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Gangliosides in SVZ chain migration

The 9-O-acetyl GD3 gangliosides are
expressed by migrating chains of
subventricular zone neurons in vitro
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Abstract

Neurons from the anterior subventricular zone (SVZ) of the cerebral
cortex migrate tangentially to become interneurons in the olfactory
bulb during development and in adult rodents. This migration was
defined as neuronophilic, independent of a radial glial substrate. The
cortical SVZ and the rostral migratory stream to the olfactory bulb
were shown to be rich in 9-O-acetyl GD3 gangliosides (9-O-acGD3),
which have been previously shown to be implicated in gliophilic
migration in the rodent cerebral cortex and cerebellum. In the present
study, we performed SVZ explant cultures using rats during their first
postnatal week to analyze the expression of these gangliosides in chain
migration of neuronal precursors. We characterized migrating chains
of these neuroblasts through morphological analysis and immunocy-
tochemistry for the neural cell adhesion molecule. By using the Jones
monoclonal antibody which binds specifically to 9-O-acGD3 we
showed that migrating chains from the SVZ explants express 9-O-
acGD3 which is distributed in a punctate manner in individual cells. 9-
O-acGD3 is also present in migrating chains that form in the absence
of radial glia, typical of the neuronophilic chain migration of the SVZ.
Our data indicate that 9-O-acetylated gangliosides may participate in
neuronophilic as well as gliophilic migration.
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During development of the cerebral cor-
tex most neuronal precursors migrate radi-
ally from the ventricular zone to their final
destination in the cortical plate (for a review,
see 1). Radial glia-mediated migration,
termed gliophilic, appears to be the prevalent
form of migration in the cerebral cortex.
However, long tangential migratory path-
ways have been described, both deriving
from cortical proliferative zones to extracor-
tical sites (for a review, see 2), as well as

from extracortical zones to the cortical plate
(3). Neurons from the anterior subventricu-
lar zone (SVZ) of the cerebral cortex migrate
tangentially via the rostral migratory stream
to the olfactory bulb, originating interneu-
rons therein. In the adult, continuous neuro-
genesis in the SVZ provides neurons that
migrate to the olfactory bulb. Lois et al. (4)
have shown the ultrastructure of this path-
way in adult rodents, suggesting that these
neuronal precursors migrate along each other
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independent of radial glial guides, the so-
called neuronophilic migration. They also
showed that these chains of migrating neuro-
blasts are ensheathed by glial cells that form
tube-like structures.

Recently, it has been possible to charac-
terize chain migration in vitro using anterior
SVZ explant cultures (5). In this model,
neuronal precursors that migrate in chains
out of SVZ explants express  polysialic acid
(PSA)-neural cell adhesion molecule
(NCAM) (6,7) and TuJ1 (8) as was shown in
vivo. These chains were also shown not to
have glial fibrillary acidic protein (GFAP)-
labeled processes growing into them, further
characterizing this migration as neurono-
philic. Little is known of the molecular
mechanisms that underlie chain migration.
There is evidence that enzymatic removal of
polysialic acid chains from NCAM (9) or the
genetic deletion of PSA-NCAM disrupts neu-
ronal precursor migration in vivo (10-12).
The in vitro analysis of SVZ migration in
adults showed that chain migration still oc-
curs in transgenic mice in which all isoforms
of NCAM are deleted (13).

The cortical SVZ and the rostral migra-
tory stream were shown to have a strong
expression of 9-O-acetylated gangliosides
during development and in adult rats (14).
This sialic acid-containing glycolipid was
previously associated with gliophilic migra-
tion in the cerebral cortex (15) and cerebel-
lum (16). In the present study we analyzed
the expression of 9-O-acetylated ganglio-
sides in anterior SVZ explant cultures to
determine whether these gangliosides could
be involved in neuronophilic migration. To
this end we studied migrating chains of neu-
ronal precursors in which glial cells were
absent.

We prepared anterior SVZ explants from
postnatal day P0-P7 rat brains. Animals were
decapitated, their brains were removed and
placed in cool Gey�s solution and cut para-
sagittally at 350-400 µm with a tissue chop-
per (McIlwain, Gomshall, Surrey, England).

From these slices we dissected out the most
anterior portion of the SVZ to obtain our
explants. Explants were plated onto glass
coverslips previously incubated with poly-
L-lysine. Our cultures were fed with culture
medium (10% fetal calf serum and DMEM-
F12-Gibco, Gaithersburg, MD, USA) and
kept in an incubator (5%/95% CO2/air) for
4-7 days.

