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Radial glia are transiently present in the developing cerebral 
cortex, where they are thought to guide the migration of 
neurons from the proliferative zone to the forming cortical 
plate. To provide a framework for experimental studies of 
radial glia, we have defined morphological and immunocy- 
tochemical criteria to identify them in primary cultures of 
cortical cells obtained at embryonic day 13 in the mouse. 
Cortical radial glia in culture for l-2 d resemble radial glia 
in vivo: they have a long, thin, unbranched process extending 
from one or both ends of the elongated cell body and are 
labeled with the monoclonal antibody RCl but not with an- 
tibodies to glial fibrillary acidic protein (abGFAP). We tested 
the specificity of RCl by double-labeling with a panel of cell- 
type specific antibodies, and found that it labels radial glia, 
astrocytes, and fibroblast-like cells, but not neurons. Fibro- 
blasts are easily distinguished from glia by morphology and 
by labeling with antibodies to fibronectin. 

To test the hypothesis that radial glia become astrocytes 
when their developmental role is complete, we examined 
their morphological and immunocytochemical development 
in culture. After 3-4 d in vitro radial glia develop several 
branched processes; in this transitional stage they are la- 
beled by both RCl and abGFAP. Many radial glia lose RCl 
immunoreactivity as they become increasingly branched and 
immunoreactive to abGFAP. In areas of the cultures that 
have few neurons and in cultures depleted of neurons by 
washing, flat, nonprocess-bearing glia predominate. These 
cells do not lose immunoreactivity to RCl during the 9-d 
period of observation even though they acquire GFAP. Thus 
cortical radial glia undergo an apparently neuron-dependent 
morphological and immunocytochemical transformation in 
tissue culture, gradually coming to resemble stellate astro- 
cytes. This in vitro transformation provides support for pre- 
vious suggestions that a similar event occurs in vivo and 
opens the prospect for an analysis of the factors that control 
it. 
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Radial glia play an important role in the development of the 
mammalian CNS and then, with a few prominent exceptions, 
disappear. Their long, thin processes, which extend radially from 
the cell body near the ventricle, are thought to guide the mi- 
gration of the neurons that form the cerebral cortex (Ramon y 
Cajal, 1911; Rakic, 1972). Radial glia are among the earliest 
cells to differentiate in the developing cortex (Misson et al., 
1988a, b); their transient existence ends shortly after neuronal 
migration is complete. 

What is the fate of this critical cell population? Although cell 
death is an important mechanism eliminating neurons during 
cortical development (Finlay and Slattery, 1983; Pearlman, 
1985) there is little evidence that radial glia undergo a similar 
fate. Instead, the presence of transitional cellular forms in Golgi- 
stained and immunolabeled cortical sections suggests that radial 
glia are transformed into astrocytes when they have completed 
their developmental role (Ramon y Cajal, 19 11; Akers, 1977; 
Schmechel and Rakic, 1979; Levitt et al., 1981; Pixley and de 
Vellis, 1984; Caviness et al., 1989). 

The techniques of cell culture have recently been used effec- 
tively in analyzing the fate of early glial populations from several 
sites in the CNS. In tissue culture, relatively large populations 
of cells can be sampled at frequent intervals during maturation, 
and factors that induce or alter cellular maturation can be iden- 
tified (Raff et al., 1983a, b, 1984, 1988; Hatten, 1985; Fedoroff, 
1986; Nagata et al., 1986; McCarthy et al., 1988; Wilkie and 
Lauder, 1988). Tissue culture studies have also been quite useful 
in the experimental analysis of the migration of cerebellar neu- 
rons along elongated glial processes (Hatten et al., 1984, 1986; 
Edmondson and Hatten, 1987; Edmondson et al., 1988). 

