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ABSTRACT monosialoganglioside 3, (Sian2—3LacCer) can be modified by the
action of a specific sialyltransferase (ST8Sia I; Refs. 11 and 12),
generating the disialogangliosidg,$(Siax2—8Siax2—3LacCer). The
latter is a well-known marker for cellular activation and malignant

Gy, de-N-acetylation of the 5N-acetyl group (giving deN-Ac-Gy,). We transformation (13-16) and is among the ganglioside antigens tar-

found that conventional immunohistochemistry of the SGR37 antigen is geted_for the immunotherapy of cancer (17__24)'
limited by a reduction in reactivity upon fixation with aldehydes (which Various modifications of the common sialic adittacetyl-neura-

presumably react with the free amino group) or with organic reagents minic acid increase ganglioside diversity further (25, 26). For exam-
(which can extract glycolipids). We optimized conditions for detection of ple, O-acetylation of the terminall-acetyl-neuraminic acid in gangli-
this antigen in unfixed frozen tissue sections and studied its distribution in  oside G,; generates ®-acetyl-G,; (an epitope also detected by
human tissues and tumors. It is expressed at low levels in a few blood CD60 antibodies; Refs. 27 and 28). MAbs have also been used to
vessels, infiltrating mononuclear cells in the skin and colon, and at mod- (etect the loss of thh-acetyl group from C5 oN-acetyl-neuraminic
erate levels in skin melanocytes. In contrast, the antigen accumulates at acid, i.e., deN-acetylated gangliosides containing free amino groups
high levels in many melanomas and in some lymphomas but not in (29-31). Such structural modifications have potential functional im-

carcinomas. In positive melanomas, expression is sometimes more intense' .~ " . - .
and widespread than that of G, plications. For exampleQ-acetylation at C9 of sialic acids masks
3

Both 9-O-acetylation and deN-acetylation of G5 seem to occur after its P'”d'”g of proteins that recognize the exocyclic C_ha'n of Sias,
initial biosynthesis. Isotype-matched antibodies against G, 9-O-acetyl- influenza A and B hemagglutinins (32), I-type lectins (33, 34), and
Gps and deN-acetyl-G; were used to compare their subcellular local- complement factor H (35-37). When added exogenously, synthetic
ization and trafficking. 9-O-acetyl-Gp, colocalizes with G,; predomi- deN-acetyl-G,; was found to antagonize the effects of,&upon
nantly on the cell surface and partly in lysosomal compartments. In  epidermal growth factor receptor kinase activity (38).
contrast, de-N-acetyl-Gy; has a diffuse intracellular location. Adsorptive MADbs against several glycolipid tumor antigens are presently under
endocytosis of antibodies indicates that whereas 3 remains predomi-  getive study as diagnostic and therapeutic agents. Using the MAbs
nantly on the CE" S“rfgce’ de?'aceltyl'em is emdemg’ i”temalfized Iinto @ SGR37 and SMR36 that were raised against chemically synthesized
compartment that is distinct from lysosomes. Rounding up of melanoma . A
cells occurring during growth in culture is associated with relocation of :jnee-ll\zlgl-r?grergl-c%ll&lir\:vees IF\)/IrsI\S:)l;]IZ l\r/lezp](-)r(tsef) rﬁiﬁnge Iﬂaflheecgumrgzred

the internal pool of deN-acetyl-Gp; to the cell surface. Thus, a minor L . -
modification of the polar head group of a tumor-associated glycosphingo- the distribution of deN-acetyl-G,; (SGR37 antigen) with its parental

lipid can markedly affect the subcellular localization and trafficking of the ~ Molecule G,5 in human tissues and malignant tumors. We have also

whole molecule. The high levels of the SGR37 antigen in melanomas andevaluated the subcellular distribution of,&in human melanoma

lymphomas, its selective endocytosis from the cell surface, and its reloca- cells in comparison with that of two structurally related derivatives,

tion to the cell surface of rounded up cells suggest potential uses in 9-O-acetyl-G,5;, and deN-acetyl-G,; Despite the subtle structural

diagnostic or therapeutic approaches to these diseases. differences among these molecules, we found marked differences in
their tissue distribution, subcellular localization, and trafficking.

