
INTRODUCTION

One of the major challenges in developmental neurobiol-
ogy is to determine how the enormous variety of neuronal
and glial cell types in the mature central nervous system
(CNS) is generated from the undifferentiated neuroepithe-
lial cells of the embryonic neural tube. We are approach-
ing this problem by focussing on the development of oligo-
dendrocytes, the myelinating glia of the CNS. During
development, oligodendrocytes arise from glial progenitor
cells known as O-2A progenitors (see Richardson et al.,
1990 for review). There is evidence that O-2A progenitors
are migratory cells in vivo, invading developing white
matter tracts from nearby germinal zones (Altman, 1966;
Paterson et al., 1973; Small et al., 1987; Reynolds and
Wilkin, 1988; LeVine and Goldman, 1988a,b), but their
sites of origin are, in general, unknown. It is possible that
the ultimate origin of the oligodendrocyte lineage, in
common with most neuronal cell lineages, is in the germi-
nal zones around the ventricles of the brain and spinal cordαR+ cells in
the embryonic spinal cord and brain. These experiments
revealed a transient singularity of PDGF-αR expression in
the basal ventricular zone of the embryonic spinal cord. The
location of these early PDGF-αR+ cells and their subse-
quent behaviour corresponds closely with what is known
about the development of oligodendrocyte precursors in the
embryonic spinal cord (Warf et al., 1991). We also present
evidence suggesting that PDGF-αR+ cells in the forebrain
and midbrain originate in a restricted region of the ven-
tricular zone of the third ventricle (beneath the foramen of
Monro), in the ventral half of the developing diencephalon.
Our data provide a striking illustration of the high degree
of spatial resolution with which gene expression and cell
fate can be regulated along the dorsoventral axis of the

R) mRNA is expressed in the ventral half of
the spinal cord in two longitudinal columns, one each
side of the central canal. Initially, these columns are only
two cells wide but the cells subsequently appear to pro -
liferate and disseminate throughout the spinal cord. Our
previous studies of PDGF- R expression in the devel -
oping CNS suggested that PDGF- R may be a useful
marker of the oligodendrocyte lineage in situ. The data
presented here complement those studies and lead us to
propose that the earliest oligodendrocyte precursors in
the spinal cord originate in a very restricted region of

the ventricular zone during a brief window of time
around embryonic day 14 (E14). In the embryonic
brain, migrating PDGF-
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might be germinal centers for PDGF-αR+ cells in the brain
that are topologically equivalent to those in the spinal cord.
To explore this possibility we cut sections of embryonic rat
brain and subjected them to the in situ hybridization pro-
cedure with our PDGF-αR probe. Fig. 7 shows coronal sec-
tions through different parts of the diencephalon of an E13
rat brain photographed under dark-field illumination. There
are two separate regions of PDGF-αR expression in the
ventricular and subventricular zones, one in the dorsal half
and one in the ventral half of the diencephalon. In the more
anterior section only the dorsal region of expression is vis-
ible (arrow in A); this presumably corresponds to the ante-
rior tip of the wedge-shaped zone of PDGF-αR expression
in the posterior part of the diencephalon, visible in sagittal
sections of E13 (not shown) or E14 (Fig. 6A) rats. The exis-
tence of a dorsal and a ventral region of PDGF-αR
expression in the developing diencephalon suggested that,
by analogy with the spinal cord, the ventral zone of PDGF-
αR+ might be the source of the many individual PDGF-
αR+ cells that later appear throughout the forebrain and
midbrain (Pringle et al., 1992; Fig. 6B). We therefore exam-
ined the ventral zone of PDGF-αR expression more care-
fully in series of coronal sections of E14 and E15 rat heads.
Three sections through the forebrain of an E15 rat are
shown in Fig. 8. At this age there are very few, if any,
PDGF-αR+ cells in the most anterior part of the forebrain
(Fig. 8A). More posteriorly (Fig. 8B), individual PDGF-
αR+ cells are visible throughout the developing thalamus
and hypothalamus; these cells are mainly located outside
the subventricular zones of the lateral ventricles, and are
absent from the most dorsal extremities (developing cere-
bral cortex). Further posteriorly (Fig. 8C), a region of
intense PDGF-αR expression is encountered in the ven-
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tricular and subventricular zones of the third ventricle, par-
ticularly beneath the ducts that connect the third and the
lateral ventricles (foramen of Monro). Outside this germi-
nal center, in the ventral half of the forebrain, there are
many individual PDGF-αR+ cells, which we presume orig-
inated in the ventricular zone just described. These indi-
vidual PDGF-αR+ cells later propagate in the anterior and
dorsal directions to populate the entire cerebral cortex by
the day of birth (Pringle et al., 1992).

