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Background and Motivation
For decades, the mammalian heart had been considered a post-mitotic terminally
diﬀerentiated organ, in which the cardiomyocytes present at birth would persist throughout the
life of the organism. However, recent identiﬁcation of tissue-speciﬁc stem cells in the adult
heart, i.e. cardiac stem cells (CSCs), of mammals has challenged this traditional biological view.
CSCs express stem cell antigen c-kit, which is a receptor for a stem cell factor. CSCs are stored in
cardiac niches located in the myocardial interstitium (Left panel), where CSCs form connections
with supporting cells, i.e. cardiomyocytes and ﬁbroblasts, through connexins and cadherins.
According to the demand of the organ, CSCs proliferate, diﬀerentiate, and migrate in order to
replace old and/or damaged cells for spontaneous regeneration.
This major discovery not only resulted in paradigm shift in biology but also opened a path
leading to a new therapy for various cardiovascular diseases. In fact, when human CSCs were
injected to the region bordering infarct of immunosuppressed animals, cardiac regeneration
was promoted (Right panel) improving cardiac performance.

Originality
CSC therapy is essentially diﬀerent from conventional drug treatment aiming for the protection and/or reinforcement of remaining cardiomyocytes; in
principle it ultimately aims for complete healing of the diseased organ through engraftment, proliferation, and diﬀerentiation of CSCs, which substitute
necrotic/apoptotic muscles and vessels. Only the heart transplantation could conceptually match to this novel approach. However, it has to deal with the
shortage of donors, immunological rejection after transplant, adverse eﬀects due to immunosuppressive regimen, and increased medical cost. On the other
hand, CSC therapy is cost eﬀective compared to other surgical interventions, such as left ventricular assist device (LVAD) implantation. Moreover, cell infusion
can be easily repeated as required by simply freezing and storing cultured cells.
So far CSCs have never created tumor in the treated animals in spite of their immurosuppressive state. Given the infrequency of cardiac cancer, CSC therapy
would be quite safe. Additionally, it is logical to assume that stem cells residing in the heart are more powerful and eﬀective in making new myocardium
compared to pluripotent cells and stem/progenitor cells derived from other organs, such as bone marrow.
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Impact and Perspective
The ﬁrst clinical trial had been initiated in the US in 2009, whose interim result showed an encouraging and striking
outcome and was recently reported in the Lancet. As a primary goal, we will introduce and apply this groundbreaking
therapeutic strategy to patients suﬀering from ischemic heart failure in Japan. With success in demonstrating its safety
and eﬃcacy, we would be able to broaden its application to non-ischemic and pediatric/geriatric patients so that much
more people can share the advantage enabled by the unprecedented achievement. This inexpensive treatment would
dramatically change our basis of cardiovascular medicine and thereby would have a great impact on our society.

