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ABSTRACT

Breast tumors that were histopathologically diagnosed as invasive due

tal carcinoma were examined in relation to their abnormal expression of
gangliosides. Total ganglioside levels that were expressed as lipid-bound

sialic acids were significantly higher in breast tumor tissues than in

normal mammary tissues. Two kinds of unusual gangliosides were found
to be expressed in many cases of breast tumors. One was a group of

O-acetylated gangliosides, such as O-acetyl-GD3 and O-acetyl-GT3. They
are known as fetal gangliosides, which appear in fetal brains. The other

was an N-glycolylneuraminic acid-containing ganghioside, N-glycolyl

GM3, which had not been previously found in normal human tissues. The

finding that unusual ganghiosides are expressed in breast tumors may

provide the basis for their immunological diagnosis and vaccine therapy.

INTRODUCTION

Gangliosides are mostly localized on plasma membranes with their
sialylated sugar chains protruding out of cells. They serve as specific
antigens in immunoreactions and receptors for ligands in cell adhe
sion. It has been demonstrated by Hakomori (1) that the expression of
ganghiosides is affected in various ways by malignant transformation.
This is very relevant to uncontrolled cell growth because some species
of ganghiosides have been shown to modulate growth factor receptors
(2). From this point of view, many studies have revealed tumor
specific expression of gangliosides in various cancers. Gangliosides

expressed in melanoma have been studied the most intensively (3â€”7),
and those in others, such as gastrointestinal cancers (8â€”10), lung
cancers (1 1, 12), lymphomas (13), and neuroblastomas (14â€”17),also
have been examined. On the other hand, gangliosides expressed in
breast cancer have received little attention except for the studies by
Dyatlovitskaya et a!. (18) and Wiesner and Sweely (19). They re
ported the composition of major ganghiosides in breast tumor tissues
and sera of breast cancer patients but did not report tumor-specific
ganghiosides. The present study was undertaken to search for any
unusual gangliosides that are expressed in breast tumors that have
been identified as IDC.2 In this study, in addition to higher levels of
total gangliosides, two unusual species of sialic acids in gangliosides,
N-glycolylneuraminic acid and O-acetyl-N-acetylneuraminic acid,
have been found in the tumor tissues by chemical and immunochemi
cal methods.

MATERIALS AND METHODS

Human Tissues. Breast cancer tissues were obtainedfrom patientswho

were operated on at the Department of Breast Oncology, National Oncology
Institute, Havana, Cuba. Among these tissues, malignant tumors (n = 37)

histopathologically diagnosed as IDC were subjected to the present examina
tion. Normal mammary tissues (n = 6) were obtained from healthy women
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who died in accidents. These were autopsied at the Institute of Legal Medicine,
Havana, Cuba. Pooled breast tumors identified as IDC were provided by the
Hormonal Receptors Department, National Oncology Institute, Havana, Cuba.

Preparation of Ganghiosides.The extractionof total lipids and the prep

aration of gangliosides were carried out according to our previous method

applied to brain tissues (20). The present procedure for mammary tissues is
described below. A tissue sample (0.3â€”6.7 g) was homogenized with 2

volumes of water. The homogenate was mixed with S volumes of chloroform/
methanol (2:1) and incubated at 37Â°Cfor 1 h. The ratio of the chhoroform/
methanol in the mixture was adjusted to I:1 by addition of methanol, and the
suspension was centrifuged at 1000 X g for 10 mm. After the supematant was

removed as the extract, the residue was reextracted with 10 volumes of
chloroform/methanol/water (1 :2:0.8) at 37Â°C for 2 h. The two extracts were

combined, and the solvent was evaporated to give total lipids. The lipidic
residue was redissolved in S ml of chloroform/methanol (9: 1) with sonication

and applied to a phenyl-Sepharose CL-4B column (Pharmacia, Uppsala, Swe
den; bed volume, 2 ml). The column was filled with a suspension of phenyl
Sepharose in chloroform/methanol (1:2) and then equilibrated with chloro
form/methanol (9:1). Most ofneutral lipids and phospholipids were washed out
with 6 ml of chloroform/methanol (9:1) and 6 ml of chloroform/methanol
(85:15). Gangliosides were then eluted with 10 ml of chloroform/methanol
(1:1)and10mlofmethanol.Thesolventwasremovedbyastreamofnitrogen.
The samples were redissolved in a known volume of chloroform/methanol
(1:1). An aliquot of the fraction was assayed for sialic acid content by means
of GC/MS. To further purify the ganglioside fractions for TLC, the samples
were redissolved in 0.3 ml of chloroform/methanol/water (5:5:1) and applied

to a Toyopearl HW-40C column (Tosoh, Japan; bed volume, 10 ml). After the
removal of a void volume (3 ml), ganghiosideswere recovered in the next 3 ml.
The samples were redissolved in a known volume of chloroform/methanol
(1:1) and stored at â€”20Â°C.

Sialic Acid Determination by GCIMS. A ganghiosidefraction was meth
anolized with 1 ml of 0.5% methanohic HC1 at 100Â°C for 2 h to liberate siahic

acid as its derivative. The reaction mixture was dried under a nitrogen stream.

