LECO-1144 increased human cMLCh aciivity =2-Toid in {he Ymax Ilor ventricular
myosin regulatory light chain phosphoryiation wilhout affecting the Km. LEDO-1154 treatmeni of human indwced
pluripotent stem cell~derived cardiomyocytes with MYLK3+/1s mutation restored the ventricular myasin
regulatory light chain phosphorvlatior level and zuperrelaxation/disordered rolasation ratio and improved
cardiac contraciility without alfecting calcium transients, indicating :hat the cMLCE activator acts as a
myoltope. Finally, homan wyocardiog [ron advanced heari lailure wilh a wide variely of causes had a
signilicanlly lower MYLE3/PPPIRI 2B wessenger BNA expression talio than controel hearis. suggesting an allered
balance belween myosia regulatory Jighl ckein Kinase and phosphatase in (he Tailing mvocardium irrespeciive
of the causes.

“Conclusion)
eMLLK dysregulabion contribuies to ihe developmenl of cardiac systelic dvsfunction in hunans. Our stratogy
to restore cMLCK activity could farm the basis of anovel mvoiropic theraoy far advanced svatalic heatt failure.
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