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The expression patterns of glycolipids of human renal-cell 
carcinoma were studied in primary tumors from 23 cases and 5 
metastatic lesions from 4 cases using HPTLC (high-performance 
thin-layer chromatography). The expression pattern of glycolip- 
ids in primary tumors was characteristic of the histological cell 
type. In granular-cell carcinoma, lactosylceramide (CDH), GM, 
and the longer-chain gangliosides (gangliosides migrating more 
slowly than GM,) increased, although in clear-cell carcinoma, 
CDH and other glycolipids tended to decrease. Globoside 
decreased in all cases but one, irrespective of cell type. In 
metastatic lesions of the clear-cell type, the prominent increase 
in longer-chain gangliosides was characteristic. Furthermore, 
the same expression pattern as that of metastastatic lesions was 
shown in 3 of 14 patients with primary clear-cell carcinoma, all 
of whom developed metastases soon after radical nephrectomy. 
These studies indicate that the increased expression of the 
longer-chain gangliosides in primary tumor is one of the factors 
associated with high metastatic potential, and also predict early 
post-operative development of metastasis. 

Approximately 30% of patients with renal-cell carcinoma 
have metastases at the time of first diagnosis, and metastases 
develop in 30-50% of patients with presumed localized renal- 
cell carcinoma having undergone apparently successful cura- 
tive resection (Skinner et al., 1972; Golimbu et al., 1986). As 
prevention of cancer development remains impossible, adju- 
vant therapy soon after operation is encouraged for the latter 
group of patients. Although morphological classification may 
give some information regarding the clinical course, further 
indicators of biological malignancy should be used to predict 
the prognosis of individual patients. 

The malignant potential of cancer cells is reflected in 
cellular morphology, glycoproteins and glycolipids in cell 
membrane, cytoskeleton, extracellular matrix, etc. These char- 
acters are closely related with or affect the biological behavior 
of cancer cells, i.e., cancer proliferation, invasion and metasta- 
sis. Of these, metastasis is the most significant factor affecting 
prognosis. In the highly selective process of metastatic forma- 
tion, specialized subpopulations of cells within the primary 
tumor overcome the host’s defense mechanism (Fidler, 1978; 
Poste and Fidler, 1980). Therefore, biochemical observation of 
cell-surface components should be highly informative in detect- 
ing the metastatic potential. 

Some studies have been reported concerning glycolipids and 
glycoproteins of tumor cells (Yogeeswaran and Salk, 1981; 
Nicolson, 1982; Irimura et al., 1987, 1988; Yamori et al., 1987). 
However, in human renal-cell carcinoma, there have been few 
studies concerning changes in glycolipids associated with 
carcinogenesis (Karlsson et al., 1974; Sakakibara et al., 1989; 
Fukushi et al., 1989). The relation of the cell-surface carbohy- 
drate chain to the metastatic potential of human renal-cell 
carcinoma has not been studied. In the present report, we have 
studied the glycolipid profile in the primary tumor and meta- 
static lesions of human renal-cell carcinoma, and examined the 
relation of the expression pattern of glycolipids to metastatic 
potential. 