A known amount of phenyl-a-N-acetylglucosaminide (Sigma Chemical Co.,
St. Louis, MO) was added as an internal standard, and the sample was
peracetylated with 0.1 ml of a mixture of pyridine/acetic anhydride (1:1, v/v)
at 100Â°Cfor 30 mm. Excess acetic anhydride was degraded by adding
methanol. After evaporation, the sample was redissolved in 100 pi of chloro
form, and then a few p1 of the sample were applied to GC/MS. A JMS-DX
304/304 mass spectrometer (JEOL, Tokyo, Japan) and a gas chromatograph
5890A (Yokogawa Hewlett-Packard, Tokyo, Japan) equipped with an OV-l7

capillary column (0.25 mm internal diameter X 10 m; Quadrex, New Haven,

CT) were used. The SIM method was used to measure the fragment ions
derived from the specific molecules using the electron impact ionization mode.
Ionization voltage and current were 70 electron volt (eV) and 100 pA,
respectively. Column oven temperature was 228Â°C. The ion strengths of
fragments m/z 446 and m/z 330 were traced to detect siahic acid and the internal

standard, respectively. Calibration curves were drawn using an authentic
ganglioside mixture consisting of GMI, GDla, GD1b, GTlb, and GQlb (20).

Determination of Slalic Acid Species by GCIMS. An aliquot of total
gangliosides was taken and was hydrolyzed in 100 @xlof 2 M acetic acid at

80Â°Cfor I h. The sample was lyophilized, and a known amount of phenyl-a
N-acetylglucosaminide was added as an internal standard. The sialic acid

released was trimethylsilylated. The sample was subjected to GC/MS analysis
using SIM by the electron impact ionization mode. An OV-17 capillary column

(0.25 mm internal diameter X 10 m) was used, and column oven temperature

was maintained at 200Â°C.Fragment ions ofm/z 356, m/z 388, and m/z 420 were

TLC; aq., aqueous; TBS, Tris-HCI-buffered saline; H-D, Hanganutziu and Deicher;
FABIMS,fastatombombardmentmassspectrometry;DEAE,diethylaminoethyl.
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Fig. I. Contents of total gangliosides (A), O-acetyl ganglio
sides (B), and N-glycolyl gangliosides (C). Gangliosides were
prepared from total lipids using a phenyl-Sepharose column.
Ganglioside contents are expressed as lipid-bound siahic acid.
The levels of siahic acid were determined using SIM by the
GC/MS method. â€¢,individual measurements. A, total ganglio
side contents. The mean values of normal and tumor tissues
(horizontallines) are 8.8 Â±5.3 @z@gof wet tissue (mean Â±SD,
n 6) and 19.7 Â±13.0 @zg/gof wet tissue (n = 37), respec
tively. *, statistical significance (P < 0.05, two-tailed Swdent's
t test). B, levels of O-acetyl gangliosides (normal tissues, n = 6;

tumor tissues, n = 12). C, levels of N-glycolyl gangliosides
(normal tissues, n = 6; tumor tissues, n = 12).
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used to quantitate O-acetyl-N-acetylneuraminic acid, N.glycolylneuraminic
acid, and the internal standard, respectively. Calibration curves were made
using an authentic ganglioside mixture containing N-acetylneuraminic acid,
O-acetyl-N-acetylneuraminic acid, and N-glycolylneuraminic acid.

Quantitative TLC of Ganghiosides. Ganghioside composition was deter
mined by TLC-densitometry (21). Ganglioside samples were applied on a
HPTLC plate (E. Merck, Darmstadt, Germany) using an automatic applicator
(Automatic TLC Sampler III; CAMAG, Muttenz, Switzerland). The plate was
developed with chloroform/methanol/0.2% aq. CaCl2 (50:40:11) or chloro
form/methanol/2.5 N ammonium hydroxide (65:35:8). Standard samples con
mining known amounts of ganghiosides were developed in parallel with the test
samples. Ganghiosides were visualized with the resorcinol-HCI reagent (22)
and then determined at 580 nm using a Shimadzu CS-9000 flying spot scanner
(Shimadzu, Kyoto, Japan).

TLC-Immunostalning of Gangliosides Containing O-Acetyl Sialic Acid
and N-Glycolylneuramlnic Acid. Immunostaining of ganghiosides on
HPTLC plates was performed by a modification of the method of Saito et a!.
(23). A HPTLC plate was developed with the chloroform/methanol/0.2% aq.
CaCl2 (50:40:11) for staining O-acetylated gangliosides or with chloroform]
methanol/2.5 N ammonium hydroxide (65:35:8) for staining N-glycolylneura
minic acid-containing gangliosides. The developed plate was dried in vacuo for