To provide a framework for the study of cortical radial glia 
in tissue culture, we used immunocytochemical and morpho- 
logical features to identify radial glia in cultures of cells disso- 
ciated from the embryonic cortex of mice. For this identification 
we used a monoclonal antibody, RC 1, that labels these cells in 
the developing CNS of the mouse (Edwards et al., 1986, 1990; 
Misson et al., 1988a). We used a panel of antibodies to test the 
specificity of RCl and a polyclonal antibody to glial fibrillary 
acidic protein (abGFAP) to identify astrocytes. We analyzed the 
fate of radial glia by studying the changes in their morphology 
and immunoreactivity that take place over the next several days. 
In addition, we grew radial glia in cultures depleted of neurons 
to determine whether the latter play a role in the transformation 
of radial glia to astrocytes that we observed. 

Materials and Methods 
Cellculture. The cerebral hemispheres of murine embryos were removed 
on embryonic day 13 and dissociated (Huettner and Baughman, 1986) 
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Figure 1. Radial glia at 3 DIV labeled with RCl and FITC-tagged 
second antibody. Arrow indicates a broadened. end-foot-like termina- 
tion of a long, thin process. Scale bar, 20 pm. 

with papain. Dissociated cells were plated (200-300 cells/mm*) on polv- 
L-lysine-coated glass coverslips in 24 well plates and grown in E&e’s 
minimal essential medium (MEM) supplemented with glucose, 10% 
heat-inactivated horse serum, and L-glutamine at 35°C in 5% CO,. After 
2 days in vitro (DIV), some of the coverslips were washed for 3 set with 
cold (4°C) Earle’s MEM to remove neurons, then either fixed imme- 
diately or refed and returned to the incubator. 

Zmmunohistochemistry. Cultures were fixed and immunolabeled after 
2, 4, 5, 6, and 9 DIV, 10-36 cultures were double-labeled on each day. 
Just before fixation, cell cultures were rinsed with L-15 (5 min, 35OC) 
then fixed in methyl alcohol (5 min, -70°C) rinsed, and blocked with 
fish gelatin (1% in PBS, 30 min; Sigma Chemical). All rinses were carried 
out with PBS (pH 7.4): orimarv antibodies were diluted in 0.1% bovine 
serum albumin in PBS.-Tris-buffered saline was substituted for PBS in 
rinses and dilutions for immunolabeling with anti-neurofilament anti- 
bodies. Immunolabeling was carried out in a dark chamber at room 
temperature. Two primary antibodies (listed below) were applied si- 
multaneously (90 min); each of the primary antibodies was omitted in 
labeling controls. Cultures were then rinsed, blocked with Ash gelatin, 
incubated with second antibodies (60 min), rinsed, and mounted on 
slides with gelvatol (Rodriquez and Deinhardt, 1960; Monsanto, St. 
Louis, MO) and 1,4-diazobicyclo(2,2,2)octane (Aldrich Chemicals, Mil- 
waukee, WI) or citifluor (Citifluor Limited, London, England). 

The following primary antibodies were used to label cultures: RCl 
(undiluted hybridoma supematant; Edwards et al., 1986, 1989; Mission 
et al., 1988a), abGFAP (1:4000; Biomed Tech, Stoughton, MA), an 
affinity-purified polyclonal antibody (rabbit) to human fibronectin (abFN, 
1:800, provided by J. McDonald; Villiger et al., 198 l), monoclonal and 

polyclonal antibodies to neurofilaments (abNF; SMI-3 1, 1:2000, Stem- 
berger-Meyer Immunochemicals, Jarrettsville, MD, RMO- 108, 1: 10, 
provided by Dr. V. Lee; Lee et al., 1987; goat anti-rabbit neurofilament- 
M, 1: 100, provided by Dr. M. Willard; Glicksman et al., 1987), and a 
polyclonal antibody (rabbit) to vimentin (1: 1000, provided by R. Hynes; 
Hynes and Destree, 1978). Second antibodies included rhodamine 
(TRITC)-conjugated donkey anti-rabbit IgG (H&L), TRITC-conjugated 
rabbit anti-mouse IgM, fluorescein(FITC)-conjugated goat anti- 
mouse IgG and IgM (Jackson Labs, West Grove, PA), and FITC-con- 
jugated rabbit anti-goat IgG (H&L) (Cappel Organon Teknika Corp., 
West Chester, PA). Second antibodies were diluted 1:200 in 0.1% bovine 
serum albumin in PBS. 