tissue and cancer tissue. Since renal-cell carcinoma is consid- 
ered to originate from the proximal convoluted tubules (Tan- 
nenbaum, 1971; Wallace and Nairn, 1972; Fukushi et al., 1986), 
the renal cortex alone was collected from the normal portion of 
the kidney. Specimens of metastatic lesions were obtained 
from 4 patients who had metastases of the bone, intrathoracic 
wall, contralateral kidney, brain and back. Glycolipids were 
extracted as follows. The tissue was first mixed with chloroform- 
methanol solution (CM) 2:l (v/v) in an Excel Auto Homoge- 
nizer (Nihon Seiki Seisakusho, Co., Japan) at 0°C for 15 min, 
and then filtered. This process was repeated twice. The same 
homogenizing and filtering procedure was then performed 
twice each with CM 1:1, 1:2 (v/v), and isopropanol-hexane- 
water 55:25:20 (v/v/v). The extract was evaporated in a rotary 
evaporator, and separated into the “upper phase” and “lower 
phase” by the fractionation technique of Folch et al. (1957). 
Both the “upper phase” and “lower phase” were evaporated in 
a rotary evaporator. The “upper phase” was dialyzed against 
distilled water for 2 days, lyophilized, dissolved with Solution 
A (CMW 30:60:8), and applied to a DEAE Sephadex A 25 
column (Pharmacia, Uppsala, Sweden). Two-column volume 
elution with Solution A and one-column volume elution with 
methanol were performed, and the eluates were pooled as the 
neutral fraction. Then, 4-column volume elution was per- 
formed with Solution B [CM 0 . 5 ~  sodium acetate 30:60:8 
(v/v/v)], and the eluate was designated as the ganglioside 
fraction (Ledeen and Yu, 1982; Laine et al., 1974). The neutral 
fraction was evaporated in a rotary evaporator, dissolved in 
CM 2:1, and stored. The ganglioside fraction was further 
dialyzed against distilled water for 2 days, lyophilized, and 
dissolved in CM 2:l for storage. The “lower phase” was 
purified by acetylation, Florisil column chromatography, and 
deacetylation (Saito and Hakomori, 1971). It was then evapo- 
rated with N,, dissolved in CM 2:1, and stored. 

Glycolipids extracted from tissues of the same wet weight 
and standard glycolipids were placed on HPTLC plates (Baker, 
Gzoss Gezau, Germany) with a micro-syringe. The solvents for 
HPTLC were chloroform:methanol:0.5% CaCI, 60:40:9 (v/v/v) 
for the neutral glycolipid and ganglioside fraction, and chloro- 
form:methanol:water 60:25:4 (v/v/v) for “lower-phase” glycolip- 
ids. The detection reagent was orcinol-H,SO,. After chromatog- 
raphy, glycolipid bands were quantitatively scanned with a 
densitometer (Model 620, Video Densitometer, Bio-Rad, 
Richmond, CA). For some samples, HPTLC immunostaining 
was performed using monoclonal antibodies (MAbs) FH2 
(Fukushi et al., 1984a) and FH6 (Fukushi et al., 19846), both of 
which detect Le” series antigens, for identification of neolacto- 
series glycolipids. 

RESULTS 
Glycolipid expression patterns of the primary tumors 

HPTLC patterns of glycolipids in granular-cell carcinoma 
and mixed-cell carcinoma (granular-cell carcinoma with par- 

MATERIAL AND METHODS 

The tumor specimens were obtained from 23 patients with 
primary renal-cell carcinoma who had undergone radical 
nephrectomy. Each tumor specimen was divided into normal 
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lower phase ganglioside upper neutral 

FIGURE 1 - HPTLC patterns of glycolipids in granular-cell carcinoma and mixed-cell carcinoma (granular-cell plus clear-cell 
carcinoma). N:normal kidney tissue, T:tumor tissue. 

FIGURE 2 - HPTLC patterns of glycolipids in clear-cell carcinomas. N:normal kidney tissue, T:tumor tissue. 

tial lesions of clear-cell carcinoma) are shown in Figure 1. In 
both carcinomas, lactosylceramide (CDH) markedly increased 
in “lower-phase’’ glycolipids. In the ganglioside fraction, GM, 
and the longer-chain gangliosides increased. HPTLC patterns 
of glycolipids in clear-cell carcinomas are  shown in Figure 2. 
CDH was reduced in “lower-phase” glycolipids with reduction 

of other glycolipids in general. GM, was reduced in case 12 and 
increased in casc 22, but no increase in the longer-chain 
gangliosides was observed in either case. 

Quantitative changes in glycolipids in 23 cases are shown in 
Table I in terms of the ratio of the amount seen in tumor tissue 
to that in normal tissue (tumor/normal). CDH and GM, 
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TABLE I - QUANTITATIVE CHANGES IN GLYCOLIPIDS IN 23 CASES 

No. Case Sex Histology CDH 
TIN 

CTH 
TIN 

Globoside 
TIN 

L 
TIN 

UN 
TIN 

GM 
TIP! 

