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Glycosphingolipids (GSLs) are known to play important
roles in cellular growth and differentiation in the nervous
system. The change in expression of gangliosides is
correlated with crucial developmental events and is evo-
lutionarily conserved among many vertebrate species.
The emergence of neural progenitors represents a crucial
step in neural development, but little is known about the
exact composition and subcellular localization of gan-
gliosides in neural progenitor cells. The C17.2 cell line
was derived after v-myc transformation of neural progen-
itor cells isolated from neonatal mouse cerebellar cortex.
The developmental potential of C17.2 cells is similar to
that of endogenous neural progenitor/stem cells in that
they are multipotential and capable of differentiating into
all neural cell types. We characterized the GSL compo-
sition of C17.2 cells and found the presence of only
a-series gangliosides. Subcellular localization studies re-
vealed that GM1 and GD1a are localized mainly on the
plasma membrane and partly in the cytoplasm, both as
punctate clusters. Reverse transcription-polymerase
chain reaction revealed the absence of ST-II transcripts
in C17 cells, which most likely accounts for the lack of
expression of b- and c-series complex gangliosides in
this cell line. These data suggest that the divergence in
ganglioside expression in C17.2 cells is regulated at the
transcriptional level. © 2003 Wiley-Liss, Inc.
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Glycosphingolipids (GSLs) are abundant compo-
nents of the vertebrate nervous system and are also known
to play important roles in cellular growth and differentia-
tion (Yu, 1994; Ledeen et al., 1998; Rosner, 1998; Fang et
al., 2000; Bieberich et al., 2001; Rodriguez et al., 2001;
McKerracher, 2002). They have been implicated in di-
verse functions, such as cellular adhesion, endocytosis/
intracellular trafficking, modulation of ion channels, and
signal transduction (Carlson et al., 1994; Nagai, 1995;
Chakraborty and Chatterjee, 2001; Duchemin et al., 2002;
Hakomori Si, 2002; Miljan et al., 2002; Mirkin et al.,
2002; Rusnati et al., 2002). The composition and concen-
tration of gangliosides, or sialic acid-containing GSLs,

change dramatically during central nervous system (CNS)
development. This change in the expression of ganglio-
sides is correlated with defined developmental events and
is evolutionarily conserved among many mammalian spe-
cies (Hirabayashi et al., 1989; Rosner et al., 1992; Yu,
1994; Kotani et al., 1995; Letinic et al., 1998; Liour et al.,
2000). In general, during CNS development, the compo-
sition of GSLs begins with a relatively simple pattern, with
GM3 and GD3 predominating in early neuroectorderm.
This pattern was soon followed by the transient appear-
ance of c-series gangliosides during the period of neural
tube formation, followed by a more complex pattern, with
four gangliosides of the a- and b-series, GM1, GD1a,
GD1b, and GT1b. These latter complex gangliosides con-
stitute the major gangliosides in mature brain (Yu et al.,
1988; Rosner et al., 1992; Yu, 1994; Liour et al., 2000).
This evolutionarily conserved developmental regulation of
GSL expression during brain development implies that
gangliosides have a consistent function in neural develop-
ment across a wide array of species. Recent studies from
various transgenic mice whose ability to synthesize GSLs is
impaired demonstrate that the complex GSLs are most
likely to play major roles in the modulation and/or main-
tenance of the normal development of the nervous system
(Takamiya et al., 1996; Kawai et al., 1998, 2001; Sheikh et
al., 1999; Yamashita et al., 1999). However, information
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regarding how GSLs function in neural development is
still scanty, particularly that during the early embryonic
stages.

During embryonic development, all neural cell types
are derived from the multipotent neuroepithelial cells in
the neural tube. Subsequently, these mutipotent cells give
rise to neural progenitors that proliferate, migrate, and
differentiate into neurons, astrocytes, and oligodendro-
cytes in various regions of the CNS. Hence, the emer-
gence of neural progenitors represents a crucial step in
neural development. During histogenesis, most of the
neural progenitors are produced in the embryonic ven-
tricular germinal zone, with the exception of precursors of
granule cells in the perinatal period of developing cere-
bellar cortex. After the last mitosis, these granule neural
progenitors within the external germinal layer migrate
inward along Bergmann glia to assume a position deep in
the Purkinje cell layer (Hatten, 1999).

