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Summary. The gangliosides GM2, GD2 and GD3 are dif- 
ferentiation antigens expressed on the cell surface of 
human melanomas and other cancers of neuroectodermal 
origin. We have compared the antibody response after 
vaccination with gangliosides GM1, GM2, GM3, GD2 
and GD3 in the mouse. Purified gangliosides were injected 
subcutaneously alone or attached to Salmonella minnesota 
mutant R595 after pretreatment of the mice with low-dose 
cyclophosphamide. Spontaneous GM1 antibodies, but 
not antibodies against the other gangliosides, were detect- 
ed in many mice, the incidence increasing with age. 
Purified gangliosides injected alone (in saline) induced 
no antibody response. R595/GM1 and R595/GD3 vacci- 
nation induced consistent high-titer antibody responses. 
R595 /GM2 and R595/GD2 induced occasional antibody 
responses, and R595 /GM3 induced no antibody response. 
Comparison of the antibody responses induced against 
these gangliosides in the mouse with those in man reveals 
that GM1, GM3 and GD2 have a similar immunogenicity 
in both species while the relative immunogenicity of GM2 
and GD3 is reversed. To understand better the basis for 
these differences, the antibody responses against the five 
gangliosides in man and the mouse were compared with 
their known expression in normal tissues. No correlation 
was detected between ganglioside expression in normal 
brain and immunogenicity, consistent with this being a 
cloistered site. The antibody responses did correlate in- 
versely with expression in normal non-brain human and 
murine tissues. Variations between species of ganglioside 
immunogenicity may reflect variations in ganglioside ex- 
pression in normal tissues. 

Introduction 

A variety of gangliosides are expressed on the cell surface 
of human malignant melanomas. While none are tumor- 
specific, the distribution on normal tissues of several gang- 
liosides is highly restricted. The importance of these gang- 
liosides as potential targets for active specific immunother- 
apy with tumor vaccines has been suggested by regression 
of melanoma and neuroblastoma metastases in some pa- 
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tients treated with anti-GD3 and anti-GD2 mouse mono- 
clonal antibodies [7, 18]. Although GD3 and GM3 are the 
most prevalent gangliosides on human melanomas, they 
are not good immunogens, no antibodies against them 
have been detected in human sera. Many high-titer sera 
reactive with GM2 or GD2 have been detected, generally 
after immunization with irradiated melanoma cells that 
contain ten times more GD3 and GM3 than GD2 and 
GM2 [25, 27, 44], further emphasizing the poor immuno- 
genicity of GD3 and GM3 in man. GM1 is not detectable 
on most melanomas. Intentional immunization with GM1 
has not been attempted, though GM1 can be assumed to 
be quite immunogenic in man, on the basis of GM1 anti- 
bodies detected in the sera of some normal donors [11, 40] 
and patients with multiple sclerosis, lupus erythematosis, 
strokes and head trauma [11]. There is little direct evidence 
on the relative immunogenicity of these gangliosides in 
mice. If the number of laboratories developing murine 
monoclonal antibodies can be used as a gauge of ganglio- 
side immunogenicity, then GD3 [5, 9, 17, 36, 49] and GD2 
(4, 6, 17, 20, 49] appear to be the most immunogenic fol- 
lowed by GM2 [30, 33] GM3 [45] and GM1 [28]. 

We have recently reported that immunization with 
GM2 coated on Salmonella minnesota mutant R595 in 
mice pretreated with low-dose cyclophosphamide (to re- 
duce suppressor cell activity) was an effective method for 
inducing a cytotoxic antibody response against melanoma 
cells expressing GM2 [26]. The studies described here use 
this approach to determine the relative immunogenicity (in 
terms of antibody response) of purified GM1, GM2, GM3, 
GD2 and GD3 gangliosides in the mouse. GD3 and GM1 
are identified as most immunogenic. The immunogenicity 
of these gangliosides in the mouse is also compared with 
their known immunogenicity in man, and the basis for the 
clear differences explored. 

Materials and methods 

Animals. Female Balb/c-C57BL/6 FI mice, 6 weeks of age, 
were obtained from the Jackson Laboratory, Bar Harbor, 
Maine. Immunization was begun within 2 weeks. 

