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Summary of Project

For this project, we aimed to establish iPS cell lines from mitochondrial cardiomyopathy (MCM)
patients to study pathophysiology of the disease. Dr. Murayama led the patient recruitment,
biochemical diagnosis, and genetic tests. Overall, genetic tests were completed for 114 patients,
including 16 MCM patients. We also reported long—term prognosis of 223 MCM patients (Imai—-Okazaki
A, Int J Cardiol. 341:48-55.2021.

Dr. Uosaki lead to establish iPS cell lines from fibroblasts of 26 patients and 4 healthy donors
and examine their phenotypic analysis in iPS cells and cardiomyocytes. Excluding some lines due
to unable to establish, unstable to maintain, or X chromosome inactivation of mutated allele, we
established and deposited 68 lines from 23 MCM patients and 12 lines from 4 healthy donors to
RIKEN bioresource center.

MCM-iPS cell lines with a few genotypes displayed reduced cumulative cell numbers at 1/10 to
1/100 of healthy lines for 14 days. Among them, we identified a compound that rescue the phenotype
of #9. In addition to the reduced cell growth, #9 showed reduced oxygen consumption rate and
respiratory chain complex, which were also rescued by the compound.

Eleven out of 12 Healthy iPS cell lines and four out of 68 MCM-iPS lines differentiated to
cardiomyocytes at least 10%, suggesting that the mutations related MCM did not affect cardiac
differentiation.

To purify cardiomyocytes from many iPS lines with reduced mitochondrial activity simultaneously,
we needed a novel method that does not require mitochondrial activity like low glucose metabolic

selection method or transgenic/knock—-in. To this end, we developed an adeno—associated virus
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(AAV) method to transduced cardiac promoter—driven blasticidin resistant gene cassette (Ahmed, J
Vis Exp 169:e62129. 2021). With this method, we achieved more than 95% in cardiomyocyte purity.

Next, we examined purified MCM—iPS cell-derived cardiomyocytes (MCM-iPSC—-CMs). More than half of
MCM-iPSC—CMs displayed hypertrophic morphology—increased cell size and multinucleation, which may
reflect that majority of MCM patients manifest hypertrophic cardiomyopathy. Moreover, some line
displayed disrupted sarcomere patterns. In addition to the morphological changes, their
physiological activities were altered. Most notably, hypertrophic cells were unlikely to respond
to electrical stimulation in calcium transient experiments

Although we observed hypertrophic phenotypes in MCM-iPSC—CMs, iPSC-CMs are generally immature in
culture, and enhanced maturation may further exaggerate their phenotypes. To this end, we
identified nuclear receptor agonist cocktails that induce iPSC-CM maturation in physiological
aspects, such as calcium transient and mitochondrial activity. With the maturation culture, we
observed elongated morphology in healthy iPSC-CMs, in contrast, MCM-iPSC-CMs from #21 displayed
enlarged cell size without elongation and multinucleation—more than 10% of cells had more than 3
nuclei in a single cardiomyocyte, suggesting pathological hypertrophy.

Coenzyme Q10 (CoQ10) is well known for an electron acceptor/donor in respiratory chain complex.
It also regulated ferroptosis, a form of cell death, and the oxidative/reductive status is a
marker for mitochondria metabolism. Dr. Osaka led to establish a quantitative measurement for
total and reductive CoQl0 (Watanabe, Mol Genet Metab Rep, 34:e100951. 2023). Reductive to total

CoQ10 ratio was reduced in complex I disease, while it was increased in complex IV and V disease.