20 rain and dipped in 0.4% polyisobutylmethacrylate in a solution of chloro
form/n-hexane (16:84) for 30 s, and then the organic solvent was removed
from the plate. For detecting O-acetylated gangliosides, the plate was covered
with monoclonal antibodies GMR2 (24) or 493D4 (established by immunizing
mice with mouse embryonic membranes) and incubated for 3 h at room
temperature. The antibodies were diluted with TBS, pH 7.4, containing 0.3%

gelatin. The plate was washed with TBS and then covered with a solution of

horseradish peroxidase-conjugated antimouse 1gM.The enzyme-linked second
antibodies were diluted with TBS containing 0.3% gelatin and 5% skim milk.
The plate was incubated for 90 mm and washed with TBS. The plate was then
incubated with ECL Western blotting detection reagents (Amersham, Buck
inghamshire, England), and chemiluminescence was recorded on an X-ray

film. For detecting N-glycolylneuraminic acid-containing gangliosides, the
samples were reacted with H-D antibody (25, 26) or monoclonal antibody P3

(27) raised against N-glycolyl-GM3 and then treated with horseradish perox

idase-conjugated antichicken IgG against H-D antibody or horseradish perox
idase-conjugated antimouse IgM against P3 in the same way as described

above.

Isolation of O-Acetylated Ganghiosides from Pooled Breast Tumor Tis
sues. Total lipids were extracted from 82.6 g of tumor tissues with chlo
roform/methanol (2: 1), followed by chloroform/methanol/water (1:2:0.8).

After evaporation of solvent, total lipids were suspended in a small volume
of methanol and water and dialyzed against water for 3 days. The lyoph
ihized sample was dissolved in chloroform/methanol/water (30:60:8), and

applied to a DEAE-Toyopearl 650M column (Tosoh, Tokyo, Japan; bed
volume, 150 ml; Ref. 28). Neutral lipids were washed out with chloroform/

methanol/water (30:60:8). Acidic lipids were eluted with chloroform/meth
anol/0.4 M aq. sodium acetate (30:60:8), followed by chloroform/methanol/

0.8 M aq. sodium acetate (30:60:8). The sample was dialyzed and then
lyophihized. GD3 and O-acetyl-GD3 were isolated from the acidic lipid
fraction using a Q-Sepharose column (Pharmacia, Uppsala, Sweden; bed

volume, 10 ml) with a solvent system of chloroformlmethanol/aq. sodium
acetate solution (30:60:8; Ref. 29). The salt concentration in the aq. part
was linearly increased from 0 to 3 M. The samples were desalted by

Toyopearl HW-40C column chromatography.
Isolation of a Ganglioside Containing N-Glycolylneuraminic Acid from

Pooled Breast Tumor Tissues. Total gangliosides were prepared from total
lipids of tumor tissues (13.7 g) by phenyl-Sepharose column chromatography
(bed volume, 15ml; Ref. 20). The ganghiosidefraction was subjected to a mild
base treatment and then purified using a Toyopearl HW-40 column (bed

volume, 10 ml; Ref. 20). N-Glycolyl-GM3 and N-acetyl-GM3 were isolated by
preparative TLC. The sample was developed on a HPTLC plate with a solvent

system of chloroform/methanol/2.5 N ammonium hydroxide containing 0.2%

NaC1(50:40:10). The portions of silicic acid containing the ganghiosideswere
scraped off from the plate and then gangliosides were extracted from sihicic

acid with chloroform/methanol/water (40:55:5) three times. The isolated sam
ples were applied to a Toyopearl HW-40 column to remove salts and impu
rities.

FAB/MS. Ganghiosides isolated from pooled tumor tissues were subjected

to FAB/MS analyses in the negative mode using a JMS-DX 304/304 mass
spectrometer. The sample was dissolved in DMSO to give a concentration of
5 jxg/pJ. A sample of 1 pJ was mixed with triethanolamine as a matrix. Mass
spectra were measured in the accumulation mode at 3 kV of acceleration

voltage.
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Fig. 2. Distribution of lipid-bound sialic acid in the major gangliosides. Values are
means Â±SE (normal tissues, n = 6; tumor tissues, n = 29). P < 0.05 compared to normal
tissues (two-tailed Student's t test). Others, minor gangliosides, including GD1a and
GTlb.
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B C

Fig. 3. Detection of O-acetyl ganglioside by
TLC-iminunostaining. A HPTLC plate was devel
o_ with chloroform/methanol/0.2% aq. CaCI2(50:
40: 11). After development, the plate was divided
into three parts. A, ganghiosides were visualized with
resorcinol-HCI reagent. B and C, gangliosides were
detected using GMR2 and 493D4, respectively. Lane
I, standard ganghioside mixture; Lane 2, GM3; Lane
3, GD3; Lanes 4 and 8, authentic O-acetyl-GD3;
Lanes 5 and I 1, authentic O-acetyl-GT3; Lanes 6. 9,
and 12, ganghiosides of a normal tissue; Lanes 7, 10,
and 13 are gangliosides of a tumor tissue.

RESULTS

Ganglioside Contents and Distributions in Normal and Cancer

ous Breast Tissues. Sialic acids were liberated from gangliosides by
methanolysis and peracetylated. The sialic acid derivatives were de
termined by GC/MS using SIM. As shown in Fig. 1A, the ganghioside
contents in cancerous breast tissues were found to be significantly
higher than those in normal tissues (19.7 Â±13.0 p@gsialic acid/g of
wet tissue versus 8.8 Â±5.3 @g;P < 0.05). Eighteen of 37 tumor cases
showed levels of gangliosides that were more than 2 SD higher than
the mean in normal tissues.

