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This editorial refers to ‘CRISPR/Cas9 editing in human

pluripotent stem cell-cardiomyocytes highlights arrhyth-

mias, hypocontractility, and energy depletion as potential

therapeutic targets for hypertrophic cardiomyopathy’†, by

D. Mosqueira et al., on page 3879.

Hypertrophic cardiomyopathy (HCM) is the most prevalent inher-
ited cardiac disease. Characterized by left ventricular wall thickening,
severe HCM cases are associated with left ventricular outflow tract
obstruction, diastolic dysfunction, and sudden cardiac death in ado-
lescents and young adults.1 It is disappointing that after being studied
for more than six decades, no effective and targeted HCM pharmaco-
therapies currently exist.2 Thus, there is a crucial need to expedite
therapeutic discovery to improve clinical outcomes, especially in
terms of early disease management, to reduce sudden cardiac death
in young individuals.

In most HCM cases, disease-causing mutations can be isolated by
studying the family pedigrees. Decades of research studying familial
HCM cases have revealed >1400 mutations, with the majority of
mutations located in genes encoding proteins in the sarcomere.3

Theoretically, we should be able to identify HCM patients early
through family history and genetic testing. Targeted treatment can
then be developed based on the mutation in question to manage the
disease at its early stages. However, disease modelling and drug dis-
covery in HCM continue to be hindered by a lack of appropriate ex-
perimental animal or cell models. For example, the majority of HCM
mutations are found in the MYH7 gene coding for b-myosin heavy
chain,2,3 the dominant isoform in human heart. However, mutation
studies using rodent models can be misinterpreted as this is not their
major cardiac myosin heavy chain isoform.4 This pitfall can now be
addressed using a human-based cell/tissue platform, which was made
possible by Shinya Yamanaka’s seminal discovery of human induced
pluripotent stem cells (iPSCs).5

This new technology enables researchers to differentiate cells into
virtually any cell types of interest for disease modelling,6–8 drug dis-
covery and screening,9,10 and regenerative medicine.11,12 However,
several challenges must be met before we can fully unleash the po-
tential of iPSCs. First, the differences in genetic background among
the iPSC lines may conceal the true phenotype induced by a single
mutation. In this regard, the introduction of genome editing technol-
ogy, such as clustered regularly interspaced short palindromic
repeats (CRISPR)/Cas9, allows researchers to generate isogenic iPSC
lines and study the precise effect of an HCM mutation while avoiding
the genetic confounding factors.13 Secondly, we currently lack the
technological wherewithal to describe an HCM phenotype in cells
comprehensively in an unbiased manner. The development of
high-resolution tools and high-throughput quantitative assays is
particularly needed to detect the diverse molecular, functional, and
morphological features present in iPSC-derived cardiomyocytes
(iPSC-CMs).7

Perhaps the biggest question is whether this platform can reliably
mirror the true phenotype in HCM patients. It has been hotly
debated whether these foetal-like cells derived from iPSCs can reflect
molecular or functional alteration in an adult disease. This immaturity
can be partially attributed to our current inability to simulate the
complex 3-D organ structure that is essential for cardiomyocyte mat-
uration and function.14 Moreover, it is not yet possible for the cell-
based system to imitate the structural and geometrical defects in
HCM hearts. Concerted efforts from bioengineering are required to
improve the current 2-D system or construct the optimal 3-D tissue
platform for HCM research.

In the current issue of the journal, Mosqueira and colleagues de-
scribe an integrative approach to study HCM using a pluripotent
stem cell platform.15 The investigators introduced a c.C9123T-
MYH7 mutation both heterozygously and homozygously into two
iPSC lines and one embryonic stem cell (ESC) line to create three
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..isogenic experimental sets. Using high-throughput flow cytometry
and high-content imaging, they were able to detect an enlarged cell
size, increased brain natriuretic peptide (BNP) expression, bi-/multi-
nucleation, and sarcomeric disarray in heterozygotes across all three
isogenic sets. In terms of cellular function, the investigators detected
an elevated maximal respiration in both heterozygous and homozy-
gous mutation lines from two isogenic sets, without changes in mito-
chondrial content. They were also able to simulate the arrhythmia
observed in c.C9123T-MYH7 HCM patients. Using human engi-
neered heart tissues (hEHTs), they revealed hypocontractility and
negative clinotropy in the presence of the MYH7 mutation. Utilizing
various high-volume and high-throughput phenotypic assays, they
examined the effectiveness of several small molecules for this HCM
mutation. Overall, this study is a prime example of how HCM can be
comprehensively modelled in a relatively high-throughput fashion
using both 2-D cell-based and 3-D hEHT-based platforms.

However, Mosqueira and colleagues also underscored some limi-
tations in their work. First, it was a huge task to integrate all the find-
ings effectively after a comprehensive characterization. Owing to the
descriptive nature of their work, it remains to be explained how one
mutation in MHY7 can simultaneously affect several aspects of the
cardiomyocyte function. Secondly, they highlighted the challenges in
deciding on 2-D cell-based vs. 3-D tissue systems, as these two plat-
forms showed different results in the transcriptomic analysis. Thirdly,
cardiomyocyte maturation remains an important issue as in the con-
trol lines because the 3-D tissue platform did not demonstrate a posi-
tive force–frequency relationship, an important response observed in

an adult myocardium.16 It would be valuable to see how their plat-
form could benefit from a more recent protocol for inducing cardiac
maturation.17

In summary, Mosqueira et al. provided an intriguing glimpse of the
potential for comprehensive HCM disease modelling and drug testing
using patient-specific iPSCs, genome editing, and tissue engineering.
While more research is needed to improve the robustness and trans-
lational relevance of the current system, this study represents a pos-
sible direction to advance our current HCM modelling and drug
discovery paradigm (Take home figure).
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