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ABSTRACT

The ganglioside composition of an experimental ependymoblastoma
was examined in C57BL/6 mice. This tumor was produced by Dr. H.
Zimmerman in 1949 from methylcholanthrene implantation in the brain
and has been maintained in serial transplants through many generations.
The influence of tumor environment on ganglioside composition was
determined by studying the tumor growing intracerebrally and s.c. (over
the skull and in the flank). The ganglioside composition of this tumor is
markedly different from that of adult mouse brain. The total ganglioside
sialic acid content (/Â¿g/100mg dry weight) of the tumor growing in the
cerebrum, s.c. over the skull, and in the flank was 70.4 Â±3.8 (,V = 3),
66.8 (N = 2), and 41.7 Â±0.7 (N = 3), respectively. These values are
about 10-fold lower than the ganglioside content of normal mouse cere
brum. This tumor contained a significant amount of /V-glycolylneuraminic
acid (NGNA). HistolÃ³gica!analysis revealed two basically different cell
types. The predominant cell type is densely packed and poorly defined in
shape, whereas the minor cell type is less densely packed and fibroblast-
like in shape. GM> which migrates as double bands on thin-layer chro-
matography, is the predominant ganglioside of this tumor in all three
regions of growth. Also present in all regions are gangliosides NGNA-
(.MI and (.M,- Significant amounts of GDIÂ«,<>im,.GritÂ»and (.,,,â€žare
present only in the cerebral tumor. These gangliosides therefore represent
contaminants from normal brain tissue surrounding the tumor and are
not native to the tumor. Ganglioside GD>,however, is a minor component
of the tumor. Using a thin-layer chromatography-immunostaining method
with ani MM i antibody, we found significant amounts of ganglioside with
a GAIoligosaccharide backbone migrating near (.,,, and <.,,.-â€¢This tumor
is similar to other neural tumors in having elevated amounts of (.MI and
reduced amounts of total ganglioside and polysialogangliosides but is
unique in having a high content of NGNA-containing gangliosides. The
possible origin of the NGNA-containing gangliosides is discussed.

INTRODUCTION

Gangliosides are a family of sialic acid-containing glyco-
sphingolipids that are enriched in the outer surface of plasma
membranes and are most abundant in the central nervous
system. Dramatic abnormalities in ganglioside composition are
associated with the development of neural tumors in humans.
These abnormalities generally involve reductions in total gan
glioside concentration and elevations in gangliosides ( i\n and
GDI (1-4). Although the relationship of these ganglioside
changes to brain tumor formation is not yet clear, Hakamori
and Kannagi (5) suggest that tumorigenic changes are closely
associated with a loss of growth control and anchorage-depend
ent cell proliferation; the most common denominators of on-
cogenesis. A better understanding of these ganglioside changes
may provide clues as to the role of gangliosides in neural cell
neoplasia. Moreover, knowledge of tumor cell ganglioside com
position can be useful for diagnostic and therapeutic purposes.

Little is known about the ganglioside composition of exper
imental mouse brain tumors. In a brief report, Stoolmiller et
al. (6) found that GM.?and GD.iwere the predominant ganglio
sides in four mouse glial tumors. In a series of ethylnitrosourea-
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induced neural tumors in rats, Chou et al. (7) found elevated
amounts of GM.i.It therefore appears that elevations of GM}are
common to both murine and human neural tumors.

Our purpose was to characterize the ganglioside composition
of an experimental ependymoblastoma growing intracerebrally
and s.c. in C57BL/6 mice. In contrast to previous findings in
other murine tumors, this tumor expresses a high content of
gangliosides containing A'-glycolylneuraminic acid. An abun

dance of GM.I and a low total ganglioside content are also
characteristics of this tumor. A preliminary report of these
findings has appeared (8).

