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ABSTRACT

Gangliosides from benign and malignant melanomas and from normal
skin of the fish genus Xiphophorus were isolated and analyzed by thin-
layer Chromatograph). Individual ganglioside components were charac
terized by mapping according to their sialic acid content and by cleavage
with neuraminidases. In all three tissues examined, sulfatide and the
gangliosides NeuAc-GalCer (GM<),II'NeuAc-LacCer (GMj), H'NeuAc-
GgOsejCer (GMJ), and II3(NeuAc)2-LacCer Â«.,,<)were found. Ganglio

side GDJ yielded a positive reaction, following immunoadsorption with
mouse monoclonal antibody R24 on thin-layer plates. Two alkali-labile
disialoganglioside species were specifically recognized by mouse mono
clonal antibody 1)1.1. thus indicating the presence of 0-acetyl-neuraminic
acid residues. One of them, a major ganglioside component of the
malignant melanoma, was identified as O-acetyl-GD3, since it could be
converted to the R24-positive <.i,<ganglioside after alkaline saponifica
tion. The other one appears to be restricted to the malignant tumor and
represents a novel melanoma-associated ganglioside derivative. It was
characterized as O-acetyl(NeuAc)2-nLc4Cer by exoglycosidase cleavage,
by proving its neutral carbohydrate backbone as type II-chain lacto-series
oligosaccharide using mouse monoclonal antibody 1B2, and by its cross-
reaction with antibody R24 following alkaline treatment. Using antibody
R24 and cryopreserved tissue sections of both benign and malignant
amelanotic melanomas from albino fishes, it was demonstrated that one
of the main melanoma-associated gangliosides, (.),<-was exposed predom
inantly in the malignant tumor. Thus, the chemical nature and even the
immunohistochemical localization of the gangliosides in fish melanomas
proved to be very similar to those of the known gangliosides in the
phylogenetically distant human melanomas.

INTRODUCTION

Gangliosides are sialic acid-containing glycosphingolipids.
Together with the neutral glycosphingolipids, they represent
characteristic molecules of the outer plasma membrane of ani
mal cells (for review, see Ref. l). Glycosphingolipids, and in
particular their carbohydrate moieties, elicited interest as on-
codevelopmental antigens (for review, see Ref. 2) in that they
typify the phenotype of cancer cell membranes by aberrant
glycosylation patterns (for review, see Ref. 3).

In view of the numerous reports on glycosphingolipid changes
that accompany cell transformation, the question arises as to
what extent certain changing characteristics may be regarded
as general phenomena in tumor formation. A comparison of
the glycosphingolipid patterns of histogenetically identical tu
mors that were developed by different animal species may help
shed light on this problem.

Melanoma is a tumor type suitable for this purpose. This
neoplasm is widely distributed in vertebrates and can be easily
detected and classified. In humans, this tumor type is conspic
uous because its ganglioside pattern is largely restricted to this
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tissue (4-7). In order to compare the known human melanoma-
associated gangliosides with that of a phylogenetically distant
animal species, the melanomas of the bony fish Xiphophorus
were chosen. Following interspecific, interracial, or interpopu-
lational hybridization, these animals spontaneously develop
hereditary melanomas of defined malignancy (8, 9). Moreover,
albino hybrids that also develop both benign and malignant
melanomas have been bred. These amelanotic melanomas ex
hibit the typical melanoma cell phenotype that lacks melanin
pigmentation only (10, 11). Therefore, they are suitable for
immunohistolocalization of glycolipid antigens in the mela
noma tissues.

In the present study, we isolated the gangliosides of benign
and malignant melanomas of the xiphophorine fish and com
pared their thin-layer Chromatographie patterns with that of
normal skin. Individual ganglioside components were charac
terized by ganglioside mapping according to the sialic acid
contents, by exoglycosidase cleavage, and by immunoadsorp
tion on thin-layer Chromatographie plates, using monoclonal
antiganglioside antibodies as specific reagents. The distribution
of the most prominent melanoma-associated ganglioside, GD3,3
and the alkali-labile derivatives of GDj and disialo-nLc4Cer were
examined in cryopreserved, unfixed sections of benign and
malignant melanomas by immunohistochemical techniques.
The data presented reveal a striking similarity between the
ganglioside component profiles of the melanomas of the phy
logenetically distant vertebrate species, humans and fish.