The distribution of the lipid-bound sialic acid is shown in Fig. 2.
GM3 and GD3 were the major gangliosides in mammary tissues and
they accounted for 85â€”90%of the lipid-bound sialic acid in both
normal tissues and tumor tissues. The levels of GM3 and GD3 in
tumor tissues were 2.8-fold and 1.7-fold greater than those in normal
tissues, respectively.

Occurrence of O-Acetyl-N-Acetylneuraminic Sialic Acids and

N-Glycolylneuraminic Acid in Breast Cancer Gangliosides. 0-

Acetyl-N-acetylneuraminic acid-containing ganghiosides or 0-acetyl
ganghiosides were characterized by TLC-immunostaining using anti
0-acetyl ganglioside monoclonal antibodies. 0-Acetyl ganghiosides
were detected by two different antibodies, GMR2 and 493D4, as
shown in Fig. 3. N-glycolylneuraminic acids were shown to occur in
the breast cancer ganghiosides by positive reactions with H-D anti
body and monoclonal antibody P3 (Fig. 4).

Fig. 4. Detection of N-glycolylneuraminic acid
containing ganglioside by TLC-immunostaining. A
HPTLC plate was developed with chloroform/meth
anol/2.5 N ammonium hydroxide (65:35:8). After
development, the plate was divided into three parts.
A, ganghiosides were visualized with resorcinol-HC1
reagent; B and C, gangliosides were detected using
H-DantibodyandP3,respectively.LaneI, standard
ganglioside mixture; Lane 2, N-acetyl-GM3; Lanes
3, 7, and 10, N-glycolyl-GM3; Lane 4, GD3; Lanes
5, 8, and 11, gangliosides of a normal tissue; Lanes
6, 9, and 12, gangliosides of a tumor tissue.
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The gangliosides containing 0-acetyl-N-acetylneuraminic acids or
N-glycolylneuraminic acids were attempted to be definitely charac
terized. To obtain large enough amounts of samples to be analyzed by
FAB/MS, 0-acetyl-N-acetylneuraminicacid and N-glycolylneura
minic acid-containing gangliosides were isolated from pooled tumor
tissues. One of them comigrated with authentic 0-acetyh-GD3 on a

HPTLC plate. This compound was stained with anti-0-acetyl-GD3
antibody (GMR2; Fig. 5B). It was easily converted by a base treat
ment to a compound that comigrated with authentic GD3 (Fig. 5A),
suggesting the presence of an 0-acetyl group. This compound was
further examined by FABIMS analysis. The quasi-molecular ion of
this compound at m/z 1594 (Fig. 6B) was 42 mass units higher than
that of GD3 isolated from pooled tumor tissues (Fig. 6A). This
difference corresponds to 1 moh of acetate. Loss of the terminal sugar
residue from this ganghioside [i.e., â€”333 mass units (0-acetyl-N-
acetylneuraminic acid)] yielded a fragment ion at m/z 1261 , which
was identical with monosialyl-dihexosylceramide. This spectrum in
dicates the presence of 0-acetyl-N-acetylneuraminic acid situated at

the terminal position of the disialyl residue. Another ganghioside
containing an unusual neuraminic acid was isolated from pooled
tumor tissues. This compound comigrated with authentic N-glycolyl
GM3 and was stained with H-D antibody and P3 (Fig. 7). This
ganglioside has three molecular species, and their quasi-molecular
ions in a FABIMS spectrum were m/z 1279, 1251, and 1167 (Fig. 8B).
They were 16 mass units larger than quasi-molecular ions of N-acetyl
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tissue ganghiosides. Three species of siahic acids, N-acetylneuraminic
acid, N-glycolylneuraminic acid, and 0-acetyl-N-acetylneuraminic
acid, were determined by GCIMS. Some samples from tumor cases
were not subjected to this measurement because of their limited
sample sizes. Most samples of breast tumors contained levels of
0-acetyl sialic acid (10 of 12 cases) and N-glycolylneuraminic acid (8
of 12 cases) that were higher than their normal ranges.

A B

DISCUSSION

Various types of tumors have been identified on the basis of
histopathological diagnosis. The existence of various types of tumors
indicates that many different mechanisms are involved in malignant
cellular differentiations. Therefore, biochemical data on tumor tissues
that have not been histologically identified do not seem to be very
meaningful. In this study, only breast cancer tissues that were his
topathologically diagnosed as IDC, a major type of malignant breast
tumor, were examined to determine whether there was a correlation
between a particular type of cancer and the expression of cell surface
ganglioside antigens.