MATERIALS AND METHODS

Mice. The experimental brain tumor used in these studies was
obtained as a gift from Dr. Carl Sutton of the University of South
Florida, Tampa. The tumor was produced originally by Dr. H. Zim
merman in 1949 from 20-methylcholanthrene implantation into the
cerebral cortex of a C57BL/6 (B6) mouse3 and was classified as an

ependymoblastoma (9, 10). The tumor is now maintained in our labo
ratory through serial i.e.4 transplants in B6 mice. The procedures of

Zimmerman and Arnold (11) were used for i.e. and s.c. transplantation.
The B6 mice used for these transplants came from The Jackson
Laboratory, Bar Harbor, ME. The animal husbandry conditions were
the same as described previously ( 12).

Adult B6 mice, containing either i.e. or s.c. tumors, were killed by
cervical dislocation. Mice containing the i.e. tumors were killed 15 to
25 days after tumor implantation, whereas mice containing the s.c.
flank tumors were killed 2 to 3 months after implantation. The i.e.
tumors were dissected away from normal surrounding brain tissue. The
tumors growing s.c. in the flank were dissected away from connective
tissue encapsulation. In addition to studying tumors growing s.c. in the
flank, we also studied tumors growing s.c. over the skull. These arose
from tumor expansion through the implantation burr-hole in the skull
(Fig. 1).

HistolÃ³gica!Studies. The procedures of Zimmerman and Arnold (11)
were used for the histolÃ³gica! examination of the tumor. Briefly, the
brain and flank tumor tissues were fixed in 10% buffered formalin,
embedded in paraffin, sectioned, and then stained with hematoxylin
eosin.

Ganglioside Studies. The tumor tissues used for these studies were
frozen and then lyophilized to remove water. The gangliosides were
then isolated and purified by our previously described methods (12-
14). The ganglioside sialic acid content of the tumor was determined
by the gas-liquid Chromatographie method of Yu and Ledeen (15). This
method is useful for detecting both NANA and NGNA. The total
content of NANA and NGNA was expressed per 100 mg dry weight of
tissue. The distribution of individual tumor gangliosides was analyzed
using HPTLC plates (Silica gel 60; E. Merck, Darmstadt, Fed. Rep.
Germany) according to the method of Ando et al. (16). The conditions
of HPTLC development are described in Figs. 4 and 5. The presence
of alkali-labile gangliosides was assessed through a comparison of base
treated (0.1 N NaOH at 37Â°Cfor 1 h) and nonbase treated samples.

Preliminary structural characterization of the tumor gangliosides
was performed using anti-GA, immunostaining on HPTLC plates (17,
18). Briefly, an HPTLC plate containing gangliosides was developed
as described in Fig. 4. The plate was then treated with a hexane solution
containing 0.4% polyisobutylmethacrylate as described (17, 18). Ar-
ihrobactor ureafaciens neuraminidase was used to remove sialic acid

3 H. Zimmerman, personal communication.
4The abbreviations used are: i.e., intracranial; NANA, jV-acetylneuraminic

acid; NGNA. yV-glycolylneuraminic acid: HPTLC. high-performance thin-layer
chromatography.
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EXPERIMENTAL MOUSE BRAIN TUMOR: GANGLIOSIDE COMPOSITION

Subcutaneous Growth

Intracerebral Growth

Fig. 1. Illustration of tumor grown in the mouse brain. A small piece of tumor
tissue was implanted into the right cerebral hemisphere through a burr-hole in
the skull. The tumor expended through this burr-hole and grew s.c. over the skull.
The ganglioside composition in these growth locations were compared.

residues from the gangliosides. After incubation with anti-GAi serum,
the plate was incubated with I25l-staphyloccal protein A. The plate was
then exposed to X-ray film and autoradiographed for 48 h at â€”80Â°C.

This treatment identifies only those gangliosides having an asialio-GMi
or GAI backbone (glucose-galactose-A'-acetylgalactosamine-galactose).