MATERIALS AND METHODS

Animals. Fish hybrids derived from Xiphophorus macÃºlalas (platy-
fish) from Rio Jamapa (Mexico) and Xiphophorus hellen (swordtail)
from Rio Lancetilla (Mexico) served as experimental animals. The wild
types were bred and inbred in closed stocks in the laboratories of the
Genetisches Institut, Giessen, FRG,4 for about 100 generations (8).
The melanoma-bearing and melanoma-free hybrids were produced as
described earlier (8, 9). Briefly, crosses of a platyfish female exhibiting
spots in the dorsal fin with the nonspotted swordtail male result in )â€¢',

hybrids developing benign melanoma instead of the maternal spots.
Backcrossings of the FI with the swordtail generate three types of
segregants (B( , generation): 25% develop benign melanomas like that
of the FI hybrids; 25% develop malignant melanoma; and 50% develop
neither spots nor melanoma. In the present experiments, we used benign
and malignant melanomas from hybrids of the BCi generation and skin
of healthy H<', segregants. For immunohistological studies, we selected

albino fishes from the corresponding albino IK , generation bearing
amelanotic melanomas that were either benign or malignant.

Enzymes and Chemicals. The following substances were used: neu
raminidases (EC 3.2.1.18) from Vibrio cholerae and from Arthrobacter

3The nomenclature for gangliosides is in accordance with the recommenda
tions of Svennerholm (Ref. 44; see also Eur. J. Biochem., 79: 11-21, 1979): GM4,
NeuAcGalCer; GM3,II'NeuAc-LacCer; GD3,II3(NeuAc)2-LacCer; GM2,H3NeuAc-
GgOsejCer; GMi, II3NeuAc-GgOseÂ«Cen GD,., IV3NeuAc,II3NeuAc-GgOse4Cen
Goib, II3(NeuAc)2-GgOse4Cer, GTiiâ€žIV3NeuAc,II3(NeuAc)2-GgOse4Cen O-ace-
tyl-GD3, II3(Neu5,9Ac2a2-8(Neu5Ac)-LacCer; O-acetyl)(NeuAc)2-nLc4Cer, IV3-
(Neu5,XAc2a2-8Neu5Ac)-nLc4Cer.

' The abbreviations used are: FRG, Federal Republic of Germany; H<',. first

backcross generation; FI, first filial generation; HPTLC, high-performance thin-
layer chromatography; PBS, phosphate-buffered saline; TLC, thin-layer chro-
matography; mab, monoclonal antibody.
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ureafaciens (Calbiochem, MÃ¼nchen, FRG); /3-galactosidase (EC
3.2.1.23) from jackbeans (Sigma Chemical Co., St. Louis, MO); DEAE-
Sephadex A25 (Pharmacia, Sweden); HPTLC plates (Merck, Darm
stadt, FRG); silica gel Sep-Pak cartridges (Waters, Milford, MA); and
Tween 20 (Serva, Heidelberg, FRG). The chemicals used were of
analytical grade; organic solvents were freshly distilled in the laboratory.

Antibodies. Mouse mab R24 (IgG3, established by W. G. Dippold),
recognizing ganglioside GDj (4, 12), and mouse mab D 1.1 (IgM,
established by W. B. Stallcup), directed against ganglioside II3-
(Neu5,9Ac2Â«2-8Neu5Ac)-LacCer (7, 13), were used in the immunoad-
sorption experiments and for immunohistochemistry. Mouse mono
clonal antibody 200-47, directed against the M, 53,000 phosphoprotein
antigen p53 (14), served as a negative control in the immunohistochem-
ical experiments. Mouse monoclonal antibody l B2 was a generous gift
from Dr. S. Hakomori, The Biomembrane Institute, Seattle, WA.
Horseradish peroxidase-conjugated rabbit anti-mouse immunoglobulin
for the detection of the specifically bound antibodies was purchased
from Dakopatts (Hamburg, FRG).

Isolation of Glycolipids. The glycolipids were extracted and purified
as described earlier (15). For the isolation of alkali-labile gangliosides,
the lipid extracts were neither saponified nor peracetylated. In order to
discriminate between alkali-labile and -stable gangliosides, aliquots of
the samples in chloroform:methanol:water (30:60:8, v/v) were treated
with 4 N K.OH in aqueous methanol at pH 11 for 4 h at 50Â°Cand then

neutralized with aqueous acetic acid. Lipid contaminants were removed
with a final chromatography on Silica Gel 60 Sep-Pak cartridges by a
chloroform:methanol (98:2, v/v) wash prior to elution of the ganglio
sides with chloroform:methanol:water (60:35:8, v/v). Water-soluble
contaminants were removed by passage over silica gel RP 18 Sep-Pak
cartridges according to the method of Kubo and Hoshi (16). Glycolipids
used as reference compounds were prepared from human brain (sull'a

lidi-, cerebroside, and gangliosides), RBC and spleen (globoside and
lactoneotetraosylceramide), and from guinea pig erythrocytes (gangli-
otriaosylceramide). Gangliotetraosylceramide was prepared from gan
glioside GMIby cleavage with A. ureafaciens neuraminidase (see below).

