
Serum gangliosides in mice with metastatic and 
non-metastatic brain tumors 

Michelle Cotterchio and Thomas N. Seyfried' 

Department of Biology, Boston College, Chestnut Hill, MA 02167 

Abstract The content of serum gangliosides was examined in 
VM and C57BL/6J (B6) mice that contained subcutaneous 
metastatic (VM) and non-metastatic (CT-ZA) brain tumors, 
respectively. Gas-liquid chromatography (GLC) and high per- 
formance thin-layer chromatography (HF'TLC) were used to 
analyze the serum gangliosides. N-glycolylneuraminic acid 
(NeuGc) accounted for greater than 90% of the total serum 
sialic acid content in each mouse strain (5.53 nmol and 2.05 
nmol per ml serum, respectively). GMz-NeuGc was the major 
serum ganglioside detectable in both the normal and tumor- 
bearing mice of each strain. Shedding of tumor gangliosides into 
the serum occurs in various murine non-neural tumors and in 
human gliomas and neuroblastomas, but has not been previ- 
ously studied in murine brain tumors. 811 Our results show that 
serum ganglioside concentration was reduced in VM mice bear- 
ing the metastatic VM tumor, but was increased in B6 mice 
bearing the non-metastatic CT-PA tumor. These changes in con- 
centration, however, were not associated with marked changes in 
serum ganglioside distribution. As serum gangliosides are syn- 
thesized in the liver, the differences in serum ganglioside concen- 
tration in the tumor-bearing mice may arise more from changes 
in liver function than from differences in tumor shedding.- 
Cotterchio, M., and T. N. Seyfried. Serum gangliosides in 
mice with metastatic and non-metastatic brain tumors. J. Lipid 
&s. 1994. 3 5  10-14. 
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Gangliosides are sialic acid-containing glycosphin- 
golipids that are most heavily concentrated in neuronal 
membranes of the central nervous system (CNS). Much 
lower ganglioside concentrations are found in membranes 
of non-neural cells (1) and in mammalian serum, where 
the gangliosides are bound to lipoproteins (2-5). Most 
gangliosides in normal serum are synthesized in the liver 
and are secreted into the serum (6-8). Using a gas-liquid 
chromatographic procedure for sialic acid quantitation, 
Yu and Ledeen (9) found 11.3 nmol, 13.1 nmol, and 2.8 
nmol of ganglioside sialic acid per ml of plasma in human, 
bovine, and rabbit, respectively. NeuAc was the predominant 
sialic acid species in human and rabbit, whereas bovine 
plasma gangliosides contained equal amounts of NeuAc 
and NeuGc sialic acids. The NeuGc and NeuAc sialic 

acids differ structurally in that the former has a glycol 
group attached to the nitrogen on carbon 5, whereas the 
latter has an acetyl group in that position (10). Although 
differences in serum ganglioside concentration occur 
among different mouse strains (11-13), the distribution of 
NeuAc and NeuGc sialic acid in mouse serum has not 
been previously described to our knowledge. 

The shedding of glycolipids from tumor cells into se- 
rum may facilitate tumor metastasis and progression by 
altering host immune responses (14-16). Ganglioside 
shedding into serum was observed previously in humans 
with malignant gliomas, astrocytomas, neuroblastomas, 
melanomas, and head carcinomas (17-22). Ganglioside 
shedding has not been previously studied in murine brain 
tumors, but it has been described in various murine non- 
neural tumors (11, 13, 15, 23, 24). 