After autoradiography, the plate was sprayed with the resorcinol reagent
(19) to visualize all gangliosides (Fig. 6). A direct comparison can
therefore be made between the same gangliosides visualized by autora
diography and the resorcinol spray. Gangliosides having a GAibackbone
will be visualized by both autoradiography and resorcinol, whereas
gangliosides not having a GAI backbone will be visualized only by the
resorcinol reagent (Fig. 6).

RESULTS

The gross morphology and growth pattern of this experimen
tal tumor is similar in brain and flank and consists of a solid,
cohesive, nonhemorrhagic mass (Fig. 2, A and B). The tumor
can be easily removed from the brain and leaves a well-defined
crater. The histolÃ³gica! profile is also similar in brain and flank
and consists of two basically different cell types. The first cell
type, which is the predominant type, is densely packed and
varies markedly in size and shape (Fig. 3). These cells show
abnormal mitotic figures and contain large irregularly shaped
nuclei with complex chromatin networks. The second cell type,
which comprises a much smaller percentage of the tumor, is
less densely packed and has a long narrow fibroblast-like shape
(Fig. 3). These cells show no mitotic activity and contain darkly

stained nuclei with poorly defined chromatin structure. Thin
strands of wispy blue staining material are observed surround
ing these cells. No differences in the number of inflammatory
cells were observed between the cerebral and flank tumors. Our
preliminary results indicate that this tumor does not stain with
labeled antibody to glial fibrillary acid protein.

The total ganglioside concentration of the flank tumor is very
low (41.7 /ig/100 rng dry weight, Table 1) relative to the
concentration found in adult mouse brain (about 400-600 ng/
100 mg dry weight). The tumor contains a higher ganglioside
content when growing i.e. than when growing s.c. (Table 1). A
remarkable feature of this tumor is the presence of 7V-glycolyl-
neuraminic acid. Furthermore, GMs (hematoside) is the pre
dominant ganglioside of this tumor (Fig. 4) and consists of both
GM3-NANA and Gma-NGNA (Fig. 5). The ammonia solvent
system is especially useful for separating these different hema
toside structures (Fig. 5). Both the NANA and the NGNA
hematosides migrate as double bands on the HPTLC plates.

Polysialogangliosides (GDu, GDlb, GTib, and GQ,b) appear
only in the tumor growing i.e. (Fig. 4, lanes 2 and 3; and Fig.
5, lane 2), and are absent from either of the s.c. growing tumors
(Fig. 4, lanes 4-7\ and Fig. 5, lanes 3 and 4). Ganglioside GD3,
which will migrate above GMi in the ammonia solvent system,
is present in very low amounts (Fig. 5). A ganglioside migrating
with GM2-NGNA appears more concentrated in the tumor
growing s.c. in the flank than in the tumor growing intracere-
brally or s.c. over the skull (Figs. 4 and 5).

Mild base treatment caused slight changes in the distribution
of tumor gangliosides. The most noticeable effect was the
removal of a minor alkali-labile ganglioside in the region of
GM2-NGNA (Fig. 4). This treatment also increased the propor
tion of G0ib in the i.e. tumor (Fig. 4, lane 2). The bands
migrating above GM3 in Fig. 4 were also alkali labile, but did
not stain positive with the resorcinol reagent. These bands may
represent small amounts of contaminating phosphatides.

The HPTLC-autoradiogram of the flank tumor gangliosides,
immunostained with anti-GA, antibody, is compared directly
with the resorcinol staining of the same gangliosides in Fig. 6.
Only those gangliosides with a GA! backbone will appear on
the autoradiogram, whereas all gangliosides will appear after
resorcinol staining. Those gangliosides in the mouse cerebral
cortex having a GA, backbone (GMi, GDia, GTja, GDib, GTib, and
Gqib) are clearly stained with the anti-GAi antibody. The ab
sence of immunostaining in the GM3 region of the chromato-
gram is consistent with the absence of a GA) backbone in GMÂ¡.

mm
Fig. 2. HistolÃ³gica! appearance of the tumor growing in the brain (A) and s.c. in the flank (II). x 286 (A); x 263 (B).
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EXPERIMENTAL MOUSE BRAIN TUMOR: GANGLIOSIDE COMPOSITION

Fig. 3. HistolÃ³gica!composition of the tumor growing in the flank. The tumor
consists of two basically different cell types: an abundant densely packed cell type
(left) and a less abundant fibroblast-like cell type (right), x 1030.