Explant cultures were fixed with 4% para-
formaldehyde and submitted to immunocy-
tochemistry. The explant cultures were incu-
bated overnight with Jones monoclonal IgM
(1:200, Sigma Chemical Co., St. Louis, MO,
USA), anti-GFAP polyclonal IgG (1:400,
Dako, Carpinteria, CA, USA) and anti-
NCAM monoclonal IgG (1:10, Sigma) solu-
tions prepared with 5% normal goat serum,
0.05% Triton X-100 (except for Jones mAb)
in PBS. After this period, cultures were
washed and incubated for 2 h with second-
ary antibodies linked to Cy3 (IgM specific
and whole molecule, 1:1000), FITC (1:100;
Accurate, Westbury, NY, USA) and FITC
(IgG specific, 1:50; Cappel, Aurora, OH,
USA) prepared in the same solutions as
above. Cultures were analyzed for the pres-
ence of migrating chains of neurons using a
Zeiss inverted fluorescence microscope
equipped with rhodamine, FITC and UV
filters in addition to differential interferen-
tial contrast (DIC) and phase contrast mi-
croscopy. Images were captured with a Kodak
digital camera (MDS 120) or with a Zeiss
confocal microscope with 480 and 543 nm
lasers.

We first identified the presence of neu-
ronal migrating chains using DIC or phase
contrast microscopy in which previously
described typical morphological features
could be identified (5). Migrating cells were
closely apposed in the chains (Figure 1A,B)
but bipolar migrating cell profiles could be
identified within the bundle. Ramified ex-
tensions similar to growth cone filopodia
extended from the migrating cells, as previ-
ously described (5). To further characterize
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these cells as SVZ neuronal precursors, ex-
plants were immunoreacted for NCAM. All
migratory chains that were identified as SVZ
chains in DIC were also immunolabeled for
NCAM. It should be noted, however, that
this antibody is not entirely specific for the
embryonic isoform of NCAM that carries
the PSA sequence. In our culture system
thick migrating chains grew out of the ex-
plants - several cell bodies wide and also 3 to
5 cell bodies high as can be demonstrated by
depth analysis (Zeiss LSM version 3.98,
copyright 1997) of 3D-reconstructed confo-
cal images of NCAM-positive neurons. (Fig-
ure 1C). Furthermore, previous work has
shown that different postnatal brain regions
close to the SVZ trajectory such as the over-
lying cortex, striatum, medial septum, hip-
pocampus, hypothalamus and habenula do
not form chains in explant cultures (5).

Typical migrating chains out of SVZ ex-
plants expressed the ganglioside 9-O-acetyl
GD3 in most cells and generally displayed a
punctate distribution within cell membranes
(Figure 2). This ganglioside exhibits a simi-
lar punctate pattern of distribution in growth
cones of dorsal root ganglion neurons in
culture (17). This distribution may be related
to adhesion sites necessary for cell and growth
cone translocation. To study if the migration
of ganglioside-positive neuronal precursors
occurred independent of glial cells we ana-

Figure 1. Immunolabeling for
NCAM in subventricular zone
explants. A, DIC microscopy im-
age of a subventricular zone ex-
plant presenting migratory
chains of neuroblasts. These
chains can be viewed at high
power in B. C, Confocal micros-
copy image of a migratory chain
immunolabeled for NCAM
viewed in a depth code image
showing that these chains are
organized as thick bundles of
neuroblasts. Magnification bars
in A: 200 µm, B: 100 µm, and C:
50 µm.

Figure 2. Confocal microscopy
of Jones-positive neurons in mi-
grating chains of neuroblasts.
Note the punctate pattern of the
membrane labeling. Magnifica-
tion bar: 50 µm.

Figure 3. Migrating chains of
neuroblasts from subventricular
zone explants. A and A’, DIC and
phase contrast microscopy im-
ages. B and B’, Immunolabeling
for Jones showing that the
chains of neuroblasts express 9-
O-acetyl GD3 ganglioside. C and
C ’, Immunolabeling for GFAP,
showing that these chains are
able to migrate in the absence
of glial fibers. Magnification bar:
200 µm.
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lyzed the expression of GFAP in these cul-
tures. Typically, GFAP-positive fibers ex-
tended out of the SVZ explants (Figure 3).
Differentiated astrocytes can be identified
underlying some of the growing chains. How-
ever, migrating chains present in the periph-
ery of the explant outgrowth appeared to be
completely devoid of GFAP-positive pro-
cesses (Figure 3). When double-labeling cul-
tures with anti-GFAP and Jones we found
that neuronal precursor chains in which glial
processes were absent expressed the Jones
antibody (Figure 3). These results suggest
that the 9-O-acetyl GD3 ganglioside may
participate in chain migration, which has
been shown to be independent of glial guid-
ance. Previous work has strongly associated
these sialogangliosides with gliophilic mi-
gration (for a review, see 18). They are ex-
pressed in most proliferative zones and along
radial glial fibers in a spatiotemporal pattern

consistent with its role in promoting migra-
tion (19). In mixed cultures of cerebellar
neurons and glia, elongated glial forms ap-
pear which are able to support migration. It
has been shown in this system that these glial
cells only express the ganglioside when serv-
ing as substrate for neuronal migration (20).
In migration assays using cerebellar explants,
immunoblockade of the 9-O-acetyl GD3 gan-
glioside disrupts neuronal precursor migra-
tion along radial glial fibers (16). Our results
substantiate the hypothesis that 9-O-acety-
lated gangliosides participate in neurono-
philic migration. The mechanism underlying
this action remains to be determined.
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