Thin-Layer Chromatography. TLC analysis was carried out on
HPTLC Silica Gel 60 plates, the running solvents being chloro-
form:methanol:water (65:25:4, v/v) for neutral glycolipids, and chlo-
roform:methanol:0.2% aqueous CaCl2 (60:35:8, v/v) for gangliosides.
The glycolipids were routinely visualized by iodine vapor (30 min, glass
container), and for specific detection, neutral components were sprayed
with orcino!/H2SO4 reagent and gangliosides with Ehrlich's reagent (p-

dimethylaminobenzaldehyde/HCl) or resorcinol/HCl, respectively.
For isolation of individual gangliosides, the components were chro-

matographed on HPTLC plates and detected with iodine vapor. Fol
lowing comparisons of their TLC migration behaviors with cochromat-
ographed and specifically stained reference glycolipids, the substances
were scraped from the plates and extracted from the silica gel with
chloroform:methanol:water (10:10:1, v/v).

Alkali-labile gangliosides were separated from alkali-stable ganglio
sides by 2-dimensional TLC analysis according to the method of
Sonnino et al. (17). Ganglioside mixtures were spotted as a small circle
at the origin of HPTLC silica plates. Each Chromatographie run was
performed in the given solvent for gangliosides. After developing in the
first dimension, the plates were dried and placed overnight in an airtight
chamber saturated with ammonia vapor at room temperature. Follow
ing complete removal of ammonia by a warm air stream, the plates
were run in the second dimension.

Ganglioside Mapping According to Sialic Acid Content. Gangliosides
were separated according to the number of their sialic acid residues by
ion exchange chromatography on DEAE-Sephadex A25 as described
by Iwamori and Nagai (18). The column system used was precalibrated
with mono-, di-, and trisialogangliosides from human brain. The frac
tions obtained were desalted by passage over silica gel RP 18 Sep-Pak
cartridges and analyzed by TLC.

Relative Quantification. For relative quantification of individual com
ponents in the ganglioside patterns of the tissues examined, the resor-
cinol/HCl-sprayed HPTLC plates were measured densitometrically at
580 nm by using a Shimadzu dual wavelength TLC Scanner CS910.
Total ganglioside contents were quantified by sphingosine estimation

according to the method of Higgins (19). Following hydrolysis in 3 N
HC1 for 2 h at 98Â°C,fluorophor formation with fluorescamine (Fluram;

Roche Diagnostics, Nutley, NJ) in 0.2 M borate buffer, pH 9.0, and
phase separation with chloroform, the sphingosine bases were read in
the organic phase at 394-nm excitation wavelength and 474-nm emis
sion wavelength. Protein quantification was carried out according to
the method of Lowry et al. (20).

Enzymatic Hydrolysis. Ganglioside structures were analyzed by cleav
age with neuraminidases of V. cholerae and A. ureafaciens. The com
pounds were treated either as native mixtures or as individual compo
nents. The resulting neutral and acidic glycolipid cleavage products
were examined by TLC. The incubations were carried out at 37Â°Cfor

24 h. Gangliosides ( 10 Mg)were treated with 1.67 nkat of the V.cholerae
enzyme in 0.2 M acetate buffer, pH 5.2, containing 2 HIM CaCl2,
according to the method of Schauer (21), or with 0.33 nkat of the A.
ureafaciens enzyme in 0.01 M acetate buffer, pH 4.8, containing 1 mg/
ml of sodium cholate as described by Saito et al. (22). Neutral cleavage
products were further analyzed by hydrolysis with /3-galactosidase.
Thirty Mgof the glycolipids were incubated with 0.83 nkat of the enzyme
in 0.05 M citrate buffer, pH 4.0, containing 0.1% taurodeoxycholate
for 24 h at 37Â°C.The glycolipid products obtained were purified by

passage over silica gel RP18 Sep-Pak cartridges.
Immunostaining of Gangliosides on TLC Plates. For immunostaining

of gangliosides on TLC plates, a modified version of the overlay
technique of Magnani et al. (23) was used. Following chromatography
of the gangliosides on HPTLC silica gel, the plates were dried and
soaked for 1 min in a concentrated solution of polyisobutylmethacrylate
(Plexigum P28; Roehm & Haas, Darmstadt, FRG) in n-hexane. The
plates were dried and then covered with 20 niM PBS, pH 7.3, containing
0.05% Tween 20 and 2% bovine serum albumin (Buffer A) for 2 h at
4Â°C,in order to block nonspecific adsorption of antibody. The blocking