Table 1 Ganglioside sialic acid content of an experimental ependymoblastoma
grown in different locations ofC57BL/6JmiceLocation

of Tumor
GrowthIntracerebral

S.C.,head
S.C.,flankN"32 3Ganglioside

neuraminic acid content
Oig/100 mg dryweight)Total

NANANGNA70.4

Â±4.8 63.1 Â±4.8 7.3 + 0.1
66.8 56.0 10.8

41.7 + 0.7 30.0+1.3 11.7 Â±1.1
" N, number of independent tumor samples studied. Values, means Â±SE. The

values for s.c. head represent the means of two independent samples.

The intense immunostaining in the brain tumor indicates the
presence of GA,-containing gangliosides. The immunostained
double bands in the GMi region of the chromatogram likely
represents GMi since these bands migrate with GMi in the water
and ammonia solvent systems (Figs. 4 and 5). The structures
of the other positively stained GAÂ¡-containing gangliosides are
presently unknown. There was no immunostained bands in the
flank tumor that migrated with known mouse brain polysialo-
gangliosides, i.e., GDi>,GDib, GTib, and GQib.

DISCUSSION

The neuropathology and growth characteristics of the Zim
merman experimental ependymoblastoma have been well char
acterized (9, 10, 20), but the classification of this tumor as an
ependymoblastoma remains controversial (21-23). Although
the histolÃ³gica! profile of the tumor is similar in brain and
flank, evidence of clear ependymal differentiation is difficult to
see (Fig. 2) and (24). Moreover, the presence of two distinct
cell populations (Fig. 3) indicates that the tumor is heteroge
neous or mixed. The failure of the tumor to stain with antibody
to glial fibrillary acid protein indicates that it is not of glial cell
origin or lacks glial cell differentiation. We would therefore
agree with Rubinstein (22) and Yates5 that this tumor is best

classified as being poorly differentiated.
A remarkable feature of this tumor is its high concentration

of NGNA-containing gangliosides. TV-Glycolylneuraminic acid
differs from ./V-acetylneuraminic acid in having a glycolyl group
instead of an acetyl group attached to the nitrogen on carbon 5
(25). The presence of NGNA-containing gangliosides has not
been reported previously in mammalian brain tumors. The
absolute amount of NGNA is relatively constant in the three

regions of tumor growth (Table 1). Since GMj-NGNA is also a
prominent ganglioside in this tumor (Fig. 4), it likely represents
a substantial proportion of the total tumor NGNA content.

The origin of the NGNA-containing gangliosides in this
tumor is presently unknown. NGNA is not found in ganglio
sides of normal mouse brain,6 but is present in gangliosides of

such nonneural tissues as liver (26) and erythrocytes (27).
Because this tumor is mostly nonhemorrhagic, it is unlikely
that the NGNA arises from erythrocyte contamination. More
over, mouse erythrocytes contain GM4which is not detectable
in this tumor. Since the tumor does not show either glial or
ependymal differentiation, we cannot rule out the possibility
that the NGNA comes from nonneural cellular components.
Support for this contention comes from our histolÃ³gica! find
ings that the tumor contains a minor population of cells with a
fibroblast-like morphology. This raises the possibility that the
NANA and NGNA reflect the biochemical diversity of the two
major cell types; with the NANA coming from the more abun
dant densely packed cells and the NGNA coming from the less
abundant fibroblast-like cells.

