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Towards the Replacement Therapy Using Neural Stem/Progenitor cells
for Neurological Disorders: Strategies to Enhance Therapeutic
Capacity of Transplantation Approaches

Byung Gon Kim, MD., PhD.

Brain Disease Research Center, Department of Neurology, Ajou University School of Medicine, Suwon, Korea

Transplantation of neural stem/progenitor cells (NPC) holds potential to improve functional outcomes in various
neurological disorders. It seems more difficult than previously envisioned, however, to functionally replace the
lost neural cells by grafted NPCs. A lack of appropriate developmental cues in the injured tissue contributes to
the failure to guide the NPCs to survive, differentiate, grow axons, and functionally integrate to the host neural
circuit. Therefore, we need to design possible strategies to recapitulate the developmental processes for the grafted
NPCs to fully mature into functional neural cells. To enhance survival of NPCs following transplantation, pharma-
cological treatments targeting apoptosis and inflammation can be combined with transplantation. Genetic over-
expression of prosurvival genes or growth factors can also improve survival. In vitro predifferentiation not only
provides neural cells of a specific lineage in high purity but also greatly reduces chances of a tumor formation.
Genetic overexpression of various transcription factors or manipulating molecular microenvironment of the host
can also be tried to force differentiation of NPCs to a desired lineage. Pharmacological application to overcome
myelin inhibition or enzymatic degradation of the inhibitory extracellular matrix will enhance axonal growth of
NPC-derived neurons. Increasing synaptic activity by behavioral training or patterned electrical stimulation may
promote proper development of synaptic integration and myelination of the axon. A thorough understanding of
cellular and molecular aspects of neural development will help design more sophisticated strategies to enhance
therapeutic capacity of NPC transplantation to reconstruct the damaged neural circuit.
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Table 1. selected studies in the literature that have employed transplantation of neural stem/progenitor cells in animal models of various
neurological disorders

Disease category Animal model Donor cells Outcomes Ref

Parkinson’s disease rat, 6-OHDA model mouse ESC-derived in vivo differentiation, electrophysiology, behavioral 1
dopaminergic neurons recovery

Parkinson’s disease monkey, MPTP model primate ESC-derived in vivo differentiation, functional imaging, 2
dopaminergic neurons behavioral recovery

cerebral ischemia mouse, MCAO model primate ESC-derived in vivo differentiation, retrograde tracing 3

neural progenitors

cerebral ischemia rat, MCAO model human NSC in vivo differentiation 4
cerebral hemorrhage rat, collagenase injection hyman NSC* in vivo differentiation, behavioral recovery 5
model
spinal cord injury rat, contusion model human ESC-derived in vivo differentiation, behavioral recovery 6
oligodendrocyte
spinal cord injury rat, contusion model rat GRP in vivo differentiation, electrophysiology, behavioral 7
recovery
spinal cord injury rat, contusion model human NSC in vivo differentiation, behavioral improvement, 8

depleting human cells by diphtheria toxin abolished
functional recovery

motor neuron disease rat, virus-induce motor human ESC? behavioral improvement, neuroprotection via 9
neuron death humoral mechanism
motor neuron disease rat, virus-induce motor  mouse ESC-derived spinal in vivo differentiation, behavioral recovery, 10
neuron death motor neurons electrophysiology, formation of neuromuscular
junction
demyelinating disease mouse, EAE model mouse NSC® in vivo differentiation, behavioral improvement, 11

reduction of glial scar

Huntington’s disease rat, 3-nitropropionic acid human NSC in vivo differentiation, behavioral recovery, 12
model neuroprotection via humoral mechanism

6-OHDA; 6-hydroxdopamine, MPTP; 1-methyl 4-phenyl 1,2,3,6-tetrahydropyridine, EAE; experimental allergic encephalomyelitis, ESC;
embryonic stem cell, NSC; neural stem cells, “injected intravenously, bembryonic germ cell derived stem cell, “injected intravenously or
intrathecally
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Figure 1. A diagram to summarize possible strategies to enhance therapeutic capacity of transplantation of neural stem/progenitor

cells to reconstruct the damaged nervous tissue.

NPC; neural progenitor cell, cAMP; cyclic adenosine-3’,5’-monophosphate
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