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ABSTRACT

The ganglioside composition of human melanoma was analyzed in five
sets of tumor specimens obtained (a) directly from surgery, (b) from the
autologous tissue culture cell lines, and (c) from the autologous cell lines
grown in athymic nude mice. Total gangliosides of these 15 melanoma
specimens were isolated and purified, and the amount of each component
ganglioside was analyzed by thin-layer chromatography and a thin-layer
chromatography scanner. The ganglioside composition of the five surgical
melanoma specimens clearly exhibited different patterns from each other.
Moreover, none of the autologous cultured melanomas possessed the
same ganglioside composition as their original biopsied tumors. However,
when these melanoma cell lines were transplanted into nude mice, the
ganglioside composition was converted back to the same ganglioside
pattern as in the original surgical specimens. The results support the
view that changes in the ganglioside composition of melanoma during in
vitro growth are caused by the culture environment rather than by
selection of melanoma cells with a particular genotype. Reestablishment
of the original ganglioside patterns after passage in nude mice provides
clear evidence that in vivo expression of gangliosides is a conserved and
stable function specified by the human melanoma cells.

INTRODUCTION

Gangliosides expressed on human melanoma, designated
herein according to the system of Svennerholm (1), have been
suggested to play an important role in vivo as targets for
immunodiagnosis and immunotherapy (2-4). The most com
mon and abundant gangliosides of melanoma are GM3and GD3
(5), but melanoma cells also contain GM2 and/or GD2- Most
observations on the ganglioside profiles and function of mela
noma are based on cultured cells (6-12). However, it is not
known whether the ganglioside expression seen in cultured cells
is a true reflection of that of the tumor cells in vivo (biopsied
tissue). Such information would also be necessary to define the
variability, if any, in the expression of tumor-associated gan
gliosides and for evaluating the potential of ganglioside-based
treatment, such as immunotherapy with anti-ganglioside hu
man and murine monoclonal antibodies.

If the ganglioside profiles of human melanoma change under
in vitro conditions, it is important to assess whether such
changes are permanent or revert to the original patterns after
transplanting in vivo. Such a study with human tumor cells is
not feasible in auto or syngeneic conditions, but it is possible
in a xenogeneic host. The nude mouse system was selected for
xenogeneic transplantation of cultured melanoma cells, since
human melanoma cells are known to grow well as s.c. tumors
in nu/nu mice. Our results reveal major changes in the ganglio
side expression of melanoma cells during growth in vivo (hu
man) and in vitro and in a xenogeneic environment.
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MATERIALS AND METHODS

Biopsied Specimens. Biopsied tumor specimens were obtained from
Stage HI melanoma patients admitted to the John Wayne Cancer Clinic
at the University of California at Los Angeles. Immediately after biopsy,
the specimens were stored in a liquid nitrogen freezer until analyzed.

Cell Lines. Cultured melanoma cell lines established from the biop
sied specimens of the patients were maintained in RPMI-1640 (Flow
Laboratories, Me Lean, VA) supplemented with 10% fetal calf serum
(North American Biological Co., Torrance, CA) and an antibiotic-
antimycotic mixture (Gibco Laboratories, Life Technologies, Chagrin
Falls, OH) containing penicillin, Fungizone, and streptomycin. When
80 to 90% confluent, the cells were harvested from T-150 tissue culture
flasks (Falcon Plastics) with 1% trypsin and washed twice with RPMI-
1640. The passage number of each cell line was less than 20.

Inoculation of Melanoma Cell Lines into Nude Mice. Six-wk-old male
BALB/c athymic nude mice were purchased from Charles River Breed
ing Laboratory (North Wilmington, MA). All experiments were re
stricted to males. Cells were suspended in RPMI and injected s.c. in
100-Â¿(Ivolumes of 1 x IO7cells/ml. Following injection, the mice were

carefully monitored for tumor development every 2 or 4 days. The
tumor size was measured with vernier calipers for 36 days following
injection. On Day 36, tumors were removed, and the tumor-free mice
continued under observation for at least 90 days following injection.

Ganglioside Analysis. The ganglioside fraction was isolated and pu
rified from 0.1 to 0.5 g wet weight of biopsied material, cultured cells,
or tumors grown in nude mice as described previously (5). Purified
gangliosides equivalent to 30 mg of each material were applied to TLC.3

The quantity of sialic acid in gangliosides was determined by the
resorcinol-HCl method (13). This has been referred to as "lipid-bound
sialic acid" in the text. Relative proportions (in percentage) of the

ganglioside fractions on TLC were measured by photodensitometer
(Quick Scan Jr. TLC plus; Helena Laboratories, Beaumont, TX) (14).
Each fraction of the ganglioside is expressed as a percentage of total
sialic acid. A ganglioside is considered positive in a tissue sample if the
relative proportion of the ganglioside, in terms of sialic acid, is more
than 0.5% of the total sialic acid.