The disialoganglioside G,; is a major antigen in human melanomas
that can undergo 9:O-acetylation of the outer sialic acid (giving 9-OAc-
Gps)- Monoclonal antibody SGR37 detects a different modification of the

INTRODUCTION

Gangliosides are Stecontaining glycosphingolipids found on theMATERIALS AND METHODS
outer plasma membrane leaflet of most vertebrate cells (1, 2). TheyR s.unl therwise stated. all . g hased f
contribute to physical properties of the membrane (3), serve as recgp- €agents. Unless otherwise stated, afl reagents used were purchased from

. ) . . ! ma Chemical Co. (St. Louis, MO).
tors for bacterial and viral adhesins (4), and interact with/modulate t é’Ce”S and Antibodies. Hybridoma R24 (anti-G,, purchased from Amer-

functic_)ns_ of growth factor an_d e>_<trace||ular matrix receptors _(5, Gajan Tissue Culture Collection; 13) and hybridoma 27A (anti-9-O-acegy-G
Gangllo§|des are also pote.ntlal ligands for endogenously active aRist. 39) were grown in RPMI 1640 supplemented with 10% heat-inactivated
mal lectins, such as selectins (7, 8) and I-type lectins (9, 10). Masts. Hybridoma SGR37 (raised against chemically synthesizehaizetyl-
common gangliosides derive from LacCer (8B 4Glg831-1ceram- Gpg Ref. 31) was grown as above in the presence of recombinant interleukin
ide), which is further modified by different glycosyltransferases. The(1 ng/ml). R24, 27A, and SGR37 are all mouse 1gG3 monoclonal antibodies.
The FLOPC-21 immunoglobulin was used as an additional isotype control for
Received 10/15/98: accepted 1/19/99. all immunochemical assays. The |mmunoglqpulln conce_ntratlon in hyprldoma
The costs of publication of this article were defrayed in part by the payment of pagélPernatants was typically 8—J2g/ml. Purification of immunoglobulins,
charges. This article must therefore be hereby masdwrtisemenin accordance with when necessary, was done batchwise using protein A-Sepharose (Pharmacia),

18 U.S.C. Section 1734 solely to indicate this fact. according to the manufacturer’s specifications, and the final concentration was

1 Supported by USPHS Grants RO1GM32373 (to A.V.) and P01-CA58689 (tg . . -
M. G. F.), and CNPg Grant 3000795/97-1 (to R. C.). Ie?djusted to 1 mg/ml in PBS. Human melanoma M21 and Melur cell lines

2 present address: Ludwig Institute for Cancer Research and Unidade de Oncoldgfpvided by R. Reisfeld, The Scripps Research Institute, La Jolla, CA) were
Experimental, Universidade Federal de Sao Paulo, Sao Paulo, Brazil 04023-062. grown in DMEM (regular glucose), supplemented with 10% heat-inactivated
®To whom requests for reprints should be addressed, at Glycobiology Prograags. A monospecific rabbit polyclonal antibody against human lamp-1 was a

University of California San Diego Cancer Center, Room 1065, 9500 Gilman Drive, : : :
Jolla, CA 92093-0687. ¥nd gift from Dr. Minoru Fukuda (The Burnham Institute, La Jolla, CA).