On the other hand, the NGNA may arise from altered sialic
metabolism as a consequence of malignant transformation.
Support for this contention comes from findings of NGNA in
HeLa cells (28), and of GM3-NGNA in human colon carcinoma
(29, 30). Because NGNA-containing gangliosides are not pres
ent in normal human tissues (30), the appearance of GMS-
NGNA in colon carcinoma may be associated with malignant
transformation. In view of the potentially important role of N-
glycolylation in cellular recognition, differentiation, and malig
nant transformation (25), further studies are needed on the
composition and localization of NGNA-containing ganglio
sides in this and other murine brain tumors.

Another interesting feature of this tumor is its very low total
ganglioside concentration. The concentration of NANA in the
s.c. tumors (30-56 Mg/100 mg dry weight) (Table 1) is about
10-fold lower than the concentration found in normal mouse
cerebral cortex. Significantly reduced ganglioside concentra
tions are also observed in malignant human brain tumors (1,3,
4). The presence of GDia, GDib, GTuÂ»and GOib in the i.e. tumor,
but their absence from the s.c. tumor (Figs. 4 and 5), indicates
that these gangliosides are not native to the tumor. Instead,
they represent contaminants from normal brain tissue sur
rounding the tumor and likely contribute to the slightly elevated
ganglioside concentration of i.e. tumor compared to the s.c.
tumor (Table 1). Since NANA is the predominant sialic acid in
mouse brain gangliosides,7 the difference of about 20 \i% of

NANA between the i.e. (63.1 ng) and the mean of the s.c.
tumors (43 ng) (Table 1), indicates that about 32% of the i.e.
tumor NANA content is due to contamination by mouse brain
gangliosides. The presence of GM2-NGNA in the s.c. flank
tumor, but its absence in the i.e. tumor, also indicates that this
ganglioside is not native to the tumor and may arise from
connective tissue encapsulation.

GMJ is the predominant ganglioside in this tumor. This is
also a major ganglioside in human neural tumors (1,2, 4), in
experimental murine neural tumors (6, 7), and in several cul
tured cell lines derived from human and murine neural tumors
(4, 31-35). In addition to an abundance of GM3, most of these
tumor tissues and cell lines have a low ganglioside concentration
and reduced amounts of polysialogangliosides. Our findings are
consistent with these observations. Although GM3 is a minor
ganglioside in normal adult mammalian brain, it is a major

! A. J. Yates, personal communication.
6T. N. Seyfried, personal observation.
7T. N. Seyfried and R. K. Yu, unpublished data.
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Fig. 4. Thin-layer chromatogram of ependymoblastoma gangliosides in CS7BL/6 mice. Lane I, adult cerebral cortex; lanes 2 and <. gangliosides from tumor
grown intracerebrally and not treated (lane 2) and treated (lane 3) with mild base (0.1 N NaOH); lanes 4 and 5. gangliosides from tumor grown s.c. over the skull
(Fig. 1) and not treated (lane 4) and treated (lane 5) with mild base; lanes 6 and 7, gangliosides from tumor grown s.c. in the flank and not treated (lane 6) and
treated (lane 7) with mild base; lane 8, GM!-NGNA standard purified from adult mouse liver. Approximately 1.5 ^g of total sialic acid was spotted for each lane on
an HPTLC plate. The plate was developed by one-ascending run with chloroform:methanol:water (55:45:10 by volume) that contained 0.02% CaCI2-2H2O. The bands
were visualized by the resorcinol spray.

ganglioside in rapidly growing mammalian embryonic tissues
(36, 37). It therefore appears that elevations of GMj and reduc
tions of total and polysialogangliosides are common to several
types of rapidly growing undifferentiated cells.

In addition to being the most abundant ganglioside in the
tumor, GMJ also migrates as double bands on HPTLC (Figs. 4
and 5) These double bands most likely arise from structural
heterogeneity in the ceramide portion of the molecule. Chou et
al. (7) found that the splitting of GM.i in experimental neuri-
nomas resulted primarily from differences in the fatty acid
composition of the upper and lower bands; with the upper GMJ
band having a greater proportion of longer chain fatty acids
than the lower GMj band. We also found similar differences in
fatty acid composition between the upper and lower GM3bands
in normal human brain (38) and in human liver (39). Similar
differences in fatty acid composition between upper and lower
bands may also account for the splitting of GMj-NGNA in the
tumor (Fig. 4). The reason for these differences in fatty acid
composition is unclear.