Serological assays. Mice were bled from the retro-orbital 
sinus before and 2 weeks after each vaccination and serum 
samples for serological testing (approximately 0.1 ml) were 
stored at - 2 0  ° C. ELISA were performed using rabbit an- 
ti-(mouse IgM) and protein A linked to alkaline phospha- 
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tase (Zymed, San Francisco, Calif') as previously described 
[33]. The absorbance of samples with pretreatment mouse 
serum was subtracted from post-treatment values to yield 
the experimental values at each titer. To eliminate the ef- 
fect of  nonspecific "sticky" sera, sera were also tested on 
plates which had been processed identically, but to which 
no ganglioside had been added. The absorbance at each ti- 
ter obtained on this plate was subtracted from the experi- 
mental value, yielding the corrected absorbance. Serologi- 
cal titer in ELISA is defined as the highest dilution yield- 
ing a corrected absorbance of 0.10 or greater. All assays 
were repeated on two or more occasions to ensure consis- 
tency. Immune stains (dot blots) were performed as previ- 
ously described [15, 46] with slight modifications. In brief, 
0.25-1 ~tg ganglioside was spotted on nitrocellulose paper 
strips. The strips were blocked at room temperature for 2 h 
in phosphate-buffered saline containing 5% immunoglobu- 
lin-free fetal calf serum, 1% bovine serum albumin and 
0.05% sodium azide. Serum was diluted 1/t50 with the 
same immunoglobulin-free mixture and the strips were in- 
cubated in Accutron trays (Schleicher and Schiitl, Keene, 
NH) at room temperature for 16 h. Strips were washed five 
times with the phosphate-buffered saline mixture and in- 
cubated for 5 h with horseradish-peroxidase-conjugated 
anti-(mouse tgM) antibody diluted 1:200 (Zymed, San 
Francisco, Calif). Peroxidase staining was performed as 
previously described [33]. Stains were quantified as nega- 
tive, 1 + ,  2 + or 3 + as shown in Fig. 1. 

Gangliosides. GD2 was prepared by treating G D l b  with 
[3-galactosidase purchased from Dr. G. W. Jourdian, Uni- 
versity of Michigan, Ann Arbor, Michigan. The enzyme 
treatment was performed essentially as described by Ca- 
han et al. [3]. GM2 was purchased and GD3 was a gift 
from Fidia Research Labs, Abano Terme, Italy. GM3 was 
purified from dog erythrocytes as previously described 
[33]. GMI,  G D l a  GDlb ,  and GT1 were purchased from 
Supelco Inc. (Bellafonte, Penn). Gangliosides used for 
vaccine production were pure as determined by thin-layer 
chromatography. 

Cyclophosphamide. Cyclophosphamide (Cytoxan, Mead 
Johnson and Company, Evansville, Ind) was administer- 
ed at a dose of 15 mg/kg  I.p. 3 days before the first 
vaccination. 

Vaccine preparation. Salmonella minnesota mutant R595 
was cultured and boiled in 1% acetic acid as previously de- 
scribed [26], washed and stored. The day before vaccina- 
tion, R595 was resuspended in distilled water by sonica- 
tion and added to tubes containing dried ganglioside. The 
R595/ganglioside suspension was lyophilized. Immedi- 
ately prior to vaccine administration R595/ganglioside or 
ganglioside alone was resuspended in normal saline. 

Administration of vaccines. In each experiment five mice, 
selected randomly from the same shipment, were immu- 
nized with a given vaccine. Vaccinations were adminis- 
tered 3 - 4  weeks apart subcutaneously in a total volume of 
0.1 ml/mouse. Vaccines contained 10, 50 or 150 Ixg gangli- 
oside (GM1, GM2, GM3, GD2 or GD3), or 150 or 450 ~tg 
pooled gangliosides (GM2 plus GD2 plus GD3), alone or 
with 0.5 mg R595. No toxicity or morbidity was detected 
as a consequence of vaccine administration. 

Results 

Mice were immunized twice with vaccines containing 
R595, purified ganglioside or R595 plus various ganglio- 
sides. Sera were obtained before immunization and at reg- 
ular intervals after vaccination, and tested by ELISA and 
dot-blot assays. 

