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ABSTRACT 

Maximum limit for abstract is 250-400 words. It should be in Arial, 9 font size, Italics. Induced 

pluripotent stem cells (hiPSCs) and CRISPR/Cas9 technology are being used to study circadian 

rhythm regulation and develop therapies for cardiac repair, including creating "immune-invisible" 

cardiomyocytes and improving cell engraftment. Preclinical studies using hiPSC-derived 

cardiomyocyte spheroids transplanted into animal models show potential for cardiac repair by 

promoting healing, vascularization, and immune modulation, although long-term effects and immune 

rejection remain challenges for clinical translation. Furthermore, the role of circadian rhythm—a 

fundamental biological regulator—in hiPSC and hiPSC-CM function, and its potential impact on 

cardiac repair outcomes, is not fully understood. This study addresses these challenges by 

developing a "Clockwork Hearts" platform, which utilizes CRISPR/Cas9 technology to engineer 

hiPSC-CMs for enhanced immune compatibility and circadian regulation. We generated 

cardiomyocytes with genetic knockouts of immune-related genes to investigate their regulatory role. 

Additionally, CRISPR/Cas9 was used to overexpress Connexin43, enhancing gap junction formation 

and electrical coupling. Three-dimensional hiPSC-CM spheroids were produced from these 

engineered cells for preclinical transplantation studies in a myocardial infarction model. Our 

findings demonstrate that these engineered spheroids promote robust cardiac healing, evidenced by 

reduced inflammation (e.g., downregulated TNF-α, IL-1β, IL-6), enhanced angiogenesis, and 

improved cardiac remodeling. The circadian-engineered cells further elucidate the link between 

circadian gene regulation and cardiomyocyte function, while immune-invisible spheroids show 

reduced immune cell infiltration. This work establishes a novel approach for developing next-

generation cell therapies that are both "immune-invisible" and "circadian-smart," overcoming key 

barriers to successful clinical translation for cardiac repair. 
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