Incidence of Gangliosides in Melanoma. As we previously reported
(5), 100% of the samples (biopsied, n = 52; cultured, n = 28) tested
showed (IM;, GMi. and GDj. CMÂ«?and dm, occurred in 74% and 49% of
the samples, respectively. Although the precise structure is still unde
fined, 83% of biopsied and 54% of cultured melanoma express alkali-
labile gangliosides. Other gangliosides occur infrequently. In both biop
sied and cultured cells, GM, and GD3constituted more than 70% of the
total gangliosides as mean values. GM? and Gm levels were notably
higher in cultured cell lines than in biopsied specimens. In order to
verify whether in vitro conditions favor GM2and GDz expression, we
compared the quantitative changes in different fractions of gangliosides
between biopsied melanomas and their respective cell lines grown in
culture. Of the 13 pairs tested, GM2increased in 12 melanomas from
an average level of 8.2 nmol/g (3.9% of total ganglioside) in biopsies
to 58.7 nmol/g (15.3%) in cultured counterparts. Similarly, Go2 levels
in 5 of 13 specimens increased significantly from 6.1 nmol/g (2.7%) in
biopsies to 49.0 nmol/g (21.9%) in the cultured melanoma counter
parts.

RESULTS

As described above differences in ganglioside profiles between
biopsied melanoma specimens and the same cultured melanoma
cells suggest that in vitro growth conditions may be responsible

3The abbreviation used is: TLC, thin-layer chromatography.
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for the changes observed. If so, one might expect a reversal of
these in vitro profiles of gangliosides after transfer to conditions
simulating the /'// vim environment. Since syngeneic transplan

tation of human melanoma was not possible, we transplanted
the cultured cells into immunologically suppressed athymic
nude mice. To study ganglioside changes, we inoculated 10
different cultured melanoma cell lines in male athymic mice
(six nude mice for each cell line). Not all the injected melanoma
lines grew in nude mice when 1 x IO6cells were inoculated s.c.

Only 5 of 10 cell lines showed rapid growth. The tumorigenic
cell lines are M-24, M-101, M-14, M-10, and M-lll. Overall,
93% of the mice inoculated with these 5 cell lines showed the
presence of tumors on day 36. Of these remaining 5 cell lines,
only one, M-109, grew in 1 of 6 mice on Day 36. M-109, M-
21, and M-112 eventually developed tumors by Day 90. The
cell lines that grew rapidly in mice were found to contain a
large amount of GM2, ranging from 46.8 to 219.0 nmol/g wet
tissue in these cells (9.4 to 47.7% of total sialic acid), whereas
nontumorigenic cell lines contained from 5.5 to 14.9 nmol/g
tissue (1.7 to 4.5%) (Table 1).

Of the 8 melanoma cell lines grown in nude mice by Day 90,
5 had autologous counterparts as frozen surgical specimens that
had been stored in a nitrogen freezer. Thus, these 5 specimens
were chosen for a comparative study of the ganglioside com
position among surgical specimens, cultured cell lines, and
melanoma grown in nude mice. As shown in Fig. 2, all 5
melanomas had a different ganglioside composition from each
other. The total output of each ganglioside also was different
from those of the others (Table 2). In 3 of the 5 cases (M-14,
M-10, and M-101), cells cultivated in nude mice expressed the
highest amounts of gangliosides. For the other 2 cases, the
highest total ganglioside levels were detected in cells grown in
vitro. For each component ganglioside, the profiles were nearly
identical between surgical specimens and cells grown in nude
mice (Fig. 2). Fig. 1 shows the percentage of total gangliosides
of the four major glycolipids GMj, GD3, GM2,and GD2-Four of
the 5 melanoma specimens increased (Ã¯\i?and Go2 when cul
tured in vitro. In only one case (M-21) was no change observed
in the ratio of these two gangliosides //; vivo and in vitro.

DISCUSSION

In a previous study we reported that the ganglioside compo
sition of melanomas changed when cells were adapted to tissue
culture (5). This phenomenon could be due to either phenotypic
changes of cells resulting from differences between in vivo and

Table 1 dm contenÃof tumorigenic and nontumorigenic human melanoma
cell lines

100

Melanomacell
linesTumorigenicM-24M-101M-14M-10M-lllNontumorigenicM-109M-21M-112M-25M-15Tumorsites(mÃ©tastases)'Lymph
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Fig. l. Changes in the ganglioside composition of human melanomas during

tissue culture and retransplantation into nude mice. Five different melanomas
were studied. S, surgical specimen; C, tissue culture lines; N, tissue culture lines
grown in nude mice. Cells from nude mice were obtained on Day 36 (M-14, NI
10, M-101, and M-24) or Day 90 (M-21) after s.c. injection of 1 x IO6cells. The
amount of each ganglioside constituent was expressed as a percentage of lipid-
bound sialic acids in total gangliosides. â€¢ â€¢.GMj; *â€” â€¢â€¢GMJ; O O,

3,Go2.

