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W DPOFRNZ PRSI, AE7R T4IT 545 /10
FAEATHIN 91% / 81% & HEL TRV, EOH TR
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Generation of Mybpc3 S593Pfs’3WT dHCM model mice
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FREFAIC S B N dHCM SEBIAIEE,  SEFEELSS0.00 0
AIRRE R D R S AT,

WA Mybpce3 SV < 07 2 2 BRI (7 ) -
JERARRATI (11 8 fm) - SRR OS2I (18 M)
D 3 BeBEC ORI EE L, ORI 72 ST
L 7z Plate-based single-cell RNA-seq (scRNA-seq) %
S U7z, @ DAY A XK E =9 (FACS
Fa— TR B S22 L D) scRNA-seq &
FhiL LD LS &~ DFHTEY Y I T v 7T D
LR, AR L7200 FClE—EICKED
scRNA-seq 3 A[fE & 720, —4% RNA-seq & i# > CTHl
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TR T T RORIZEE T~ 7. DR ERHLRE R 42
V72 DNA 5~ — I — oYt Bz 1T o 72 & 2
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TR TEDZ LEmRLEY.

< HOCM {22\ T >

FlEE HOCM 3207 ) MMght CHIBR L7 MYH7
YS582H 75 % % CRISPR/Cas9 7 / LfREEIZ LV <
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Generation and analysis of Myh6 Y583HWT HOCM model mice
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EALRI D 4 ) AfEFT (H3K27ac, H3K4me3)
bz 72 SCENICH CHEAT 21TV, PAZERO.LAFIE
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ELUCIDATION OF PATHOGENESIS OF INTRACTABLE HYPERTROPHIC CARDIOMYOPATHY
BY SINGLE-CELL MULTIOMICS ANALY SIS

Toshiyuki KO, Bo ZHANG, Takashi HIRUMA, Takahiro JIMBA, Zhehao DAI, Atsumi TSUJI

% Department of Cardiovascular Medicine, Graduate School of Medicine, The University of Tokyo
2 2% Department of professional development, Institute of Science Tokyo School of Medicine

Hypertrophic cardiomyopathy (HCM) is a common inherited cardiac disease characterized by
myocardial hypertrophy and diastolic dysfunction. Among its subtypes, dilated-phase HCM (dHCM)
and hypertrophic obstructive cardiomyopathy (HOCM) are associated with poor prognosis and limited
therapeutic options. This study aimed not only to elucidate disease mechanisms using patient-derived
animal models but also to establish translational biomarkers and prognostic stratification strategies
through integrated single-cell multi-omics and cellular phenotyping.

Using knock-in mouse models carrying patient-derived MYBPC3 and MYH7 mutations, we
identified a critical transitional phase in dHCM marked by simultaneous activation of hypertrophic
programs and maladaptive pathways, including p53-mediated DNA damage response and apoptosis.
Transcription factor analysis identified TF-M as a central regulator of these processes and a potential
therapeutic target. In the HOCM model, we identified a disease-specific cardiomyocyte cluster
characterized by enhanced Myc and TGF-f signaling and metabolic activation.

Beyond animal models, analysis of human myocardial biopsy samples revealed that the extent
of DNA damage response serves as an independent predictor of treatment response and long-term
outcomes across various forms of heart failure, including HCM. Quantitative assessment of DNA
damage markers provided prognostic information independent of underlying genetic variants.
Furthermore, we developed a machine learning—based algorithm integrating nuclear morphology and
DNA damage features, enabling automated and accurate prognostic classification.

Comprehensive whole-exome sequencing of HCM patients demonstrated that the coexistence
of non-HCM-related cardiomyopathy gene variants is associated with worse clinical outcomes. In
addition, incorporation of electrocardiographic parameters into the Mayo HCM Genotype Predictor
Score significantly improved the prediction of pathogenic genotype carriage.

Collectively, this study advances the understanding of HCM pathophysiology and provides a robust
framework for targeted therapy, biomarker-driven prognostic stratification, and precision medicine in
cardiomyopathy.