A total of 176 cultures were double-labeled for RC 1 and GFAP; an 
additional 25 cultures were double-labeled at 4 DIV to examine the 
specificity of RC 1 immunolabeling. The morphology and immunola- 
beling of several hundred cells in each culture were examined with an 
epifluorescence microscope (Nikon Labophot) equipped with a 100-W 
mercury arc bulb and filter cubes ontimized for FITC (Nikon B2) and 
TRITE (Nikon Gl B). Photographs-were made with a 35-mm camera 
(Nikon) on Kodak T-Max film. 

Results 
IdentiJcation of cortical radial glia in tissue culture: Specificity 
of immunological markers 
An experimental analysis of radial glia in vitro, including a de- 
termination of their fate, will require that they be positively 
identified and distinguished from other cell types present in the 
cultures. To identify radial glia, we tested 3 antibodies that have 
been used to label these cells in sections: abGFAP, antibodies 
to vimentin (abVIM), and the RCl antibody. To distinguish 
radial glia from other cell types, we used abNF to label neurons 
and abFN to identify fibroblast-like cells. 

In our primary cultures of the dissociated cortical anlage of 
E 13 mice, approximately half of the cells present during the first 
few DIV have morphological and immunocytological features 
which suggest that they are radial glia. They have a long, thin, 
unbranched process extending from one or both ends of the 
small, elongated cell body (Figs. 1; 2, a, b, 4a). The process 
sometimes broadens distally to form a structure resembling the 
radial glial end-foot on the pial basal lamina in vivo. The cy- 
toskeleton of these cells labels strongly with RCl (Figs. 1, 2b, 
4a), which has been shown to label radial glia in vivo (Edwards 
et al., 1986, 1990; Misson et al., 1988a). Initially, RC 1 -positive 
cells do not label with abGFAP (Fig. 4b), but by 4-6 DIV, most 
RCl -positive cells are also abGFAP-positive. This transition, 
which indicates that RC 1 -positive cells with morphological fea- 
tures of radial glia are related to astroglia, will be considered in 
more detail in the next section. 

We used several monoclonal and polyclonal antibodies (abNF) 
that label the neurofilament proteins M and H to identify neu- 
rons. Cells that label with abNF (Fig. 2, c, d) are not RCl- 
positive, indicating that neurons do not contain the epitope 
recognized by RCl. The cells we have identified as radial glia 
are also abVIM-positive (Fig. 2, a, b), but this antibody does 
not reliably distinguish them from neurons, since some of the 
latter are also abVIM-positive (Fig. 2, e-h). Fibroblast-like cells, 
which are also RC 1 -positive (Fig. 3a) and abVIM-positive, are 
large and polygonal; although they are easily distinguished from 
radial glia morphologically, they sometimes resemble nonpro- 
cess-bearing epithelioid glia. We have used 2 established im- 
munocytochemical markers to distinguish these cell types: 
abGFAP-negative fibroblast-like cells have distinct linear arrays 
of fibronectin on their surfaces (Fig. 3, a, b), while abGFAP- 
positive epithelioid glia do not (Fig. 3, c, d). 
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Figure 2. Specificity of immunological markers. Pairs of photographs (a and b, c and d, etc.) are of the same field labeled with the indicated 
primary antibody and appropriate second antibodies tagged with either FITC or TRITC. Arrows indicate the same point in the 2 photographs. a, 
b, A radial &al cell that has a major, elongated, RCl-positive and abVIM-positive process (arrowhead, a, b) with an end-foot-like termination, 
and smaller processes emanating from the cell body that are only faintly RCI-positive (arrow, b) but are strongly VIM-positive (arrow, a). c, d, 
RCl-positive glial cell (arrow, c) is abNF-negative (arrow, d), while neuronal processes (arrowhead, d) are abNF-positive and RCl-negative 
(arrowhead, c). e, J; A bipolar, abNF-positive neuron (arrow, e) that is also partially abVIM-positive (arrow, fl. g, h, Three cells with neuronal 
morphology are abVIM-positive (arrow, h) but RCl-negative (arrow, g). Scale bar, 20 pm. 

