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The principal investigators have developed a regenerative therapy for end-stage severe heart
failure, in which myoblast cell sheets are transplanted to the cardiac surface (myoblast
transplantation). Myoblast transplantation for patients with severe ischemic cardiomyopathy
has shown therapeutic efficacy. However, when this therapy was also applied to dilated
cardiomyopathy (DCM) in a Phase I clinical trial, it was found that the therapeutic effect
was not observed in all patients. In this research project, we considered it important to
accurately determine the pathological condition of the patients who were to receive the
treatment and to target patients who were predicted to respond to this treatment. Therefore,
by obtaining the patient’s preoperative biological information, molecular biological
information, characteristics of the transplanted cell sheet, and postoperative outcome
information, and by creating a risk factor analysis model to accurately predict and select
patients who will respond to this therapy (responder) before surgery through statistical
analysis and machine learning using artificial intelligence (AI), it would be able to develop
a risk factor analysis model to accurately predict and select patients who will respond to
this therapy before surgery.

First, we narrowed down the subjects to whom myoblast transplantation was attempted. Of the
19 patients who were initially candidates for entry, the final number of specimens was 17

Consent for study participation was obtained for a total of 17 cases, and clinical information,
blood samples required for genomic and RNASeq analysis, and myocardial tissue samples were
obtained. Responders and non—responders were divided into two groups based on the BNP value,
6-minute walk test, and left ventricular ejection fraction. Genomic DNA was extracted from
peripheral blood of these cases. For the genomic analysis, whole—exome sequencing was first
performed using NovaSeq/HiSeq from Illumina and the SureSelect enrichment kit from Agilent.
The obtained FASTQ data underwent steps such as QualityCheck of FASTQ files, mapping to the
reference genome (hgl9), and removal of duplicate reads using the GATK Bestpractice analysis
pipeline conforming to international standards. A VCF file was created using GATK
HaplotypeCaller for the adjusted BAM file. For the obtained variant list, genes reported to
cause DCM were extensively extracted from various databases and a virtual panel was performed

In addition, we narrowed down the allele frequency in the general population estimated from
the pathology and the guidelines for variant pathogenicity evaluation by ACMG (American
College of Medical Genetics), etc. 1) SNV 2) Short In/Del 3) Exon splicing area was stratified
and evaluated on a case-by—case basis. Variants narrowed down by a certain algorithm through
the above process are further provided by a specialist curator with information on published
papers and variant severity prediction algorithms such as CADD (Combined Annotation Dependent
Depletion) and PROVEAN (Protein Variation Effect Analyzer). was used for more detailed
evaluation. As a result, multiple pathogenic variants were detected in all cases, regardless
of whether they were responders or non-responders, but in the non-responder group there were
cases with pathogenic mutations in the ACTN2 and BAG3 genes, which are frequently reported
as DCM. In many cases, differences in trends were observed in their distribution. In addition,
whole genome analysis was performed for all the above cases in order to evaluate and analyze
copy number variations (CNV) and structural variants (SV) that could be genetically
responsible for the disease. The distribution of reads for heterozygous mutations and the
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distribution of reads over the entire genome of the whole—genome data are more uniform than
the whole—exome analysis. I did the analysis. As a result, we were able to newly extract a
region of CNV gain in the region (about 2.2 Mb on the short arm of chromosome 8 containing a
gene that may be related to pathology in non—responder cases

Subsequently, RNA-seq was performed using myocardial samples from non-responders (6 cases)
and responders (1 case) for transcriptome analysis. The obtained data were subjected to 1)
comparative analysis of expression levels using non-responders and GTEx control data, and 2)
pathway analysis in the non-responders group. As a result of 1), multiple pathogenic gene
candidates are extracted, and several candidate genes are extracted from informatics analysis
by integrating with variant information possessed only by non-responders in whole exome/whole
genome analysis. In addition, from the results of 2), a pathway (a pathway related to oxidative
phosphorylation) was identified in which the activity significantly changed in non—responders

Therefore, we also examined the mitochondrial genome regions of the two groups as a method
of searching for pathological stratification factors, and we found that known variants related
to DCM were identified in the non-responder group, and we found that the detection rate of
two highly pathogenic unknown variants was significantly higher in the responder group. It
was suggested that this factor functions as a cardioprotective factor in responders, although
further detailed investigation is required

In parallel, to validate the responder prediction technology, one patient with DCM underwent
myoblast transplantation in accordance with the implementation plan, and clinical information
was obtained according to the observation and examination schedule. A machine learning model
created using clinical and genomic data from existing cases was used to predict whether the
patient was a responder or a non-responder, and the accuracy of the model was verified after
6 months of follow—up in this case. Since the total number of cases is small, we will construct
a new machine learning model and whole genome analysis database including this validation
data and accumulate future cases to improve the accuracy of the model and realize precision

medicine.