Our interest in studying the GSLs in neural progen-
itor cells stems from the fact that their expression changes
dramatically during the stage of emergence of neural pro-
genitor cells, as demonstrated in neural differentiation of
stem cells (Liour et al., 2000) and developing brain (Gold-
man et al., 1984; Yu et al., 1988; Hirabayashi et al., 1989;
Letinic et al., 1998; Klassen et al., 2001). They are also
known to be involved in modulation of signal transduc-
tion pathways, which are likely to play important roles in
the proliferation, migration, and differentiation of neural
progenitor cells. Little is known, however, about the exact
composition, subcellular localization, regulation of expres-
sion, and functions of gangliosides in neural progenitor
cells. This lack of information is due largely to difficulties
encountered in obtaining a pure neural progenitor cell
culture. For these reasons, we decided to examine the
content of GSLs, especially gangliosides, in the multipo-
tential C17.2 neural progenitor cell line. The C17.2 cell
line was derived after v-myc transformation of neural pro-
genitor cells isolated from neonatal mouse cerebellar cor-
tex (Ryder et al., 1990). The developmental potential of
C17.2 cells is similar to that of endogenous neural stem
cells; i.e., they are capable of self-renewal and differenti-
ating into functional neurons and glia in vivo (Snyder et
al., 1992). Therefore, this cell line could be an excellent in
vitro model for studying the function of gangliosides in
neural progenitor/stem cells. To proceed with investiga-
tion of ganglioside function using this cell line as a model,
one must know the composition, localization, and regu-
lation of the expression. Here we characterize the expres-
sion of gangliosides of this cell line and present evidence
that the expression pattern is closely governed at the
transcriptional level.

MATERIALS AND METHODS

Cell Culture

The C17.2 murine neural progenitor cell line was kindly
provided by Dr. Evan Snyder (Harvard University, Boston, MA;
now at Burnham Cancer Instititute, La Jolla, CA). The cells
were cultivated in Dulbecco’s modified Eagle’s medium

(DMEM) containing 10% fetal calf serum (Gibco BRL, Gaith-
ersburg, MD) and 5% horse serum (Gibco BRL) at 37°C in a
humidified 5% CO2 atmosphere. Medium was changed every
2–3 days. Cells were cultured to subconfluence before analysis.

HPTLC Analysis of Gangliosides and Neutral
Glycolipids

Cells were washed with phosphate-buffered saline (PBS),
removed from tissue culture dishes by scraping in PBS, and
collected after centrifugation. Total lipids from cell pellets were
extracted using procedures that were developed in our labora-
tory, with slight modifications (Ledeen and Yu, 1982; Ariga et
al., 1991). Briefly, lipids were extracted with chloroform/
methanol/water (C/M/W; 4:8:3, v/v/v). After the separation of
neutral and acidic lipid fractions by DEAE-Sephadex A-25
(acetate form) column chromatography, the acidic lipid fractions
were desalted using a Sephadex LH-20 column. Gangliosides
were separated on a high-performance thin-layer chromatogra-
phy (HPTLC) plate (silica-gel 60; Merck Chemicals, Darmstadt,
Germany) in a solvent system of C/M/0.2% aq. CaCl2 in water
(55:45:10, v/v/v). Neutral glycolipids were separated by
HPTLC in the solvent system of C/M/W (60:25:4, v/v/v). To
separate GlcCer and GalCer, a borate-impregnated HPTLC
plate was used with the developing solvent system of C/M/
pyridine (60:40:2, v/v/v).

Glycolipids were visualized with the orcinol-H2SO4 re-
agent (Svennerholm, 1956) for the detection of hexoses or with
the resorcinol-HCl reagent (Svennerholm, 1957) for the detec-
tion of sialic acid. The plates were scanned using a Bio-Rad
(Hercules, CA) GS710-calibrated imaging densitometer, and the
amounts of corresponding ganglioside bands were determined
using the Quantity One program (Bio-Rad) by comparison
with GM1 standards. The amount of GD1a was normalized by
a factor of two. All GSL standards were either purchased from
Matreya, Inc. (Pleasant Gap, PA) or prepared from bovine brain

Fig. 1. HPTLC of acidic and neutral GSLs isolated from C17.2 neural
progenitor cells. Gangliosides were separated on an HPTLC plate in the
solvent system of C/M/0.2% aq. CaCl2 in water (55:45:10, v/v/v).
Neutral glycolipids were separated by HPTLC in the solvent system of
C/M/W (60:25:4, v/v/v). Plates were visualized with resorcinol-HCl
(A) or orcinol-sulfuric acid (B) reagent. The major acidic GSLs present
in C17.2 cells are GM3, GM2, GM1, and GD1a, and the major neutral
GSLs are GlcCer, LacCer, and nLc4Cer.
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and buttermilk in our laboratory. Ganglioside nomenclature
follows that of Svennerholm (1964).