Transformation of radial glia to astrocytes 
To study the morphological and immunocytological changes 
that take place in radial glia in culture, we double-labeled cul- 
tures at 2, 4, 5, 6, and 9 DIV with RCl and abGFAP. At 2 
DIV, approximately half of the cells are RCl -positive; none are 
abGFAP-positive (Fig. 4, a, b). Most RCl-positive cells are 
present, along with RCl -negative neurons, in small clusters that 
are the result of both reaggregation and cell division (Luskin et 
al., 1988) in culture. At this stage, most RC 1 -positive cells have 
the appearance of monopolar or bipolar radial glia (Fig. 4a). 
Occasional RC 1 -positive glia have a stellate morphology, with 
3 or more relatively short processes that are usually unbranched. 

As the cultures mature (4-5 DIV), 2 changes in RCl-positive 
cells within clusters occur: The proportion of mono- or bipolar 
radial glia declines while the number of stellate cells increases, 
and cells of both morphologies display immunoreactivity to 
abGFAP as well as RCl (Fig. 4, c, d). No abGFAP-positive cells 
are RC 1 -negative at this stage. With additional time in culture 
(6-9 DIV) the stellate cells develop more processes and become 
increasingly immunoreactive to abGFAP. As immunoreactivity 
to abGFAP increases, labeling with RCl decreases; many highly 

branched stellate astrocytes with prominent abGFAP labeling 
are RCl-negative (Fig. 4, e, f). 

Neuron-depleted cultures 
In contrast to the RCl-positive radial and stellate glia that are 
found in clusters with neurons (Fig. 5, a, b), RC 1 -positive cells 
with a flattened, epithelioid morphology and no processes are 
present in areas of the culture that by chance contain few or no 
neurons (Fig. 5, c, d). Some RCl-positive cells, located at the 
edge of a neuron-glia aggregate or in association with only a few 
neurons, develop an intermediate morphology: they have well- 
defined processes, but the processes are broader and the cell 
body larger and more flattened than stellate cells. Epithelioid 
glial cells become abGFAP-positive, but, unlike many stellate 
astrocytes, they retain immunoreactivity to RCl throughout the 
9 d of observation. 

To test the hypothesis that interaction with neurons is playing 
a role in determining the morphology of glia, we subjected cul- 
tures to a brief, forceful rinse with chilled Earle’s MEM at 2 
DIV, thereby detaching most neurons. The remaining cells were 
fixed and labeled with RCl and abGFAP just after rinsing and 
at 4, 5, 6, and 9 DIV. Immediately after rinsing, the cultures 
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Figure 3. Distinction between fibroblasts and epithelioid glia. Pairs of photographs (a and b, c and d) are of the same field, double-labeled with 
the indicated primary antibody, and either FITC- or TRITC-tagged second antibodies. a, b, RCl-positive flat polygonal fibroblast with fibronectin 
in linear arrays on its surface. c, d, GFAP-positive epithelioid astrocyte with no fibronectin on its surface. Scale bar, 20 pm. 

contain almost exclusively RC 1 -positive cells that have the mor- 
phology of either radial glia (Fig. 6, a, b) or epithelioid glia. 
With time in culture (4-9 DIV), radial glia are no longer evident, 
while epithelioid astrocytes eventually blanket the covet-slip. 
Epithelioid astrocytes develop immunoreactivity to abGFAP 
but most do not lose immunoreactivity to RCl (Fig. 6, c-f. 