Serological response to vaccines containing a single ganglio- 
side (GM1, GM2, GM3, GD2 or GD3) 

Sera from unimmunized 2-3-month-old mice and from 
mice immunized with R595 alone showed occasional GM1 
reactivity (see below) but no serological reactivity against 
GM2, GM3, GD2 or GD3. The serological response of 
mice after immunization as defined by ELISA and im- 
mune stains is shown in Table 1. Vaccines containing 
gangliosides alone were not immunogenic. R595 vaccines 
containing the higher dose of ganglioside (150 gg) were 
slightly but not significantly more immunogenic than 
those containing 50 p~g, but comparing the groups of 
10-20 mice immunized with each ganglioside, the ganglio- 
sides GM 1 and GD3 were significantly more immunogen- 
ic than the others (P = 0.01 by the log rank test). Some an- 
tibodies against GM2 and GD2 were detected after immu- 
nization. No antibody response against GM3 was detected. 

Anti-IgM immune stain results were generally consis- 
tent with ELISA results. Antibodies were predominantly 
IgM though occasional IgG antibodies were identified by 
ELISA. 

Serological response to vaccines containing three ganglio- 
sides (GM2, GD2 and GD3) 

Ten mice were immunized with R595 plus three ganglio- 
sides. The results are shown in Table 2. Once again the im- 
munogenicity of GD3 was significantly greater than that 
of  GM2 or GD2 (P < 0.05). 

Specificity of reactive sera defined by dot-blot immune stains 

Sera from all mice were analyzed for reactivity against 
GMI ,  GM2, GM3, GD2 and GD3 in immune stains using 
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Fig. l. Ganglioside standards were applied to silica gel strips and 
stained with resorcinol (A), or to nitrocellulose strips and allowed 
to react with sera from individual mice (B-R). A, ganglioside 
standards. B and C, normal l-year-old mice: reactions on GM1 
graded 3+ and 2+. D-F, GMl-immunized (12-week-old) mice: 
GMI 1+(3). G and H, GM2-immunized mice: GM2 2+,  
l + ;  GM1, 2+. I -M,  GD3-immunized mice: GD3 3+(3), 
2+ ,1 +. N-R, mice immunized with GM2, GD2 and GD3:GD3 
3+(3), 1+; GM2 2+, 1+(3); GD2 1+(4); GM1 3+, 
2+,  1+(2) 
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Table I. Antibody reactivity by ELISA and immune stain after two immunizations with vaccines containing a single ganglioside (GM1, 
GM2, GM3, GD2 or GD3) 

Vaccine Ganglioside No. of Anti-IgM a Anti-IgG a 
dose (txg) mice 

ELISA titer Immune stain ELISA titer Immune stain 

GMI 50 5 20,20 
GM2 50 5 20,20 
GM3 50 5 
GD3 50 5 
R595 0 10 

R595/GM1 10 5 20 (3), 40 
50 5 40 (2), 320 (2), 640 2+ (2), 3+ (2) 

150 5 80, 160, 320 (2) 1 + ,  2+ (2), 3+ (2) 

R595/GM2 l0 5 20 
50 10 40 (4), 80 1+ 

150 5 160, 40 1 + ,  2+ 

R595/GM3 10 5 
5O 5 

150 5 40,40 

R595/GD2 50 10 20,20 
150 5 20,40 

R595/GD3 10 10 40 (2), 20 (4) 1 + ,  1 + 
50 10 80 (2), 160 (5), 320 (2) 1 + , 2 +  (4),3+ (3) 

150 5 80, 320 (3) 2+,  3+ (3) 

80 

20,20 

40 
40,80,80 

20,40,640 
20,40,640 
40,80 

2+ 

a Tested on immunizing ganglioside, or (in the case of the R595 alone vaccine) on GM2 and GD3. Blank, no reactivity 

Table 2. Antibody reactivity by ELISA and immune stain after two immunizations with vaccines containing R595 and three gangliosides 
(GM2, GD2 and GD3) 

Individual Target Anti-IgM, Anti-IgG a 
ganglioside ganglioside 
dose (p~g) ELISA titer Immune stain ELISA titer Immune stain 