4 The abbreviations used are: Sia, sialic acid; LacCer, lactosyl-ceramide; MAb, mono- Tissues and Immunohistochemistry.Cryosections (§sm-thick) of hu-
clonal antibody. man tissues (both normal and tumor samples) were obtained through the
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University of California San Diego Cancer Center Histology Core facilityanti-mouse IgG fol h at4°C. After fixation with 1% formaldehyde, cells were
Different fixation procedures were tested to ensure minimum losses of thealyzed in a FACScan (Beckton & Dickinson, San Jose, CA). Extensive
antigen. After cryosectioning, sections were thaw-mounted onto Superfréstpsin digestion (1 mg/mlin PBS fd h at37°C) prior to antibody incubation
Plus slides (Surgipath), air-dried at room temperature for 1 h, and thems done to study the possibility of masking of gangliosides by cell surface
subjected to chemical fixation with various agents including phosphate-bufflycoproteins (42). Simultaneous analysis of cell cycle status and ganglioside
ered paraformaldehyde (2, 4, and 8%), for 30 min at room temperature; cekpression was done by modifications of methods described previously (43).
acetone, for 10 min at 20°C; or 2% glutaraldehyde in PBS for 30 min at roomBriefly, cell permeabilization after antibody binding was done with 0.03%
temperature. Because these treatments altered SGR37 reactivity (see @Rpeonin in PBS for 15 min at room temperature. Permeabilized cells were then
sults”), some sections were fixed only after initial probing with the antibodiescubated with propidium iodide (Life Technologies, Inc.; 26/ml) in RNase
and secondary reagents. Organic solvents such as methanol (which also aét §8oehringer Mannheim; 4Qug/ml) containing PBS for 30 min. After
fixatives) were also used to ascertain the lipid nature of the antigens for R@ashing, cells were analyzed in a FACScan.
and SGR37 MADbs. Periodate oxidation was done as described elsewhere (2Bubcellular Fractionation. Melur cells were lysed by nitrogen cavitation,
31) using either 1 m sodium periodate in PBS (15 min at 4°C, mild oxidationas described elsewhere (31). The cell lysate was centrifuged at @0for 10
specific for the exocyclic chain of Sias; Ref. 40) or with 461nsodium min at 4°C. One ml of the supernatant (postnuclear supernatant) was applied
periodate in PBS (15 min at room temperature, strong oxidation, reacting with top of 17 ml of Percoll (20% in Tris-buffered saline, pH 8.0). A Percoll
all vicinal hydroxyl groups present in carbohydrates; Ref. 41). Oxidatiogradient was formed by ultracentrifugation at 20,00@ for 50 min using a
reactions were usually stopped by addition of 1 or 46 NeBH, solution in  fixed angle rotor. Fractions of 1 ml were collected using a fraction delivery
PBS for 15 min (similar results were obtained after simply washing away tisgstem (Beckman) and analyzed fBrhexosaminidase and'-Bucleotidase
periodate). Tissues were then washed and processed for immunohistocheaitivity, as described elsewhere (44). Lipids from each fraction were extracted
try. All sections were blocked with 10% goat serum in PBS for 30 mirgnd analyzed for the presence of R24 and SGR37 antigens by ELISA, as
incubated with primary antibody (Rg/ml of R24, up to 25ug/ml of SGR37, described previously (30, 31).
and 25ug/ml of FLOPC21, all mouse 1gG3). Incubations were either carried Adsorptive Endocytosis Assay.Melur cells were grown on coverslips or
for 1 h atroom temperature or overnight at 4°C. Incubations with a biotinylatei§ssue culture slide chambers (LabTek) up to 70—-80% confluency. The ad-
secondary antibody and appropriate streptavidin conjugates and substrate @sieptive endocytosis assay (45-47) consists of incubating cells in the presence
development followed routine procedures. of antibodies (2Qg/ml) under culture conditions and determining the subcel-
Indirect Immunofluorescence Studies on Whole CellsMelanoma cells lular distribution of the antibodies after a chase. The uptake of dextran-FITC
were grown on coverslips (Fisher Scientific) or tissue culture slide chambdfs1 mg/ml) was used as a marker for lysosomes. The mixture containing the
(LabTek) up to 70—80% confluency. To avoid inactivation of the SGR3antibodies and organelle probe was pulsed for 30 min and chased for 8 h. Cells
antigen, cells were lightly fixed with 2% phosphate-buffered paraformaldwere then fixed with 2% phosphate-buffered paraformaldehyde, and the sub-
hyde for 30 min at room temperature and promptly washed with PBS contaiéllular distribution of the endocytosed antibody was analyzed using anti-
ing 50 mm lysine to quench the excess of paraformaldehyde. Permeabilizatimouse 1gG antibodies.
was achieved by treating cells with saponin (0.03% in PBS for 15 min and then
present throughout subsequent incubations). Optimal primary antibody cCRESULTS
centrations for R24 and 27A were j5g/ml, and for SGR37, 2@ug/ml (the
isotype control FLOPC21 was also used atf/ml). Secondary antibodies ~ Optimization of Conditions for Detection of SGR37 and R24
were either fluorescein- or rhodamine-conjugated (Jackson ImmunoReseafohtigens in Human Tissue SectionsThe original SGR37 reagent
West Grove, PA) and used at a final concentration ofufdml. Cells were (31) is an IgG3 antibody that was raised by immunizing mice with
observe_d in an epifluorescence_} microscope (Zeiss, Germany), equipped ‘@Wémically synthesized de-acetyl-G,,. It was shown to react in a
appropriate filters (Omega Optical, Brattleboro, VT). highly specific manner with this ganglioside structure, requiring the
Indirect Immunofluorescence Studies on Semithin SectionsMelur cells oo e of a nonacetylated amino group of a neuraminic acid residue,
were lightly fixed on tissue culture platesrfb h atroom temperature with 2% . : . . . .
well as the intact side chain of the outer Sia residue. The antibody

paraformaldehyde in 0.1 M phosphate buffer (pH 7.4), scraped off, a ] . .
pelleted. After washing (%) with PBS, the cells were infiltrated with 2.3~ SO reacts with human melanoma cells in culture and with an appro-

sucrose in 0. phosphate containing 20% polyvinylpyrrolinkl( 10,000). priately migrating TLC band in lipid extracts from these cells (it is
The pellet was trimmed, mounted on aluminum cryopins, and frozen in liquidill unclear which of the two Sia residues must beNacetylated to

