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Editorial
The central nervous system (CNS) does not self repair and our expanding geriatric population 

needs novel therapeutic strategies to repair accumulating damage from injury, degeneration and 
disease. Two issues that prevent CNS self repair are the inability to replace lost neurons and glia, and 
the failure of surviving neurons to extend new axons through damaged tissue. The failure to rewire 
is largely due to inhibitory factors in the astroglial scar and in the myelin sheaths that are generated 
during neural development. Myelin insulates axons for fast conduction and also suppresses axon 
sprouting, thus preventing inappropriate de novo rewiring. This suppression comes at a cost such 
as the inability to re-grow axons through a spinal cord injury. Thus the damaged CNS relies on 
surviving circuits to compensate for lost function. The inability to replace lost cells likely represents 
a lack of stem cell resources, rather than repair competence, since glial cell transplants can promote 
functional recovery in pre-clinical studies [1]. There are exceptions, such as neurogenesis in the 
adult olfactory bulb and hippocampus. However, for the majority of the CNS, cell replacement is 
inadequate. This may be a consequence of the rewiring flaw since there is little use for replacement 
cells that cannot make functional connections. Thus any strategy for CNS repair must address both 
cell replacement and axonal rewiring issues.  Here I discuss current issues involved in cell therapy 
strategies including the perils of exogenous cell replacement (cell transplants) and the emerging 
potential of endogenous cell recruitment (direct cell reprogramming) for repair of the damaged 
CNS.

Exogenous Replacement Cells
Three potential sources of replacement cells for brain repair include grafts of fetal brain 

tissue, grafts derived from pluripotent embryonic stem cells (ESCs), and cells generated in vitro 
by reprogramming patient-specific somatic cells such as dermal fibroblasts. Fetal brain grafts were 
used in the first placebo-controlled neurosurgical trial in the USA, to replace dopaminergic neurons 
lost in Parkinson’s disease; the fetal tissue proved both difficult to standardize and ineffective. ESC-
derived cells [2] were first used in a trial for acute spinal cord injury, based on pre-clinical studies 
with glial (oligodendrocyte progenitor) cell transplants [3]; the trial was halted early principally due 
to costs. Both of these graft sources require donor tissue and thus have ethical limitations, and both 
represent allografts where the required immune suppression has serious side effects. In addition, 
ESC-derived grafts carry a risk for neoplasia. Our pre-clinical studies demonstrated that therapeutic 
engraftment requires cell numbers that easily approach the neoplastic load of such cultures [4,5], 
and we believe pluripotent ESC-derived grafts may never be considered therapeutically safe for 
organ repair.

The third source of replacement cells can be generated by genetic engineering to Trans-
differentiate (“reprogram”) somatic cells into functional neurons or glia [6]. Cell reprogramming 
represents a novel strategy to generate patient-specific (and thus ethically neutral) autologous 
replacement cells. Yamanaka identified nuclear transcription factors that reprogram fibroblasts 
into induced pluripotent stem (iPS) cells [7], and these can subsequently be re-differentiated into 
neurons or glial cells in the same way as ESCs. However iPS-derived autologous grafts also have 
neoplastic potential and since they are immune privileged they present an even greater concern 
than ESC-derived allografts. An emerging alternative is to avoid pluripotent intermediates and 
directly reprogram somatic cells into the desired cell types. Yamanaka’s work fueled the studies that 
now demonstrate direct reprogramming of pancreatic exocrine cells into β-cells [8] and somatic 
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fibroblasts into hepatocytes, cardiomyocytes, blood progenitors and 
neurons [9-16]. These advances give much hope to the possibility of 
direct reprogramming to generate CNS replacement cells. 

There remain significant limitations to the utility of exogenously 
reprogrammed cells for brain repair. Since the underlying mechanism 
is not yet elucidated, it is not clear whether such cells will be stable 
and functional. The current efficiency of reprogramming (0.1%) is 
also very low and the few graftable cells generated require extensive 
mitogen amplification in vitro which raises concerns for both quality 
control and karyotype stability. Chromatin remodeling factors 
may provide the key to increasing the reprogramming efficiency. 
Chromatin remodeling is an early event [17] and a limiting factor 
[18], and small molecules that remodel the epigenome enhance iPS 
cell reprogramming [19,20]. This area of study will undoubtedly have 
a tremendous impact on the utility of direct reprogramming for cell 
therapeutics.

Endogenous Replacement - Direct 
Reprogramming In Vivo

An emerging strategy to avoid long term culture of graft cells 
is to directly reprogram target cells within the CNS [21]. For in 
vivo reprogramming to work it is necessary to identify both target 
cells and transgene delivery strategies to introduce the appropriate 
transcription factors. To date pericytes [16] and astrocytes [22,23] can 
be reprogrammed into induced neurons, and satellite glia have been 
reprogrammed into myelinating glia [24]. Another potential target 
population is NG2 glial cells which represent 5% of the cells in the 
adult brain [25]. While viral vectors are feasible, gene transduction 
using episomal plasmids would avoid the safety concerns of viral 
vectors. Finally, while many of these studies focus on neuronal 
replacement, the regeneration of myelin forming oligodendrocytes 
may be a better focus for proof of concept since these cells do not 
require long distance rewiring to generate functional connections.
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