50 GM2 20 
150 GM2 20 (2) 1 + (2) 80 

5O GD2 40 1 + 
150 GD2 

50 GD3 40, 40, 80 1 + ,  3 + 
150 GD3 20, 160, 320 (2) 2+ (2), 3+ 20, 80 

a Tested on immunizing ganglioside. Blank, no reactivity 

ant i - IgM second an t ibody;  sera from mice showing IgG 
ELISA reactivity were analyzed in addi t ion  by immune 
stains with an t i - IgG and pro te in-A-peroxidase  conjugates. 
Results with reactive sera (IgM) from some of  the immu- 
nized mice are shown in Fig. 1. Except  for several sera 
from unimmunized  mice or mice immunized with other 
gangliosides that were reactive with GM1,  reactivity was 
restricted to the immuniz ing ganglioside.  Specificity analy- 
sis of  the sera with E L I S A  IgG reactivity titers of  1/80 or 
greater was inconclusive,  an t i - IgG and protein A dot-blot  
immune stains were general ly unreactive. 

Several mice, immunized  with GM2,  GD2 or GD3, 
R595 alone,  or unimmunized,  p roduced  ant ibody reactive 
with GM1 by ELISA and immune  stains (see Fig. 1). These 
sera were not  b road ly  cross-reactive and increased their 
reactivity in samples drawn from the same mice months 
apart.  Since GM1 is expressed extensively in bra in  tissue, 
we were concerned that  the appearance  of  ant i-GM1 an- 
t ibodies in some mice immunized with other gangliosides 
was related to the vaccinations.  To explore this further, we 

per formed ELISAs and dot  blots with sera from normal  
mice of  different ages. Product ion of  IgM ant i -GM1 anti- 
bodies (but not  ant ibodies  against  GM2,  GM3,  GD2 or 
GD3) increased with age in un immunized  mice: 5/5,  
12/16 and 0/5 mice aged 1 year,  6 months and 6 weeks, 
respectively, showed reactivity titers of  1/80 or greater, 
which were restricted to GM1. The immunogen inducing 
these GM1 ant ibodies  is not known. No  neurological  
sequelae resulted. 

Discuss ion  

The studies described here are par t  of  our continuing at- 
tempts to improve  the serological response induced by tu- 
mor  vaccines in precl inical  and clinical trials [22-24, 27]. 
The serological  approach  is emphasized because serologi- 
cal techniques are precise and can be used to moni tor  clin- 
ical trials. In previous studies in the mouse, we have tested 
a variety of  immuniza t ion  approaches  and have repor ted  
increased serological  responses against  tumor  antigens in- 
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cluding GM2 after anti-suppressor cell treatment with low- 
dose cyclophosphamide and the use of  vaccines containing 
endotoxin, lipid A or s. m i n n e s o t a  mutant R595 as adju- 
vants [23, 24, 26]. We show here that this same approach 
(cyclophosphamide + R595/ganglioside) with five differ- 
ent gangliosides in the mouse results in consistent high-ti- 
ter antibodies against GM 1 and GD3, occasional antibody 
responses against GM2 and GD2, and no antibodies 
against GM3. In man, GM1 is known to be immunogenic,  
GD2 weakly immunogenic and GM3 not immunogenic  at 
all, similar to results in the mouse. However, GM2 anti- 
bodies are frequently induced in man [27, 44] while GD3 
antibodies have not been detected in human sera. The rela- 
tive immunogenicity of  GD3 and GM2 in man and the 
mouse is reversed. 