As gangliosides are minor components in mammary tissues, good
methods for their quantitative isolation and sensitive analysis are
needed. We previously established a facile method for the isolation of
gangliosides from brain tissues using a phenyl-Sepharose column
(20). This method has successfully been applied to the present study
on breast cancer gangliosides. The detailed conditions of phenyl
Sepharose column chromatography were modified for the case of
mammary tissue because the ganghioside contents were extremely low
compared with those in brain tissues. To quantitate ganghiosides as the
lipid-bound sialic acid, a reliable method using GC/MS was used (20).
Colorimetric methods that have been widely used in the literature
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B Ac. :@
@ a NeuAc+0â€”NeuAc@!@Q-,--Gal40â€”Glc-+-Oâ€”Cer
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Fig. 5. Isolation of O-acetyl-GD3 from tumor tissues. An O-acetyl-ganglioside was
isolated by Q-Sepharose column chromatography. A, gangliosides were visualized with
resorcinoh-HCI reagent; B, gangliosides were detected with GMR2. Lane I, standard
ganglioside mixture; Lanes 2 and 6, authentic O-acetyl-GD3; Lane 5, authentic GD3;
Lanes 3 and 7, O-acetyl ganglioside isolated from tumor tissues; Lane 4, deacylated
product of the tumor ganglioside.
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GM3 isolated from pooled tumor tissues (Fig. 8A). Removal of the
terminal sugar unit from this compound yielded m/z 972, 944, and
860, which were all identical to each of dihexosylceramides from
N-acetyl-GM3. This spectrum indicates the presence of an N-glycolyl
residue instead of an N-acetyl group.

The contents of sialic acid species found in breast tumor ganglio
sides are shown in Fig. 1 as compared with those in normal mammary

Fig. 6. FAB/MS spectra of O-acetylated ganglioside. Ganghiosides
were isolated from pooled tumor tissues. A, GD3; B, O-acetyl-GD3.
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B C

Fig. 7. Isolation of N-glycolyl-GM3 from tumor
tissues. N-glycolyl-GM3 was isolated from tumor
tissues by preparative TLC. A, gangliosides were
visualized with resorcinol-HCI reagent; B and C,
ganghiosides were detected with H-D antibody and
P3,respectively.LaneI, standardgangliosidemix
ture; Lanes 2, 6, and 8, authentic N-glycolyl-GM3;
Lane 5, authentic N-acetyl-GM3; Lanes 3, 7, and 9,

N-glycolyl-GM3 isolated from tumor tissues; Lane
4, N-acetyl-GM3 isolated from tumor tissues.

were not applicable to this purpose because they easily produced false
color and were not sufficiently sensitive. Our analytical method made
it possible to specifically detect sialic acids in the presence of many
other components because of the high specificity of the SIM method.
Another method for the determination of three different sialic acid
species at once using GCIMS was developed in this study. The present
method enables us to analyze N-acetylneuraminic acid, N-glycolyl
neuraminic acid, and 0-acetyl-N-acetylneuraminic acid in one run.
Kawai et a!. (30) reported a method that was similar to ours, but their
method could measure only the former two neuraminic acids because
0.acetyl group was eliminated by methanolysis.

The quantitation of gangliosides revealed that the average level was
significantly higher in breast cancer tissues than in normal tissues

(Fig. lA). However, ganglioside levels in one-half of the tumor cases
remained in the normal range, whereas levels in the other cases were
far above that. Merritt et a!. (31) and Kioppel and Morrd (32) reported
increased levels of gangliosides in rat hepatomas compared with
normal liver tissues. Kawai et a!. (30) indicated that the ganghioside
contents in glycosphingolipid fractions were elevated in liver, lung
and gastric cancers. An increase in the ganglioside content seems to be
a characteristic of transformed cells.

The major gangliosides in breast cancer tissues were GM3 and
GD3, as in normal tissues. The average levels of GM3 and GD3 in
tumor tissues were 2.8-fold and 1.7-fold higher than the normal levels
(Fig. 2). Our results were similar to those of Dyatlovitskaya et a!. (18).
In melanoma, it is known that GD3 and GD2 are expressed to greater
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GANGLIOSIDES OF BREAST CANCER

extents than in melanocytes (4â€”7).Ravindranath et aL (6) reported
that a decrease in the GM3/GD3 ratio was correlated with the prog
noses of melanoma patients. Zheng et a!. (33) showed that GM3
modulated an integrin receptor in a mouse mammary carcinoma cell
line, and Cheresh et a!. (34) revealed that the vitronectin receptor
formed a complex with GD3 or GD2. High expressions of GM3 and
GD3 in breast cancers might affect the adhesive property of trans
formed cells.

