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CRISPR/Cas9 editing in human pluripotent stem cell-cardiomyocytes 
highlights arrhythmias, hypocontractility, and energy depletion as 
potential therapeutic targets for hypertrophic cardiomyopathy.
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Background
 ▪Hypertrophic cardiomyopathy (HCM: abnormal 
thickening of the heart muscle) is the most 
prevalent cardiac genetic disease, often leading 
to sudden cardiac death at a young age. Current 
treatments are ineffective, with the only definite 
solution being heart transplantation.

 ▪A number of animal models are used in 
HCM research, including naturally occurring 
cardiomyopathies in cats, dogs and pigs and 
genetically modified models in smaller mammals 
such as mice and rats. HCM induction in animals 
often requires surgical procedures such as 
restricting the blood vessels (aorta catherisation 
or aorta binding), which are classified by the Home 
Office as severe.

 ▪A PubMed search shows that in the last 10 years, 
the number of animals used as HCM models 
accounted for at least 480 cats, 360 pigs, 360 
rats and 2800 mice. These figures represent the 
number of animals used in experiments and do not 
include those required to maintain the breeding 
colonies or where studies are not published or 
do not report the number of animals used, so are 
likely represent a substantial underestimation.

 ▪Translation from animal models is limited because 
of differences in gene expression and cardiac 
physiology between animals and humans. For 
example, a mouse heart rate is ~10x faster 
than that of a human, showing a 5-10x shorter 
electrocardiogram duration. 

Summary
 ▪Dr Diogo Mosqueira from the University of 
Nottingham and colleagues generated a human 
model of HCM by using CRISPR/Cas9 to introduce 
a disease-causing mutation in human pluripotent 
stem cells (hPSCs). 

 ▪The mutated gene (MYH7) encodes the contractile 
protein beta myosin heavy chain (beta-MHC), 
often affected in the disease. Authors produced a 
total of 11 variants of the mutation in isogenic sets 
in 3 independent hPSC lines, to isolate the impact 
of the mutation from the genetic background. 
hPSC-derived cardiomyocytes (hPSC-CM) were 
analysed as 2D monolayers and as 3D human 
engineered heart tissues (hEHTs), which partially 
recapitulate the architecture of cardiac tissue and 
allow contraction force to be directly measured.

 ▪Diseased cardiomyocytes showed hallmarks 
of HCM (hypertrophy and abnormalities in 
metabolism, contractility and calcium handling), 
as confirmed by a comprehensive molecular and 
functional characterisation and ‘omics’ analysis of 
2D and 3D cultures.

 ▪The paper highlighted a potential role of a number 
of previously unrecognised molecular targets for 
management and treatment of HCM, such as long 
non-coding RNAs and gene modifiers.

3Rs impacts
 ▪This work generated and characterised a stem 
cell-based HCM model that reflects human 
physiology and pathology. The isogenic sets of 
cell lines have already been disseminated with 
three groups in Europe to further build confidence 
in the model and increase its uptake. The authors 
are also planning to share the cell lines with 
collaborators for further mitochondrial and 
proteomics studies, avoiding having to kill animals 
to provide the tissues.

 ▪ In basic research and in early drug development, 
this cell-based method could be used to replace 
some animal models to examine the mechanisms 
of HCM and efficacy of candidate targets to 
treat HCM. In toxicology, the cells could be used 
to examine the potential for a compound to be 
harmful to people with HCM.

 ▪As experience in the approach grows and 
the technology develops, patient-specific 
cardiomyocytes and engineered tissues may 
be used to predict an individual’s response to 
an intervention, moving towards personalised 
medicine and away from relying on animal models.

 ▪Measurements of contractility show that the 
hPSC-CM model is consistent with studies 
in other human cell and tissue, replicating 
physiologically relevant responses. The data 
contradict many rodent studies, which may be 
due to cross-species differences in expression 
of alpha-MHC (predominant in mice) versus beta-
MHC (predominant in humans). This illustrates a 
significant limitation in rodent HCM models.
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Figure 1:  
1. The R453C-betaMHC pathological change was introduced in three 
independent healthy hPSC lines using CRISPR/Cas9.

WT, wild type; MUT or M, R453C mutation in betaMHC; KO, knockout of the MYH7 
gene; 6W/f, off-target frameshift event in one allele of the MYH6 gene (encoding 
alphaMHC).

2. The gene edited hPSC lines were differentiated to generate isogenic sets of 
hPSC-cardiomyocytes.

3. Phenotyping of hPSC-CMs in terms of a) molecular, b) functional and c) 
transcriptomics analyses has validated the human HCM model generated, 
leading to new mechanistic and pharmacological understanding of the disease.