To determine whether these differences in antibody in- 
duction after immunization with GM1, GM2, GM3, GD2 
and GD3 are explained by differences in expression of  
these gangliosides in normal tissues o f  the two species, we 
reviewed previously published studies on ganglioside con- 
tent of  normal tissues defined by biochemical extraction 
[1, 12-14, 19, 21, 31, 32, 34, 37, 38, 42, 50]. Comparable 
data for ganglioside expression in five normal human and 
murine tissues (brain, kidney, liver, spleen and erythro- 
cytes) were available. While we are aware that these may 
not be representative of  all tissues, they are considered 
the major  ganglioside-rich tissues. Ganglioside content 
(especially GM2 and GM3) is known to vary consider- 
ably between different inbred strains [21] so only data in 
C57B1/6 x Balb/c  (the mice used in these immunization 
studies) or C57BL/6 or Balb/c  mice were considered. To 
facilitate comparison, the results o f  this literature review 
are presented in Table 3. While the highest concentration 
o f  most gangliosides was in normal brain [1, 19, 42], no 
correlation could be detected between antibody titers and 
ganglioside expression in brain tissue. This is not surpris- 
ing since it has long been suspected that the brain is an 
"immunologically privileged site" [16], effectively cloister- 
ing its antigens from the immune system. In other tissue 
[1, 12-14, 31, 32, 34, 37, 38, 50], GM1 expression is very low 
in both species and GM3 expression very high. Expression 
of  GM2, however, differed greatly between man and the 

mouse, being very low in man and very high in the mouse. 
Fewer data are available for GD2 than for other ganglio- 
sides but GD2 expression appears to be relatively low in 
murine and human tissues. GD3 expression was low in 
murine tissues and intermediate in man. Tissue typing with 
murine monoclonal  antibodies on various normal human 
tissues has demonstrated high expression of  GD2 on sen- 
sory peripheral nerve fibers [8] while GD3 has been shown 
to be expressed on a subpopulation of  T cells [48] as well 
as on cells in several other tissues [39], tissues not studied 
by extraction procedures. Comparable  tissue typing in the 
mouse has not been conducted. There was, therefore, an 
inverse correlation between the expression of  GM 1, GM2, 
GM3, GD2 and GD3 on normal tissues and their immu- 
nogenicity. 

The apparent lack of  toxicity in mice producing gan- 
glioside antibodies, despite expression of  the antigen on 
various normal tissues, may relate to subthreshhold ex- 
pression at the cell surface of  normal tissues making auto- 
immune recognition unlikely, as has been theorized with 
regard to GM3 antibodies [35]. We demonstrate here that 
though GM1 and GD3 are expressed in large amounts on 
normal murine brain, they are highly immunogenic when 
administered with R595. This is consistent with the finding 
that cloistered antigens may be immunogenic [29, 41]. The 
lack of  neurological sequelae in mice with GM1 or GD3 
antibodies may be a consequence of  the "blood-brain bar- 
rier" which may result, at least in part, from the tight junc- 
tions of  cerebral capillary endothelia [22] and effectively 
restrict access of  circulating antibodies. 

These studies are most consistent with the view that the 
ant ibody response against individual gangliosides after 
vaccination is inversely proportional  to the extent of  their 
expression on normal tissues outside the brain. This con- 
cept of  "horror  autotoxicus" dates back to 1900 when it 
was first expressed by Ehrlich [10]. Our studies also suggest. 
that there is a difference between the level of  antigen ex- 
pression on normal tissues permitting antibody induction 
after appropriate vaccination, and the level sufficient for 
induction of  autoimmune disease. Since the level of  GM2, 
GD2 and GD3 expressed in human melanoma cells [47] is 
at least tenfold higher than in the major  organ systems 

Table 3. Comparison of ganglioside composition of murine and human normal tissues 

Tissues Strain a References Total lipid-bound 
sialic acid 
(Ixg/g tissue) 

GM1 GM2 GM3 GD2 GD3 
(% of total gangliosides) b 

Others 

Murine 
Brain 
Kidney 
Liver 
Spleen 
Erythrocytes 

Human 
Brain 
Kidney 
Liver 
Spleen 
Erythrocytes 

B6 19,42 800 
F1 32 ll 
B6 + Bc 14,24,32 67 
Fl 32 32 
B6 + Bc 12,13 l 

11 - 1 3 15 
+ + + +  x x 
+ 70 20 - - 10 
+ + + +  x x 

- 4 5  - - - 55 

1 500 18 3 4 5 7 63 
38 15 - - 74 - 19 7 
34 20 1 - 91 3 5 
50 60 1 -- 84 - 2 13 
37,31 6 - - 25 -- - 80 

Strains: B6, C57BL/6; Bc, Balb/c; F1, C57BL/6 x Balb/c F1. Blank, not tested 
b __, not detected; +,  detected as minor component but not quantified; + +,  detected as a major component but not quantified; x,  not 
tested [32] but detected by TLC and immune staining using monoclonat antibodies 3F8 against GD2 [17] and R24 against GD3 [9] in our 
laboratory as previously described [21], but not quantified 
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(excluding brain) that we reviewed, it may be that anti- 
bodies induced against these gangliosides will be capable 
of inducing effective ant i -melanoma immuni ty  without in- 
ducing auto immune disease. 

