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Targeting hypercontractility 
with myosin ATPase inhibitor 
therapy
In recent years, the treatment of obstruc-
tive hypertrophic cardiomyopathy (HCM) 
has been revolutionized by myosin inhib-
itors. Over a thousand mutations, pre-
dominantly in genes encoding sarcomer-
ic proteins responsible for generating 
and regulating cardiac contraction, have 
been identified as causative for HCM 
(1). MYH7 encodes β myosin heavy chain 
(βMyHC), and missense mutations in the 
motor domain–containing head region 
lead to HCM (1). Functionally, many 
HCM mutations lead to cardiac hypercon-
tractility, and this hypercontractilty can 
lead to obstruction due to cardiac septal  
thickening (2). Now in clinical use, mava-
camten, formerly known as MYK-461, is a 

small-molecule allosteric and reversible 
inhibitor of myosin ATPase activity that 
directly targets cardiac hypercontractility, 
providing therapeutic benefits for patients 
with obstructive HCM. Preclinical studies 
in genetic HCM mouse models, carrying 
human disease–causing mutations in the 
myosin head where ATPase activity is 
located, demonstrated that early admin-
istration of mavacamten can reduce the 
development and progression of HCM’s 
characteristic morphological, histopatho-
logical, and molecular alterations (3). 
Although the molecular target and binding 
site for mavacamten is the myosin head, 
data from the phase III EXPLORER-HCM 
clinical trial (4) showed that mavacamten 
is beneficial even in HCM patients with-
out sarcomere gene variants, indicating 
that myosin ATPase activity inhibition 

is beneficial even when there are other 
causes of cardiac hypercontractility and 
outflow obstruction. This observation is 
supported by experimental data showing 
that mavacamten can reduce pathological 
hypercontractility caused by mutations in 
other sarcomeric components (5–9). The 
success of a myosin inhibitor in treating 
obstructive HCM demonstrates that tar-
geted inhibition of myosin ATPase is an 
effective approach for HCM therapy. Clin-
ical and experimental data suggest that 
myosin ATPase inhibition has more exten-
sive effects and therapeutic potential than 
initially thought.

Tackling myosin in Laing distal 
myopathy
In this issue of the JCI, Buvoli et al. report 
on therapeutic effects of myosin ATPase 
inhibition in Laing distal myopathy, a 
specific form of skeletal myopathy char-
acterized by mutations in the MYH7 gene, 
which, in addition to its cardiac expression, 
is also found in type I slow skeletal muscle 
fibers (10). The authors concentrated their 
efforts on the R1500P variant, which, like 
most Laing distal myopathy mutations, is 
located within the coiled-coil rod domain 
of βMyHC. Buvoli and colleagues generat-
ed a transgenic mouse model expressing 
WT and R1500P-mutant βMyHC under 
control of the muscle creatine kinase 
(MCK) promoter. The researchers opted 
for a transgenic approach over a knock-in 
strategy, given the naturally low abundance 
of type I fibers in mice, necessitating over-
expression of βMyHC to adequately mod-
el the disease phenotype found in human 
skeletal muscle. The inclusion of the WT 
βMyHC control was a deliberate choice to 
account for the differences in type I fiber 
proportions, ensuring that any observed 
effects could be accurately attributed to 
the R1500P mutation rather than varia-
tions in muscle fiber composition due to 
overexpression of fiber type I–associated 
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The myosin inhibitor mavacamten has transformed the management 
of obstructive hypertrophic cardiomyopathy (HCM) by targeting myosin 
ATPase activity to mitigate cardiac hypercontractility. This therapeutic 
mechanism has proven effective for patients with HCM independent of 
having a primary gene mutation in myosin. In this issue of the JCI, Buvoli 
et al. report that muscle hypercontractility is a mechanism of pathogenesis 
underlying muscle dysfunction in Laing distal myopathy, a disorder 
characterized by mutations altering the rod domain of β myosin heavy chain. 
The authors performed detailed physiological, molecular, and biomechanical 
analyses and demonstrated that myosin ATPase inhibition can correct 
a large extent of muscle abnormalities. The findings offer a therapeutic 
avenue for Laing distal myopathy and potentially other myopathies. This 
Commentary underscores the importance of reevaluating myosin activity’s 
role across myopathies in general for the potential development of targeted 
myosin inhibitors to treat skeletal muscle disorders.
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pathogenesis of HCM actually plays an 
important role in the development of skel-
etal myopathy. Clinical data have demon-
strated that mavacamten’s ability to shift 
myosin heads from the DRX state to the 
SRX state offers clinical benefits not only 
for patients with HCM who carry muta-
tions in the myosin ATPase domains but 
also for those with other underlying caus-
es. Buvoli and authors demonstrate that 
the same pathomechanism and treatment 
approach can be extended to Laing distal 
myopathy. The question then arises: what 
mechanism underlies this phenomenon 
in skeletal myopathies? Through x-ray 
diffraction experiments on myofibrils, 
the authors discovered a distortion in the 
periodic arrangement of myosin within 
the myofibril. They speculated that the 
accommodation of a proline in the myo-
sin coiled-coil altered the thick and thin 
filament superstructure and register, 
leading to rogue myosin heads that were 
more likely to remain in the DRX state. 