solution was decanted, and the plates were covered with the ganglioside-
specific antibody diluted in Buffer A and kept overnight at 4Â°C.The

plates were then washed 3 times with PBS/Tween 20 and twice with
Buffer A. For detection, the plates were overlaid with peroxidase-rabbit
anti-mouse immunoglobulin conjugate diluted 1:100 in Buffer A and
incubated for 6 to 8 h at 4Â°C.After washing as described above, the

antibody-positive gangliosides were visualized by incubating the plates
with 0.04% 4-chloro-l-naphthol in PBS, pH 7.6, containing 0.03%
H2O2 for 5 to 30 min at room temperature.

Immunohistochemical Staining. For histolocalization of gangliosides
recognized by the monoclonal antibodies R24 and D1.1, the fishes were
narcotized by transferring them into ice-cooled water and were then
snap frozen in liquid nitrogen. Transverse sections of the unfixed frozen
animals, 5 to 7 ^m thick, were air dried and stained by consecutive
incubations with the monoclonal antibodies, horseradish peroxidase-
conjugated rabbit anti-mouse immunoglobulin and the substrate 3-
amino-9-ethyl-carbazole, as detailed previously (24).

RESULTS

Thin-Layer Chromatographie Analysis of the Gangliosides

Following isolation and thin-layer Chromatographie analysis,
the acidic fraction glycolipids from normal skin and benign and
malignant melanomas of Xiphophorus were shown to contain
resorcinol-positive components, thus indicating the presence of
sialic acid residues. In the TLC patterns of the nonsaponified
gangliosides, individual components were numbered, either as
single bands or as groups of bands, in terms of decreasing
mobility. Their Chromatographie properties were compared to
those of reference gangliosides from human brain (Fig. 1). The
ganglioside components 1, 2, 3, 4, and 5 are present in normal
skin and in both tumor types, whereas component 6 appears to
be restricted to the malignant tumor. Additionally, each of the
tissues tested contained resorcinol-negative, acidic fraction gly
colipids with the Chromatographie properties of sulfatide from
human brain (Fig. 1).

Ganglioside component 1 migrated as a double band slightly
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Fig. 1. TLC analysis of the gangliosides oÃtisi i melanomas and normal skin.
Lane a, normal skin; Lane b, benign melanoma; Lane c, malignant melanoma.
For structural analysis, the ganglioside components were isolated and numbered
as indicated at the right of Lane C. Lanes d and e, reference gangliosides from
human brain denoting the Chromatographie regions as given at the right of Lane
e. HPTLC silica plate: running solvent: chloroform:methanol:0.2% aqueous
CaCI2 (60:35:8, v/v); spray reagent: resorcinol/HCI. *, resorcinol-negative, un-
specifically stained bands; Suit. the very fast moving one representing sulfatide.

ahead of the Chromatographie region of ganglioside GM4.Com
ponent 2 consists of three subfractions running in the TLC
region of ganglioside GMJ. The single band of component 3
migrated like ( Â¡\i.>,and the double band of component 4 mi
grated similarly to GD3 ganglioside. Component 6 was located
on TLC between the reference gangliosides GDSand CDU-

To discriminate the ganglioside patterns of the fish tissues in
more detail, we compared the staining intensities of their com
ponents by densitometric TLC scanning (data not shown).
Normal skin shows its major gangliosides, the components 1,
2, and 3, in almost equal ratios. Components 4 and 5 represent
only minor fractions. Benign melanoma tissue is characterized
by the predominance of ganglioside component 3 and, in com
parison to normal skin, by a relative increase of component 5.
Malignant melanoma contains the latter ganglioside as a major
fraction and shows a conspicuously high amount of component
4, present in skin and benign tumor only in trace quantity.
Moreover, the malignant melanoma contains a ganglioside,
component 6, that is detectable in neither skin nor benign
melanoma (see Fig. 1). Following alkaline saponification, the
ganglioside components 4 and 6 disappeared from their original
Chromatographie regions, thus indicating the presence of alkali-
labile residues. The yields of gangliosides from normal skin and
benign and malignant melanomas were 28.5, 17.6, and 20.2
nmol/mg of protein, respectively.

Mapping of the Gangliosides and Sulfatide

To determine their degree of sialylation, the fish ganglioside
components were mapped by ion exchange chromatography
and subsequent TLC analysis. Using a column system, precal-
ibrated with reference gangliosides from human brain, fish
ganglioside components 1, 2, and 3 were identified as monosi-
alogangliosides and components 4, 5, and 6 as disialoganglio-
sides. The sulfatide fraction of the fish tissue was eluted at the
same ionic strength of the running solvent as reference sulfatide
from human brain.