DISCUSSION

A focus of PDGF- R expression in the ventricular
zone of the embryonic spinal cord: the origin of
the oligodendrocyte lineage?
The most salient finding of the present work is the discov-
ery of a transient longitudinal column of PDGF-αR

expression in the basal ventricular zone of the embryonic
spinal cord. In cross-section, this column appears as an
island of PDGF-αR mRNA in the midline of the spinal cord
or, where the central canal is dilated, as two islands flank-
ing the midline. Because of the systematic temporal lag in
development along the length of the spinal cord, we have
been able to observe these foci of PDGF-αR+ cells over
about one-and-a-half days of development in one animal.
In the lumbar region of the cord at E14, the region of
PDGF-αR expression is tiny, comprising only two cells in
the cross-sectional (coronal) plane. It is not possible to dis-
tinguish these PDGF-αR+ cells from their PDGF-αR−

neighbours by morphology using the light microscope. At
more rostral levels (later developmental time) the island of
PDGF-αR expression enlarges, presumably as a result of
cell proliferation, and individual PDGF-αR+ cells appear at
a distance from the midline, apparently having detached
themselves from the central focus of cells and migrated into

Fig. 4. PDGF-αR expression in the E16 rat spinal cord. Transverse sections through an E16 spinal cord were subjected to in situ
hybridization and autoradiography; bright- and dark-field images are displayed as outlined in the legend to Fig. 2. Sections from the
thoracic (A) and cervical levels (B) are shown. The approximate levels of these sections are indicated by black arrowheads in Fig. 6B.
PDGF-αR cells are no longer present at the ventricular surface; instead, many individual cells are distributed throughout the gray and
white matter, mainly in the ventral half of the cord.

Fig. 5. PDGF-αR expression in the E18 rat spinal cord. Transverse sections through the thoracic region of an E18 spinal cord (A) and
brainstem (B) were treated as outlined in the legend to Fig. 1. PDGF-αR+ cells are distributed throughout the cross-section of the cord,
including the most dorsal region. The ventral-dorsal gradient of PDGF-αR+ cells has almost, but not quite, disappeared. Scale bar (in A),
250 µm.



Fig. 6. PDGF-αR expression in the CNS of E14 and E16 rat embryos. Sagittal sections of E14 (A) and E16 (B) rat embryos were treated
as outlined in the legend to Fig. 1. Large white arrowheads in A indicate the columns of PDGF-αR+ cells in the basal ventricular zone of
the spinal cord and hindbrain, where the plane of section happens to be suitable. Localized PDGF-αR expression is also apparent in the
diencephalon at E14 (A), and in many mesodermal and neural crest-derived tissues (A and B). Black arrowheads indicate the approximate
levels of the transverse sections illustrated in Figs 2 and 4. Scale bars, 100 µm.



Fig. 7. PDGF-αR expression in the E13 rat diencephalon.
Approximately coronal sections through an E13 rat head, at the
level of the diencephalon, were treated as outlined in the legend to
Fig. 1. The section in A is about 200 µm anterior to that in B.
Arrows indicate areas of PDGF-αR expression in the ventricular
and subventricular zones. Scale bar (in B), 500 µm.

Fig. 8. PDGF-αR expression in the developing forebrain of an E15 rat embryo. Coronal sections taken at different levels of the forebrain
were treated as outlined in the legend to Fig. 1. The sections are roughly equally spaced. No PDGF-αR+ cells are visible in the most
anterior parts of the forebrain (A). Individual PDGF-αR+ cells are distributed throughout the developing thalamus and hypothalamus (B),
but are not present in the developing cerebral cortex. Intense PDGF-αR signal is present in a restricted region of the ventricular zone
beneath the foramen of Monro (C); this might be the source of the individual cells that are scattered throughout the ventral region of the
diencephalon at this age, and that expand into all regions of the forebrain and midbrain by the day of birth (E21/P0). Scale bar (in C), 1
mm.