cardiac function (8). Buvoli and co-au-
thors successfully confirmed this mech-
anism of action, demonstrating that the 
shift of the myosin heads toward the SRX 
state, induced by the oral administration 
of MYK-581, improved muscle function in 
vivo, thereby addressing the underlying 
molecular dysfunction observed in the 
disease (Figure 1). Notably the therapeu-
tic effect of MYK-581 was demonstrated 
by the restoration of muscle endurance 
and running capacity in the R1500P mice, 
observed as early as four days after treat-
ment using the voluntary wheel-running 
paradigm. Finally, the authors introduced 
a Markov model that simulates mouse 
activity patterns and performed a detailed 
analysis of running statistics, showing that 
MYK-581 enhanced the endurance and 
activity of the R1500P mice by modulat-
ing running and resting times.

Buvoli et al. illuminate a fascinating 
aspect: muscle hypercontractility pre-
viously associated exclusively with the 

βMyHC. The phenotype observed in these 
mice mirrored several key features of 
Laing distal myopathy, including muscle 
weakness and some aspects of muscle his-
topathology. Notably, in an ex vivo experi-
mental setup, mice expressing the R1500P 
mutation exhibited muscle hypercontrac-
tility and enhanced fatigue. Moreover, 
biochemical measurements in isolated 
myofibrils revealed an elevated ATP turn-
over rate in mutant myofibrils from mouse 
models and patients, indicating increased 
myosin ATPase activity due to a shift 
toward a more energy-consuming disor-
dered-relaxed (DRX) state of the myosin 
heads. This critical observation provided 
the rationale for testing the mavacamten 
analog MYK-581 in human muscle biop-
sies as well as in mouse models.

Mavacamten’s therapeutic efficacy 
in HCM is attributed to its ability to shift 
myosin heads from the DRX state to the 
super-relaxed (SRX) state, thereby reduc-
ing ATP consumption and improving  

Figure 1. The myosin inhibitor MYK-581 corrects the molecular phenotype of R1500P myofibrils. The equilibrium between the DRX state and the SRX 
state of βMyHC within the sarcomere favors the SRX state in healthy myofibrils, indicating that more WT βMyHC molecules are present in the SRX state. 
In contrast, R1500P βMyHC mutations cause the distribution of myosin heads to skew toward the DRX state. While R1500P βMyHC demonstrates near-
equal distribution between DRX and SRX states, reflecting the pathological condition of Laing distal myopathy, treatment of R1500P βMyHC myosin–
expressing myofibrils with MYK-581 causes a substantial shift toward the SRX state, highlighting the drug’s ability to restore a healthy balance between 
myosin head states. Notably, the structural effects of the R1500P mutation on the thick filament structure persist despite the shift toward more SRX 
myosin heads induced by MYK-581 treatment, and the distorted organization of the thick filament caused by the R1500P mutation remains.



The Journal of Clinical Investigation      C O M M E N T A R Y

3J Clin Invest. 2024;134(9):e179958  https://doi.org/10.1172/JCI179958

trophic cardiomyopathy in mice. Science. 
2016;351(6273):617–621.

	 4.	Olivotto I, et al. Mavacamten for treatment of 
symptomatic obstructive hypertrophic cardio-
myopathy (EXPLORER-HCM): a randomised, 
double-blind, placebo-controlled, phase 3 trial. 
Lancet. 2020;396(10253):759–769.

	 5.	Toepfer CN, et al. Hypertrophic cardiomyopathy 
mutations in MYBPC3 dysregulate myosin. Sci 
Transl Med. 2019;11(476):eaat1199.

	 6.	Bhagwan JR, et al. Isogenic models of hypertro-
phic cardiomyopathy unveil differential pheno-
types and mechanism-driven therapeutics. J Mol 
Cell Cardiol. 2020;145:43–53.