In the present study, two ganglioside species containing unusual
sialic acid derivatives were found in breast tumor tissues. One was the
0-acetyl ganglioside species. 0-Acetyl-GD3 and 0-acetyl-GT3 ex
pressed in breast tumor tissues were detected by monoclonal antibod
ies as shown in Fig. 3. The chemical structures of both gangliosides
from other sources were already established by three groups, includ
ing us (28, 35, 36). 0-Acetyl.GD3 isolated from pooled breast tumor
tissues was analyzed by FAB/MS and TLC after a base treatment as
well as by its immunoreactivity with a specific antibody against
0-acetyl-GD3. In the present study, using a newly developed method,
we determined the contents of 0-acetylated sialic acid as shown in
Fig. lB. 0-Acetyl gangliosides have been reported to exist in other
tumors: 0-acetyl-GD3 in melanomas (3, 6, 7) and 0-acetyl-GD2 in
neuroblastomas (17). 0-acetylated gangliosides have been reported to
occur in fetal mammalian brains as a fetal antigen (37â€”39).Hiraba
yashi et aL (38) and Mendez-Otero et a!. (37) revealed that these
gangliosides were expressed at high levels in murine embryonic brain
and decreased in the postnatal period. 0-Acetylation of gangliosides
in tumor tissues may show retrogenetic expression to a fetal devel
opmental stage. The other unusual ganglioside species contained
N-glycolylneuraminic acid. In breast tumor tissues, N-glycolyl-GM3
was detected by its reactions with specific antibodies as shown in Fig.
4. The chemical nature of this ganglioside isolated from tumor tissues
was characterized by FABIMS. The occurrence of this species in other
cancer tissues was reported in several cases such as colon cancer (8),
melanoma (40), germ cell tumor (41), and others (32). Quantitative
data on the contents of N-glycolylneuraminic acid in the total gan
gliosides are shown in Fig. lC.

Breast tumor tissues that were diagnosed as IDC, were shown to be
distinct from normal mammary tissues in their ganghioside expression.
Total ganglioside levels were significantly higher on average in the
tumor tissues than in normal tissues. However, not all tumor tissues
had ganglioside levels that were higher than those in normal tissues.
On the other hand, the unusual ganglioside species containing 0-
acetyl-N-acetylneuraminic acid or N-glycolylneuraminic acid were
expressed in most tumor cases to extents that exceeded the normal
range (Fig. 1). Thus, the abnormal occurrence of these unusual gan
gliosides seems to be characteristic of DC of mammary glands.

ACKNOWLEDGMENTS

We thank Drs. Ines Perez, Luis Moreno, Guido Carrillo, and Celia Pereda
for providing tumor samples and the members of the Department of Pathology
of the National Oncology Institute and the Institute of Legal Medicine, Ha
vana, Cuba, especially Drs. Sonia Franco and Daysi Ferrer for histopatholog
ical examinations. We are grateful to Drs. Tadashi Tai (Tokyo Metropolitan

Institute of Medical Science) for providing monoclonal antibody GMR2,

Shinobu Fujita (Mitsubishi Kasei Institute of Life Sciences) for providing
monoclonal antibody 493D4, and Ana Maria Vazquez (Center of Molecular
Immunology, Havana, Cuba) for providing monoclonal antibody P3. We

express much appreciation to Dr. Yoshio Hirabayashi (Institute of Physical and
Chemical Research) for characterizing monoclonal antibody 493D4 and for
supplying H-D antibody.

5170

REFERENCES

1. Hakomori,S-I. Aberrantglycosylationin cancercell membranesas focusedon
glycolipids: overview and perspectives. Cancer Res., 45: 2405â€”2414, 1985.

2. Hakomori, S-I. Role of gangliosides in transmembrane signaling and cell recognition.
In: A. Rosenberg (ed), Biology of the Sialic Acids, pp. 243â€”256.New York: Plenum
Press, 1995.

3. Cheresh, D. A., Varki, A. P., Varki, N. M., Stallcup, W. B., Levine, J., and Reisfeld,
R. A. A monoclonal antibody recognizes an O-acetylated sialic acid in a human

melanoma-associated ganglioside. J. Biol. Chem., 259: 7453â€”7459, 1984.
4. Carubia, J. M., Yu, R. K., Macala, L. J., Kirkwood, J. M., and Varga, J. M.

Gangliosides of normal and neoplastic human melanocytes. Biochem. Biophys. Res.
Commun., 120: 500â€”504, 1984.

5. Tsuchida, T., Saxton, R. E., Morton, D. L., and Irie, R. F. Gangliosides of human
melanoma. Cancer (Phila.), 63: 1166â€”1174, 1989.

6. Ravindranath,M. H., Tsuchida,T., Morton,D. L., and Inc. R. F. Ganglioside
GM3:GD3ratioas an indexfor the managementof melanoma.Cancer(Phila.),67:
3029â€”3035, 1991.

7. Hamilton, W. B., Helling, F., Lloyd, K. 0., and Livingston, P. 0. Ganglioside
expression on human malignant melanoma assessed by quantitative immune thin
layer chromatography. tnt. J. Cancer, 53: 566â€”573,1993.

8. Higashi, H., Hirabayashi, Y., Fukui, Y., Naiki, M., Matsumoto, M., Ueda, S., and
Kato, S. Characterization of N-glycolylneuraminic acid-containing ganghiosides as
tumor-associated Hanganutziu-Deicher antigen in human colon cancer. Cancer Res.,
45: 3796â€”3802,1985.

9. Dohi,T.,Ohta,S.Hanai,N.,Yamaguchi,K.,andOshima,M.Sialylpentaosylceram
ide detected with anti-GM2 monoclonal antibody. Structural characterization and
complementary expression with GM2 in gastric cancer and normal gastric mucosa.
J. Biol.Chem.,265:7880â€”7885,1990.

