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Abstract

 

Radial glial fibres provide a transient scaffold and impose constraints in the developing central nervous system

(CNS) that facilitate cell migration and axon growth. Recent reports have raised doubts about the distinction

between radial glia and precursor cells by demonstrating that radial glia are themselves neuronal progenitor cells

in the developing cortex, indicating a dual role for radial glia in both neurogenesis and migration guidance. Radial

glia shift toward exclusive generation of astrocytes after neurogenesis has ceased. Radial progenitor cell differen-

tiation and lineage relationships in CNS development are complex processes depending on genetic programming,

cell–cell interaction and microenvironmental factors. In the spinal cord, radial cells that arise directly from the neuro-

epithelium have been identified. At least in the spinal cord, these radial cells appear to be the precursors to radial

glia. It remains unknown whether radial glial cells or their precursors, the radial cells, or both can give rise to neu-

rons in the spinal cord. Radial glial cells are also important in regulating the axon out-growth and pathfinding pro-

cesses that occur during white matter patterning of the developing spinal cord.
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Introduction

 

The vertebrate nervous system originates as a flat sheet

of neuroepithelial cells. Neuroepithelial cells are the

earliest precursors in the central nervous system (CNS)

and are present prior to the onset of neurogenesis.

Radial glial cells are the first glial cell phenotype distin-

guishable from this neuroepithelium. Guiseppe Magini

(1888) first attributed the name ‘radial cells’ to the radial

processes initially identified by Golgi (1873). The Golgi

impregnation technique subsequently allowed other

early neuroanatomists such as Cajal, Retzius, VonLen-

hossek and His to further Magini’s work in the CNS and

reveal the morphogenic events underlying CNS develop-

ment (for a review see Bentivoglio & Mazzarello,

1999). Willheim His postulated that all ventricular zone

cells in the CNS arise from the neuroepithelium with

separate glial and neuronal precursors soon diverging

from the neuroepithelium (His, 1889). He also suggested

that the ‘radial ependymal cells’ could serve to direct

and orientate developing axons (His, 1888). Cajal’s studies

concurred with His and also suggested that the radial

fibres could represent a glial phenotype, probably

modified or primitive astrocytes, that functioned to

maintain the shape of the cortex during development.

He also observed that each radial process had one basal

endfoot at the ventricular surface, whereas at the pial

surface the radial fibre often branched, with each

branch terminating with endfeet at the pial surface

(Cajal, 1894, 1911; DeFelipe et al. 1988). Pasko Rakic

finally clarified the role of these radial fibres in neuro-

nal migration, using electron microscopy and the Golgi

technique in the developing monkey cortex (Rakic,

1971, 1972). It was not until the 1980s that the glial

nature of these radial fibres was identified, when primate

radial glia were shown to possess several characteristics

typical of astrocytes, such as glycogen granules (Choi,

1981) and, using immunocytochemistry, the intermediate

filament protein glial fibrillary acidic protein (GFAP)

(Levitt & Rakic, 1980; Levitt et al. 1981).
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During development, radial glial cells appear early and

display a bipolar shape with processes spanning along

the full width of the developing CNS. Radial glial cell

bodies are mainly situated in the ventricular or sub-

ventricular zones. A short process anchors the cell soma

to the lumen in the ventricular zone while an elongated

process reaches the pial surface (Rakic, 1995). Neuro-

epithelial cells have been distinguished from radial glia,

based on antigenic markers (Malatesta et al. 2000). Unlike

neuroepithelial cells, radial glia exhibit hallmarks of

astrocytes such as the presence of glycogen granules

and expression of GFAP in primates (Levitt & Rakic, 1980;

Choi, 1981). Furthermore, although rodent and chick radial

glia do not express GFAP, they do express brain lipid

binding protein (BLBP) and the astrocyte-specific gluta-

mate aspartate transporter (GLAST), both of which are also

found in mature astrocytes (Hartfuss et al. 2001). These

glial features appear around the onset of neurogenesis

in ventricular zone cells and distinguish neuroepithelial

cells from radial glia. Therefore, the maturation of

neuroepithelial cells to radial glia and the onset of neuro-

genesis appear to be concurrent (Anthony et al. 2004).