The tumor contained very little GDJ-This contrasts markedly
with findings in human malignant astrocytomas, where GD3 is
a major ganglioside (1-4) and can be considered a marker for
poorly differentiated tumors of glial origin (40). Moreover, the
concentration of GDj in human astrocytoma is positively cor
related with the degree of malignancy and invasiveness (1, 3).
Although Chou et al. (7) found relatively little GD3 in ethylni-
trosourea-induced neural tumors in rats, Stoolmiller et al. (6)
reported elevated amounts of GD3 in mouse glial tumors. The
ganglioside bands that we found migrating below GMi in the
chloroformrmethanolrwater solvent system (Fig. 4) cannot be
GD.Isince these bands contained an asialo-GMi (GAi) oligosac-
charide backbone (Fig. 6). This contention is supported further
by finding a low amount of GD.? in the chloroformrmetha-

-
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GM3-NGNA

GM2-NGNA
GD3
GMI

GDIa
GDIb
GTIb
GQIb

I
Fig. 5. Thin layer chromatogram of ependymoblastoma gangliosides in

C57BL/6 mice. Lane 1, adult cerebral cortex; lanes 2-4, gangliosides from tumor
grown intracerebrally, s.c. over the skull, and s.c. in the flank, respectively. All
samples were treated with mild base. Approximately 1.5 fig of total sialic acid
was spotted for each lane. The plate was developed in chloroform:methanol:5 M
NH4OH:0.4% CaCl:2H2O (50:50:4:5 by volume), and the bands were visualized
with the resorcinol spray.

nol:ammonia solvent system (Fig. 5), where GD} will migrate
above GMI (39). The differences in GD3content among various
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6M3
6M3-N6NA
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Fig. 6. Direct comparison of anti-GAI immunostaining (left) and resorcinol

staining (right) on the same HPTLC plate. The gangliosides from adult mousecerebral cortex (CC) and ependymoblastoma (///'( growing in the flank were

spotted on an HPTLC plate and developed as described in Fig. 4. Gangliosides
having a GAi oligosaccharide backbone were identified with iodine-125 autora-
diography after immunostaining with anti-GAi serum as described in "Materials
and Methods." After autoradiography, the plate was sprayed with the resorcinol

reagent to identify all gangliosides. Gangliosides with a GAi backbone will be
visualized by both autoradiography and resorcinol staining, whereas gangliosides
without a GA| backbone will be visualized only by resorcinol.

neural tumors may reflect differences in cellular origin or
tumorigenic transformation.

We conclude that the ganglioside composition of the Zim
merman experimental ependymoblastoma differs markedly
from the composition in normal mouse brain. The tumor is
similar to other murine and human neural tumors in having an
elevated GM) content and significant reductions in total gan
glioside concentration and polysialogangliosides. The tumor is
unique in having a high content of gangliosides containing
NGNA. This may, however, be a consequence of cellular het
erogeneity or of malignant transformation. It would be inter
esting to determine if differences in ganglioside composition
among various murine neural tumors are associated with dif
ferences in tumor growth and cytological composition. Finally,
an understanding of the basic biology and biochemistry of brain
tumors may lead to more effective diagnosis and therapy.

ACKNOWLEDGMENTS

We would like to thank Jeanne Peterson and Dr. H. Yohe for
technical assistance.

REFERENCES

1. Berra, B., Gaini, S. M., and Riboni, L. Correlation between ganglioside
distribution and histolÃ³gica!grading of human astrocytomas. Int. J. Cancer,
36: 363-366, 1985.

2. Eto, Y.. and Shinoda, S. Gangliosides and neutral glycolipids in human brain
tumors: specificity and their significance. Adv. Exp. Med. Biol., 152: 279-
290. 1982.