10. Ogata, S., Ho, I., Chen, A., Dubois, D., Maklansky, J., Singhal, A., Hakomori, S-I.,
and Itzkowitz, S. H. Tumor-associated sialylated antigens are constitutively expressed
in normal human colonic mucosa. Cancer Res., 55: 1869â€”1874, 1995.

11. Nilsson, 0., Brezicka, F. T., Holmgren, J., Sorenson, S., Svennerholm, L., Yngvason,
F., and Lindholm,L. Detectionof a gangliosideantigenassociatedwithsmallcell
lung carcinomas using monoclonal antibodies directed against fucosyl-GM1 . Cancer
Res., 46: 1403â€”1407,1989.

12. Brezicka, F-T., Oiling, S., Nilsson, 0., Bergh, J., Holmgren, J., Sorenson, S.,
Yngvason, F., and Lindholm, L. Immunohistological detection of fucosyl-GM1
ganglioside in human lung cancer and normal tissues with monoclonal antibodies.
Cancer Res., 49: 1300â€”1305, 1989.

13. Murayama, K., Levery, S. B., Schirrmacher, V., and Hakomori, S-I. Quantitative
differences in position of sialylation and surface expression of glycolipid between
murine lymphomas with low metastatic (Eb) and high metastatic (ESb) potentials and
isolation of a novel disialoganglioside (GDla) from Eb cells. Cancer Res., 46:
1395â€”1402,1986.

14. Schulz, G., Cheresh, D. A., Varki, N. M., Yu, A., Staffileno, L. K., and Reisfeld, R. A.
Detection of ganghioside GD2 in tumor tissues and sera of neuroblastoma patients.
Cancer Res., 44: 5914â€”5920,1984.

15. Saito, M., Yu, R. K., and Cheung, N-K. V. Ganglioside GD2 specificity of mono
clonal antibodies to human neuroblastoma cell. Biochem. Biophys. Res. Commun.,
127: 1â€”7,1985.

16. Wu,Z-L.,Schwartz,E.,Seeger,R., andLadisch,S. Expressionof GD2ganghioside
by untreated primary human neuroblastomas. Cancer Res., 46: 440â€”443,1986.

17. Ye, J. N., and Cheung, N-K. V. A novel O-acetylated ganglioside detected by
anti-GD2 monoclonal antibodies. Int. J. Cancer, 50: 197â€”201,1992.

18. Dyatlovitskaya, E. V., Tekieva, E. A., Lemenovskaya, A. F., Somova, 0. G., and
Bergelson, L. D. Gangliosides GM3 and GD3 in human gastric and mammary tumors.
Biokyimiya, 56: 560â€”564, 1991.

19. Wiesner, D. A., and Sweely, C. C. Circulating gangliosides of breast-cancer patients.
mt. J. Cancer, 60: 294â€”299,1995.

20. Waki, H., Kon, K., Tanaka, Y., and Ando, S. Facile methods for isolation and
determination of gangliosides in small scale: age-related changes of ganghiosidesin
mouse brain synaptic plasma membranes. Anal. Biochem., 222: 156â€”162,1994.

21. Ando, S. Chang, N-C., and Yu, R. K. High-performance thin-layer chromatography

and densitometric determination of brain ganglioside compositions of several species.
Anal Biochem., 89: 437â€”450, 1978.

22. Svennerholm, L. Chromatographic separation of human brain gangliosides. J. Neu
rochem., 10: 613â€”623,1963.

23. Saito, M., Kasai, N., and Yu, R. K. In situ immunological determination of basic

carbohydrate structures of gangliosides on thin-layer plates. Anal. Biochem., 148:
54â€”58,1985.

24. Ozawa, H., Kotani, M., Kawashima, I., and Tai, T. Generation of one set of

monoclonal antibodies specific for b-pathway ganglio-series gangliosides. Biochem.
Biophys. Acta, 1123: 184â€”190,1992.

25. Higashi, H., and Naiki, M. Antigen of â€œserumsicknessâ€•type of heterophile antibodies
in human sera: identification as gangliosides with N-glycolylneuraminic acid. Bio
chem. Biophys. Res. Commun., 79: 388â€”395, 1977.

26. Fujii, Y., Higashi, H., Ikuta, K., Kato, S., and Naiki, M. Specifities of human
heterophihic Hanganutziu and Deicher (H-D) antibodies and avian antisera against
H-D antigen-active glycosphingolipids. Mol. Immunol., 19: 87â€”94,1982.

27. Vazquez, A. M., Alfonso, M., Lanne, B., Karlsson, K-A., Carr, A., Barroso, 0.,
Fernandez, L. E., Rengifo, M. E., Lanio, M. E., Alvarez, C., Zeuthen, J., and Perez,
R. Generation of a murine monoclonal antibody specific for N-glycolylneuraminic

acid-containing ganghiosides which also recognizes sulfated glycolipids. Hybridoma,
13: 551â€”556,1995.

