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A Monosialoganglioside Is a Monoclonal Antibody-Defined 
Antigen of Colon Carcinoma 

Abstract. The antigen of a monoclonal antibody that is specac for cells of human 
carcinoma of the colon is a monosialoganglioside as determined by the direct 
binding of antibody to thin-layer chromatograms of total lipid extracts of tissues. 
Binding of antibody to chromatograms is detected by autoradiography after the 
application of iodine-125-labeled F(ab1l2 of rabbit immunoglobulin G antibodies to 
mouse immunoglobulins. 

In (1) a monoclonal antibody was de- 
scribed that is specific for colon carcino- 
ma cells (2). The binding of this antibody 
to antigen is inhibited by the serum of 
most patients with advanced colorectal 
carcinoma but not by the serum of nor- 
mal individuals, patients with inflamma- 
tory bowel diseases, or most patients 
with other malignancies. The data that 
we present here indicate that the antigen 
for this antibody is. a monosialoganglio- 
side. 

The binding of the hybridoma anti- 
body to colorectal carcinoma cell line 
SW 11 16 was unaffected by treatment of 
the cells with ficin, but was abolished by 
treatment of the cells with neuramini- 
dase. Since this behavior suggests that 
the antigen may be ganglioside (3), total 
lipid extracts of cells, which contain gan- 
gliosides, were chromatographed and 
then tested for antigen by autoradiogra- 
P ~ Y  

For the autoradiography we used a 
modification of a method developed for 
the detection of gangliosides that bind to 
cholera toxin (4). The total lipid extracts 
of colon carcinoma cells and melanoma 
cells (1) were obtained according to a 
method devised for the quantitative ex- 
traction of gangliosides from brain tissue 
(5). The tissue culture cells (1 g, wet 
weight) were homogenized in 3 ml of 
Hz0 at 4°C with a Potter-Elvehjem ho- 
mogenizer. The homogenate was added 
to 10.8 ml of methanol, to which 5.4 ml 
of chloroform was then added with con- 
stant stirring. The extract was stirred at 
room temperature for 30 minutes and 
centrifuged at 15,000g for 10 minutes. 
The pellet was rehomogenized in 2 ml of 
H20 and extracted as above with 8 ml of 

a mixture of chloroform and methanol 
(1 : 2 by volume). 

The supernatant solutions from both 
extractions were combined and evapo- 
rated under a stream of dry nitrogen, and 
the residue was dissolved in chloroform 
and methanol (2 : 1 by volume) for appli- 
cation to a thin-layer chromatography 
sheet (6). Samples of 1 p1 of total lipid 
extract suitably diluted were spotted 1.5 
cm from the bottom of the sheet which 
was then clamped in a sandwich cham- 
ber and developed in a chromatography 
tank containing chloroform, methanol, 

~ BCTH 
0 G M ~  

a Globoside 

@ Asialo GMl 

- Origin 

and 0.25 percent KC1 (60:35:8 by vol- 
ume). The chromatogram was air-dried, 
and then soaked for 10 minutes at 4OC in 
0.01M sodium phosphate buffer, pH 7.2, 
containing 0.15M NaCl, 1 percent poly- 
vinylpyrrolidone (molecular weight 
40,000, pharmaceutical grade; Sigma) 
and 0.1 percent sodium azide (buffer A). 
The wet chromatogram was laid horizon- 
tally on a slightly smaller, parafilm-cov- 
ered glass plate. Serum-free hybridoma 
culture medium containing about 10 pg 
of antibody per milliliter ( I )  was diluted 
1:4 with buffer A and gently pipetted 
onto the chromatogram (about 50 p1 per 
square centimeter of chromatogram). Af- 
ter incubation in a humid atmosphere for 
6 hours at 4"C, the chromatogram was 
washed by dipping in six successive 
changes of 0.01M sodium phosphate 
buffer, pH 7.2, containing 0.15M NaCl 
(buffer B). The chromatogram was then 
laid horizontally as before and immedi- 
ately layered with '25~-labeled F(ab')2 of 
rabbit immunoglobulin G antibodies to 
mouse immunoglobulins in buffer A (lo6 
counts per minute per milliliter; about 50 
pVcm2 of chromatogram). After incuba- 
tion in a humid atmosphere for 12 hours 
at 4"C, the chromatogram was washed 
six times in buffer B, air-dried, and ex- 
posed to XR-2 x-ray film (Eastman Ko- 
dak) for 50 hours. 

As shown in Fig. 1, antigen is detected 
in extracts of colorectal carcinoma cells 
(lanes 4 to 6) but not in extracts of human 
melanoma cells (lanes 1 to 3), which do 
not bind antibody ( I ) .  The antigen mi- 
grates between the standard gangliosides 
GMI and GDI, under the conditions de- 
scribed. Binding of antibody to the carci- 
noma cell extract is abolished by treat- 
ment of the extract with neuraminidase. 