Radial glia continue to share certain molecular charac-

teristics with neuroepithelial cells such as the neural

precursor cell marker nestin (Frederiksen & McKay, 1988).

Thus, radial glia express molecules characteristic of both

CNS precursors and astrocytes, suggesting their inter-

mediary state. Whereas radial glia persist in many lower

vertebrates into adulthood, they transform into astro-

cytes in most CNS regions of adult mammals (Chanas-

Sacre et al. 2000). GLAST- and BLBP-positive radial glia

have been shown to express nestin until their morpho-

logical transformation into astrocytes when GLAST and

BLBP are maintained, but nestin is down-regulated

(Hartfuss et al. 2001; Barry & McDermott, 2005). The

cellular and molecular events that underlie the trans-

formation of radial glia into astrocytes are not known

but the morphological transformation appears to

coincide with a change in expression of intermediate

filament protein in radial glia, i.e. loss of vimentin protein

and acquisition of GFAP (Voigt, 1989). From studies of

vimentin/GFAP expression, the transition of radial glia

into astrocytes appears to occur once neurogenesis is

complete (Schnitzer et al. 1981; Parnavelas et al. 1983).

In addition to the appearance of astroglial features,

further morphological changes occur, such as loss of tight

junctional coupling and up-regulation of several adhe-

sion and extracellular matrix molecules (Aaku-Saraste

et al. 1997; Stoykova et al. 1997).

 

Radial glia as guides

 

The long radial processes of radial glia have traditionally

been thought to play a crucial role as scaffolding, guiding

the migration of newborn neurons (Morest, 1970; Rakic,

1972, 2003; Edmondson & Hatten, 1987; Brittis et al.

1995; O’Rourke et al. 1995). Neurons migrate radially

from the germinal layers toward the pial surface to

settle in the differentiating layers (Morest, 1970; Hatten,

1999; Nadarajah et al. 2001). Two main types of cell

migration exist, radial and tangential (for a review see

Sobeih & Corfas, 2002), with different neuronal popu-

lations using different modes of migration depending

on where the neuroblasts originate (for reviews see

Parnavelas, 2000; Marin & Rubenstein, 2001). In the

cortical plate as additional waves of migrating neurons

arrive, they bypass earlier generated neurons to form

the cortical layers in an inside-out sequence, with

deeper layers being the first to form and superficial

layers the last. However, patterns of neuronal migra-

tion during cortical development are now known to be

more complex than once thought. Cortical interneurons

take a predominantly tangential path to reach the

cortex and travel relatively long distances, whereas

pyramidal cells take a predominantly radial path and

reach the cortex more directly.

Various molecules have been implicated in playing

an important role in neuronal migration. BLBP is

induced in radial glia by neurons attaching or migrat-

ing along them (Feng et al. 1994; Feng & Heintz, 1995).

These migrating cortical neurons release glial growth

factors that are crucial for expression of BLBP (Anton

et al. 1997). As migrating neurons induce BLBP in radial

glia and BLBP-positive cells are also dividing, these data

suggest that radial glial cells engaged in neuronal

guidance are also dividing (Gotz et al. 2002).

Among the candidate molecules involved in radial

migration are neuregulin, which binds to the glial surface

using ErbB2 and ErbB4 receptors (Schmid et al. 2003),

and integrins, which provide the optimal level of basic

neuron–glial adhesion needed to maintain neuronal

migration on the radial glia (Anton et al. 1999). Reelin

is another factor believed to be critical for the formation

of the cortical laminae (Luque et al. 2003; Hartfuss

et al. 2003). Reelin is expressed by Cajal-Retius cells and

once released reelin signals directly to migrating neu-

rons (Rice & Curran, 2001). Reelin has been implicated

to be required for BLBP expression in cortical radial glia

as well as radial process extension (Campbell, 2003).
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Reeler

 

 mutant mice, lacking reelin, display a failure of

layer formation in the developing cortex and the cere-

bellum, with neurons dispersing across the layers and

projecting dendrites in all directions (Caviness & Sidman,

1973; Caviness & Rakic, 1978; Caviness, 1982). An expla-

nation for the malformation of the neuronal laminae

is that, as reelin may regulate BLBP expression on the

radial glial cell process, its absence alters this expres-

sion and thereby interferes with the migration process

(Hartfuss et al. 2003). 