3. Traylor, T. D., and Hogan, E. L. Gangliosides of human cerebral astrocyto
mas. J. Neurochem., 34: 126-131, 1980.

4. Yates, A. J., Thompson, D. K., Boesel, C. P., Albrightson, C, and Hart, R.
W. Lipid composition of human neural tumors. J. Lipid Res., 20: 428-436,
1979.

5. Hakamori, S-l. and Kannagi, R. Glycosphingolipidsas tumor-associated and
differentiation markers. J. Nati. Cancer Inst., 71: 231-251, 1983.

6. Stoolmiller, A. C., Dawson, G., Kemp, S. F., and Schachner, M. Synthesis
of glycosphingolipids in mouse glial tumors. J. Neurochem., 32: 637-641,
1979.

7. Chou, KM.. Ambers, S. A., and Jungalwala, F. B. Ganglioside composition

of chemically induced rat neural tumors and characterization of hematoside
from neurinomas. J. Neurochem., 33: 863-873, 1979.

8. Seyfried, T. N., Saito, M., and Yu, R. K. Ganglioside composition of a
murine brain tumor. Trans. Am. Soc. Neurochem., 16: 232, 1985.

9. Rubin, R., Sutton, C. H., and Zimmerman, H. M. Experimental ependymob
lastoma. (fine structure) J. Neuropathol. and Exp. Neurol., 27: 421-438,
1968.

10. Zimmerman. H. M. Brain tumors: their incidence and classification in man
and their experimental production. Ann. NY Acad. Sci., 159:337-359,1969.

11. Zimmerman, H. M., and Arnold, H. Experimental brain tumors: I. Tumor
produced with methylcholanthrene. Cancer Res., /: 919-938, 1941.

12. Seyfried, T. N., Glaser, G. H., and Yu, R. K. Cerebral, cerebellar, and brain
stem ganglioside in mice susceptible to audiogenic seizures. J. Neurochem.,
31: 21-27, 1978.

13. Ledeen, R. W.. Yu, R. K., and Eng, L. F. Gangliosides of human myelin:
sialosylgalactosylceramide (G7) as a major component. J. Neurochem., 21:
829-839, 1973.

14. Seyfried, T. N., Itoh, T., Miyazawa, N., and Yu, R. K. Cerebellar gangliosides
and phospholipids in mutant mice with ataxia and epilepsy: the tottering/
leaner syndrome. Brain Res., 216:429-436, 1981.

15. Yu, R. K., and Ledeen, R. W. Gas-liquid Chromatographie assay of lipid-
bound sialic acids: measurement of gangliosides in brain of several species.
J. Lipid Res., //: 506-516, 1970.

16. Ando, S., Chang, N. C., and Yu, R. K. High performance thin-layer chro-
matography and densitometric determination of brain ganglioside composi
tions of several species. Anal. Biochem.. 89:437-450, 1978.

17. Kasai, N., Naiki, M., and Yu, R. K. Autoradiography of ganglioside antigens
separated by high-performance thin-layer chromatography with their anti
bodies. J. Biochem., 96: 261-264, 1984.

18. Saito, M., Kasai, N., and Yu, R. K. In situ immunological determination of
basic carbohydrate structures of gangliosides on thin-layer plates. Anal.
Biochem., 148: 54-58, 1985.

19. Svennerholm, L. Quantitative estimation of sialic acids. Him him. Biophys.
Acta, 24; 604-611, 1957.

20. Ansimili. J. !.. Shapiro. W. R., and Rail, D. P. Studies on the chemotherapy
of experimental brain tumors: development of an experimental model. Cancer
Res., 30: 2394-2400, 1970.

21. Crafts, D., and Wilson, C. B. Animal models of brain tumors. Nati. Cancer
Inst. Monogr., 46: 11-17, 1977.

22. Rubinstein, L. J. Correlation of animal brain tumor models with human
neuro-oncology. Nati. Cancer Inst. Monogr. 46:43-49, 1977.

