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Application of cell lineage reprogramming for central nervous system injury and repair
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[Abstract| Transplantation of neural stem cells (NSCs) has become an important therapeutic strategy for central nervous
system (CNS) injury; however, the potential immune rejection and ethical concerns limit the transplantation-based cell therapy
in clinic. Alternatively, induced pluripotent stem cells (iPSCs) may overcome these major hurdles and cast new lights on cell
therapy. Recent studies have shown that a variety of somatic cells from mouse or human can be reprogrammed into NSCs or
neurons, suggesting that reprogramming of cell fate may represent a promising strategy for CNS repair. Here, we reviewed the

current knowledge of cell lineage reprogramming, reprogramming-mediated induction of NSCs or neurons and their application in

CNS repair.
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Tab 1 Transcription factor-mediated reprogramming of mouse somatic cells

Approach Somatic cell Induced cell Transcription factor Reference

In vitro Fibroblast Glutamatergic neuron Ascll, Brn2, Mytll [16]
Astrocyte GABAergic neuron Ascll, DIx2 [18]
Astrocyte Glutamatergic neuron Ngn2 [18]
Fibroblast Motor neuron Ascll, Mytll, Lhx3, Hb9, Brn2, Isll, Ngn2 [28]
Fibroblast Dopaminergic neuron Ascll, Lmxla, Nurrl [17]
Fibroblast Dopaminergic neuron Ascll, Pitx3, Lmxla, Nurrl, Foxa2, ENI1 [29]
Hepatocyte Neuron Ascll, Brn2, Mytll [30]
Fibroblast Neural progenitor cell Brn2, Sox2, FoxG1 [31]
Fibroblast Neural stem cell Brn4, Sox2, Klf4, Myc, E47 [9]
Fibroblast Neural stem cell Sox2, Klf4, -Myc, Oct4 [32]
Fibroblast Neural stem cell Sox2 [33]
Fibroblast Dopaminergic neuron Lmxla, Foxa2, Ascll, Brn2 or Lmxlb, Otx2, Nurrl. [34]

Ascll, Brn2

Supporting cell Neural stem cell Ascll, Ngn2, Hesl, Idl, Pax6, Brn2, Sox2, c-Myec, Klf4 [22]
Fibroblast Neuron Ascll [35]

In vivo Astrocyte Neuroblast Sox2 [21]
Astrocyte Neuron Ascll, Brn2, Mytll [19]
Astrocyte Glutamatergic neuron NeuroD1 [20]
NG2 cell Glutamatergic and dopaminergic neuron NeuroD] [20]
Astrocyte Neural stem cell Sox2 [36]
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Tab 2 Transcription factor-mediated in vitro reprogramming of human somatic cells

Somatic cell Induced cell Reprogramming factor Reference
Fibroblast Dopaminergic neuron Ascll, Brn 2, Mytll, Lmxla, Foxa2 [37]
Fibroblast Dopaminergic neuron Ascll, Lmxla, Nurrl [17]
Fibroblast Glutamatergic neuron Ascll, Brn 2, Mytll, NeuroDI [38]
Fibroblast Glutamatergic neuron Brn2, Mytll, miR-124 [39]
Fibroblast Glutamatergic neuron or GABAergic neuron Ascll, Mytll, NeuroD2, miR-9/9* , miR-124 [40]
Fibroblast Motor neuron Brn2, Ascll, Mytll, Lhx3, Hb9, Isll, Ngn2 [28]
Fibroblast Neural stem cell Sox2 [33]
Fibroblast Neuron Ascll, Ngn2, CHIR99021, SB431542 [41]
Fibroblast Dopaminergic neuron Ascll, Ngn2, Sox2, Nurrl, Pitx3 [42]
Fibroblast Glutamatergic neuron Ngn2, Forskolin, Dorsomorphin [43]
Fibroblast Neuron Ascll [35]
Fibroblast Neural crest stem cell Sox10 [44]
Pericyte Neuron Sox2, Ascll [25]
Glioma cell Neuron Ngn2, Sox11 [45]
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Tab 3 Application of small molecule compounds in the cell fate reprogramming
Small Substituted
>ma Function transcription Target cell Effect on reprogramming Reference
molecule
factor
AZA DNA methyltransferase Mouse fibroblast Improves reprogramming efficiency by 3-10 [47, 56]
inhibitor folds
VPA Histone deacetylase  c¢-Myc Mouse fibroblast Improves reprogramming efficiency by 50 folds — [47]
inhibitor
Human fibroblast Improves reprogramming efficiency by 10-20 [57]
folds
Mouse fibroblast Improves reprogramming efficiency by more [47]
than 100 folds
RepSox Inhibition of TGF-  Sox2 Mouse fibroblast Combination with OKM can induce cell [49]
(E-616452) signaling pathway reprogramming, but the efficiency is low
BIX01294 (G9a histone Sox2, c-Myc  Mouse fibroblast Reprogramming efficiency is increased by 5 [50]
methyltransferase folds compared with OK (Oct4/KI1{4)
inhibitor
Mouse neural Reprogramming efficiency is increased by 1. 5 folds ~ [51]
progenitor cell compared with OSKM (Oct4/Sox2/Klf4/c-Myc)
and by 8 folds compared with OK (Oct4/KIf4)
Oct4 Mouse neural Can replace Oct4, but the
progenitor cell reprogramming efficiency is low
PD0325901+  Inhibitors of MEK and Mouse neural Combination with LIF can induce the ground [58]
CHIR99021 GSK3., respectively stem cell state pluripotency
Mouse neural PD0325901 can promote the growth of iPSC [51]
progenitor cell and inhibit the growth of non-iPSC
Kenpaullone GSK-3B inhibitor Klf4 Mouse fibroblast Can replace Klf4, but the reprogramming [48]
efficiency is low
Tranylcypromine Lysine-specific Mouse fibroblast Induce the pluripotency program by blocking [52, 59]
demethylase 1 differentiation program
(LSD1) inhibitor
Forskolin Adenine nucleotide Mouse fibroblast Increase the expression of cAMP [59]
activator
DZNep S-adenosine Mouse fibroblast Combination with VPA, CHIR99021, 616452, [52, 59]

homocysteine

(SAH) inhibitor

tranylcypromine and Forskolin(VC6TFZ) can
reprogram fibroblast into iPSC

AZA: 5-Aza-cytidine; VPA: Valproic acid; iPSC: Induced pluripotent stem cell
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