 

Reeler

 

 mutant mice demonstrate

incorrect formation of the radial glial cell phenotype,

with the cells attenuated, disordered and fewer in

number (Hunter-Schaedle, 1997; Hartfuss et al.

2003).

Observation of the division of radial glia infected with

a replication-incompetent retroviral vector expressing

GFP in slice preparations 1 day after infection directly

shows that at least some cells maintain a radial process

in M phase of the cell cycle (Noctor et al. 2001). Time-

lapse experiments have shown that migrating neurons

extend a thin leading process in the direction of migra-

tion and that the nucleus remains in the rear of the

soma during migration (Solecki et al. 2004). Studies

in slice cultures have shown that neurons generated in

the cortical proliferative zones pass through a series

of distinct migrational stages characterized by abrupt

changes in cell shape, direction of movement and

speed of migration as they move to the cortical plate

(Noctor et al. 2004). Transitions between these phases

of migration may involve environmental signals and

depend upon specific intracellular events (Kriegstein &

Noctor, 2004).

 

Radial glia in the spinal cord

 

Radial glia are also found in the spinal cord. There are

differences in the organization of radial glia found

in the spinal cord to those found in the cortex. In the

spinal cord white matter is present beneath the pial

surface, whereas in the brain cortical gray matter is found

in this location. In the developing cortex, neurons are

organized in lamina perpendicular to the long axis of

radial glia. In the developing spinal cord, such laminae

are not found and neurons migrate outward from the

ventricular zone to form the central gray matter of the

spinal cord in an outside-in fashion.

Radial glia in the spinal cord are the first glial cell

phenotype distinguishable from the spinal neuro-

epithelium. In the spinal cord radial glia have an oval-shaped

cell body located in the ventricular zone and exhibit a

bipolar morphology. They extend a process, from the

ventricular zone to the pial surface terminating with

a conical pial endfoot (the presumptive glia limitans)

and a short process to the central canal terminating

with a basal endfoot. They are generally present in

a plane perpendicular to the long axis of the central

canal. Using DiI labelling, the distribution of radial glia

from embryonic day (E)14 to E20 in the developing rat

spinal cord has been investigated extensively (McMahon

& McDermott, 2002). This study revealed cells with the

classic morphology of radial glia at E14 (Fig. 1A,B) and

loss of full radial processes with increasing develop-

mental age (Fig. 1C). The cytoarchitecture of the spinal

cord combined with the spatial and temporal appear-

ance of spinal cord radial glia indicate that these cells

may have functions different to those of radial glia

found in the cortex.

 

Radial glial cell–axonal interactions in the 
spinal cord

 

Radial glia are important in regulating the axon out-

growth and pathfinding processes that occur during

white matter patterning of many regions of the devel-

oping CNS, including the spinal cord (Brusco et al. 1995;

Honig et al. 1996; Puche & Shipley, 2001). It has been

reported that radial glial cells form cephalocaudal

plates that ensheath developing axonal tracts begin-

ning early in development in the ventral white matter

and which extend laterally as the axonal tracts increase

in size and number (Brusco et al. 1995). The authors

suggest that these transient cephalocaudal plates are

necessary for the structural organization of adult spinal

cord white matter. It has also been shown that vimen-

tin-immunoreactive radial glia are found in close appo-

sition to the leading corticospinal tract axons in the

spinal cord (Joosten & Gribnau, 1989). These radial

glia are orientated perpendicularly to the axons of the

corticospinal tract and appear to be arranged in tiers

along the rostrocaudal axis of the spinal cord (Joosten

& Gribnau, 1989). Electron microscopy revealed an

adhesive form of contact between the surrounding

radial glia and the axons of the fibre tract, suggesting

that the glia are not only providing a physical substrate

to guide pioneer axons but may also trophically influ-

ence their path of migration. This radial glial cell axon

interface is absent in the decussating area of the

corticospinal tract axons. Similarily, commissural axons
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arising in the dorsal spinal cord seem to be guided