In this study, we examined the composition of serum 
gangliosides in mice with metastatic and non-metastatic 
brain tumors that were grown subcutaneously in the 
flank. The metastatic VM tumor arose spontaneously as 
an intracranial mass in a 425-day-old mouse in our VM 
colony. Although the expression of spontaneous CNS 
tumors in the VM mouse strain is relatively high, i.e., 
1.5% (25), ours is the only known brain tumor that can 
readily metastasize to multiple organ systems including 
brain, spinal cord, lung, spleen, kidney, and liver after 
subcutaneous innoculation of tumor tissue. This tumor 
was provisionally classified as a primary malignant lym- 
phoma, but its origin as a primitive neuroectodermal 
tumor could not be excluded (26). The non-metastatic 
tumor, designated CT-SA, was generated by implantation 
of the chemical carcinogen, 20-methylcholanthrene 
(20-MC) into the brain of a B6 mouse. This tumor was 
provisionally classified as a highly malignant, poorly 
differentiated anaplastic astrocytoma based on histology 

Abbreviations: GLC, gas-liquid chromatography; HPTLC, high per- 
formance thin-layer chromatography; NeuGc, N-glycolylneuraminic 
acid; 20-MC, 20-methylcholanthrene. 
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(27). Similar to most 20-MC-induced brain tumors, the 
CT-2A tumor grows only in the subcutaneous area of in- 
noculation and is not metastatic. Our results show that se- 
rum ganglioside concentration is markedly reduced in 
mice with the metastatic VM tumor, but is elevated in 
mice with the non-metastatic CT-SA tumor. 

METHODS AND MATERIALS 

Mice 

The B6 strain was obtained from the Jackson Labora- 
tory (Bar Harbor, ME). The VM strain was obtained as 
a gift from Dr. George Carlson of the McLaughlin 
Research Institute, Great Falls, M T  All mice were propagated 
in the Boston College animal care facility as previously 
described (28). Male and female mice between the ages of 
2 months to 3 months were used as tumor recipients. 

Tumors 

Both the CT-2A and the spontaneous VM brain tumors 
are maintained in our laboratory via serial, subcutaneous 
flank passages into the respective B6 or VM mice accord- 
ing to the procedures of Zimmerman and Arnold (29). 
Tumor tissue was diced and suspended in 0.1 ml 
phosphate-buffered saline (PBS; pH 7.4) and was then in- 
noculated subcutaneously into the flanks of the VM or B6 
mice using an 18-gauge syringe. 

Ganglioside analysis 

Twenty-three days after innoculation with tumor cells, 
serum was collected and pooled from mice bearing the 
CT-2A or VM tumors. Sera from normal B6 and VM 
mice were used as controls. The gangliosides were isolated 
and purified from the dried serum by partitioning (30) 
and ion exchange chromatography as previously 
described (31, 32). The gangliosides were treated with 

mild base and desalted using Sephadex G-50 column 
chromatography (32, 33). The ganglioside sialic acid con- 
tent of the serum was determined by the GLC method of 
Yu and Ledeen (34). With this procedure both the NeuAc 
and NeuGc ganglioside sialic acids can be analyzed 
simultaneously. The total content of NeuAc and NeuGc 
was expressed as nmol per ml serum. The distribution of 
individual serum gangliosides was analyzed using 
HPTLC (Silica gel 60, Whatman Scientific) and densito- 
metric scanning according to the method of Ando, 
Chang, and Yu (35). The conditions for the HPTLC are 
given in Figs. 1 and 2. In addition to the neutral solvent 
systems in Figs. 1 and 2, we also analyzed serum ganglio- 
sides using the ammonia solvent system previously 
described (27). The HPTLC distribution of the CT-SA 
and VM serum gangliosides was also compared with that 
from the respective solid tumors. Gangliosides were iso- 
lated from the lyophilized solid tumors as described above 
and previously (27, 31). The mouse tumor and serum 
gangliosides were identified by comparison with brain 
gangliosides purified from beef. GM2-NeuGc was purified 
from mouse liver and GMs-NeuAc was obtained from 
Sigma Chemicals Co. (St. Louis, MO). 