Immunostaining and Cholera Toxin Staining of GSLs
on HPTLC Plates

Immunostaining of GSLs on aluminium HPTLC plates
was performed as previously described (Saito et al., 1985).
Briefly, after development of the HPTLC with C/M/aq. 0.2%
CaCl2 (55:45:10, v/v/v), the plate was immersed in n-hexane
containing 0.4% polyisobutylmethacrylate (Sigma, St. Louis,
MO) for 1 min. To block nonspecific binding sites on the TLC
plate, a blocking solution of 50 mM PBS (pH 7.4) containing

1% albumin was applied, and the plates were incubated for
20 min at room temperature. This was followed by application
of monoclonal antibodies (MAbs) of anti-GM2 (Seikagaku,
Tokyo, Japan), anti-GD1a (Seikagaku), anti-GD3 (R24; Ma-
treya, Inc.), anti-9-O-Ac GD3 (D1.1; a generous gift from Dr.
Joel Levine, SUNY, Stony Brook, NY), or biotin-conjugated
cholera toxin B subunit (CtxB; List Biologicals, Campbell, CA)
diluted 1:200 in the above-mentioned PBS. After incubation for
1 hr at room temperature, the plates were washed with PBS
three times. The plates were then incubated with horseradish
peroxidase (HRP)-conjugated goat anti-mouse IgG (for MAbs)
or HRP-conjugated streptavidin (for biotin-conjugated CtxB;
1:1,000; Jackson Immunoresearch, West Grove, PA) in PBS
buffer for 1 hr at room temperature. After washing with PBS
three times, a staining solution containing O-phenylendiamine
dihydrochloride and H2O2 (Sigma) was applied to the plates in
order to visualize the immunoreactive bands.

Immunocytochemistry and Microscopy

Cells were fixed with 4% paraformaldehyde in PBS for
20 min at room temperature and then treated with 5% bovine
serum albumin (BSA; Sigma) in PBS for 60 min. For staining of
GM1, cells were directly stained with fluorescein isothiocyanate
(FITC)-CtxB (List Biologicals) diluted 1:200 in PBS containing
1% BSA for 1 hr at room temperature. For staining of GD1a,
cells were first blocked with 0.05 �g/�l of CtxB (Sigma)
overnight at 4°C. Cells were then washed three times with PBS,
followed by treatment with V. cholera sialidase (Sigma; 0.08 units
in 300 �l of 100 mM sodium acetate buffer, pH 4.8) for 6 hr at
37°C. As control, cells were incubated in 100 mM sodium
acetate buffer, pH 4.8, at 37°C in the absence of sialidase. After

Fig. 2. HPTLC overlay of acidic GSLs. Acidic GSLs from C17.2 cells were separated by HPTLC in
the solvent system of C/M/aq. 0.2% CaCl2 (55:45:10, v/v/v). After further treatment of the plate, it
was immunostained with anti-GD3, anti-O-acetyl GD3, anti-GM2, or anti-GD1a antibodies or
overlaid with cholera toxin B to confirm the identities of the various gangliosides. No GD3 or
O-acetyl GD3 staining could be detected. The results confirm the identity of gangliosides in C17.2
cells as GM2, GM1, and GD1a.

Fig. 3. RT-PCR analysis of GalNAc-T, ST-I, and ST-II transcripts in
C17.2 neural progenitor cells. Both ST-I and GalNAc-T mRNA were
expressed in C17.2 cells, but the ST-II transcript was not detectable.
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being washed with PBS, the cells were incubated with FITC-
CtxB (1:2,000) in PBS containing 1% BSA for 1 hr at room
temperature. The stained cells were viewed and photographed
under a Zeiss Axiophot I microscope equipped with epifluores-
cence optics or a Zeiss LSM510 confocal laser scanning micro-
scope using appropriate fluorescence filters. Images were ac-
quired with a CCD camera with the confocal pinhole set to the
depth of an optical section at 0.5 �m.