When the total lipid extract was chro- 

Fig. 1 .  Autoradiography of the antigen detect- 
ed by a monoclonal antibody to colorectal 
carcinoma as described in the text. The 
amounts of extract chromatographed, ex- 
pressed as the volume of packed cells from 
which the extract was obtained, are as fol- 
lows: lanes 1, 2, and 3 contain lipids from 
0.02, 0.1, and 0.5 ~1 of packed melanoma 
cells, respectively; lanes 4, 5, and 6 contain 
lipids from 0.02, 0.1, and 0.5 of packed 
colorectal carcinoma cells, respectively. The 
positions of some standard gangliosides and 
neutral glycolipids after chr&atography are 
shown on the right. Abbreviations are: CDH, 
Galpl4Glcpl-1Ceramide; CTH,Galpl-4Galpl- 
4Glcpl-1Ceramide; GM3, NeuNAcaa23Galpl- 
4Glcpl- ICeramide; Globoside, GalNAcp I- 
3Galal - 4Galpl - 4Glcpl - 1Ceramide; Asialo 
GM, , Galpl-3GalNAcpl-4GalpI4Glcpl-lCera- 
mide; G M l ,  Galpl-3GalNAcpl-4[NeuNAca2- 
3lGalpl-4Glcpl-1Ceramide; and GDla. Neu- 
NAca2 - 3Galpl-3GalNAcpl- 4[NeuNAca2 - 
3lGalpl-4Glcpl-ICeramide. 
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matographed on DEAE-Sephadex (7), 
the antigen became bound to the DEAE- 
Sephadex and was eluted from the resin 
in the monosialoganglioside fraction by 
0.02M ammonium acetate in methanol. 
No antigen was detected either in the 
disialoganglioside fraction eluted by 
0.12M ammonium acetate in methanol or 
in the tri- and tetrasialoganglioside frac- 
tion eluted by 0.5M ammonium acetate 
in methanol. On the basis o f  this proper- 
ty and its chromatographic mobility (Fig. 
I ) ,  we conclude that the antigen is proba- 
bly a large monosialoganglioside. 

The antigen is not detected by the 
autoradiographic method described here 
in ganglioside mixtures from human tis- 
sues other than colorectal carcinoma (8). 
However, the antigen is present in hu- 
man meconium, which is a rich source o f  
fetal glycolipids (9). The glycolipids of  
tumor cells differ from their normal 
counterparts (10) and some may reflect 
their embryonic origin. 
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Nitrate Synthesis in the Germfree and Conventional Rat 

Abstract. Metabolic balance studies show that germfree and conventional 
Sprague-Dawley rats synthesize nitrate. Equivalent results for germfree and conven- 
tional rats eliminate the microjlora as obligatory components of nitrate production. 
Nitrate synthesis appears to be a mammalian process. 

Nitrate (NO3-) and nitrite (NO2-) (1) 
react in the body to form carcinogenic 
nitrosamines (2). The diet is not the only 

ther 0.001 or 0.005 percent N ~ ' ' N O ~  
(KOR Isotopes, Cambridge, Massachu- 
setts). Food consumption was deter- 
mined at 24-hour intervals for the con- 
ventional animals and estimated to be 
comparable for germfree animals (7). 
Urine and feces were collected during 
each 24-hour period. Urine for the con- 
ventional animals was preserved with 
isopropyl alcohol (final concentration, 
2 8 percent). All samples were main- 
tained at - 15OC until analyzed. 

W e  determined the NO3- content o f  
food, urine, or feces by reducing it to 
NO; on a cadmium column and assay- 
ing the NOz- by diazotization and cou- 
pling with a Griess reagent (8). The rela- 
tive abundance of  ' ' ~ 0 ~ -  and 1 4 ~ 0 3 -  

was determined by conversion o f  NO3- 
to nitrobenzene (9) ,  which was then ana- 
lyzed by gas chromatography-mass 
spectrometry (GC-MS) (10). This meth- 
od was also used to confirm the reliabil- 

source o f  NO3- for such reactions, as 
humans and laboratory animals on low- 
NO3- diets can excrete more NO3- than 
they ingest (3 ,4) .  W e  report here isotop- 
ic studies with rats that confirm that 
NO3- is synthesized in the body and 
show by the use o f  germfree rats that the 
flora is not obligatory for its formation. 

Germfree or conventional (cesarean- 
derived, specific pathogen-free) male 
Sprague-Dawley rats (initially weighing 
150 g ;  Charles River Breeding Labora- 
tories, Wilmington, Massachusetts) were 
housed individually in metal metabolism 
cages and were given unlimited amounts 
of  distilled water and a casein- and corn- 
starch-based, low-NO3-, low-NO2- diet 
(5). Germfree rats were maintained in 
flexible film isolators (6). The basal diet 
was supplemented as indicated with ei- 
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Fig. 1. (A) Ingestion of NO3- (mean * the standard deviation) (the five shaded blocks) and 
urinary excretion of NO3- for one germfree rat. The minimal NO,- diet (Table 1) was consumed 
during periods 1 and 5; during periods 2 and 4, this diet was supplemented with 10 kg of 
NaI5NO3 per gram and, for period 3,  with 50 kg of Na15N0, per gram. (B) Daily excess atom 
percent "N in urinary NO: for two germfree (0, 0) and two conventional (0, .) rats. Days 1, 
11, 24, 44, and 55 correspond to the first 24-hour periods after diet change. The excess atom 
percent 1 5 ~  is the ratio of 15N to ( 1 4 ~  + IJN) in urinary NO3- from which this ratio for the 
natural isotope abundance has been subtracted. 
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