Longer chain 
gangliosides 

TIN 
G 

TIN 

1 T.K. 
2 Z.A. 
3 Y.Y. 
4 S.S. 
5 S.T. 
6 S.C. 
7 T.O. 
8 K.S. 
9 H.A. 

10 Y.K. 
11 T.H. 
12 K.S. 
13 T.K. 
14 T.H. 
15 K.T. 
16 M.I. 
17 Y.T. 
18 R.A. 
19 N.S. 
20 M.S. 
21 M.S. 
22 T.O. 
23 H.K. 

60 
64 
50 
63 
72 
73 
56 
56 
47 
45 
56 
50 
54 
64 
53 
62 
59 
58 
51 
57 
51 
66 
47 

F 
M 
M 
M 
M 
M 
M 
F 
M 
F 
F 
M 
M 
M 
F 
M 
F 
M 
F 
F 
F 
F 
M 

Granular cell 
Granular cell 
Mixed cell 
Mixed cell 
Mixed cell 
Mixed cell 
Mixed cell 
Mixed cell 
Mixed cell 
Clear cell 
Clear cell 
Clear cell 
Clear cell 
Clear cell 
Clear cell 
Clear cell 
Clear cell 
Clear cell 
Clear cell 
Clear cell 
Clear cell 
Clear cell 
Clear cell 

7.8 0.83 0.52 2.24 0.97 4.58 
3.48 0.32 1.06 1.06 0.95 2.06 
2.61 0.46 0.6 0.85 1.85 2.57 
1.98 0.58 0.48 0.66 0.58 2.31 
3.33 1.08 0.6 1.23 1.02 1.65 
0.45 0.68 0.66 0.55 0.85 1.08 
1.41 0.63 0.4 0.84 0.27 1.43 
3.01 0.17 0.15 2.3 0.11 4.23 
2.32 <0.1 0.13 1.93 <0.1 5.00 
0.38 0.7 0.64 0.71 0.58 0.31 
0.20 0.39 0.29 0.38 0.29 0.14 
0.36 0.6 0.65 0.6 0.76 0.55 
0.95 0.66 0.61 0.76 0.47 0.98 
0.54 0.72 0.51 0.54 1.00 0.98 
0.20 0.16 0.17 0.28 0.43 0.45 
0.39 0.55 0.42 0.48 0.48 0.3 
0.62 1.28 0.79 1.0 0.85 0.98 

<0.1 0.18 0.12 0.2 0.44 0.99 
0.43 0.87 0.60 0.82 <0.1 0.26 
0.73 1.75 0.82 1.28 0.8 1.57 
0.21 0.52 0.46 0.61 0.36 1.31 
0.36 0.41 0.52 0.53 0.49 1.63 
0.23 0.14 0.31 0.39 0.33 1.44 

2.78 3.67 
2.27 2.16 
2.83 2.68 
1.8 2.08 
4.05 2.54 
1.86 1.4 
0.53 1.12 
2.11 3.15 
3.0 3.93 
0.8 0.54 
0.11 0.14 
0.19 0.4 
1.22 1.10 
0.49 0.71 
0.42 0.44 
1.57 0.81 
0.71 0.91 
2.43 1.66 

<0.01 0.16 
0.78 1.25 
0.78 1.10 
0.79 1.43 
0.96 1.23 

L, lower-phase glycolipids; UN, upper neutral glycolipids; G, gangliosides; N, normal kidney tissue; T, tumor tissue. 

increased in 2 of 2 cases with granular-cell carcinoma and in 6 
of 7 cases with mixed-cell carcinoma. In case 6, CDH did not 
increase, but GM, and the longer-chain gangliosides in- 
creased. CDH decreased in all 14 cases with clear-cell carci- 
noma, and other glycolipids also tended to decrease in these 
cases. GM, decreased slightly in 10 and increased in 4 cases. In 
only 3 cases with clear-cell carcinoma did the longer-chain 
gangliosides increase. Globoside decreased in all cases but 
one, irrespective of histological cell type. 

The results of HPTLC immunostaining study are shown in 
Figure 3. All cases examined were mixed-cell carcinomas. In 
case 4, HPTLC immunostaining by FH6 was negative, and 
tissue immunostaining by FH6 was also found to be negative. 
This patient had bone metastasis when the primary tumor was 

found. In cases 3 , 4  and 5, an increase in Le" series antigens in 
the tumor was clearly observed upon staining with FH2. 