Acknowledgements. We thank Drs. Herbert F. Oettgen and Lloyd 
J. Old for their support and Christine Hanlon for critical reading 
and typing of the manuscript. This work was supported by grants 
from the Tortuga Foundation, and the National Cancer Institute 
(CA 28461 and CA 43971), and a fellowship from the Deutsche 
Forschungsgemeinschaft (Ri483/1-1). 

References 

1. Ando S, Chang N-C, Yu RK (1978) High-performance thin- 
layer chromatography and densitometric determination of 
brain ganglioside compositions of several species. Anal Bio- 
chem 89:437-450 

2. Brightman MW, Reese TS (1969) Junctions between intimate- 
ly apposed cell membranes in the vertebrate brain. J Cell Biol 
40:648-677 

3. Cahan LD, Irie RF, Singh R, Cassidenti A, Paulson JC (1982) 
Identification of a human neuroectodermal tumor antigen 
(OFA-I-2) as ganglioside GD2. Proc Natl Acad Sci USA 79: 
7629 

4. Cheresh DA, Harper JR, Schulz G, Reisfeld RA (1984) Local- 
ization of the gangliosides GD2 and GD3 in adhesion plaques 
and on the surface of human melanoma cells. Proc Natl Acad 
Sci USA 81:5767 

5. Cheresh DA, Honsik CJ, Staffileno LK, Jung G, Reisfeld RA 
(1985) Disialoganglioside GD3 on human melanoma serves as 
a relevant target antigen for monoclonal antibody-mediated 
tumor cytolysis. Proc Natl Acad Sci USA 82:5155 

6. Cheung N-K V, Saarinen UM, Neely JE, Landmeier B, Don- 
ovan D, Coccia PF (1985) Monoclonal antibodies to a glyco- 
lipid antigen on human neuroblastoma cells. Cancer Res 45: 
2642 

7. Cheung N-K V, Lazarus H, Miraldi FD, et al. (1987) Ganglio- 
side GD2 specific monoclonal antibody 3F8: a phase I study 
in patients with neuroblastoma and malignant melanoma. 
J Clin Oncol 1430-1440 

8. Cordon-Cardo C, Graus F, Andersen N, Houghton A, 
Cheung NK (1988) Distribution of GD2 ganglioside in the 
human nervous system detected by a mouse monoclonal anti- 
body: relevance to treatment with anti-ganglioside antibodies. 
Brain Res (in press) 

9. Dippold WG, Lloyd KO, Li LTC, Ikeda H, Oettgen HF, Old 
LJ (1980) Cell surface antigens of human malignant melano- 
ma. Proc Natl Acad Sci USA 77:6114 

10. Ehrlich P (1900) On autoimmunity with special references to 
cell life. Proc R Soc Lond [Biol] 66B: 424-448 

11. Endo T, Scott DD, Stewart SS, Kundu SK, Marcus DM 
(1980) Antibodies to glycosphinogolipids in patients with 
multiple sclerosis and SLE. J Immunol 132: 1793-1797 

12. Hamanaka S, Handa S, Yamakawa T (1979) Ganglioside 
compositions of erythrocytes from various strains of inbred 
mice. J Biochem (Tokyo) 86:1623 

13. Hashimoto Y, Otsuka H, Yamakawa T (1982) The occurrence 
of GM4 and GM2 in erythrocytes from inbred strains of 
mice. J Biochem (Tokyo) 91: 1039-1046 

14. Hashimoto Y, Suzuki A, Yamakawa T, Miyashita N, Mori- 
waki K (1983) Expression of GM1 and GDla in mouse liver 
is linked to the H-2 complex on chromosome 17. J Biochem 
(Tokyo) 94:2043-2048 