23. Schold, S. C., and Bigner, D. D. A review of animal brain tumor models that
have been used for therapeutic studies, in: M. D. Walker (ed.). Oncology of
the Nervous System, pp. 31-63. Boston: Martinus Nijhoff Publishers, 1983.

24. Mor k, S. J., and Rubenstein, L. J. Ependymoblastoma: a reappraisal of a
rare embryonal tumor. Cancer (Phila.), 55: 1536-1542, 1985.

25. Schauer, R. Sialic acids and their role as biological masks. Trends Biochem.
Sci., 10: 357-360, 1985.

26. Hashimoto, Y., Suzuki, A., Yamakawa, T., Wang, C. H., Bonhomme, F.,
Miyashita, N., and Moriwaki, K. Expression of GMI and GDla in the liver
of wild mice. J. Biochem., 95: 7-12, 1983.

27. Hamanaka, S., Handa, S., and Yamakawa, T. Ganglioside composition of
erythrocytes from various strains of inbred mice. J. Biochem., 86: 1623-
1626, 1979.

28. Carubelli, R., and Griffin, M. J. Sialic acid on HeLa cells: effect of hydro-
cortisone. Science (Wash. DC), 15 7:693-694. 1967.

29. Higashi, H., Nishi, Y., Fukui, Y., Ikuta, K.. Ueda, S., Kato, S., Fujita, M.,
Nakano. Y., Tagushi, T., Sakai, S., Sako, M., and Naiki, M. Tumor associ
ated expression of glycosphingolipid hanganutziudeicher antigen in human
cancers. Gann, 75:1025-1029, 1984.

30. Kasai, N., Naiki, M., Ariga, T., Hirabayashi, Y., and Yu, R. K. Preparation
and specificity of avian anti-GM2 (NeuGc) ganglioside antiserum. Biochem.
Biophys. Res. Commun., 729: 334-341, 1985.

31. Duffard, R. D., Fishman, P. H., Bradley, R. M., Lauter, C. J., Brady, R. O.,
and Trams, E. G. Ganglioside composition and biosynthesis in cultured cells
derived from CNS. J. Neurochem., 28: 1161-1166, 1977.

32. Manuelidis, L., Yu, R. K.. and Manuelidis, E. E. Ganglioside content and
pattern in human gliomas in culture. Acta Neuropathol., 38:129-135,1977.

33. Robert, J., Freysz, L., Sensenbrenner, M., Mandel, P., and Rebel, G. Gan
gliosides in glial cells: a comparative study of normal astroblasts in tissue
culture and glial cells isolated on sucrose ficoll gradients. FEBS Lett., 50:
144-146, 1975.

34. Robert, J., Rebel, G., and Mandel, P. Glycosphingolipids from cultured
astroblasts. J. Lipid Res., 18: 517-522, 1977.

35. Shengrund, C-L., and Repman, M. A. Density-dependent changes in ganglio
sides and sialidase activity of murine neuroblastoma cells. J. Neurochem.,
39:940-947, 1982.

36. Irwin, L. N., Michael, D. B., and Irwin, C. C. Ganglioside patterns of fetal
rat and mouse brain. J. Neurochem., 34: 1527-1530, 1980.

37. Seyfried. T. N. Ganglioside GQ1 deficiency in mutant mouse embryos. Trans.
Am. Soc. Neurochem., 17: 268, 1986.

38. Ando, S., and Yu. R. K. Fatty acid and long chain base composition of
ganglioside isolated from adult human brain. J. Neurosci. Res., 12:205-211,
1984.

39. Seyfried, T. N., Ando, S., and Yu, R. K. Isolation and characterization of
human liver hematoside. J. Lipid Res., 19: 538-543, 1978.

40. Seyfried, T. N., and Yu, R. K. Ganglioside GD3: structure, cellular distribu
tion, and possible function. Mol. Cell. Biochem., 68: 3-10, 1985.

3542

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/13/3538/2427956/cr0470133538.pdf by guest on 19 M

ay 2023