Glycolkid expression patterns of the metastatic lesions 
In 2 cases, we obtained normal tissue and primary tumor 

specimens (M, from case 13, M, and M, from case 23), but in 2 
other cases only metastatic tissue could be obtained (M, and 
M,). The glycolipid expression patterns of the metastatic 
lesions, all of which were clear-cell carcinomas in type, were 
prominent in expression of the longer-chain gangliosides. In 3 
cases of metastasis, characteristic expression of the bands that 
migrated at the positions corresponding to GM,, GM, and 
between GD,, and GD,, was observed (Fig. 4). This change is 
more prominent in metastatic lesions than in primary tumor 

FIGURE 3 - HPTLC immunostaining with FH6 (case 4 in Table I) and FH2 (cases 3,4,5). 
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No. 

1 

2 

3 

4 
5 
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Clinical course 
Note 

0 1Y 2Y 3Y 
Case Stage 

T. K. I I b 

2. A. I[ I b 

Y .  Y .  N rn Lung * W B o n e  .t 
b Bone metastasis was 

Bone extirpated s. s. N rn 

S. T. I t b 

N P M, M, M, 
u 

(case No. 13) 

6 

7 

FIGURE 4 - HPTLC patterns of gangliosides of metastases. N, 
normal kidney tissue; P, primary tumor tissue; M,, sacral bone 
metastasis; M,, contralateral kidney metastasis; M,, intrathoracic 
wall metastasis. 

rn G @ .t S. C. IIIB Lymphnode" Lung Bone 

Luna spontaneously regressed T. 0. N rn 
Lung metastases 

when compared to normal tissue. In addition to a quantitative 
increase in longer-chain gangliosides, a different expression 
pattern of gangliosides (qualitative change) was seen in 2 
different metastatic sites of the same case (Fig. 5). 
Relationship between glycolipid expression pattern of the primary 
tumor and clinical course 

The clinical course of all the patients studied is shown in Fig. 
6 and 7. In 4 (cases 11, 13, 16, 18) of 14 cases of clear-cell 
carcinoma, distant metastasis appeared soon after radical 
nephrectomy. Among these 4 cases, 3 showed a similar 
glycolipid expression pattern to that of the 3 cases of metasta- 
sis shown in Figure 4, that is, an increase in the expression of 
the band corresponding to GM,, GM, and between GD,, and 
GD,,. The expression pattern of these gangliosides was not 
recognized in other cases of primary clear-cell carcinoma 
(Fig. 8). 

8 

9 

Sulfa tide- 

GM,- 
GM,- 
GM,- 

K. S. I 7 

H. A. I 7 

M, N P M, M, 

Case No. 23 

FIGURE 5 - HPTLC patterns of gangliosides of metastases (case 
23) are compared to those of M,. M,, contralateral kidney 
metastasis; N, normal kidney tissue; P, primary tumor tissue; M,, 
brain metastasis; M,, back metastasis. 

DISCUSSION 

In this study of the glycolipid profile in 23 cases of primary 
renal-cell carcinoma, the pattern of glycolipid expression was 
closely associated with the histological cell type, suggesting 
that the expression pattern of the sugar chain is one of the 
parameters reflecting cellular change. 

In granular-cell carcinoma and mixed-cell carcinoma, it is 
considered that declining synthesis of CTH causes accumula- 
tion of CDH, leading to an increase in the ganglio-series 
glycolipids. However, HPTLC immunostaining using anti-Le" 
MAb revealed that synthesis of lacto-series glycolipids was not 
totally but partially blocked, and some limited kinds of 
glycolipid seemed to increase. A correlation between Le" series 
glycolipids and the prognosis of renal-cell carcinoma patients 
was reported by Fukushi et al. (1989). Such precursor accumu- 
lation due to blocking of glycolipid synthesis associated with 

@ :discovery of metastasis 

t :death 

FIGURE 6 - Clinical courses of cases 1-9. 



No. 