Exoglycosidase Analysis of the Gangliosides

In order to characterize the gangliosides of skin and tumors,
the components as numbered in Fig. 1 were isolated by prepar
ative TLC and by separation according to the number of their

sialic acid residues. For identification of the neutral carbohy
drate backbones, the individual gangliosides were treated with
either neuraminidase from V. cholerae or from A. ureafaciens.
The glycolipid cleavage products obtained were analyzed by
TLC in comparison with known reference substances and by
further cleavage with ii-galactosidase. Components 1, 2, 3, and
5 were studied for skin and both tumor types. The correspond
ing results were identical for all three tissues. The analyses of
components 4 and 6 refer to the malignant melanoma only.

Component 1. Identified as a monosialoganglioside, it was
hydrolyzed by both neuraminidase types, yielding ceramide
monohexoside as its neutral cleavage product. We therefore
assume that component 1 represents ganglioside GM*.

Component 2. The core structure of this ganglioside was
identified as lactosylceramide following cleavage with both
neuraminidases and further conversion of this product to cer
amide monohexoside by /3-galactosidase treatment. This and
the presence of component 2 in the monosialo fraction indicate
the structure of G\n for this ganglioside.

Component 3. Characterized as a monosialoganglioside, it
proved to be resistant to V. cholerae neuraminidase. After
treatment with the A. ureafaciens enzyme, however, the gan
glioside was hydrolyzed with the formation of ceramide tri-
hexoside. These findings imply the structure of G\i2 for gan
glioside component 3.

Component 4. Present in the disialo fraction, this malignant
melanoma-associated ganglioside was cleaved by. I. ureafaciens
neuraminidase, yielding ceramide dihexoside as its neutral gly
colipid core structure. This product was further converted to
ceramide monohexoside by /3-galactosidase treatment. Using
the V.cholerae enzyme, ganglioside component 4 was, however,
minimally hydrolyzed. An extended incubation (48 h) and re
peated additions of enzyme were necessary to completely cleave
this compound. Following saponification, however, ganglioside
component 4 was easily desialylated by V. cholerae neuramini
dase (6-h incubation). Because of these findings and in view of
the alkali lability, migrating on TLC in the region of ganglioside
( Â¡DIfollowing alkaline saponification, we consider that ganglio
side component 4 may be derived from the structure of GDS
containing 0-acetylated neuraminic acid.

Component 5. Following hydrolysis with both neuraminidases
and subsequent /3-galactosidase treatment, the neutral core
structure of this ganglioside proved to be lactosylceramide. For
this reason, and because of its presence in the disialo fraction,
component 5 is identified as ganglioside GDj.

Component 6. This ganglioside, found only in the malignant
melanomas, shared the following properties with component 4.
It was characterized as a disialoganglioside, it proved to be
alkali labile, and it was easily cleaved with A. ureafaciens
neuraminidase. However, it required prolonged incubation
when the V. cholerae enzyme was used for hydrolysis, whereas
the saponified version of component 6 was rapidly desialylated
by the latter enzyme. The neutral glycolipid neuraminidase
cleavage product migrated on TLC-like lactoneotetraosylcer-
amide (nLc4Cer) and was clearly distinct from gangliotetrao-
sylceramide (data not shown). It was characterized as a ceram
ide tetrasaccharide by its ability to /3-galactosidase, yielding
ceramide trihexoside as its cleavage product. Therefore, gan
glioside component 6 is assumed to be an O-acetylated variant
of (NeuAc)2-nLc4Cer.

IMulinimihe-ink;il Analysis of Ganglioside Components 4, 5,

and 6

For further identification of ganglioside components 4, 5,
and 6, the ganglioside mixtures were chromatographed on TLC
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plates and, thereafter, overlaid with monoclonal antibodies.
The assumptions concerning the structures of these ganglio-
sides from the exoglycosidase cleavage experiments were con
firmed by the use of mabs R24, D 1.1, and 1B2. Mah R24 is
known to specifically recognize ganglioside GDÂ¡(4, 12). The
ganglioside component 5 of skin and benign and malignant
melanoma reacted positively with mab R24 (Fig. 2A). Corre
sponding to the appearance of the chemically detected compo
nent 5 on the TLC plate as a double band, the antibody stained
both subfractions of this ganglioside. This indicates that both
bands carry the same carbohydrate moiety, i.e., a disialylated
lactose determinant which is characteristic for the ganglioside
GDI structure.