Table 2 Total gangliosides of 5 human melanomas cultivated in
3 different environments

Lipid-bound sialic acid Oig/g wet tissue)

MelanomaM-14

M-10
M-101
M-24
M-21Surgery271

36
104
38
84Tissue

culture183

73
177
143
103Nude

mice354

184
292

35
82

tissue culture conditions, or to selection of a new melanoma
cell genotype of some particular cell population by the in vitro
environment. In this study, we observed that the ganglioside
composition of cultured melanomas was similar to that of the
original surgical specimens when transplanted back into an in
vivo environment. This observation could be due to either a
reversion back to the original ganglioside composition in vivo
or an expansion or diminishment in nude mice of cell popula
tions with particular ganglioside compositions. These results
also suggest that alterations in the ganglioside composition of
human melanoma cells after tissue culture could be caused by
nutritional changes or other variations in the culture environ
ment.

Holmes and Hakomori (15) reported that Fuc(a-Gal) GMi
accumulated in precancerous rat liver cells and malignant hep-
atomas in vivo but that this ganglioside disappeared when the
tumor cells were grown as established cell lines. This phenom
enon was found to be due to the induction of a-fucosyl trans-
ferase in malignant transformed cells and the absence of a-
galactosyl transferase in the cultured cells (15). In the present
study, we observed that the amounts of G M? and ( i,,.. increased
in cultured melanoma cells as compared to the autologous
tumor cells obtained directly from surgery or to cells grown in
nude mice. Accumulation of ( Â¡\,â€¢and GDZin melanoma cells
also may occur by enzymatic abnormalities such as an increased
level in JV-acetylgalactosamyl transferase or a decrease in the
level of galactosyl transferase or /S-A^-acetylhexoxaminidase.

A comparative study on the ganglioside compositions of
malignant melanoma cells in culture and in vivo was reported
by Yogeeswaren et al. using B-16 murine melanoma variant cell
lines (16). Both of the cultured cell lines expressed a ganglioside
pattern consisting of a high level of GM] and a trace amount of
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Fig. 2. TLC profiles of gangliosides purified from human melanomas. In patients: melanomas obtained directly from surgical specimens; in culture: the autologous
tissue culture cell lines; in nude mice: autologous cultured cell lines transplanted s.c. into nude mice. Stds, standard gangliosides. a, UCLASO M-14; h. UCLASO M
IO; c, UCLASO M-101; d, UCLASO M-24; e, UCLASO M-21. Cells from tumors in nude mice were obtained on Day 36 (M-14, M-IO, M-101, and M-24) or Day
90 (M-21) after s.c. injection of I x 10' cells.

GDIÂ»,but these same cell lines grown in C57BL syngeneic mice
contained a slightly decreased amount of ( Â¡\,i. but a signifi
cantly increased expression of GM2and a small amount of GMi.
Note that GM2and GMI are highly expressed in normal tissues
and serum of this strain of mice; therefore, these authors
speculated that the appearance of GM2 and GMI in v/vo-grown
cells was due to the uptake of these gangliosides from the
serum. In the present study, however, GM2contents decreased
in human melanoma grown in the BALB/c nude mice. ( i\i â€¢is

a predominant ganglioside in BALB/c mice as well.
Skipski et al. measured the levels of gangliosides in a human

sarcoma and an epidermoid cancer cell line and found a corre
lation with the ability to metastasize in vivo (17). The former
cell line which has less total gangliosides metastasized exten
sively, but the latter expressed relatively large amounts of
gangliosides and did not metastasize. However, when the met-

astatic sarcoma cell line was treated with chemical reagents
(6,7,8,9-tetrahydro-1 -mercapto-1,2,4-triazolo[4,3-fl]quinazo-
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lin-5-ol or 2,5-diphenylthiazolo[5,4-d]thiazole) to increase the
synthesis of gangliosides in the tumor cells, the formation of
metastasis was inhibited. These investigators thus speculated
that gangliosides on cell membranes played an important role
in cell-to-cell adhesion. Recently, Cheresh et al. also reported
that membrane GD2 and GD3 in human melanoma cells might
be related to the cell adhesion (10). Our studies and studies by
other investigators indicate that GM2,GD2,and GD}are involved
in immunological rejection of melanoma cells in patients (2,4,
18, 19), and the present study has shown that the amount of
Gvi2 in human melanoma cells strongly correlates with the
tumorigenicity in vivo. We conclude that ganglioside expression
on melanoma cells is one of the most important factors for the
in vivo malignant behavior of this tumor. Because ganglioside
expression is so reversible by environment conditions, particu
larly the enzymatic activtion of galactosyl or glycosyl transfer-
ases, it appears crucial to gain further information on the way
these key enzymes are activated or inactivated by malignant
cells in vivo.
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