10 

11 

12 

I Bone metastases were I extirpated 

Clinical course 
Note 

0 1 Y  2Y  3Y 

I *t 

Case Stage 

Y. K. I I b 

T. H. I Luns Brain 

K. S. I I b 

I 

I 

16 M. I .  I 
17 Y. T. I 

20 

21 

I I Bone metastasis was 
extirpated 

M.S. I I b 

M.S. I 1 

I I 19 IN. S.1 I I I I 

Lung metastases 
spontaneously regressed were extirpated 

Brain and back metastases 

@ :discovery of metastasis 

t : death 

FIGURE 7 - Clinical courses of cases 10-23. 

carcinogenesis has been seen also in neuroblastoma (GD,) 
(Cahan et al., 1982), melanoma (GD,) (Nudelman et al., 1982; 
Puke1 et al., 1982), Burkitt’s lymphoma (Gb,) (Nudelman et al., 
1983), and hepatoma (CDH) (Okadaet al., 1985). 

In clear-cell carcinoma, in which glycolipids decreased in 
general, GM, increased in 4 of 14 patients. GM, is known to act 
as a differentiation inducer and a growth inhibitor (Momoi and 
Yokota, 1983; Nojiri et aL, 1984,1986; Ryan et al., 1985; Senoo 
and Momoi, 1985; Hakomori, 1975; Keenan et aZ., 1975). 
Similarly, it has been reported that globoside reduces growth 
rate and saturation density (Laine and Hakomori, 1973). In the 
present study, globoside decreased in all cases but 1, irrespec- 
tive of cell type. Thus, we consider that the glycolipid expres- 

i 
I 

Sulfatide-l 

N T  N T  N T  N T  N T  
case No. 18 13 16 22 12 

FIGURE 8 - HPTLC patterns of gangliosides of 3 cases (cases 
13,16,18), which developed metastases early in the post-operative 
course (see Fig. 7). N:normal kidney tissue, T:tumor tissue. 

sion pattern is strongly correlated with the degree of biological 
malignancy and may be reflected in the patient’s clinical course 
also in renal-cell carcinoma. From this point of view, the 
glycolipid expression pattern of metastatic lesions should be 
highly informative, because metastasis is a major factor of the 
poor prognosis of renal-cell carcinoma. All cases of me- 
tastases, which were clear-cell carcinomas histologically, showed 
characteristically increased expression in the bands that mi- 
grated more slowly than GM,. Four of 14 cases of primary 
clear-cell carcinoma developed metastases soon after radical 
nephrectomy. Among these, 3 showed a similar glycolipid 
expression pattern to that of the metastatic lesions. These 
results indicate that, as far as clear-cell carcinoma is con- 
cerned, expression of the longer-chain gangliosides is related 
to high metastatic potential, and the expression of such 
gangliosides in primary tumor may predict early post-operative 
development of metastasis. In other words, because special- 
ized subpopulations of cells overcome the highly selective 
process of the host’s defense mechanism to form metastases 
(Fidler, 1978; Poste and Fidler, 1980), primary clear-cell 
carcinomas of this phenotype may be likely to develop metasta- 
sis. Unfortunately, as all the metastatic lesions studied here 
were clear-cell carcinomas, we could not observe the correla- 
tion between the glycolipid expression patterns of primary 
tumor and metastatic lesion in granular-cell carcinoma. 

As we have no reliable indicator to predict development of 
metastasis at present, adjuvant therapy cannot be given until 
metastases are diagnosed. Therefore, it is necessary to clarify 
the properties and parameters of renal-cell carcinoma that are 
related to metastasis. Our study suggests that the glycolipid 
expression pattern in the primary tumor may be a factor 
indicating the need for adjuvant therapy soon after operation, 
and predicting the post-operative course. 



