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In this issue of the Journal of General Physiology, researchers from
the University of Washington, Illinois Institute of Technology,
Bristol Myers Squibb Research, and Dalian Medical University in
China report the discovery of a novel small molecule, RLC-1, an
inhibitor of cardiac myosin (Kooiker et al., 2024). The authors
demonstrate that the effectiveness of this myosin-specific drug
hinges on the presence of the myosin regulatory light chain
(RLC) bound to its partner, B-myosin heavy chain (B-MHC),
hence the name RLC-1. Their compelling findings show that
RLC-1 can modulate the force generated by -MHC, presenting a
promising new treatment avenue for hypertrophic cardiomy-
opathy (HCM).

HCM is a genetic condition characterized by the thickening of
the heart muscle, particularly the ventricles that can lead to
various complications, including heart failure, cardiac arrhyth-
mia, and sudden cardiac death (Maron and Maron, 2013). The
prevalence of HCM in the general population is ~1in 200 to1in
500, and about 30% of cases have a known genetic cause
(Semsarian et al., 2015; Ciabatti et al., 2020). Dominant patho-
genic variants in HCM genes are the most common causes of
HCM with the two predominant genes responsible for approx-
imately half of the familial HCM cases being MYH7 (8-MHC) and
MYBPC3 (cardiac myosin binding protein C) (Alcalai et al., 2008).
Mutations in MYL2 or MYL3, encoding the ventricular myosin
RLC or ELC (essential light chain), respectively, are rare but are
often implicated in malignant HCM outcomes (Yadav et al.,
2019a). Many additional mutations in sarcomeric actin and
regulatory proteins, such as tropomyosin, and troponins T, I,
and C, have also been linked to HCM (Van Driest et al., 2003;
Garfinkel et al., 2018).

Traditional therapies for HCM have been well established for
decades. These treatments include B-blockers (such as Meto-
prolol and Atenolol) and calcium channel blockers (such as
Diltiazem and Verapamil), which help manage symptoms by
reducing heart rate, blood pressure, myocardial oxygen demand,
and heart muscle contractility (Bickel et al., 2019). Although
these interventions can effectively manage the disease in the
short term, they do not provide a long-term solution as the

disease progresses. More advanced options, such as the im-
plantation of a cardioverter-defibrillator device, myectomies for
obstructive HCM, and heart transplantation, are available.
However, each of these options carries significant risks for pa-
tients in heart failure.

Recent research has increasingly focused on identifying
pharmacological agents that can alleviate the symptoms and
progression of HCM by specifically targeting the dysfunction of
key sarcomeric proteins, particularly ventricular myosin, the
molecular motor of the heart. The primary objective of this re-
search is to develop myosin-specific therapeutics, such as small
molecules that can modulate the force generated by the f-MHC,
which currently represents the most promising treatment ave-
nue for HCM. Recently approved by the US Food and Drug Ad-
ministration, mavacamten is a myosin inhibitor that reduces
hypercontractility in HCM patients by modulating the interac-
tion between HCM-mutant myosin and actin, thereby dimin-
ishing excessive muscle contraction (Green et al., 2016; Anderson
et al, 2018; Margara et al., 2022). In patients, mavacamten
(marketed as Camzyos) has demonstrated the ability to amelio-
rate hypercontractility without lowering heart rate. However, its
benefits are limited to patients with left ventricular (LV) outflow
tract obstruction, and its effect on arrhythmia is unknown (Ho
et al, 2020; Olivotto et al.,, 2020). Another selective small-
molecule inhibitor of cardiac myosin, aficamten (Chuang et al.,
2021), is being evaluated for its potential to treat obstructive
HCM in the SEQUOIA-HCM trial, which shows significantly
improved exercise capacity and relief of symptoms in patients
with obstructive HCM (Coats et al., 2024). Both myosin in-
hibitors, mavacamten and aficamten, offer a novel approach to
mitigate the severity of HCM in patients (Kalinski et al., 2024).
Recent x-ray crystallography studies revealed that these drugs
bind to different sites on myosin S1 and inhibit actin-activated
phosphate release, although the phenotypic effects on phosphate
release differ between them (Auguin et al., 2024; Hartman et al.,
2024). Mavacamten slows phosphate release by 5- to 10-fold,
indicating that heads can still bind actin and complete phosphate
release, while aficamten slows phosphate release to a greater
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extent and turns over ATP extremely slowly, reducing the
number of active force generators and cardiac contractility
(Auguin et al., 2024; Hartman et al., 2024).