15. Hawkes R, Niday E, Gordon J (1982) A dot-immunobinding 
assay for monoclonal and other antibodies. Anal Biochem 
119:142-147 

16. Head JR, Billingham RE (1985) Immunologically privileged 
sites in transplantation immunology and oncology. Perspect 
Biol Med 29:115-131 

17. Herlyn M, Rodeck U, Mancianti M-L, et al. (1987) Expres- 
sion of melanoma-associated antigens in rapidly dividing hu- 
man melanocytes in culture. Cancer Res 47:3057-3061 

18. Houghton AN, Mintzer D, Cordon-Cardo C, et al. (1985) 
Mouse monoclonal IgG3 antibody detecting GD3 ganglio- 
side: a phase I trial in patients with malignant melanoma. 
Proc Natl Acad Sci USA 82:1242 

19. Iwamori M, Harpin ML, Lachapelle F, Baumann N (1985) 
Brain gangliosides of quaking and shiverer mutants: qualita- 
tive and quantitative changes of monosialogangliosides in the 
quaking brain. J Neurochem 45:73-78 

20. Kawashima I, Tada N, Ikegami S, Nakamura S, Ueda R, 
Tai T (1988) Mouse monoclonal antibodies detecting disialo- 
gangliosides on mouse and human T lymphomas. Int J Can- 
cer 41 : 267-274 

21. Kemp JD, Weinfeld HF, Koerner TAW (1987) A quantitative 
analysis of H-2 linked effects on hepatic ganglioside composi- 
tion. Immunogenetics 26: 130-137 

22. Livingston PO (1989) Experimental and clinical studies with 
active specific immunotherapy. In: Mitchell MS (ed.) Immu- 
nity to cancer II. Liss, New York, pp 309-322 

23. Livingston PO, DeLeo AB, Jones M, Oettgen HF, Old LJ 
(1983) Comparison of approaches for augmenting the serolog- 
ical response to the Meth A antigen. Pretreatment with cyclo- 
phosphamide is most effective. J Immunol 131:2601 

24. Livingston PO, Jones M, DeLeo AB, Oettgen HF, Old LJ 
(1985) The serological response to Meth A sarcoma vaccines 
after cyclophosphamide treatment is further increased by var- 
ious adjuvants. J Immunol 135 : 1505-1509 

25. Livingston PO, Kaelin E, Pinsky CM, Oettgen HF, Old LJ 
(1985) IV. Serological response in stage II melanoma patients 
receiving allogeneic melanoma cell vaccines. Cancer 56: 
2194-2220 

26. Livingston PO, Jones Calves M, Natoli EJ Jr (1987) Ap- 
proaches to augmenting the immunogenicity of the ganglio- 
side GM2 in mice: Purified GM2 is superior to whole cells. 
J Immunol 138:1524-1529 

27. Livingston PO, Natoli EJ Jr, Jones Calves M, Stockert E, 
Oettgen HF, Old LJ (1987) Vaccines containing purified GM2 
ganglioside elicit GM2 antibodies in melanoma patients. Proc 
Natl Acad Sci USA 84:2911-2915 

28. Mahadik S, Laev H, Rapport MM (1986) Preparation and 
specificity of 11 monoclonal antibodies to GM1 ganglioside. 
J Neurochem 47:1172-1175 

29. Milgrom F. Allotransplantation and autoimmunity (1980) 
Transplant Proc 12:557-565 

30. Miyake M, Ito M, Hitomi S, et al. (1988) Generation of two 
murine monoclonal antibodies that can discriminate N-glyco- 
lyl and N-acetyl neuraminic acid residues of GM2 ganglio- 
sides. Cancer Res 48:6154-6160 

31. Nakabayashi H, Iwamori M, Nagai Y (1984) Analysis and 
quantitation of gangliosides as p-bromophenacyl derivatives 
by high-performance liquid chromatography. J Biochem (To- 
kyo) 96:977-984 

32. Nakamura K, Hashimoto Y, Yamakawa T, Suzuki A (1988) 
Genetic polymorphism of ganglioside expression in mouse or- 
gans. J Biochem (Tokyo) 103:201-208 