Discussion 
In this study we provide criteria for identifying radial glia in 
mixed cultures derived from the embryonic cerebral cortex of 
the mouse and for differentiating them from other cell types 
present in the cultures. These criteria are based on the mor- 
phology of the cells and their expression of selected antigens; 
they will undoubtedly require alteration and refinement as new 
cellular antigens are defined. Radial glia are abundantly present 
in cultures derived from the early embryonic anlage of the ce- 
rebral cortex. Like radial glia in vivo, they have a long, un- 
branched process extending from one or both ends of the cell 
body and are labeled by the RCl antibody (Edwards et al., 1986, 
1990; Misson et al., 1988a). They are not labeled by abGFAP 
initially, but become abGFAP-positive after 3-5 d. With time 
in culture, cells defined as radial glia by these criteria take on 
the morphological and immunocytological features of stellate 
astrocytes; they develop several branched processes, become 
more intensely immunoreactive to abGFAP, and lose immmu- 
noreactivity to RC 1. 

RCI as a label for radial glia 
RCl is a selective marker for identifying radial glia and astro- 
cytes in tissue culture since it distinguishes these cells from 
neurons identified with antibodies to neurofilaments. Thus, the 
apparent specificity of RC 1 for radial glia and young astrocytes 
in tissue sections, where it labels radial glia but not young neu- 
rons (Edwards et al., 1986, 1990; Misson et al., 1988a), is pre- 
served in tissue culture. RCl also labels cells of the meninges 
in sections (Edwards et al., 1986, 1990; Misson et al., 1988a). 
The fibroblast-like cells present in our cultures, which are also 
RC 1 -positive and presumably derive from remnants of the me- 
ninges, are easily distinguished from radial glia in tissue culture 
on the basis of morphology and immunoreactivity to anti-fi- 
bronectin antibodies. Fibroblasts produce fibronectin and as- 
semble it on their surface in distinct linear arrays (Price and 
Hynes, 1985). Although fibronectin is produced by both radial 
glia (Pearlman et al., 1988) and epithelioid astrocytes in culture 
(Kavinsky and Garber, 1979; Price and Hynes, 1985; Liesi et 
al., 1986), these cells do not assemble it on their surface in linear 
arrays (Price and Hynes, 1985; Pearlman et al., 1988) and are 
thus abFN-negative. 

Although RC 1 does not label neurons that are expressing the 
M or H components of the neurofilament triplet protein, the 
question arises as to whether the RCl epitope might be present 
in young neurons before they express these markers. Our ob- 
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Figure 4. Morphological and immunocytochemical transformation of radial glia. Pairs of photographs (a and b, c and d, e and fl are of the same 
field double-labeled at the indicated time in culture with RCl (FITC-tagged second antibody) and abGFAP (TRITC-tagged second antibody). 
Arrows indicate the same point in the 2 photographs. a, b, At 2 DIV, radial glia in cell clusters are mono- or bipolar with elongated, RCl-positive, 
abGFAP-negative processes (arrow). A few RCl-positive cells have branched processes. c, d, By 5 DIV most cells in clusters are stellate, with 3 or 
more processes, but some (arrow) remain monopolar; most express both the RCl antigen and GFAP. e, J; At 9 DIV, most stellate astrocytes have 
multiple processes and have lost RCl immunoreactivity. Scale bar, 20 em. 

servations on the time course of GFAP expression in RCl- 
positive cells suggests that this is not the case. All cells that 
express GFAP at 3-5 d in culture also express RCl to a greater 
or lesser extent, indicating that the RCl epitope may be a com- 
ponent of the cytoskeletal predecessor of GFAP. In contrast, 
the RCl epitope is not detectable at all in abNF-postive cells; 
if the RCl epitope were present in early neuronal cells, the 
transition to more mature neurofilaments would have to be 
extremely abrupt, which seems unlikely. The appearance of 
another neuronal marker, neuron-specific enolase, in very young 
RC 1 -negative cells and not in RC 1 -positive cells (S. Culican, J. 
Sanes, and A. Pearlman, unpublished observations) supports 
the conclusion that RCl does not label neurons. 