through a matrix of glial cells to the ventral floor plate

(Shu et al. 2003) via diffusible factor(s) secreted by

radial glia that influence the patterning and orienta-

tion of commissural axons (Tessier-Lavigne et al. 1988).

In addition, we have found a strong conservation of

radial glial cell process periodicity throughout the

white matter during the periods of neurogenesis

and axogenesis (unpublished observation) (Fig. 2A,B).

This suggests a general role for radial glia in guiding

the growth of all axon tracts, possibly by forming

compartmentalizing sleeves through which they may

travel.

 

Progenitor and stem cell roles of radial glia

 

Radial glia as neuronal progenitors

 

Cell lineage analysis has shown that precursor pools in

the cerebral cortex generate different sets of descend-

ants 

 

in vivo

 

 and 

 

in vitro

 

 (Luskin et al. 1993; Williams &

Price, 1995). Early studies implied that radial glia in

the mammalian cortex might be potential precursors of

other cell types because they were found to be immuno-

positive for nestin and vimentin, proteins expressed

by CNS precursor cells (Pixley & DeVellis, 1984; Frederik-

sen & McKay, 1988; Lendahl et al. 1990; Chanas-Sacre

et al. 2000; Yamaguchi et al. 2000). Radial glia have

Fig. 1 (A) line drawing with inset box 
indicates the positions in the spinal cord 
of the region shown in B. (B) Montage 
showing the distribution of DiI-labelled 
radial glia in the dorsal region of the 
spinal cord. Most cell bodies are closer 
to the lumenal than to the pial surface. 
Dotted line corresponds to the pial 
surface. L, luminal surface; P, pial 
surface. Bars, 40 µm. (C) Schematic 
representation of how the distribution 
of representative DiI-labelled radial glia 
changes from E14 to E20. Bar, 100 µm.



 

Radial glia in cytogenesis, patterning and boundary formation, K. W. McDermott et al.

© Anatomical Society of Great Britain and Ireland 2005

 

245

 

been shown to divide rapidly and undergo interkinetic

nuclear migration, a feature unique to precursor cells

in the germinal ventricular zone (Misson et al. 1988).

Radial glia, but not astrocytes, in the mouse express

RC2 (Misson et al. 1988; Chanas-Sacre et al. 2000; Hart-

fuss et al. 2001), which has also recently been shown to

label neuronal precursor cells. Furthermore, radial glia

are known to remain in the cell cycle throughout

Fig. 2 (A) At E17, nestin-immunoreactive 
radial glial processes are present in a 
highly ordered pattern in the GAP43-
immunoreactive longitudinally orientated 
axon fascicles in the lateral white matter. 
(B) At E17, 2F7-immunoreactive axons 
of the dorsal columns form in close 
association with specialized vimentin-
immunoreactive radial glial fibres. Note 
the vertically orientated column of radial 
glial fascicles that separate clearly the 
right and left halves of the dorsal columns. 
(C) At E12/E13, nestin-immunoreactive 
neuroepithelial cells have transformed 
into a nestin-immunoreactive radial cell 
phenotype with nestin-immunoreactive 
processes radiating from the central 
canal to the pial surface. 2F7 (a neuronal 
marker) expression is now extensive and 
is clearly evident in the emerging ventral, 
lateral and dorsal white matter. (D) From 
E14, GLAST is present in radial glial cells 
running from the ventral half of the 
central canal to the ventrolateral pial 
surface, and in the ventral commissure. 
Cell proliferation, as shown by BrdU 
immunoreactivity, is located mostly 
dorsally. (E) By E17, GFAP co-localizes 
with vimentin in radial glial cells in 
ventral, lateral and dorsal white matter, 
and in radial glial processes in the grey 
matter, demonstrating the transition of 
radial glial cell to astrocyte. Bars, 50 µm 
(A,B); 100 µm (C–E).
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neurogenesis (Hartfuss et al. 2001) and 

