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Tissue-specific “adult” stem cells that are capable of both 
self-renewal and specialized tissue repair reside in certain 
tissues, such as the epidermis, limbal tissue of the eye, 
skeletal muscle, and blood. Pluripotent stem cells (PSCs) 
include embryonic stem cells (ESCs) that are derived from 
the blastocyst of the embryo and human induced 
pluripotent stem cells (iPSCs) that are created from readily 
accessible cells, such as those of the blood, skin, or urine, 
through the overexpression of four transcription factors in 
culture, rendering them immortal. Patient-specific human 
iPSCs can be extensively propagated in vitro and 
differentiated toward diverse cell states, such as 
cardiomyocytes or neurons, in order to model disease in 
culture, screen for drugs, and test for function in preclinical 
murine studies of disease, and to eventually use in clinical 
applications. Candidate drugs can also be used to stimulate 
the expansion and function of endogenous tissue-specific 
stem cells to augment tissue regeneration. 



Targeting the Skin and Cardiac Muscle 
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The identification, isolation, and culture of a subset of 
self-renewing keratinocyte stem cells (holoclones) from a 
nonblistering region of the epidermis of a 7-year-old 
child with junctional epidermolysis bullosa caused by 
mutated LAMB3, which encodes a component of a 
laminin (laminin-332), was followed by transduction of 
these cells with a retrovirus that carried “replacement” 
LAMB3 (Panel A). Sheets of transgenic epidermis were 
transplanted back to the patient, and the integrity of his 
skin improved markedly. A small unrandomized study 
involving macaque monkeys was conducted in which 
human ESCs, differentiated into cardiomyocytes, were 
injected into and around the area of infarction. In a 
subset of those that received stem-cell therapy, 
increased left ventricular ejection fraction (LVEF) was 
observed 4 weeks after injection, but arrhythmias were 
also detected. 



Targeting the Retina, the Cornea,  
and Muscle Tissue 
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In a clinical trial, ESCs were differentiated into retinal pigment 
epithelial cells (RPEs) and delivered in a patch to treat age-related 
macular degeneration (AMD) (Panel A).26 In a procedure involving the 
cornea, autologous tissue-specific stem cells were obtained from 
limbal tissue from a patient’s healthy eye, cultivated on a fibrin 
substrate (contact lens) for transplantation to replace the opacified 
cornea of the contralateral eye damaged by chemical burn (Panel B).33 
In clinical trials to treat Duchenne’s muscular dystrophy (Panel C), 
adeno-associated viral vectors (AAVs) containing a “replacement” 
gene were delivered systemically to patients. Results are pending (see 
ClinicalTrials.gov numbers, NCT03368742. opens in new tab, 
NCT03375164. opens in new tab, NCT03362502. opens in new tab). An 
alternative approach to the treatment of Duchenne’s muscular 
dystrophy that is currently under investigation in animal models 
entails delivery of either genetically corrected, tissue-specific satellite 
stem cells or iPSC- or ESC-derived muscle stem cells (MuSCs), which 
would replenish the stem-cell reservoir and restore dystrophin 
expression to myofibers. EMA denotes European Medicines Agency. 



Targeting the Brain, Replacing the Beta Cell,  
and Generating Blood Cells 
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The injection of dopaminergic neuronal progenitor cells, 
derived from human iPSCs, into the putamen has been 
performed in Macaca fascicularis, also known as the long-
tailed or crab-eating macaque, for the treatment of 
Parkinson’s disease (Panel A). The cells survived, and 
neurites extended into the host striatum. Neuronal 
progenitor cells derived from human embryonic stem cells 
have demonstrated similar behavior. Embryonic stem cells 
have been differentiated in culture into glucose-responsive 
insulin-producing beta-cell progenitors that are then 
encapsulated to prevent immune destruction 
(ClinicalTrials.gov number, 
NCT02239354. opens in new tab) (Panel B). Pluripotent 
stem cells (iPSCs or ESCs) have been used to generate a 
variety of blood cells in vitro and in mice (Panel C). EMA 
denotes European Medicines Agency and NK natural killer. 