Antibodies to GFAP, the astrocyte-specific intermediate fil- 
ament protein, do not label cortical radial glia in tissue culture 
when they are first plated at El 3, just as they do not label radial 
glia effectively in sections from early embryonic rodents (Big- 

nami and Dahl, 1974; Bovolenta et al., 1984; Pixley and de 
Vellis, 1984; Choi, 1988). The late appearance of GFAP in radial 
glia confirms’their relationship to astroglia, but precludes the 
use of abGFAP as a marker for functional studies of cortical 
radial glia during the first few days in culture. The usefulness 
of antibodies to vimentin in such studies is also limited, but for 
reasons of specificity rather than delayed appearance: we con- 
firm the observation that vimentin is present in both glia and 
neurons in culture (Bignami et al., 1982). The early appearance 
of RC 1 and its absence from neurons should make it a suitable 
marker for functional studies of cortical radial glia similar to 
those that have been carried out on cerebellar Bergmann glia 
with abGFAP as the marker (Hatten et al., 1984, 1986; Ed- 
mondson and Hatten, 1987; Edmondson et al., 1988). 

Vimentin, which was first identified in mesenchymal cells 
(Lazarides, 1980), is thought to be the major intermediate fil- 
ament protein in immature neurons and glia as well (Dahl et 
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Figure 5. Morphology of glia in clusters with and without adjacent neurons. a, b, In clusters with neurons, glial cells have long, thin, RCl-positive 
processes. c, d, In an area of the same culture containing very few neurons, glial cells are epithelioid. Arrows indicate corresponding points in the 
pairs (a, b and c, d) of phase and immunolabeled images. Scale bar, 20 pm. 

al., 198 1; Bignami et al., 1982). It is replaced in most instances 
by the neurofilament triplet proteins in neurons or by GFAP in 
astrocytes as these cells mature (Bignami et al., 1982; Bovolenta 
et al., 1987; for exceptions, see Drager, 1983; Schwab et al., 
1986). Vimentin is present in cells of the neuroepithelium at 
very early stages, before morphological differentiation of neu- 
rons and glia takes place (Tapscott et al., 198 c Houle and Fe- 
doroff, 1983). It thus may be the intermediate filament protein 
of the putative common precursor for neurons and glia. The 
epitope recognized by the monoclonal antibody RAT 40 1 is also 
apparently present in the common precursor and in radial glia 
(Hockfeld and McKay, 1985). Although there is no evidence 
for the continued presence of a neuron-glia precursor at El 3 
(Luskin et al., 1988) when our cultures were obtained, the epi- 
tope identified by RC 1 is present as early as E 10 in some of the 
dividing cells in the cortex of the mouse (Misson et al., 1988b). 
Our evidence indicates that it is limited to the glial cell line once 
the 2 lines have diverged, but it remains to be determined wheth- 
er it is also a component of neuroblasts or neuron-glia precur- 
sors. 

The molecule containing the RCl epitope has not yet been 
identified. The observation that RCl and abVIM label the cy- 
toskeleton of immature glia and fibroblast-like cells in a similar 
pattern suggests that RCl may be identifying a vimentin-like 
antigen. However, immunoreactivity to the polyclonal abVIM 
and to the monoclonal antibody RCl is not completely coex- 
tensive in many RCl-positive radial glia (Fig. 2, a, b), and RCl 

immunoreactivity is absent from abVIM-positive cells with 
neuronal morphology (Fig. 2, g, h). These findings suggest that 
RC 1 might be recognizing a molecule (such as an intermediate 
filament-associated protein; Wang, 1985) that codistributes with 
vimentin in some cell types but not others. 

The radial glia-astrocyte transition in vivo 

Our observations on the transition from radial glia to stellate 
astrocytes that takes place in tissue culture support the hypoth- 
esis that radial glia become astrocytes during cortical develop- 
ment (Ramon y Cajal, 19 11; Akers, 1977; Schmechel and Rakic, 
1979; Levitt et al., 198 1; Pixley and de Vellis, 1984; Caviness 
et al., 1989). This hypothesis stems from morphological obser- 
vations during the, period when radial glia disappear from the 
cortex and astrocytes become prominent. During this period, 
cell forms are evident that appear to be transitional because they 
have a long radial process extending to the pia but also have an 
astrocyte-like cell body outside of the ventricular and subven- 
tricular zones with several locally branching processes (Ramon 
y Cajal, 19 11; Akers, 1977; Schmechel and Rakic, 1979; Levitt 
et al., 1981; Choi, 1988; Misson et al., 1988b, Caviness et al., 
1989). A similar set of observations has led to the proposal that 
radial glia are transformed into both astrocytes and Bergmann 
glia in the cerebellum (Rambn y Cajal, 19 11; Rakic, 197 1; Choi 
and Lapham, 1978, 1980; Bovolenta et al., 1984; Benjelloun- 
Touimi et al., 1985). However, neither the studies of radial glia 
in sections nor our studies in tissue culture provide evidence as 



