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In this study, we used subtype-specific cardiomyocytes derived from induced pluripotent stem cells (iPSCs) and their tissues
to construct pathological models for ventricular muscle diseases such as catecholamine-induced polymorphic ventricular
tachycardia and arrhythmogenic right ventricular cardiomyopathy, atrial muscle diseases including juvenile atrial
fibrillation, and sinus node diseases such as sick sinus syndrome.
To produce cardiomyocytes of each subtype, we established methods for selective production and cell sorting of each
cardiac subtype. We developed methods for the selective production of ventricular, atrial, and sinus node myocytes and for
sorting atrial and ventricular myocytes using antibodies.
To develop a method for inducing cardiomyocyte maturation using compounds, we screened compounds that upregulate
TNNI3 expression. We used TNNI1/TNNI3 reporter iPSCs and found that ERRy activators and SKP2 inhibitors upregulate
TNNI3 expression. Using these compounds, we developed a method to induce the maturation of cardiomyocytes using
ERRYy agonists (Miki et al. Nat. Commun. 2021). Furthermore, we are developing a method to induce maturation at the
tissue level in three-dimensional tissues using the same maturation induction method (Fujiwara et al. under revision).
As a method for sorting cardiomyocytes, we previously reported the miRNA-switch method, which is a system for sorting
cells using miRNA-responsive synthetic mRNAs based on the different expression levels of specific miRNAs in different
cell types (Miki et al. Cell Stem Cell 2015). However, this method utilizes flow cytometry cell sorting, which is unsuitable
for preparing large numbers of cells. Therefore, we developed a technique to quickly sort large numbers of cells by
combining the miRNA-switch method with MACS sorting. Using this technology, it is possible to sort and purify 1x10"8
cardiomyocytes in approximately 15 minutes. The combination of the miRNA-switch method and the subtype-specific
cardiomyocyte induction method enables the sorting of ventricular, atrial, and sinus node myocytes with high purity,
respectively (Tsujisaka et al. Stem Cell Reports 2022).
Using HAND1/HAND?2 reporter iPSCs, we discovered a mutual repression between HAND1/2 and LEF1, which regulates
cell proliferation. We also found that HAND1-positive myocytes exhibit high proliferative activity, and CD151 is a marker
for these myocytes (Okubo et al., Stem Cell Reports 2021).
Additionally, we developed an efficient method for generating epicardial cells responsible for giving rise to various types of
non-cardiomyocytes in the heart. Through gene expression profiling, we identified CDH18 as an epicardial-specific marker.
Knockdown of CDH18 led to the differentiation of epicardial cells into smooth muscle cells, demonstrating its role in
regulating epicardial cell maintenance and differentiation (Junghof et al. NPJ Regen Med 2022). Furthermore, we
demonstrated the potential of cardiac organoids, consisting of multiple lineages, including cardiomyocytes, epicardial cells,
and cardiac fibroblasts, for modeling cardiac tissue fibrosis and evaluating drug effects (Tian et al. Front. Cell Dev. Biol.
2022).
A pathological model was created using iPS cells derived from a patient with catecholamine-induced polymorphic
ventricular tachycardia harboring the CALM2-E46K mutation. This disease leads to abnormal calcium leakage from the
sarcoplasmic reticulum, resulting in early/delayed afterdepolarization and ventricular tachycardia. iPS cell-derived
cardiomyocytes with the CALM2-E46K mutation frequently exhibit abnormal depolarization, increased sarcoplasmic
reticulum calcium leak, and decreased calcium stores. The E46K-CaM mutation enhances the binding capacity to ryanodine
receptors, suggesting that mutant calmodulin exerts a dominant effect on ryanodine receptors, leading to severe arrhythmias
(Gao et al. Circ Arrhythm Electrophysiol. 2023). This model helps elucidate disease mechanisms and enables the
evaluation of drug efficacy, potentially contributing to personalized medicine for patients with calmodulinopathies.
For arrhythmogenic right ventricular cardiomyopathy, we generated cardiac organoids using patient-derived iPSCs.
Additionally, we conducted comprehensive gene expression analysis through RNA-seq to examine gene expression profiles
in ARVC, identifying signaling pathways involved in myocardial tissue changes in patients with this condition.
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In the case of atrial muscle, we established a model for atrial fibrillation using a highly efficient and selective method of
inducing atrial myocytes, as described earlier. We developed a stimulation-based method to achieve high-efficiency
maturation of atrial myocytes. With atrial myocytes produced using this method, we constructed an atrial fibrillation model
that exhibits excitation swings.

Furthermore, we established a highly efficient method for producing sinus nodal cells. Currently, we are analyzing the
lineage of the sinus node syndrome in a specific family and investigating the underlying mechanisms contributing to the

pathogenesis of sinus node pathology within this family.