28. Waki, H., Murata, A., Kon, K., Maruyama, K., Kimura, S., Ogura, H., and Ando, S.

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
://a

a
c
rjo

u
rn

a
ls

.o
rg

/c
a
n
c
e
rre

s
/a

rtic
le

-p
d
f/5

6
/2

2
/5

1
6
5
/2

4
6
1
9
5
6
/c

r0
5
6
0
2
2
5
1
6
5
.p

d
f b

y
 g

u
e

s
t o

n
 2

4
 A

u
g

u
s
t 2

0
2

2



GANGLIOSIDES OF BREAST CANCER

Isolation and characterization of a trisialyllactosylceramide, GT3, containing an
O-acetylated sialic acid in cod fish brain. J. Biochem., 1/3: 502â€”507,1993.

29. Hirabayashi, Y., Nakao, T., and Matsumoto, M. Improved method for large-scale
purification of brain gangliosides by Q-Sepharose column chromatography. J. Chro
matogr., 445: 377â€”384,1988.

30. Kawai, T., Kato, A., Higashi, H., Kato, S., and Naiki, M. Quantitative determination
of N-glycolylneuraminic acid expression in human cancerous tissues and avian
lymphoma cell lines as a tumor-associated sialic acid by gas chromatography-mass
spectrometry. Cancer Res., 51: 1242â€”1246, 1991.

31. Merritt, W. D., Richardson, C. L., Keenan, T. W., and MorrÃ©,D. J. Ganglioside of
liver tumors induced by N-2-fluorenylacetamide. I . Gangiioside alterations in liver
tumorigenesis and normal development. J. NatI. Cancer Inst., 60: 1313-1325, 1978.

32. KIoppel, T. M., and Moire, D. J. Characteristics of transplantable tumors induced in
the rat by N-2-fluorenylacetamide: elevation in tissue and serum sialic acid. J. NatI.
Cancer Inst., 64: 1401â€”1409,1980.

33. Zheng, M., Fang, H., Tsuruoka, T., Tsuji, T., Sasaki, T., and Hakomori, S-I. Regu
latory role of GM3 ganglioside in a531 integrin receptor for tibronectin-mediated
adhesion of FUAI69 cells. J. Biol. Chem., 268: 2217-2222, 1993.

34. Cheresh, D. A., Pytela, R., Pierschbacher, M. D., Klier, F. G., Ruoslahti, E., and
Reisfeld, R. A. An Arg-Gly-Asp-directed receptor on the surface of human melanoma
cells exists in a divalent cation-dependent functional complex with the disialogan
glioside GD2. J. Cell Biol., 105: 1163â€”1173, 1987.

35. Thurin, J., Herlyn, M., Hindsgaul, 0., Stromberg, N., Karlsson, K-A., Elder, D.,

Steplewski, Z., and Koprowski, H. Proton NMR and fast-atom bombardment mass
spectrometry analysis of the melanoma-associated ganglioside 9-O-acetyl-GD3.
J. Biol.Chem.,260: 14556â€”14563,1985.

36. Ren, S., Scarsdale, J. N., Ariga, T., Zhang, Y., Klein, R. A., Hartmann, R., Kushi, Y.,
Egge, H., and Yu, R. K. O-Acetylated ganghiosides in bovine buttermilk. J. Biol.
Chem., 267: 12632â€”12638, 1992.

37. Mendez-Otero, R., Schlosshauer, B., Barnstable, C. J., and Constantine-Paton, M. A
developmentally regulated antigen associated with neural cell and process migration.
J. Neurosci.,8: 564â€”579,1988.

38. Hirabayashi, Y., Hirota, M., Suzuki, Y., Matsumoto, M., Obata, K., and Ando, S.
Developmentally expressed O-acetyl ganghioside GT3 in fetal rat cerebral cortex.
Neurosci. Lett., 106: 193â€”198,1989.

39. Igarashi, M., Waki, H., Saito, S., Komiya, Y., and Ando, S. Characteristics of
gangliosides including O-acetylated species in growth cone membranes at several
developmental stages in rat forebrain. Dcv. Brain Res., 78: 17â€”24,1994.

40. Nakarai, H., Chandler, P. J., Kano, K., Morton, D. L., and Irie, R. F. Hanganutziu
Deicher antigen as a possible target for immunotherapy of melanoma. mt. Arch.
Allergy AppI. Immunol., 91: 323â€”328,1990.

41. Miyake, M., Hashimoto, K., Ito, M., Ogawa, 0., Arai, E., Hitomi. S., and Kannagi,
R. The abnormaloccurrenceand the differentiation-dependentdistributionof N-
acetyl and N-glycolyl species of the ganglioside GM2 in human germ cell tumors.
Cancer (Phila.), 65: 499â€”SOS,1990.

5171

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
://a

a
c
rjo

u
rn

a
ls

.o
rg

/c
a
n
c
e
rre

s
/a

rtic
le

-p
d
f/5

6
/2

2
/5

1
6
5
/2

4
6
1
9
5
6
/c

r0
5
6
0
2
2
5
1
6
5
.p

d
f b

y
 g

u
e

s
t o

n
 2

4
 A

u
g

u
s
t 2

0
2

2


