
Background : There is a current, incentivized need to expedite orphan drug development for 
therapeutic delivery for  7000 rare disorders. The proposed project aims to streamline orphan 
drug research through collaborations within the NIH intramural and extramural programs by 
addressing the lack of therapies for ryanodine receptor isoform 1-related myopathies (RYR1-
RM). These myopathies comprise a rare group of neuromuscular diseases, affecting at least 
1/90,000 children in the United States. RYR1 encodes the major skeletal muscle calcium 
release channel located within the sarcoplasmic reticulum (SR) of muscle cells. Calcium is an 
integral component of muscle contraction, and causative mutations in RYR1 result in altered 
intracellular calcium dynamics, with some associated with excessive Ca2+ leak from the SR. 
Affected individuals present with delayed motor milestones, muscle weakness, hypotonia, 
scoliosis, ophthalmoplegia and, in more severe cases, respiratory distress. Despite these 
debilitating symptoms, no FDA-approved treatments exist to date. However, based on the 
current understanding of RYR1-RM pathogenic mechanisms, stabilizing SR calcium 
homeostasis represents a potential therapeutic approach. 

 
One of the challenges in targeting calcium dysregulation as a therapeutic approach to RYR1-
RMs is the difficulty in assessing changes in SR calcium.  Calcium sensitive dyes and 
fluorescent calcium indicators are limited to acute time parameters and rely on exogenous 
reporters as readouts of calcium fluctuations. To circumvent these limitations, the Harvey lab 
(NIDA) has identified a class of biomarkers, endogenous to the endoplasmic reticulum (ER), 
that are secreted upon ER calcium depletion and measured from extracellular fluid, in both cell 
culture and rat plasma. However, the identified biomarker is thought to primarily represent 
changes to ER calcium in the liver.  Using a similar strategy to our published work, we propose 
to identify muscle-specific, SR biomarker(s) using primary muscle cells obtained from Dr. 
Meilleur’s clinical trial (NCT02362425) and upcoming natural history study, as well as from 
healthy donor muscle cells and an immortalized muscle cell line. Additionally, we will use a 
novel “knock in” RyR1 mouse line, developed by Dr. Dowling’s lab (extramural co-PI), that 
models recessive RYR1 myopathy and is ideal for preclinical evaluation of putative therapeutics 
targeted to stabilizing SR calcium.  We envision translating biomarker data garnered from in 
vitro work to assess the efficacy of top SR calcium-stabilizing compounds identified in a recent 
drug screen done in collaboration with the National Center for Advancing Translational Sciences 
(NCATS; Project  ZIA TR000063-04).    

 
A second challenge to studying RYR1-RMs at the cellular level is the availability of human-
derived cell lines containing known RyR mutations.  We intend to establish clinically-relevant 
RYR1 variants in cell culture using CRISPR-Cas9 technology.  These cells will be used to 1) 
assess SR calcium homeostasis for a given mutation and 2) test SR calcium-stabilizing 
compounds that were identified in the NCATS screen.  The Harvey lab has extensive 
experience using CRISPR for gene editing to create transgenic rats and cell lines. There are 
currently no cell lines that precisely model patient mutations and this proposal is designed to 
create such models with the potential of advancing RYR1-RM research.  
 


