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Glial cells function as neural stem cells and progenitor cells
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Institute of Neuroscience and Key Laboratory of Molecular Neurobiology of Ministry of Education, The Second Military Medical Uni-
versity, Shanghai 200433, China

Abstract: Glial cells, including astrocytes, oligodendrocyte progenitor cells (OPCs), NG2-glia, etc, are broadly distributed throughout
the central nervous system (CNS). Also, it has been well known that glial cells play multi-roles in physiological and pathological pro-
cesses in the CNS, such as maintaining homeostasis, providing neurotrophins for neurons and regulating neural signal transmission.
Recently, increasing evidence showed that glial cells may also function as neural stem/progenitor cells and contribute to adult neuro-
genesis or neuroregeneration. In pathological conditions, for instance, astrocytes and OPCs could be activated to proliferate and differ-
entiate. When cultured in vitro, they could form neurospheres which possess the ability to differentiate into astrocytes, oligodendro-
cytes and neurons. Additionally, forced expression of exogenous genes in astrocytes and NG2-glia can successfully reprogram them
into neurons, which may also be suggestive of their stem/progenitor cell features. Here, we review current knowledge of the stem cell-
like properties of glial cells, including what types of glial cells can function as stem/progenitor cells, how they can acquire the stem/
progenitor potential and what progenies can be produced. These insights may foster a better understanding of glial cell biology and
function in physiological or pathological processes in the CNS and lead to the idea of using the stem/progenitor-like glial cells as

endogenous cell source for neural repair.
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Fig. 1. Glial cells as stem and progenitor cells in the healthy and injured central nervous system (CNS). In the developing brain, radi-

al glia and oligodendrocyte progenitor cells are shown to function as stem/progenitor cells. In the adult mammalian brain, endogenous

neurogenesis still persists in few niches like the subependymal zone in the lateral wall of the lateral ventricle, the subgranular zone in

the dentate gyrus and the hypothalamus, where radial glia (niche astrocytes), NG2 glia, ependymal cells, Miiller cells and Tancytes are

identified as stem/progenitor cells. Upon certain injured conditions, a distinct subset of quiescent astrocytes and NG2 glia is reactivat-

ed and clearly displays some stem cell-like properties.
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Table 1. Transcription factor-mediated reprogramming of astrocytes and NG2 glia

Glia source

Transcription factor

Induced cell

References

In vitro

Postnatal mouse cortical astrocyte
Postnatal mouse cortical astrocyte
Postnatal mouse cortical astrocyte
Postnatal mouse midbrain astrocyte
Human astrocyte

Human cortical astrocyte

Postnatal rat NG2 glia

Postnatal mouse NG2 glia

In vivo

Adult rat striatal and neocortex astrocyte
Adult mouse cortical astrocyte
Adult mouse cortical astrocyte
Adult mouse midbrain astrocyte
Adult mouse striatal astrocyte
Adult mouse spinal astrocyte
Human astrocyte

Adult mouse cortical NG2 glia
Adult mouse cortical NG2 glia
Adult mouse striatal NG2 glia

Ascll, DIx2

Ngn2

NeuroD1

Ascll

NeuroD1

Oct4, Sox2, Nanog
Ngn2

NeuroD1

Ngn2

NeuroD1

Ngn2

Ascll

Sox2

Sox2

Ascll, Brn2, Mytl1
NeuroD1

Sox2

Ascll, Lmx1la, Nurrl

GABAergic neuron

Glutamatergic neuron

Glutamatergic neuron

GABAergic neuron

Glutamatergic neuron

Neural stem cell

Glutamatergic neuron

Glutamatergic and GABAergic neuron

Neuron

Glutamatergic neuron

Glutamatergic neuron

GABAergic neuron

Neuroblast

Neuroblast

Neuron

Glutamatergic and GABAergic neuron
GABAergic neuron

GABAergic neuron

[37,46]
[37,46]
(401
[38]
[40]
[45]
[47]

[40]

(48]
f401
491
381
431
441
fs01
(407
(511

[52]
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