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Human stem cells are extremely attractive for therapeutic 
development because they have direct pharmacologic utility in clinical 
applications, unlike any cells originated from animals and other lower 
organisms that are only useful as research materials. The human stem 
cell is emerging as a new type of pharmacologic agent of cellular 
entity that is much more complex in structure, function, and activity 
than the conventional drug of molecular entity, which is usually 
comprised of simple chemicals or compounds. Since the etiologies of 
most diseases that involve both molecular and cellular processes are 
much more complex than simple chemicals or molecules, conventional 
chemical drugs are often severely limited by the molecular entity 
of the compound that usually targets or blocks certain pathological 
molecular pathways, which would otherwise be harmful to common 
molecular pathways shared in normal cellular processes of vital tissues 
and organs, thus, cause severe toxic side effects that may outweigh the 
benefits. For instance, a drug for weight loss may cause severe damage 
to the heart. In addition, the therapeutic effects of conventional drugs 
of molecular entity provide only temporary or short-term symptomatic 
relief but cannot change the prognosis of disease. As a result, millions of 
molecular leads generated in mainstream of biomedical research from 
animal studies and studies of other lower organisms have vanished 
before even reach clinical trials, or for a few lucky ones, in clinical 
trials. In the last few decades, despite of many animal leads, no drug of 
molecular entity has ever been approved by FDA as a new treatment for 
heart disease and failure for humans.

In contrast, the human stem cell has the potential for human tissue 
and function restoration that the conventional drug of molecular entity 
lacks. The ability of a human stem cell, by definition, to both self-
renew and differentiation makes it a practically inexhaustible source of 
replacement cells for many devastating or fatal diseases that have been 
considered as incurable, such as neurodegenerative diseases and heart 
diseases. The pharmacologic activity of human stem cells is measured 
by their extraordinary cellular ability to regenerate the tissue or organ 
that has been damaged or lost, such as the heart in the case of human 
cardiac stem cells. Therefore, the pharmacologic utility of human stem 
cells cannot be satisfied only by their chaperone activity, if any, to 
produce trophic or protective molecules to rescue existing endogenous 
host cells that can simply be accomplished by a drug of molecular 
entity. Although a vast sum of government and private funding has 
been spent on looking for adult alternates, so far, only human cardiac 
stem/precursor/progenitor cells originated from pluripotent human 
embryonic stem cells (hESCs), derived from the inner cell mass (ICM) 
or epiblast of human blastocyst, have shown such cellular pharmacologic 
utility and capacity adequate for heart regeneration [1-6]. 

The heart is the first organ formed from the cells of the ICM or 
epiblast of the blastocyst in early embryogenesis. The mature contracting 
cardiac muscle cells, which are known as cardiomyocytes and which 
contribute to most of the structural volume of the heart, are terminally 
differentiated and unable to regenerate in the adult heart. There is no 
evidence that stem/precursor/progenitor cells derived from other 
sources, such as bone marrow, cord blood, umbilical cord, mesenchymal 
stem cells, patients’ heart tissue, placenta, or fat tissue, are able to give 

rise to the contractile heart muscle cells following transplantation 
into the heart [1,2]. Therefore, there is mounting skepticism about the 
existence of endogenous human cardiac stem cells after birth. Despite 
numerous reports about cell populations expressing stem/progenitor 
cell markers identified in the adult hearts, the minuscule quantities and 
growing evidences indicating that they are not genuine heart cells and 
that they give rise predominantly to smooth muscle cells rather than 
functional contractile cardiomyocytes have diminished any enthusiasm 
[7]. In recent years, reprogrammed or trans-differentiated adult cells, 
as a result of being backed by excess sum of government and private 
funding, have been rekindled as the adult alternates. However, somatic 
cell nuclear transfer and factor- or chemical-based reprogramming are 
incapable of restoring a correct epigenetic pattern of pluripotent hESCs 
[8,9]. The embryo-originated hESCs are not only pluripotent, but 
also incredibly stable and positive, as evident by that only the positive 
active chromatin remodeling factors, but not the negative repressive 
chromatin remodeling factors, can be found in the pluripotent open 
epigenome of hESCs [10-13]. Although pluripotent, the reprogrammed 
adult cells, either originated from induced pluripotent stem cells (iPS 
cells) by over expression of known oncogenes or derived from cloned 
embryos by somatic cell nuclear transfer, are made from adult cells, 
therefore, their epigenomes carry many negative repressive chromatin 
remodeling factors and unerasable genetic imprints of adult cells that 
pluripotent hESCs do not have [8,9,14]. As a more direct alternate to 
iPS cells known cardiac-fate determining genes or chemicals were 
recently used to transdifferentiate or reprogram fibroblasts or tissues 
into induced adult cardiac progenitors and cardiomyocytes by genetic 
engineering or induction with extremely low efficiencies [15]. Such 
major drawbacks as abnormal gene expression accelerated aging, 
immune rejection, not graftable, and extremely low efficiencies, have 
severely impaired the utility of reprogrammed or trans-differentiated 
somatic cells as viable therapeutic approaches. Although small 
molecules used to induce hESC lineage-specific therapy derivatives are 
usually safe developmental signal molecules and morphogens [1,3], it 
should be cautious of the small molecules used in the reverse process 
to induce iPS cells or trans-differentiation, which are known toxic 
cancerogenic chemicals with too dangerous or even lethal side effects 
to be used for patients. 

Given the limited capacity of the heart for self-repair, there is 
a large unmet healthcare need to develop hESC-based therapies to 
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provide optimal regeneration and reconstruction treatment options 
for heart disease and failure. However, realizing the developmental 
and therapeutic potential of hESC derivatives has been hindered by the 
inefficiency and instability of generating clinically relevant functional 
cells from pluripotent cells through conventional uncontrollable and 
incomplete multi-lineage differentiation [1]. Recent advances and 
technology breakthroughs in hESC research have overcome some 
major obstacles in bringing hESC therapy derivatives towards clinical 
applications, including establishing human stem cell technology 
platforms for defined culture systems for de novo derivation and 
maintenance of clinical-grade pluripotent hESCs and lineage-specific 
differentiation of pluripotent hESCs by small signal molecule induction 
[1-5,10-13]. Formulation of minimal essential defined conditions 
for sustaining embryonic pluripotence renders hESCs directly and 
uniformly converted into a specific neural or cardiac lineage by small 
signal molecule induction [1-5,10-13]. Such milestone advances and 
medical innovations in hESC research enable generation of a large 
supply of high purity clinical-grade hESC neuronal and heart muscle 
cell therapy products as powerful cellular medicines that can offer 
pharmacologic utility and capacity for CNS and heart regeneration 
that no conventional drug of molecular entity can. Currently, these 
hESC cardiomyocyte therapy derivatives are the only available human 
cell sources with adequate capacity to regenerate the contractile 
heart muscles, vital for heart repair in the clinical setting [1-5]. The 
availability of human cardiac stem cells originated from embryo sources 
in high purity and large supply with adequate myocardium regenerative 
potential will greatly facilitate developing safe and effective cell-based 
therapies against heart disease and failure. Transforming pluripotent 
hESCs into fate-restricted therapy derivatives dramatically increases the 
clinical efficacy of graft-dependent repair and safety of hESC-derived 
cellular products, bringing regenerative medicine to a turning point. 
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