33. Natoli EJ Jr, Livingston PO, Cordon-Cardo C, et al. (1986) A 
murine monoclonal antibody detecting N-acetyl and N-glyco- 
lyl GM2: characterization of cell surface reactivity. Cancer 
Res 46:4116-4120 

34. Nilsson O, Svennerholm L (1982) Characterization and 
quantitative determination of gangliosides and neutral glyco- 
sphingolipids in human liver. J Lipid Res 23:327-334 

35. Nores GA, Dohi T, Taniguchi M, Hakomori S-I (1987) Densi- 
ty-dependent recognition of cell surface GM3 by a certain an- 
ti-melanoma antibody, and GM3 lactone as a possible immu- 
nogen: requirements for tumor-associated antigen and immu- 
nogen. J Immunol 139:3171-3176 

36. Nudelman ES, Hakomori S, Kannagi R, Levery S, Yeh M-H, 
Hellstrom KE, Hellstrom I (1982) Characterization of a hu- 



184 

man melanoma-associated antigen defined by a monoclonal 
antibody, 4.2. J Biol chem 257:12752 

37. Portoukalian J, Zwingelstein N A-M, Dore J-F (1978) Alter- 
ation of gangliosides in plasma and red ceils of humans bear- 
ing melanoma tumors. Biochem Biophys Commun 85: 
916-920 

38. Rauvala H (1976) Isolation and partial characterization of 
human kidney gangliosides. Biochim Biophys Acta 424: 
284-295 

39. Real FX, Houghton AN, Albino AP, Cordon-Cardo C, Me- 
lamed MR, Oettgen HF, Old LJ (1985) Surface antigens of 
melanomas and melanocytes defined by mouse monoclonal 
antibodies: specificity analysis and comparison of antigen ex- 
pression in cultured cells and tissues. Cancer Res 45: 
4401-4411 

40. Richards RL, Alving CR (1980) Immune reactivities of anti- 
bodies against glycolipids. Am Cancer Soc 27:461-473 

41. Rose NR (1981) Autoimmune diseases. Sci Am 244: 80-103 
42. Seyfried TN, Glaser GH, Yu RK (1979) Genetic variability 

for regional brain gangliosides in five strains of young mice. 
Biochem Genet 17:43 

43. Svennerholm L (1963) Chromatographic separation of human 
brain gangliosides. J Neurochem 10:613-623 

44. Tai T, Cahan LD, Tsuchida T, Saxton RE, Irie RF, Morton 
DL (1985) Immunogenicity of melanoma-associated ganglio- 
sides in cancer patients. Int J Cancer 35 : 607 

45. Taniguchi M, Wakabayashi S (1984) Shared antigenic deter- 
minant expressed on various mammalian melanoma cells: 
Gan 75:418 

46. Towbin H, Schoenenberger C, Ball R, Braun DG, Roselfelder G 
(1984) Glycosphingolipid-blotting: an immunological detec- 
tion procedure after separation by thin layer chromatography. 
J Immunol Methods 72:471-479 

47. Tsuchida T, Saxton RE, Irie RF (1987) Gangliosides of 
human melanoma: GM2 and tumorigenicity. J Natl Cancer 
Inst 78:55-59 

48. Welte K, Miller G, Chapman PB, Natoli E, Kunicka JE, 
Cordon-Cardo C, Old LJ, Houghton AN (1987) Stimulation 
of T lymphocyte proliferation by monoclonal antibodies 
against GD3 ganglioside. J Immunol 139: 1763-1771 

49. Werkmeister JA, Triglia T, Mackay IR, DoMing JP, Varigos 
GA, Morstyn G, Burns GF (1987) Fluctuations in the expres- 
sion of a glycolipid antigen associated with differentiation of 
melanoma cells monitored by a monoclonal antibody. Leo 
Mel 3 ~. Cancer Res 47:225-230 

50. Wiegandt H (1973) Gangliosides of extraneural organs. 
Hoppe-Seyler's Z Physiol Chem 354: 1049-1056 

Received 9 December 1988/Accepted 8 Febrary 1989 