e d e f

B

Fig. 2. Immunostaining of fish melanoma gangliosides with monoclonal an
tibodies. .-(, identification of ganglioside Gr,.i using mab R24. Lanes a and h,
cochromatographed and chemically detected reference gangliosides from human
brain; Lanes ctof, R24-positive gangliosides of malignant melanoma (Lane c),
benign melanoma (Lane d), normal fish skin (Lane c). and human brain (Lane
f). The positive bands correspond to ganglioside component 5 in the fish ganglio
side patterns as given in Fig. 1. B. identification of O-acetyl-neuraminic acid
containing gangliosides using mab D 1.1. Lane a, cochromatographed and chem
ically detected reference gangliosides from human brain; Lane b, D 1.1-positive
gangliosides from malignant melanoma. The positive bands correspond to the
ganglioside components 4 (upper double band) and 6 (lower band) in the mela
noma ganglioside patterns given in Fig. 1. By cleavage with A. ureafaciens
neuraminidase and subsequent /3-galactosidase treatment of the glycolipid prod
ucts, the upper double band was identified as O-acetyl-GD3 ganglioside and the
lower band was partially characterized as O-acetyl(NeuAc)2-nLc4Cer, which cross-
reacts with the antibody. The neutral carbohydrate backbone of the latter ganglio
side was identified as type 2-chain lacto-series oligosaccharide by its positive
reaction with mab 1B2 (data not shown). HPTLC silica plates; running solvents:
chloroform:methanol:0.2% CaCl2 (60:35:8, v/v). The reference parts of the plates
were cut off and sprayed with Ehrlich's reagent (Lanes a and b in A and Lane a

in Ai),and the immunochemical parts were treated with the monoclonal antibodies
and horseradish peroxidase-conjugated second antibodies as described in "Mate
rials and Methods."

Mab D 1.1 has been established to specifically react with the
0-acetylneuraminic acid containing variant of ganglioside ( Â¡m
(7, 13). This antibody gave a positive reaction with ganglioside
components 4 and 6 of the malignant melanoma, thus indicat
ing the presence of O-acetylneuraminic acid residues in these

components (Fig. IE}. In accordance with its chemical detec
tion on TLC as a double band, mab D 1.1 stained both subfrac-
tions of component 4 (see Fig. 1). This finding parallels the
detection of both subfractions of component 5 by the anti-
ganglioside GD3antibody.

In consideration of the results from the exoglycosidase cleav
age analyses, and the adsorption with mab D 1.1, ganglioside
component 4 is characterized as O-acetyl-Gos. Mab D 1.1 cross-
reacts with ganglioside component 6. The neutral neuramini
dase cleavage product of this compound was confirmed as a
lacto-series glycolipid, since it reacted positively with mab 1B2
(data not shown), which had been characterized to specifically
recognize type 2-chain lacto-series oligosaccharides (25). Based
on these findings, the structure of ganglioside component 6 is
assumed to be an O-acetylated derivative of (NeuAc)2-nLc4Cer.

Alkali Lability of Ganglioside Components 4 and 6

The lability of ganglioside components 4 and 6 from malig
nant melanoma to alkaline treatment was demonstrated by 2-
dimensional TLC separation with intermediate ammonia in
cubation according to the method of Sennino et al. (17). The
Chromatographie mobilities of the ganglioside components de
creased following base treatment. In the case of component 4,
its Chromatographie double spot was shifted after the saponifi
cation toward the region of the more polar, non-O-acetylated
ganglioside GDI. and component 6 was converted to a ganglio
side with TLC migration between the brain gangliosides GDIÂ»
and Goib (Fig. 3/f). In order to confirm the identity of the
alkali-cleaved components 4 and 6 as ganglioside (M><and
(NeuAc)2-nLc4Cer, respectively, they were tested on TLC with
mab R24, which had been shown to cross-react with the disi-
alolactoneotetraosyl structure (26). The de-0-acetylated deriv
atives of both ganglioside components were specifically recog
nized by mab R24 (Fig. 3Ã„).

