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New era of regenerative medicine for cardiovascular diseases 
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The increasing life expectancy in many parts 
of the world has led to an epidemiologic 
transition in the leading causes of death 
from infectious diseases and acute illness to 
chronic illness related to organ or tissue de-
generation. For example, chronic non-com-
municable diseases, including cardiovascu-
lar diseases, chronic respiratory diseases and 
cancer now account for an estimated 80% of 
total mortality and 70% of disability-ad-
justed life-years lost in China (1). Despite the 
recent advances in medical and surgical 
therapies, a large number of patients with 
cardiovascular diseases remain severely 
symptomatic with poor clinical outcomes. 
Many currently untreatable cardiovascular 
disorders arise from disease process due to 
significantly loss of cardiomyocytes that do 
not otherwise regenerate. As a result, stem 
cell therapy has been explored as potential 
treatment to limit the progression of dis-
eases or to regenerate damaged heart in pa-
tients with different cardiovascular diseases. 
Indeed, stem cell therapy was conceptualised 
more than a decade ago in the treatment of 
acute myocardial infarction (2). The articles 
in this Theme issue of Thrombosis and Hae-
mostasis tackle several of the important 
topics in cardiovascular regeneration using 
stem cell therapy.  

Based on the initial encouraging results 
in the experimental studies, numerous 
clinical studies in recent years have been 
shown that cell-based therapy can improve 
symptoms and cardiac function, and limit 
infarct size and adverse ventricular remod-
elling in patients with acute myocardial in-
farction, chronic myocardial ischaemia and 
congestive heart failure. Siu et al. (3) pres-
ent a critical overview on the current status, 
including those data from the randomised 
clinical trials on the use stem cell therapy 
for myocardial regeneration. Despite the 
promising initial clinical results, the benefi-
cial effects are at best modest, and several 
major issues, such as the optimal timing, 
cell types and mode of delivery need to be 
addressed in the ongoing clinical trials. 
Furthermore, additional strategies to im-
prove cell survival and engraftment should 
also be developed to overcome the poten-
tial hurdles related to cell-based therapy.  

One of the major limitations of clinical 
success of stem cell therapy is the low cell re-
tention and engraftment after transplan-
tation. Accurate methods for cell tracking as 
well as quantification of cell survival are 
needed to determine the optimal method to 
enhance cell retention and engraftment. In 
addition to conventional laboratory tech-
niques, novel in vivo imaging methods have 
been developed and can provide serial non-
invasive assessment of cell fate. Ransohoff 
and Wu (4) describe the basic principles and 
techniques of radionuclide imaging, mag-
netic resonance imaging, bioluminescence 
imaging, and fluorescence imaging for assess-
ing cell engraftment, discuss their strength 
and critically discuss their limitations. The 
development of these techniques to track cell 
fate and viability not only can provide impor-
tant insight into the stem cell biology after 
transplantation, but also help to evaluate new 
techniques, such as genetic modification, 
bioengineering and cell preconditioning to 
optimise cell engraftment (3).  

The other important obstacle for cardiac 
regeneration with stem cell therapy is the 
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ability to replace any major loss of cardio-
myocytes after the initial insult. For example, 
more that one billion of cardiomyocytes died 
after an acute myocardial infarction. Cur-
rently, adult stem cells, such as bone marrow, 
skeletal myoblast and mesenchymal stem 
cells are the most common cell source for 
cardiac regeneration in clinical trials as they 
have no risks of immune rejection with auto-
logous transplantation, non-tumour form-
ing, and have no ethical obstacle. However, 
they are restricted in their renewal and differ-
entiation potential to become functional car-
diomyocytes. In contrast, human pluripo-
tent stem cells include embryonic stem cells 
(hESCs) and recently induced pluripotent 
stem (iPS) cells, via reprogramming of so-
matic cells can propagate indefinitely while 
maintaining their normal karyotypes and 
pluripotency to differentiate into all cell 
types. K. R. Boheler reviews (5) the stem cell 
biology of these human pluripotent cells and 
their potential therapeutic applications. In-
sights into the characteristics of these human 
pluripotent stem cells offers hope to improve 
efficacy for cardiac differentiation, and thus 
their therapeutic applications for cardiac re-
generation. Nevertheless, the potential clini-
cal applications of these pluripotent stem 
cells for cardiovascular therapies remain 
challenging. Kong et al. (6) discuss the func-
tional and structural properties of cardio-
myocytes derived from these human pluri-
potent stem cells, and highlighted the poten-
tial issues related to their immature pheno-
types, such as calcium handling and electro-
physiological properties. Therefore, new 
techniques to drive cardiac differentiation 
and maturation could ultimately enable the 
application of these human pluripotent stem 
cells to regenerate damaged myocardium.  

Finally, the generation of human iPS 
cells has circumvented some of the poten-
tial technological, social and ethical issue 
related to hESC. Lian et al. (7) provide a 
perspective on the potential application of 
iPS cell platform for diagnosis, drug screen-
ing and cell-based therapy. Conceptually, 
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