Total RNA Isolation and RT-PCR

Total RNA was isolated from C17.2 cells and 2-month-
old mouse whole brain using Trizol reagent (Gibco BRL)
according to the manufacturer’s protocol. Prior to the first-
strand cDNA synthesis, about 2 �g of the total RNA were
treated with 2 U of RQ1 RNase-free DNase (Promega, Mad-
ison, WI) for 1 hr at 37°C. A sample of total RNA (400 ng) was
combined with 50 pmol of oligo(dT)20. The reaction mixture
was denatured for 5 min at 65°C and chilled on ice, followed by
the addition of 4 �l of 5� cDNA synthesis buffer, 1 �l of 0.1 M
dithiothreitol (DTT), 2 �l of 10 mM dNTP mixture, 15 U of
ThermoScript reverse transcriptase (Gibco BRL), and 40 U of
RNaseOUT. The reaction mixture was incubated for 1 hr at
50°C. As a negative control for the reverse transcription-
polymerase chain reaction (RT-PCR), the reaction mixture
without ThermoScript reverse transcriptase was also included.
An aliquot of 2 �l of the RT reaction mixture was amplified by
PCR in a total volume of 50 �l using various gene-specific
primers and Platinum PCR SuperMix (Gibco BRL). After
denaturing for 2 min at 95°C, the desired DNA fragment was
amplified for 35 cycles of 94°C for 30 sec, 58°C for 30 sec, and
72°C for 1 min, with the final extension at 72°C for 10 min.

The fragment of GalNAc-T (GM2-synthase) cDNA (Gen-
Bank accession No. L25885), located between positions –10 and
470 of the coding region, was amplified using PCR with forward

primer (5�-CCATATCAGGATGCGGCTAGAC-3�) and reverse
primer (5�-AGGGGCTGAACCTCCACAC-3�). The fragment
of ST-I (GM3-synthase; GenBank accession No. AF119416),
located between positions 588 and 1,035 of the coding region,
was amplified using PCR with forward primer (5�-CGTTGA-
ATACTACGCCAATGATTTG-3�) and reverse primer (5�-
GAGCTTCAGGAGGAACTTGGTC-3�). The fragment of
ST-II (GD3-synthase; GenBank accession No. X84235), lo-
cated between positions –14 and –434 of the coding region, was
amplified using PCR with forward primer (5�-ACACCG-
AGGCTGCGATGAG-3�) and reverse primer (5�-ATCCCA-
CCGTTTCCCACC-3�).

RESULTS
GSL Composition of C17.2 Neural Progenitor
Cells

Acidic and neutral lipids extracted from C17.2 cells
were compared with various GSL standards by HPTLC
analysis. The major acidic lipids of C17.2 cells are GM3,
GM2, GM1 (GM1a), and GD1a (Fig. 1A). The presence
of only a-series gangliosides in this neural progenitor cell
line is striking. To confirm the identity of these ganglio-
sides, we performed immunostaining on the TLC plates
using CtxB, anti-GD3, anti-O-acetyl GD3, anti-GD1a,
and anti-GM2 antibodies. The identity of GM1, GD1a,
and GM2 was confirmed by immunoreactivity against
CtxB, anti-GD1a, and anti-GM2 antibodies, respectively
(Fig. 2). No ganglioside bands corresponding to GD3 and
O-acetyl GD3 could be detected with the respective an-
tibodies. This confirmed that all the gangliosides in C17.2
cells indeed belong to the a-series. The major neutral lipids
are glucosylceramide (GlcCer), lactosyl ceramide (Lac-
Cer), and presumably neolactosylceramide (nLc4Cer; Fig.
1B). In a separate experiment, GlcCer was separated from

Fig. 4. Subcellular localization of GM1 in C17.2 neural progenitor cells. C17.2 cells stained with
FITC-conjugated cholera toxin B subunit (A). Confocal microscopic image of the middle optical
section of a C17.2 cell stained with FITC-conjugated cholera toxin B (B). GM1 has a punctate
localization on the plasma membrane as well as in the cytoplasm of C17.2 cells. Scale bars � 10 �m
in A; 5 �m in B.
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GalCer using a borate-impregnated HPTLC plate that was
developed in a C/M/pyridine solvent system (results not
shown). However, the identities of several lower neutral
glycolipid bands are not confirmed at this time. All gan-
gliosides of C17.2 cells appeared as doublets on the
HPTLC plate, which may be attributable to heterogeneity
in the ceramide moiety. Densitometry analysis of the total
gangliosides in C17.2 cells revealed the following percent
distribution: GM3, 40%; GM2, 24%; GM1, 16%; and
GD1a, 20% (Fig. 1).