Immunohistochemical Localization of the R24- and Dl.l-positive
Antigens

Using mabs R24 and D 1.1, we investigated the extent to
which their antigens were expressed on frozen sections of the
fish tissues. Because of the dark pigmentation of the melanotic
melanomas, albino fishes bearing amelanotic benign or malig
nant melanomas were chosen for immunohistochemical local
ization. Following isolation and purification of the gangliosides
of amelanotic skin and amelanotic benign and malignant mel
anomas, R24- and Dl.l-positive ganglioside antigens were
detected by TLC immunostaining. However, staining of the
cryopreserved cross-sections of the entire fish body with anti-
GD3 antibody R24 revealed that predominantly the malignant
tumors have exposed ganglioside (im. Normal skin and benign
melanomas, as well as other tissues in the sections (e.g., skeletal
muscle), were completely negative. Within the malignant mel
anoma tissue, single cells were strongly stained with mab R24
(Fig. 4). In contrast, immunohistological expression of the D 1.1
antigens was not restricted to the malignant melanoma. Normal
skin and benign and malignant melanomas were intensively
stained with mab D 1.1, but adjacent mesodermal muscle tissue
was not (data not shown).
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Fig. 3. Two-dimensional TLC analysis for identification of alkali-labile gan-
gliosides in the malignant melanoma. Chromatography was carried out in the
indicated directions with intermediate ammonia treatment. I. chemical detection
of the gangliosides. The alkali-labile components (indicated by arrows) correspond
to ganglioside components 4 (upper double band) and 6 (lower double band) from
Fig. 1 and migrate in the Chromatographie regions of ganglioside <.,,< and
(NeuAc)rnLc<Cer, respectively, following base treatment. In each dimension,
reference gangliosides from human brain were cochromatographed. lÃ¬,identifi
cation of the de-O-acetylated parent structures of the ganglioside components 4
and 6 (indicated by arrows) by immunostaining with mab R24. Following base
treatment, both ganglioside components are recognized by mab R24, thus indi
cating the presence of GD3 (upper double band) and (NeuAc)2-nLc4Cer (lower
double band), the latter cross-reacting with the antibody, ref, gangliosides from
human brain cochromatographed as reference substances in the second dimension.
HPTLC silica plates; running solvents in each dimension: chloroform:
methanol:0.2% CaCl2 (60:35:8, v/v); chemical detection: resorcinol/HCl; for base
treatment and immunostaining methods, see "Materials and Methods."

DISCUSSION

Glycosphingolipids, including gangliosides, characterize the
cell surface according to the animal species, cell type, and state
of differentiation. When cells are transformed to cancer cells,
their glycolipid component profiles change (3); these changes

are assumed to reflect a "retrograde differentiation" that par

allels the malignancy of the cancer cells. Therefore, a compar
ison of tumors of the same histogenetic origin but deriving
from different vertebrate species should shed light on the gen
erality of the glycolipid type change that accompanies the
formation of specific tumor types. For such studies, the mela
noma is particularly suitable because of its defined neuroecto-
dermal origin and the well-known ganglioside pattern of the
human melanoma, which has been shown to be largely restricted
to this tissue type.

In order to obtain comparable information on melanoma-
associated gangliosides from a phylogenetically distant animal
species, we chose the fish genus Xiphophorus because its inter
specific hybrids develop genetically controlled melanomas of
defined degrees of malignancy (9).

The gangliosides of normal fish skin and benign and malig
nant fish melanomas were isolated and characterized. The fish
melanoma-associated ganglioside patterns obtained were sur
prisingly similar to those reported for human melanomas. Hu
man melanomas contain the sialylated forms of lactosylceram-
ide, GM3and GD3 (27), and the gangliotriaosylceramide-deriv-
ative gangliosides GMz(28) and GD2(29) as major gangliosides.
In principle, the fish melanomas, as well as fish skin, contain
the same gangliosides, i.e., (Ã¬M.i,(im, and (Â¡\u. In addition,
sulfatide and ganglioside GM<were found in the fish tissues.
The yield of total ganglioside per mg of protein found in normal
skin was higher than in the melanomas. The relative ratios of
the ganglioside components within their Chromatographie pat
terns, however, may reflect the different levels of cell differen
tiation in the compared tissues. The melanoma tissues were
characterized by a relative increase of ganglioside G,,,. Benign
and malignant melanomas differed by the predominance of
ganglioside GNUin the benign type and, more strikingly, by the
distinctive ability of the malignant tumor to form 0-acetylated
ganglioside derivatives, a property that it again shares with the
human malignant melanoma (6, 7, 30).