690 Culican et al. * Cortical Radial Glia in Culture 

2DIV 

E 

Figure 6. Neuron-depleted cultures. Pairs of photographs (a and b, c and d, e and fl are of the same field double-labeled as in Figure 2 with RCl 
and abGFAP after the indicated time in culture. a, b, Immediately after a brief rinse with chilled Earle’s MEM, some RCl-positive, abGFAP- 
negative radial glia-like cells remain (arrows), their morphology altered by the treatment. c, d, At 5 DIV, the predominant cell type is a flattened, 
epithelioid astrocyte with prominent labeling of the cytoskeleton with RCl and definite but less prominent labeling with abGFAP (arrows). e, f ;  
By 9 DIV most epithelioid astrocytes are abGFAP-positive, but have not lost RCl immunoreactivity (arrows). Scale bar, 20 pm. 

to what proportion of the radial glia become astrocytes, or what 
proportion of the astrocytes are derived from radial glia. 

Several studies have suggested that radial glia might also be 
transformed into oligodendroglia in the spinal cord, based on 
the observation of cells that are transitional in morphology and 
immunolabeling (Penfield, 1924; Ramon-Moliner, 1958; Choi 
et al., 1983; Hirano and Goldman, 1988). The mechanism for 
oligodendroglial production may differ in the telencephalon, 
however, where the cells of the subventricular zone apparently 
give rise to oligodendroglia independent of the radial glia-as- 
trocyte line (Levine and Goldman, 1988). 

In vitro analysis of glial d&%erentiation and fate 
In zones of the cultures that have few neurons and in cultures 
that have been depleted of neurons by washing, flat, epithelioid 
astrocytes with no processes are present rather than astrocytes 
with several processes. Although epithelioid astrocytes are la- 
beled by abGFAP, they do not lose immunoreactivity to RCl 

during the period we have studied (E13; 2-9 DIV), suggesting 
that both the development of glial processes and the develop- 
ment of the mature cytoskeletal composition are dependent on 
interactions with neurons. 

Our observations are in agreement with prior studies dem- 
onstrating that contact with neurons plays an important role in 
determining astroglial morphology in vitro. Early postnatal cer- 
ebellar astrocytes grown in the absence of neurons assume a flat, 
epithelioid morphology, but can be transformed into stellate 
astrocytes or cells resembling Bergmann glia by the addition of 
purified granule cells (Hatten, 1985, 1987; Nagata et al., 1986). 
In contrast, cultures of dissociated cells from the midbrain that 
contain relatively few neurons have many stellate astrocytes, 
some of which are transformed radial glia (Wilkie and Lauder, 
1988). Astrocytic proliferation is strikingly arrested by direct 
contact with neurons or neuronal membranes (Sobue and Plea- 
sure, 1984; Hatten, 1987) but not by media conditioned by 
neurons, glia, or both (Hatten, 1985). 
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Tissue culture has proven to be an effective means for ana- 
lyzing the development of glial cells (Trimmer et al., 1982; 
Mason et al., 1988) transformations in their morphology (re- 
viewed in Fedoroff, 1986, and Lauder and McCarthy, 1986), 
and factors that influence the fate of glial precursors (Raff et al., 
1983a, b, 1984, 1988; Hughes et al., 1988). Our observation 
that the transformation of cortical radial glia to astrocytes occurs 
in vitro opens the prospect for an analysis of the mechanisms 
that control this process during early cortical development. 
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