Regulation of Ganglioside Expression
To investigate the potential mechanism controlling

the unique expression of gangliosides in C17.2 cells, we
examined the expression of transcripts for several biosyn-
thetic enzymes, including ST-I, GalNAc-T, and ST-II, by
using RT-PCR. Because there is no expression of b- and
c-series gangliosides in C17.2 cells, we suspected that

ST-II was not expressed, as it is the key enzyme for the
synthesis of b- and c-series gangliosides. As expected, the
RT-PCR results were positive for both ST-I and
GalNAc-T and negative for ST-II (Fig. 3). To rule out the
possibility that the ST-II RT-PCR result was not a false
negative, we used RNA extracts from postnatal mouse
brain, in which the ST-II gene is known to be expressed,
as a positive control. Our results showed that ST-II tran-
scripts were detectable in mouse brain, but not in C17.2
cells (Fig. 3). Taken together, the data suggest that the lack
of b- and c-series ganglioside expression in C17.2 cells
most likely is due to a lack of expression of ST-II tran-
scripts.

Subcellular Localization of GM1 and GD1a in
C17.2 Cells

We investigated the subcellular localization of
ganglio-series gangliosides in C17.2 cells using CtxB as a

Fig. 5. Subcelluar localization of GD1a in C17.2 neural progenitor
cells. C17.2 cells were pretreated with cholora toxin B subunit, fol-
lowed by treatment with sialidase, before FITC-conjugated cholera
toxin B staining allowed for GD1a-specific labeling of cells. A: Cholera
toxin B staining of C17.2 cells after pretreatment with CtxB, but not
with sialidase treatment, showed little or no staining, suggesting effec-
tive blocking of GM1 antigen prior to sialidase treatment. B,C: Chol-

era toxin B staining of C17.2 cells after blocking and sialidase treatment
showed punctate staining in the cytoplasm and plasma membrane.
D: Confocal microscopic image of middle optical section of a C17.2
cell stained for GD1a with FITC-conjugated cholera toxin B after
cholera toxin B blocking and sialidase treatment. Punctate staining for
GD1a is observed on the plasma membrane and in the cytoplasm of the
cell. Scale bars � 10 �m (bar in B applies to A,B).
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specific ligand for GM1. Histochemical staining with
CtxB revealed a punctate localization of GM1 on the
C17.2 cells (Fig. 4A,B). Confocal microscopy of C17.2
cells stained with FITC-CtxB indicated that the punctate
localization of GM1 is on plasma membranes as well as in
the cytoplasm (Fig. 4B).

To characterize the localization of GD1a, we em-
ployed a novel two-step procedure for the staining of
GD1a. The cells were first incubated with an excess
amount of unlabeled CtxB to block GM1 on the cell
surface. This was followed by treatment with sialidase to
convert GD1a into GM1. The resulting GM1 was then
stained with FITC-CtxB as described above. The effec-
tiveness of blocking GM1 by preincubation with unla-
beled CtxB is shown in a low magnification of FITC-
CtxB staining of C17.2 cells preincubated with unlabeled
CtxB without following sialidase treatment (Fig. 5A).
Weak or no staining resulted from the preincubation,
whereas C17.2 cells without preincubation with unlabeled
CtxB exhibited robust staining. Thus, excess unlabeled
CtxB effectively blocked the preexisting GM1 from the
subsequent FITC-CtxB binding. The effectiveness of siali-
dase treatment after unlabeled CtxB blocking is shown in
Figure 5B. Preincubation with unlabeled CtxB and sub-
sequent sialidase-treatment ensured that the staining by
FITC-CtxB was limited only to the newly generated
GM1, because of the conversion of GD1a to GM1 by
sialidase. Epifulorescence (Fig. 5C) and confocal (Fig. 5D)
microscopy images of the histochemical staining for GD1a

with this strategy revealed that punctate localization of
GD1a occurs both in the cytoplasm and on the plasma
membrane.