334 SAITO ET AL. 

REFERENCES 

CAHAN, L.D., IRIE, R.I., SINGH, R. and CASSIDENTI, A,, Identification 
of human neuroectodermal tumor antigen (OFA-1-2) as ganglioside 
GD,. Proc. Nat. Acad. Sci. (Wash.), 79,7629-7633 (1982). 
FIDLER, I.J., Tumor heterogeneity and the biology of cancer invasion 
and metastasis. Cancer Res., 38,2651-2660 (1978). 
FOLCH, J., LESS, M. and SLOANE STANLEY, G.H., A simple method for 
the isolation and purification of total lipid from animal tissues. J. biol. 
Chem., 226,497-509 (1957). 
FUKUSHI, Y., HAKOMORI, S., NUDELMAN, E. and COCHRAN, N., Novel 
fucolipids accumulating in human adenocarcinoma. 11. Selective isola- 
tion of hybridoma antibodies that differentially recognize mono-, di-, 
and trifucosylated type 2 chain. J. bid. Chem., 259,4681-4685 (1984~).  
FUKUSHI, Y., NUDELMAN, E., LEVERY, S.B., HAKOMORI, S. and 
RAUVALA, H., Novel fucolipids accumulating in human cancer. 111. A 
hybridoma antibody (FH6) defining a human cancer-associated difu- 
coganglioside (VI’NeuAcV31113Fuc, nLc,). J. biol. Chem., 259, 10511- 
10517 (19846). 
FUKUSHI, Y., OHTANI, H. and ORIKASA, S., Expression of lacto-series 
type 2 antigens in human renal cell carcinoma and their clinical 
significance. J. nat. Cancer Inst., 81,352-358 (1989). 
FUKUSHI, Y., ORIKASA, S., SHEPARD, T. and HAKOMORI, S., Changes of 
Le” and dimeric Lex haptens and their sialylated antigens during 
development of human kidney and kidney tumors. J. Urol., 135, 

GOLIMBU, M., JOSHI, P., SPERBER, A,, TESSLER, A,, AL-ASKARI, S. and 
MORALES, P., Renal cell carcinoma: survival and prognostic factors. 
Urology, 27,291-301 (1986). 
HAKOMORI, S., Structures and organization of cell surface glycoli ids 
dependency on cell growth and malignant transformation. Biocgem! 
biophys. Acta, 417,SS-89 (1975). 
IRIMURA, T., CARLSON, D.A., PRICE, J., YAMORI, T., GIAVAZZI, R., 
OTA, D.M. and CLEARY, K.R., Differential expression of a sialoglyco- 
protein with an approximate molecular weight of 900,000 on meta- 
static human colon carcinoma cells growing in culture and in tumor 
tissues. Cancer Res., 48,2353-2360 (1988). 
IRIMURA, T., OTA, D.M. and CLEARY, K.R., Ulex europeus agglutinin 
I-reactive high molecular weight glycoproteins of adenocarcinoma of 
distal colon and rectum and their ossible relationship with metastatic 
potential. Cancer Res., 47,881-888(1987). 
KARLSSON, K.A., SAMMUELSON, B.E., SCHERSTEN, T., STEEN, (3.0. and 
WAHLQVIST, L., The sphingolipid composition of human renal carci- 
noma. Biochim. biophys. Acta, 337,349-355 (1974). 
KEENAN, T.W., SCHMID, E., FRANKE, W.W. and WIEGANDT, H., 
Exogenous glycosphingolipids suppress growth rate of transformed 
and untransformed 3T3 mouse cells. Exp. CellRes., 92,259-270 (1975). 
LAINE. R.A. and HAKOMORI. S.. Incornoration of exoeenous elvcosDhin- 

1048-1056 (1986). 

golipids in plasma membranes of cdtured hamsteFcells a i d  coicur- 
rent change of rowth behavior. Biochem. biophys. Res. Comm., 54, 
1039-104s (19737. 
LAINE, R.A., STELLNER, K. and HAKOMORI, S., Isolation and character- 
ization of membrane glycolipids. Meth. Membrane Bid., 2, 205-224 
(1974). 
LEDEEN, R.W. and Yu, R.K., Gangliosides: structure, isolation, and 
analysis. Meth. Enzymol., 83, 139-191 (1982). 
MOMOI, T. and YOKOTA, J., Alteration of glycolipids of human 
leukemia cell line HL-60 during differentiation. J. nat. Cancerlnst., 70, 
229-236 (1983). 