Using 2-dimensional TLC analysis with an intermediate am
monia treatment step, the presence of the alkali-labile ganglio
side O-acetyl-GD3 was demonstrated in the fish tissues. The
different reactions of V. cholerae and A. ureafaciens neuramin-
idases with this ganglioside support this interpretation and
favor the assumption of position C-9 for the O-acetyl group, as
was shown in comparative studies of sialidase actions on differ
ent substrates containing 0-acetyl sialic acids (31). By alkaline
saponification, both D 1.1-positive gangliosides were converted
to derivatives that were easily cleaved by the V.cholerae enzyme.
Ganglioside lactones produced by an artifact during the purifi
cation procedure or even occurring as a native compound could
mimic an 0-acetylated derivative. Naturally occurring ganglio
side lactones were recently described for the human brain (32).
For both D 1.1-positive gangliosides, lactone structures cannot
be ruled out, but appear unlikely, since they are recognized by
mab D 1.1, which has been described as reacting specifically
with an 0-acetyl-NeuAc containing ganglioside structure (13).
The D 1.1-positive antigen was originally discovered as a devel
opmental marker of cerebellar interneurons (33). It was found
to be located on the proliferating neuroepithelial stem cells and
disappeared after their final mitosis (34). In the present study,
this ganglioside antigen, 0-acetyl-Go3, was found to be a major
constituent in the malignant fish melanoma. Corresponding to
the association of this antigen with neuronal proliferation, this
result may possibly reflect the presence of numerous dividing
and poorly differentiated cells that are characteristic for the
malignant tumor.
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B

Fig. 4. Immunohistological localization of
ganglioside GDj in the malignant melanoma
with mab R24. Malignant fish melanomas
have exposed GD], but normal skin and benign
melanomas do not. Cryostat cross-sections
through an albino fish carrying an amelanotic
malignant melanoma in the dorsal fin region
(arrows in A). The exposure of ganglioside GD3
is restricted to the tumor tissue. Within the
tumor, single cells were specifically stained
with mab R24 (B).

In addition to O-acetyl-Gna ganglioside, another alkali-labile
and D 1.1-positive ganglioside was found in the malignant fish
melanoma and thereby was demonstrated for this tumor type
for the first time. It was tentatively characterized as a novel
ganglioside derivative, 0-acetyl(NeuAc)2-nLc4Cer. Further
chemical analysis will be necessary to determine the number of
0-acetyl groups and their linkage positions. The cross-reaction
of mab D 1.1 with this component parallels the cross-reactivity
of anti-Goa antibody R24 with (NeuAc)2-nLc4Cer (26). These
binding capacities of antibodies R24 and D 1.1 suggest the
carbohydrate sequence NeuAca2 â€”Â»8NeuAca2 â€”Â»3Gal and its
6>-acetylated form, respectively, as parts of the corresponding
epitopes.

The O-acetylation of ganglioside sialic acid residues has been
assumed to be functionally associated with transformation be
cause it protects the tumor cells from enzymatic attack and
could help them escape from immune defenses (35, 36). This
idea coincides with the finding that a ganglioside-specific ace-
tyltransferase in human melanoma cells is carefully regulated
(13).

The immunohistochemical localization of mab R24- and
D 1.1-positive antigens was analyzed in the fish tissues. Gan
glioside GU.I.one of the most prominent melanoma-associated
antigens, is of particular interest in this context because of the
conspicuously high frequency of anti-Gin antibodies following
immunization with melanoma cells (4-6, 12, 37). This implies
an immunologically important position of this ganglioside at
the cell surface. GDJ, therefore, has been chosen as a potential
target for melanoma immunotherapy (38-40) and is assumed
to exert its antitumor effects by potentiation of lymphocyte
responses (41-43). In tissue sections of melanoma-bearing
xiphophorine fishes, ganglioside (ini was localized in the ma
lignant tumors only. Normal skin and benign melanoma sec
tions gave no detectable staining with mab R24. This could be

due to a low concentration of ganglioside dm in these tissues,
or else to a possible crypticity of this antigen on the cell surface
in skin and benign tumor.

In contrast, the mab D 1.1-positive ganglioside antigen O-
acetyl-GD3 also proved to be a very minor component in the
ganglioside patterns of normal skin and benign melanoma.
Immunostaining of the tissue sections with mab D1.1, however,
revealed that this antigen was strongly expressed in all three
tissues examined. Therefore, it appears likely that antigen ex
posure could be selectively regulated, resulting in a ganglioside-
specific association with the malignant phenotype.

In terms of the chemical structure of the gangliosides, their
structural variants as 0-acetylated derivatives, and the localiza
tion of ganglioside GDÃŒ,the striking similarity between the
malignant melanomas of humans and fish may reflect the
common neuroectodermal origin of these tumors. In view of
the phylogenetic distance between humans and fish, however,
the similarity of the ganglioside component profiles may dem
onstrate that both tissues exhibit the same low differentiation
level. The ganglioside patterns in the fish melanoma system
show the same characteristics as have been reported for human
melanomas. Therefore, the data presented strengthen the idea
of a general validity of ganglioside alteration types during the
formation of these tumors.
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