 

3

 

[H]-thymidine

studies have shown that radial glia in the adult avian

ventricular zone are capable of dividing (Alvarez-

Buylla et al. 1990). Newborn neurons were shown to

arise in the regions rich in mitotically active radial glia,

suggesting that radial glia are not only necessary for

the migration of neurons but may also be their pro-

genitors. Furthermore, retroviral labelling lineage analysis

of radial glia in the chick optic tectum confirmed the

presence of radial glia, astrocytes and neurons within

the same clone (Gray & Sanes, 1992). Radial glial cell

marker expression also varies between vertebrates and

between brain regions. For example, radial glia in the

ventral telencephalon are morphologically distinct

from radial glia in the dorsal telencephalon. They also

exhibit different cell cycle characteristics than their

dorsal counterparts (Hartfuss et al. 2001). These differ-

ences correspond to the restricted expression patterns

of developmentally related molecules, such as the

paired homeodomain transcription factor Pax6 in the

cortex (Gõtz et al. 1998) and cellular retinal-binding

protein (RBP-1) in the ventral lateral telencephalon

(Toresson et al. 2000). Moreover, during neurogenesis

there is heterogeneous expression of BLBP, GLAST and

RC2 on radial glia in the cortex and ganglionic emin-

ence, providing further evidence that the appearance

and differentiation of these cells is developmentally

regulated (Hartfuss et al. 2001).

Recent evidence has shown radial glia as both neuro-

nal progenitors (Malatesta et al. 2000, 2003; Hartfuss

et al. 2001; Miyata et al. 2001; Tamamaki et al. 2001;

Noctor et al. 2002; Anthony et al. 2004) and glial

progenitors/precursors (Voigt, 1989; Misson et al. 1991;

Yang et al. 1993; Barry & McDermott, 2005). This new

evidence poses a challenge to the prevailing view of

separate neuroepithelial lineages for neurons and glia.

However, as much of this evidence has been obtained

using different experimental techniques, in different

regions and across different species, it is probably pre-

mature to assume that all radial glial cells generate

neurons in all regions of the CNS.

Using fluorescent-activated cell sorting, Malatesta

et al. (2000) described the neurogenic properties of

cortical radial glia. Radial glia were isolated using a

transgenic mouse line expressing the GFP under the

human GFAP promoter. Radial glia isolated from E14–

E16 transgenic mice predominantly generated neurons,

whereas radial glia isolated from E18 mice were more

restricted to an astrocyte lineage. To investigate whether

radial glial cells are neuronal progenitors 

 

in vivo

 

 Noctor

et al. (2001) injected a retroviral vector encoding EGFP

into the lateral ventricles of E15–E16 embryonic rats to

label precursor cells in the rat ventricular zone during

neurogenesis. Cells labelled immediately after the injection

were primarily radial glial cells. Time-lapse imaging

demonstrated that radial glia undergo interkinetic

nuclear movements and divide asymmetrically to give

rise to mitotic radial glia and postmitotic neurons. These

neurons were often observed to migrate along their

own parent radial glial fibre, revealing a dual role for

radial glia in both neurogenesis and migration. Simi-

larly, neuronal origins were investigated by injecting a

recombinant adenovirus expressing a membrane-

targeted GFP into the lateral ventricle of the E14–E15

mouse embryo (Tamamaki et al. 2001). Labelled radial

glia divided asymmetrically and gave rise either to neu-

ronal precursors or to spherical cells, which elongated

to become radial cells. Four days after the viral injec-

tion 97% of the GFP-positive cells were neocortical

neurons, strongly suggesting that radial glial cells are

the progenitors of neocortical neurons.