NICOLSON, G.L., Cancer metastasis: organ colonization and the cell- 
cell surface properties of malignant cells. Biochim. biophys. Acta, 695, 

NOJIRI, H., TAKAKU, F., TERUI, Y., MIURA, Y. and SAITO, M., 
Ganglioside GM,: an acidic membrane component that increases 
during macrophage-like cell differentiation can induce monocytic 
differentiation of human myeloid leukemic cell lines HL-60 and U937. 
Proc. nat. Acad. Sci. (Wash.), 83,782-786 (1986). 
NOJIRI, H., TAKAKU, F., TETSUKA, T., MOTOYOSHI, K., MIURA, Y. and 
SAITO, M., Characteristic expression of glycosphingolipid profiles in 
the bipotential cell differentiation of human promyelocytic leukemia 
cell line HL-60. Blood, 64,534-541 (1984). 
NUDELMAN, E., HAKOMORI, S., KA”AGI, R., LEVERY, S., YEH, M.Y., 
HELLSTROM, K.E. and HELLSTROM, I., Characterization of a human 
melanoma-associated ganglioside antigen defined by a monoclonal 
antibody. J. biol. Chem., 257,12752-12756 (1982). 
NUDELMAN, E., KA”AGI, R., HAKOMORI, S., PARSONS, M., LIPINSKI, 
M., WIELS, J., FELLOUS, M. and TURSZ, T., A glycolipid antigen 
associated with Burkitt lymphoma defined by a monoclonal antibody. 
Science, 220,509-511 (1983). 
OKADA, Y., ARIMA, T., HADA, H., FUKUSHIMA, M., WATANABE, J. and 
NAGASHIMA, H., Human hepatocellular carcinoma is associated with 
quantitative and qualitative changes in glycolipids. Liver, 5, 226-235 
(1985). 
POSTE, G. and FIDLER, I.J., The pathogenesis of cancer metastasis. 
Nature (Lond.), 283,139-146 (1980). 
PUKEL, C.S., LLOYD, K.O., TRABASSOS, L.R., DIPPOLD, W.G., OET- 
TGEN, J.F. and OLD, L.J., GD,, a prominent ganglioside of human 
melanoma: detection and characterization by mouse monoclonal 
antib0dy.J. exp. Med., 155,1133-1147 (1982). 

113-176 (1982). 

RYAN, J.L., YOHE, H.C. and MALECH, H.L., Changes in membrane 
gangliosides: differentiation of human and murine monocytic cells. 
YaleJ. Biol. Med., 58,125-131 (1985). 
SAITO, T. and HAKOMORI, S., Quantitative isolation of total glycolipids 
from animal cells. J. Lipid Res., 12,257-259 (1971). 
SAKAKIBARA, N., GASA, S., KAMIO, K., MAKITA, A. and KOYANAGI, T., 
Association of elevated sulfatides and sulfotransferase activities with 
human renal cell carcinoma. Cancer Res., 49,335-339 (1989). 
SENOO, H. and M o ~ o r ,  T., The differentiation of HL-60 cells in the 
synthetic medium induced by GM, ganglioside. Biosci. Rep., 5,517-524 
(1985). 
SKINNER, D.G., VERMILLION, C.D. and COLVIN, R.B., The surgical 
management of renal cell carcinoma. J. Urol., 107,705-710 (1972). 
TANNENBAUM, M., Ultrastructural pathology of human renal cell 
tumors. Pathol. Ann., 6,249-277 (1971). 
WALLACE, A.C. and NAIRN, R.C., Renal tubular antigens in kidney 
tumors. Cancer, 29,977-981 (1972). 
YAMORI, T., KIMURA, H., STEWART, K., OTA, D.M., CLEARY, K.R. and 
IRIMURA, T., Differential production of high molecular weight sulfated 
glycoproteins in normal colonic mucosa, primary colon carcinoma, and 
metastasis. Cancer Res., 47,2741-2747 (1987). 
YOGEESWARAN, G. and SALK, P.L., Metastatic potential is positively 
correlated with cell suface sialylation of cultured murine tumor cell 
lines. Science, 212,1514-1516 (1981). 



http://pubads.g.doubleclick.net/gampad/clk?id=5076628233&iu=/2215