	 7.	Sewanan LR, et al. Loss of crossbridge inhibi-
tion drives pathological cardiac hypertrophy in 
patients harboring the TPM1 E192K mutation. J 
Gen Physiol. 2021;153(9):e202012640.

	 8.	Sparrow AJ, et al. Mavacamten rescues increased 
myofilament calcium sensitivity and dysregula-
tion of Ca2+ flux caused by thin filament hyper-
trophic cardiomyopathy mutations. Am J Physiol 
Heart Circ Physiol. 2020;318(3):H715–H722.

	 9.	Awinda PO, et al. Mavacamten decreases maxi-
mal force and Ca2+ sensitivity in the N47K-myo-
sin regulatory light chain mouse model of hyper-
trophic cardiomyopathy. Am J Physiol Heart Circ 
Physiol. 2021;320(2):H881–H890.

	 10.	Buvoli M, et al. A Laing distal myopathy–asso-
ciated proline substitution in the β-myosin rod 
perturbs myosin cross-bridging activity. J Clin 
Invest. 2024;134(9):e172599.

	 11.	Viswanathan MC, et al. Myosin storage myopa-
thy mutations yield defective myosin filament 
assembly in vitro and disrupted myofibrillar 
structure and function in vivo. Hum Mol Genet. 
2017;26(24):4799–4813.

	 12.	Ranu N, et al. NEB mutations disrupt the 
super-relaxed state of myosin and remodel the 
muscle metabolic proteome in nemaline myopa-
thy. Acta Neuropathol Commun. 2022;10(1):185.

	 13.	Russell AJ, et al. Modulating fast skeletal muscle 
contraction protects skeletal muscle in animal 
models of Duchenne muscular dystrophy. J Clin 
Invest. 2023;133(10):e153837.

	 14.	Carrington G, et al. Human skeletal myopathy 
myosin mutations disrupt myosin head seques-
tration. JCI Insight. 2023;8(21):e172322.

myosin inhibition has been beneficial in 
HCM mutations caused by thin filament 
mutations, this study warrants a broader 
exploration of myosin activity in skeletal 
myopathies caused by thin filament muta-
tions. Furthermore, given that existing 
myosin inhibitors are tailored for cardiac 
myosins, the development of inhibitors spe-
cifically targeting skeletal myosins presents 
opportunities for the treatment of skeletal 
myopathies caused by mutations exclusive-
ly in skeletal myosins. This approach gains 
further validation from ongoing studies 
on fast myosin inhibitors in the context of 
Duchenne muscular dystrophy, in which 
inhibition of fast skeletal myosin activity 
has shown potential therapeutic benefits 
(13). Additionally, this strategy is supported 
by cases like MYH2 myopathies, which are 
characterized by increased basal myosin 
ATP consumption and a reduced SRX state 
in vivo (14), reinforcing the promise of myo-
sin inhibition as a therapeutic strategy for a 
broad spectrum of skeletal myopathies.
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The authors hypothesized that the effects 
of the R1500P mutation in the context 
of thick filament are intermolecular: the 
warping of the myosin coiled-coil domain 
introduced by the proline mutation diffus-
es across the sarcomere by the staggered 
interaction between myosin molecules. 
As a result, SRX-stabilizing interactions 
occurring in the thick filament back-
bone become disrupted (Figure 1). The 
proposed concept was further support-
ed by enhanced cross-bridge relaxation 
observed in isolated mutant myofibrils.

Beyond Laing distal myopathy
The results of this study open avenues for 
exploring skeletal myopathies from a fresh 
perspective. Notably, mutations located 
in the C-terminal region of the MyHC rod 
domain are causative not only for Laing 
distal myopathy but also for myosin storage 
myopathies, some of which have missense 
mutations resulting in a change to proline 
(11). Although mutations that cause myosin 
storage myopathy impair the proper integra-
tion of myosin into the sarcomere, leading to 
the extrasacromeric aggregates that give the 
condition its name, those mutants that do 
integrate into the thick filament introduce 
a structural disruption akin to the R1500P 
mutation seen in Laing distal myopathy. 
Consequently, such structural disruptions 
could lead to pathological changes within 
the sarcomere similar to those described 
in Buvoli et al. for Laing distal myopa-
thy. Additionally, this study encourages a 
reevaluation of non-myosin skeletal myop-
athies, such as nemaline myopathy, which 
shares disruption of the myosin SRX state 
with Laing distal myopathy (12). Given that 