RESULTS 

The total ganglioside sialic acid concentration in nor- 
mal serum from the VM and B6 mice was approximately 
5.53 nmol/ml and 2.05 nmol/ml, respectively (Table 1). 
In both strains, NeuGc accounted for greater than 90% 
of the serum sialic acid content. GM2-NeuGc was the 
only major ganglioside detectable in the serum of each 
control mouse strain using either the neutral solvent sys- 
tem (Fig. 1 and Fig. 2) or the ammonia solvent system 
(data not shown). This was also the major serum ganglio- 
side in the tumor-bearing mice of each strain. 

TABLE 1. Serum ganglioside content in mice with metastatic (VM) and non-metastatic (CT-2A) 
brain tumors' 

Ganglioside Neuraminic Acid Contentb 

Serum Total NeuAc NeuGc 

VM mice 
Control 
VM tumor' 

nmol/ml serum 

5.53 (5.07, 5.99) 0.48 (0.40, 0.55) 5.04 (4.74, 5.35) 
2.96 (2.80, 3.12) 0.39 (0.31, 0.47) 2.57 (2.30, 2.84) 

B6 mice 
Control 2.05 (2.07, 2.03) , 0.10 (0.10, 0.10) 1.96 (1.95, 1.98) 
CT-LA tumor' 3.50 (3.20, 3.81) ._. 0.30 (0.20, 0.40) 3.20 (2.90, 3.48) 

"All brain tumors were grown in the flanks of the mice. 
bThe values represent the means of two independent samples (shown in parentheses). Each sample consisted of 

'Serum was collected 23 days after tumor cell innoculation. 
serum pooled from approximately 20 mice and was analyzed in duplicate. 
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Both the VM and the CT-2A tumors were approxi- 
mately 3000 mm3 in size at the time of serum collection. 
The metastatic VM brain tumor caused a 47% reduction 
in the serum ganglioside content in the host VM strain 
(Table 1). This reduction was seen for the content of both 
NeuAc and NeuGc. The reduced serum ganglioside con- 
tent in mice bearing the metastatic VM tumor was not as- 
sociated with any noticeable change in the serum ganglio- 
side distribution (Fig. 1). In marked contrast to the VM 
tumor, the non-metastatic CT-PA tumor caused a 42% 
elevation in the serum ganglioside content in the host B6 
strain. This elevation also involved both NeuAc and 
NeuGc. The elevated serum ganglioside content in these 
mice was associated with the trace appearance of a new 
ganglioside that migrated near the region of G D ~ ~  (Fig. 
2). As this minor ganglioside migrated with the major 
ganglioside in the G D ~ ~  region of the CT-2A tumor, it 
may have been shed from the tumor into the serum. The 
double band appearance of the G~n-NeuGc in both the 
VM and CT-2A tumor-bearing mice likely arises from 
heterogeneity in the ceramide region of the molecule (9, 
31). The very small amount of serum gangliosides 
prevented further structural studies of this ganglioside. 

DISCUSSION 

The total concentration of serum gangliosides that we 
found in the VM and the B6 strains (5.53 nmol and 2.05 
nmol per ml serum, respectively) was lower than that 
previously found in other mouse strains, Le., AKR/J, 

GM3 

GM2 - NG 

GM1 
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GT1 b h Q 1  b 

I 2 3 4 5 
Fig. 1. High performance thin-layer chromatogram of gangliosides in 
the serum and the VM tumor of VM mice. Approximately 2.0 pg of 
gangliosides was spotted for each sample. The plate was developed in one 
dimension with chloroform-methanol-water 50:45:10 (by volume) that 
contained 0.02% CaC12 2H20.  The bands were visualized by the 
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Fig. 2. High performance thin-layer chromatogram of gangliosides in 
the serum and the CT-PA tumor of B6 mice. Lane 1 ,  brain gangliosides 
purified from beef; lane 2, GM2-NeuGc and GM,-NeuAc standards; lane 
3,  serum from B6 (control) mice; lane 4, serum from CT2A-bearing B6 
mice; lane 5, CT-PA tumor. The arrow indicates a yellow band which is 
not a ganglioside. Other conditions are as described in Fig. 1.  