Following the search for effective therapeutics targeting
myosin, Kooiker et al. (2024) report the discovery of a novel
cardiac myosin inhibitor, RLC-1, whose effectiveness depends on
the presence of the myosin RLC. In a series of elegant experi-
ments performed in skinned and intact cardiac muscle prep-
arations, the authors demonstrate that RLC-1 inhibits the
interaction between myosin and actin, reduces contractile force
development and Ca?* sensitivity of force, and increases the
submaximal rate constant for tension redevelopment. They also
observed a decrease in the baseline and maximal ratiometric
Fura-2 calcium fluorescence in isolated rat cardiomyocytes, with
no changes in [Ca?'] transient kinetics, suggesting subtle effects
of RLC-1 on calcium handling within the cell. In both loaded and
unloaded intact preparations, RLC-1 substantially decreased the
magnitude of contraction and shortened the overall duration of
contraction, suggesting RLC-1 could be effective in reducing
hypercontractility associated with HCM and potentially restor-
ing normal heart function (Kooiker et al., 2024).

Interestingly, even though the presence of myosin RLC was
required for RLC-1 to inhibit the acto-myosin ATPase, the drug
failed to bind to the recombinant cardiac myosin RLC protein,
suggesting that its binding pocket is located somewhere in
the myosin head in the vicinity of the RLC. The RLC-1 dose-
dependent binding isotherms could be successfully obtained for
RLC-containing heavy meromyosin (HMM) and were not affected
by the presence of various nucleotides. The binding of RLC-1 was
also insensitive to HMM phosphorylation. The insensitivity of the
drug action to myosin RLC phosphorylation was somewhat sur-
prising, as cardiac myosin light chain kinase (cMLCK)-dependent
RLC phosphorylation is widely known to be a major regulatory
mechanism of myosin function in vivo (Yadav and Szczesna-
Cordary, 2017). An acute, inducible reduction of cMLCK in mice
was shown to cause sarcomeric disorganization, fibrosis, reduced
contractility, and cell death, resulting in severe systolic and diastolic
dysfunction and progression to heart failure (Massengill et al.,
2016). Studies by Yadav et al. (2019b) suggested that RLC phos-
phorylation could be used as a therapeutic modality for compro-
mised heart function associated with the HCM-RLC mutation.

The authors also used small angle x-ray diffraction to ex-
amine the effect of RLC-1 on the position of myosin heads rel-
ative to the thick and thin filaments. They observed that RLC-1
promoted the movement of myosin heads away from the thick
filament backbone and closer to the thin filaments. Specifically,
they showed that RLC-1 increases the equatorial reflections in-
tensity ratio, I,/1; o, and reduces the intensity of the meridional
M3 reflections, suggesting that more cross-bridges might be
available for contraction. These findings contrast with high-
resolution structural studies of the myosin inhibitor, mava-
camten, which was shown to stabilize the myosin heads in the
super-relaxed (SRX) state by forming so-called interacting heads
motif (IHM) (Dutta et al., 2023). Unlike mavacamten, RLC-1 did
not promote the structural transition from the DRX (disordered
relaxed) to SRX state, and the myosin heads were shown to be
closer to the thin filaments rather than the myosin backbone.
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These contrasting results between RLC-1 and mavacamten
highlight the need for further investigation into their distinct
mechanisms of action. High-resolution crystallographic studies,
such as those conducted for mavacamten and aficamten (Auguin
et al., 2024; Hartman et al., 2024) might shed light on the mo-
lecular mechanism of this promising RLC-1 molecule.

The search for drugs to mitigate cardiomyopathy is an area of
active research and development, driven by continuous ad-
vancements in several key scientific fields. These advancements
hold promise for more effective and targeted therapies for HCM.
Techniques such as gene editing using CRISPR/Cas9 (Toepfer
et al., 2019) or RNAi therapeutics (Zaleta-Rivera et al., 2019)
directed towards human cardiomyopathies are promising steps
toward targeted therapy for prevalent heart diseases. Additionally,
advances in drug discovery technologies, such as high-throughput
screening (as utilized in the discovery of RLC-1 (Kooiker et al.,
2024)) and computational modeling, have enabled the identifica-
tion and optimization of new drug candidates. These state-of-the-
art techniques have allowed researchers to provide insights into
developing targeted therapies that address the root causes of the
disease at a molecular level. As our understanding of the disease
continues to grow and new technologies emerge, there is hope for
more effective and personalized treatments that can significantly
improve the quality of life for individuals with HCM.

In summary, the authors of the RLC-1 discovery convincingly
showed that RLC-1 could help alleviate and improve the con-
tractile abnormalities associated with HCM. As such, it could be
used to circumvent HCM-associated phenotypes, including hy-
percontractility, arrhythmias, and diastolic dysfunction. However,
further research is needed to identify the precise mechanism by
which RLC-1 inhibits myosin-related contractility, determine
whether calcium regulation within the cell is involved, and elu-
cidate the role of the RLC protein in these processes.
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