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Novel method for treating myocardium infarction by using cardiac tissue ring
matured by spontaneous traveling wave
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This technology could be used to produce matured iPSC-derived cardiac tissue for treating infarcted
hearts. We expect that this new technology could be of great usefulness and importance for both
researchers and clinical users working on developing regenerative therapy for the human heart.

Cardiomyocytes derived from human iPSCs are expected to repair the infarcted

heart, however, their maturation level could affect the therapeutic effect. Supported by the
present project, we prepared the matured self-organized tissue rings and evaluate their therapeutic
effect on the rat heart with myocardium infarction. The achivements are as following: 1.The matured
tissue sheet paced by the traveling wave have been prepared. The cardiac-specific markers have been
verified. 2.The mature tissue group demonstrated an improved therapeutic effect on the rat heart
with myocardial infarction compared with the control group. In addition, we find the improved
survival rate and improved therapeutic effect of matured tissue could be related to the higher
expression of myoglobin, cytochrome C, and other maturation related markers.
3. We published 3 papers and applied for 1 patent, we gave an oral presentation at 2021 American
Heart Association conference.

tissue engineering

pluripotent stem cells tissue engineering cardiomyocytes regenerative medicine cell mat
uration



The annual number of patients with myocardial infarction in Japan is 80,000, and the annual number
of deaths due to heart failure is about 43,000. Fundamental treatments for these severe heart failure are
centered on replacement treatments such as ventricular assist devices and heart transplants. However, at
present, there are problems such as side effects of artificial hearts and a shortage of donors. Therefore, it is
expected to develop a therapeutic method by regenerative medicine using human induced Pluripotency
Stem Cell-derived Cardiomyocytes (hiPSC-CMs).  Although the human iPS cells (hiPSCs) could be
differentiated into the cardiomyocytes (CMs) with high efficiency, when compared with adult CMs they
are still immature and poorly organized. This could limit their application in the development of
regenerative medicine. In addition, there are few reports on whether matured hiPSC-CMs, compared with
their immature counterparts, would have enhanced therapeutic effect on animal model with myocardial
infarction. We have previousy developed the traveling wave based maturation method (Li et a.,
Communications Biology, 2020, H29-H31 Wakate B). This method required no external experiment set up
or power supply. The traveling wave could spontaneously originate and rapidly pace the hiPSC-CMs and
improve the expression of maturation related biomarker, contractile force, and oxygen consumption
capability. The traveling wave technique would be an ideal tool for producing matured hiPSC-CMs and
investigating whether matured hiPSC-CMs would have enhanced therapeutic effect on heart with

myocardial infarction.

The applicants have previously produced an hiPSC-derived myocardial ring using tissue engineering
technology and confirmed that stimulation of spontaneous traveling wave promotes the maturation of
cardiomyocytes. In this research project, we aim to develop a new treatment method that dynamically
supportsthe contraction of the heart by inserting this high-maturity organized myocardial ring into the heart

of a myocardial infarction model animal.
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traveling wave. (2) Elucidate the relationship

between tissue maturity and transplantation Figure 1. Formation of myocardial ring tissue
with spontaneous traveling wave and

effect. (3) To elucidate the mechanism of the application in repairing heart with myocar dial
effect of different maturity on transplantation  Infarction.

efficiency and therapeutic effect.

This project aims to create a platform for matured cardiac tissue formation and to use them for repairing
heart with myocardial infarction. Specifically, the project will be organized in following steps:

(1) Optimization for stably obtaining matured cardiac tissue. The device design and the culture protocol
will be optimized to allow better nutrient diffusion and stable maintaining of traveling wave. The device
size will be aso improved for larger scale production of the tissue that could be readily used for

transplantation.



(2) To elucidate the relationship between tissue maturity and transplantation effect. The matured tissue as
well as the control group will be evaluated and used for transplantation on rat heart model with myocardial
infarction. The heart function will be monitored for several weeks and the heart will be sectioned and
analyzed to compare the therapeutics effect of cardiac tissue with different maturation level.

(3) To elucidate the mechanism of the effect of different maturity on transplantation efficiency and
therapeutic effect. The RNA-sequencing, western blot and other biological analysis technologies will be
used to compare matured cardiac tissue and the immature cardiac tissue. The mechanism for how traveling
wave induces the cardiac maturation and enhance the therapeutic effect will be concluded based on the data

analysis.

The targets in proposed plan have been fulfilled and

specified as following:
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(1) With optimized device design and protocol, the i,| ™
traveling wave could be generated spontaneously and Actvaton i (), ° Coa T
maintained in more than 80% samples in repeated -
experiments. The traveling wave promoted the E:

maturation of hiPSC-CMs within the tissue, showing

improvement in  conduction,  ultrastructure,
energetics as well as contraction (Figure 2). In
addition, the mature cardiac tissue demonstrated
improved survival post hypoxia culture (Figure 3).
(2) Although the cell differentiation and animal
experiments have been affected by the epidemic of
Covid-19, we managed to perform part of the
preliminary experiments. According to these tests,
the traveling wave matured cardiac tissue showed
improved retention in the rat heart with myocardial
infarction, and the function of the heart exhibited
improved left ventricular gection fraction within 6
week (Figure 4). Right now, more repetitive tests are
underway.

(3) By using RNA-sequencing, we found that the
integrin related pathway underlies the traveling wave

induced maturation of hiPSC-CMs (Figure 5). RNA-
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Figure 2. The traveling wave (TW) enhanced
the maturation of hiPSC-CM tissue including
conduction velocity of the action potential (Top
row), contractility (Middle row) and the
mitochondrial function (Bottom row).
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Figure 3. The traveling wave (TW) matured
hiPSC-CMs demongtrated improved survival
post hypoxia culture.

sequencing data indicated that most of the alpha and a beta subunit of integrin in TW group showed
upregulation compared with the Control group. In addition, a number of downstream genes were also
upregulated such as ECM related and pro-maturation signaling pathways related genes.

(4) Asfor the publications, based on the research work, one patent has been submitted. three papers have

been published. We have given two oral and two poster presentationsin the international conferences.
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Figure 4. The mature cardiac tissue
demonstrated large retention in the rat heart
and improved the function of heart within 6
weeks after occurrence of myocardial
infarction.
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Figure 5. Integrin pathway for traveling wave
induced hiPSC cardiac maturation. (Top)
Schematic representation of an integrin
pathway that could lead to the cdl survival,
adhesion/migration, and growth/maturation.
(Bottom) Heatmaps showing expression of
Integrin and extracellular matrix related genes.
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