C3H/HeJ, and Swiss (11 nmol, 15 nmol, and 24 nmol per 
ml serum, respectively) (11-13). These differences proba- 
bly result from the different methods used for ganglioside 
quantitation. We quantitated sialic acid content using 
GLC analysis, whereas these previous studies employed 
colorometric analysis, which can be influenced by false 
chromagens (34). Our serum ganglioside values are simi- 
lar to those found in rats (8) and other mammalian spe- 
cies using GLC (9). It is also apparent from our studies 
and those of others that strain differences exist for serum 
ganglioside sialic acid content among mice. 

We found that NeuGc comprised greater than 90% of 
the ganglioside sialic acid in mouse serum. Furthermore, 
GM2-NeuGc was the most abundant ganglioside in the 
serum of both the VM and B6 strains. Recent findings in- 
dicate that most gangliosides present in serum are synthe- 
sized by the liver and are secreted into the serum (8). Our 
findings in mice are consistent with the origin of serum 
gangliosides from the liver, since G~2-NeuGc is the 
major liver ganglioside in B6 mice and most other mouse 
strains (36; T. N. Seyfried, unpublished data). It is also 
interesting that G~2-NeuGc is the major ganglioside in 
mouse erythrocytes and that the ganglioside pattern in 
erythrocytes closely parallels that of liver (36). These 
findings suggest that some erythrocyte gangliosides may 
be derived from the liver via the serum. 

Quantitative differences in serum ganglioside concen- 
tration (nmol/ml serum) were observed between mice 
bearing the metastatic and the non-metastatic brain - 

resorcinol spray (39). Lane I, brain gangliosides purified from beef; lane 
2, G,,,-NeuGc and G,,,-NeuAc standards; lane 3, serum from VM 
(control) mice; lane 4. serum from VM tumor-bearing mice; lane 5, VM 

pable  1). M~~~ notably, Serum ganglioside con- 
tent was decreased in VM mice bearing the metastatic 

tumor. The armw indicates a yellow band which is not a ganglioside. VM tumor, but was increased in B6 mice bearing the 
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non-metastatic CT-SA tumor. These changes involved 
both NeuAc- and NeuGc-containing gangliosides. In con- 
trast to the changes in ganglioside concentration, the 
qualitative distribution of serum gangliosides was not 
markedly altered in either of the tumor-bearing mouse 
strains. Trace amounts of serum gangliosides migrating 
near G D ~ ~  were observed in the CT-SA-bearing mice. As 
this serum ganglioside migrated near a major ganglioside 
expressed in the CT-2A tumor, it may have been shed 
from the tumor into the serum. It is important to men- 
tion, however, that CT-SA tumor cells grown in vitro ex- 
press only NeuAc-containing gangliosides and do not ex- 
press GMZ-NeuGc (27). As GMz-NeuGc was the major 
serum ganglioside expressed in the CT-SA-bearing mice, 
most of the ganglioside increase obviously involved this 
ganglioside. It is therefore unlikely that ganglioside shed- 
ding from the tumor is solely responsible for the serum 
ganglioside increase in these mice. Previous studies 
showed that liver diseases of various etiologies could alter 
ganglioside composition (6). Hence, an influence of the 
CT-2A tumor on some aspect of liver function in B6 mice 
may account for some of the increase in serum ganglioside 
content in these mice. 

The decrease in serum ganglioside concentration in 
mice with the metastatic VM tumor was unexpected as 
previous studies in humans suggested an association be- 
tween increased lipid-bound sialic acid in serum and 
tumor metastasis (37, 38). We suggest that the reduced se- 
rum gangliosides in the tumor-bearing VM mice may 
result from liver metastasis. The liver in VM tumor- 
bearing mice becomes heavily infiltrated with metastatic 
V M  tumor cells (26). This could impair liver function and 
reduce the normal secretion of gangliosides into the serum. 
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