The migratory role of the parent radial glial cell fibre

was studied further by Miyata et al. (2001). DiI was

placed on the pial surface of slice cultures extracted

from E14 mouse cortex to labelled fully a selection of

radial glial cell fibres. This, combined with BrdU label-

ling 

 

in vivo

 

, allowed the analysis of the cell cycle char-

acteristics of individual radial glial cells. This showed

that radial glial cells divide asymmetrically, resulting in

the production of another progenitor cell and a radial

neuron, which usually inherits the parent radial glial

cell process. In these cases, the inherited process is used

by the newborn neuron to translocate its soma away

from the ventricular zone. The radial glial cell pro-

genitors that did not inherit the parent radial glial cell

process extended new radial processes.

To investigate whether all neurons in the cortical

ventricular zone are generated by radial glia, Noctor

et al. (2002) performed quantitative analysis on the

number of radial glial cells in the ventricular zone and

revealed that most precursor cells in the embryonic

ventricular zone are radial glia. Electrophysiological

recordings and dye filling experiments of coronal slices

taken from E12–E19 rat cortex showed that cells with

the membrane properties of precursor cells are radial

glial cells. Pulse labelling with BrdU and subsequent

immunostaining experiments revealed that the majority

of proliferating cells in the ventricular zone express a
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variety of radial glial cell markers, including RC2, BLBP

and GLAST. Application of fluorescent microspheres to

the pial surface led to labelling of 90% of ventricular

zone cells in S-phase, indicating that most proliferating

ventricular zone cells have processes that reach the pial

surface. Taken together, these findings provide com-

pelling evidence that radial glia are the most pro-

minent neuronal precursors present during embryonic

neocortical development.

More recently, Anthony et al. (2004) demonstrated,

using Cre/loxP fate mapping to mark the progeny of

BLBP-positive radial glia, that radial glia throughout

the mouse CNS pass through a neurogenic phase at dif-

ferent stages of development. This study also showed

that both GLAST and BLBP are not expressed in neuro-

epithelial cells and that the onset of BLBP and GLAST

expression coincides with the differentiation of radial

glia. Fate mapping showed that radial glial cells from

both the dorsal and the ventral telencephalon pass

through a neurogenic stage during development and

that radial glia give rise to the majority of neurons. The

expression profile of BLBP 

 

in vivo

 

 showed that all radial

glia differentiate in a pattern which parallels that of

the neurogenic gradient.

Taken together, these findings provide compelling

evidence that radial glia are the most prominent neu-

ronal precursors present during embryonic neocortical

development and perhaps in other CNS regions also.

 

Radial glia as astrocyte precursors

 

It has been known for many years that after completion

of neuronal migration some radial glia undergo a dramatic

alteration in phenotype and function, which sees them

transform into protoplasmic and fibrous astrocytes, during

the perinatal period. Postnatal radial glia share many

characteristics with astrocytes, such as the expression of

glycogen granules and the intermediate filament GFAP

(at least in primates) (Levitt & Rakic, 1980; Choi, 1981).

GLAST (Shibata et al. 1997), BLBP (Feng et al. 1994) and

the intermediate filaments vimentin (Dahl, 1981) and

nestin (Lendahl, 1997) are also expressed on radial glia

and later on in transitional and mature astrocytes. It

was Cajal who originally suggested that radial glia in

most regions of the mammalian brain disappear shortly

after birth, and appear to become transitional forms of

astrocytes (Cajal, 1894, 1911). Many studies have since

demonstrated this transformation across different brain

regions and in different species.

The antigen RC2 has been used in combination

with electron microscopy and immunohistochemistry

to analyse the origins and lineages of radial glia in the

mouse spinal cord and cerebellum (Misson et al. 1988).

From the neural tube stage of development RC2 identifies

neuroepithelial cells and radial glia. Subsequently,

these RC2-immunoreactive radial glia undergo marked

changes in morphology consistent with the radial glial–

astrocyte transformation.