DISCUSSION
The C17.2 neural progenitor cell line was generated

from the cerebellar external germinal layer (EGL) of neo-
natal mouse (Snyder et al., 1992). The progenitor cells in
the EGL originated from the region of the fourth ventricle
on embryonic day 13. These cells continue to proliferate
during the first 2–3 postnatal weeks, migrate inward along
Bergmann radial glial cells, and eventually give rise to
granular neurons, basket cells, and satellite cells. Although
C17.2 cells are immortalized by retrovirus-mediated v-myc
expression, they differentiate into neurons, astrocytes, and
oligodendrocytes in the cerebellum in a nontumorigenic,
cytoarchitectually appropriate manner when transplanted
into the cerebellum of newborn mice (Snyder et al.,
1992). This suggests that C17.2 neural progenitor cells are
multipotent and are capable of following normal develop-
mental events in vivo. This developmental study demon-
strates that the C17.2 cell line is a valid in vitro model for
the study of the functional roles of GSLs in neural devel-
opment.

In this paper, we have characterized both the overall
GSL composition of C17.2 cells and the subcellular local-
ization of GM1 and GD1a. It is interesting that only
a-series gangliosides, and not b- and c-series gangliosides,
were detected in C17.2 cells. RT-PCR revealed the de-

Fig. 6. Illustration of the composition and biosynthetic pathways of gangliosides in C17.2 neural
progenitor cells. The boldface and italic abbreviations and arrows represent the major glycolipids and
proposed biosynthetic pathways for their synthesis. The absence of detectable ST-II transcripts
accounts for the lack of b- and c-series gangliosides in these cells.
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ficiency of ST-II transcripts, which most likely accounts
for the lack of b- and c-series complex ganglioside expres-
sion in this cell line (Fig. 6). Thus, the expression of ST-II
may be controlled at the transcriptional level and/or at the
turnover of its transcripts. This exclusive expression of
a-series gangliosides in C17.2 progenitor cells is consistent
with our previous study in an in vitro P19 teratocarcinoma
stem cell neural differentiation model (Liour et al., 2000).
In that study, we also found elevated expression of the
ST-I gene during the stage of mitotic neural progenitor
cells, whereas changes in the expression of ST-II were not
significant until the rapid neurite outgrowth stage. A ma-
jor difference between these two studies is that P19 cells
were further induced to differentiate by the addition of
retinoic acid, whereas C17.1 cells were not, showing an
arrest in differentiation. Further studies of the regulation of
ST-II expression may yield more insights into the func-
tional roles of b- and/or c-series gangliosides in differen-
tiating neural progenitor cells.

Numerous studies have shown that b- and c- series
gangliosides are expressed in various regions of the neo-
natal cerebellar cortex of chick, rat, and human (Goldman
et al., 1984; Rosner et al., 1985; Hirabayashi et al., 1989;
Kotani et al., 1995; Letinic et al., 1998). It is known that
the composition of gangliosides of cells in vitro is often
affected by the culture condition. Whether the a-series
specific ganglioside composition in C17.2 cells represents
the exact ganglioside pattern of the natural neonatal cer-
ebellar neural progenitor cells in vitro requires further
investigation. At this time, our research cannot exclude
the possibility that the specific GSL expression pattern in
C17.2 cells may result from either the in vitro culture
conditions and/or the effect of immortalization by v-myc
gene expression.

We found in our cytochemical studies that GM1 and
GD1a are localized on the plasma membrane and in the
cytoplasm as punctate clusters. This punctate distribution
suggests localization of GM1 and/or GD1a in specialized
structures, such as membrane microdomains (Hakomori
Si, 2002). Although membrane micordomains/lipid rafts
are believed to be as small as 70–300 nm, and the limit of
detection by fluorescence microscopy is �300 nm, visible
“clusters” are believed to represent the coalescence of
individual membrane microdomains (Jacobson and Di-
etrich, 1999).

GSLs have also been suggested to function by mod-
ulating signaling molecules in the membrane microdo-
mains (Chakraborty and Chatterjee, 2001; Duchemin et
al., 2002; Hakomori Si, 2002; Rusnati et al., 2002) and by
involvement in the intracellular sorting of lipids and pro-
teins (Brown and London, 1998; Zegers and Hoekstra,
1998). It is possible that GSLs in C17.2 neural progenitor
cells function through similar mechanisms.
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