Using antibodies directed against vimentin and GFAP

the development of the rat spinal cord astroglial system

has been studied (Oudega & Marani, 1991). Initially

vimentin was present in a radial profile in the matrix

layer of the spinal cord. GFAP first appeared at E18 in

the ventral mantle layer and gradually replaced vimen-

tin in radial glial cells during the first three postnatal

weeks, leading the authors to suggest that the orderly

arrangement of GFAP and vimentin in the matrix layer

during development indicates their involvement in neu-

ronal migration and regionalization. To test whether

radial glia directly transformed to astrocytes, Voigt

(1989) injected fluorescent dye to the subpial surface

of newborn ferrets when no GFAP-immunoreactive

astrocytes are present. The dye was taken up in the upper

portion of the cortical plate and stained radial glial

somata. As the radial glia disappeared in postnatal life,

the dye was ultimately found in GFAP-immunoreactive

astrocytes in the cortex (Voigt, 1989). This, for the first

time, provided direct evidence that radial glia were an

immature form of astrocytes, and that this transforma-

tion was accompanied by a change in the intermediate

filament protein expression.

GLAST was shown to be a marker of cells of the radial

glial cell–astrocyte lineage in the developing mouse

spinal cord (Shibata et al. 1997). GLAST was expressed

on pre-existing radial cells during the period that neu-

rons migrate from the ventricular zone to the grey mat-

ter regions, as demonstrated by the increasing size of

the dorsal and ventral horns. This occurs between E11

and E13 in the ventral cord and between E13 and E15

in the dorsal cord. GLAST mRNA was first expressed

outside the ventricular zone at E15, at a time when

labelled nuclei displaying glial-like features were

detected in the mantle and marginal zones. Thus,

migration of radial glial cell bodies to the grey and

white matter appears to occur after neuronal migra-

tion has ceased. Furthermore, the cytological and

morphological changes indicative of the early stages of

the transformation of radial glia to astrocytes seem to
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occur concomitantly with the migration of radial glia,

between E13 and E15 (Shibata et al. 1997).

Distinct populations of precursor cells have been

described in the embryonic rat spinal cord based on

their antigenic phenotype using lineage markers: neuro-

epithelial cells (NEPs), neuronal restricted precursors

(NRPs) and glial restricted cells (GRPs) (Liu et al. 2002).

NEPs of the E10.5 neural tube do not express any early

astrocyte or oligodendrocyte markers, but they do

express nestin, and the potential oligodendrocyte

precursor markers Nkx2.2 and transiently Olig 2. GFAP

was first detected at E16 in the rostral spinal cord and

was not co-expressed with other glial precursors or

oligodendrocyte markers. As such, GFAP-positive cells

are likely to represent the last glial cell population

generated in the spinal cord. These authors show that

GRPs are generated by NEPs, which do not express any

glial markers and further suggest that two domains of

GRP appear to exist, which generate oligodendrocytes

and astrocytes and are antigenically and morphologic-

ally distinct from radial glia (Liu et al. 2002).

Recently, we identified a population of self-renewing

radial cells in the embryonic spinal cord, distinct from

the neuroepithelium, that resemble radial glial cells

in morphology, yet do not express any glial cell markers

along their processes (Fig. 2C) (Barry & McDermott,

2005). These radial cells arise from the spinal cord neuro-

epithelium and are the precursors of radial glial cells,

which first appear at E14 expressing GLAST in the

ventral spinal cord (Fig. 2D). Radial glial cells were

found in all regions of the cord from E16 expressing

GLAST, BLBP and 3CB2. As neurogenesis, as indicated

by the presence of neuronal marker 2F7, coincides with

the appearance of such radial cells it is likely these

cells are the primary neuronal progenitor in the spinal

cord. GLAST-, BLBP- and 3CB2-positive radial glia

were shown to transform gradually into differentiated

astrocytes, by the gradual acquisition of GFAP and

down-regulation of vimentin and nestin following a

ventro-dorsal gradient (Fig. 2E). Based on these find-

ings it is proposed that radial glia are the major source

of astrocytes, while the neuroepithelial and radial

neuroepithelial cells are the major neuronal progenitors,

in the developing spinal cord.
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