N,. Semithin cryosections (0.5-1;0m) were cut with a Reichert Ultracut E allow recognition; Ref. 31). We now wished to use this antibody to
ultramicrotome equipped with an FC-4 cryoattachment and transferred égplore the expression and distribution of the antigen in normal
gelatin-coated slides. Sections were double labeled with the primary antibodigfman tissues, in comparison with that of thg;@ntigen (detected

for 3 h atroom temperature, followed by secondary antibodies E(annkey by antibody R24, also an isotype-matched mouse 1gG3). Conditions
anti mouse FITC and F(af)donkey anti-rabbit Texas Red. Micrographs wergor gptimal recognition of the antigens in tissue sections were first
taken with a Zeiss Axiophot equipped for fluorescence. worked out as described in “Materials and Methods.” As expected for

Immunogold Labeling. Ultrathin sections were cut from the same pellets lycolipid antigens, tissue section reactivity with both antibodies was
as above and transferred to Formvar-coated nickel grids. Antibodies waycolp 9 ’ Y

incubated overnight, followed by a rabbit anti-mouse bridge. The sections Wép@rkedly dimini.Shed by fi)'(ation in organig SOlvenqu’ mEthfanOD,
then labeled with 5 nm, gold-conjugated goat anti-rabbit IgG for 1 h. THY Y the paraffin-embedding process typically used in routine histo-

sections were stained with 2.0% neutral uranyl acetate (30 min), followed I§gical processing (48). Even with mild acetone fixation, which has
adsorption staining with 0.2 uranyl acetate, 0.2% methyl cellulose, and 3.43@en previously used successfully with R24 (49), there was some loss
polyvinyl alcohol and observed in a Philips CM-10 electron microscope. lof the SGR37 antigen. With other conventional glycolipid antigens,
some experiments, the cells were treated with Streptolysin-O before fixirte way to circumvent these extraction problems is to avoid organic
pelleting, and ultrathin sectioning. solvents and to fix frozen sections with aldehydes instead (see “Ma-
Flow Cytometric Analysis. Melur cells were typically harvc_—:‘stgd at 70-tarials and Methods”). Although this works well with MAb R24
80% confluency. Nonadherent cells were collected by aspiration, Wherz%?ﬂi-Gm), SGR37 reactivity (anti-dékacetyl-G,;) was progres-

adnerent cells were harvested using ATV solution (0.5 g/l trypsin and 0.2 ively lost with increasing paraformaldehyde fixation (data not shown
EDTA). Nonadherent cells were treated with ATV in parallel to adherent cells. y 9p y ’

After trypsin inactivation with serum-containing medium, cells were wash a—‘,‘actlwty was obviously d|-m|.n|s.hed at concentrations of paraformal-
with PBS containing 1% BSA. When indicated, cells were permeabilized wifiehyde that were-2%). This is likely because the free amino groups
0.03% saponin in PBS for 15 min at room temperature. Primary antibodiéat are critical determinants of the SGR37 antigen are also covalently
were used at the same concentrations as indicated above in incubations ofrioglified by the paraformaldehyde. Similar problems were noted with
h at 4°C. After washing, cells were incubated with #@/ml FITC-labeled glutaraldehyde fixation (data not shown). We therefore turned to the

1338



DE-N-ACETYL-GANGLIOSIDES

use of fresh, unfixed, frozen tissue sections (50), which gave gowdieed carbohydrate dependent (data not shown). We also tried mild
reactivity with both antibodies. periodate oxidation, which should give controlled oxidation of the Sia
The SGR37 Antigen Is a Rare but Naturally Occurring Struc-  side chain and destroy reactivity of both antibodies when performed
ture in Normal Human Tissues. Using unfixed frozen sections, theagainst purified gangliosidem vitro (31). This treatment did not
distribution of both R24 and SGR37 antigens were determined affect binding of either antibody in cells or tissue sections. However,
normal human tissues. Some examples of the results are shown in B&ng cultured melanoma cells as models, we noted that, unlike the
1, and the overall findings are summarized in Table 1. R24 antigease with Sia residues on glycoproteins, mild periodate oxidation is
positivity was seen in skin melanocytes, blood vessels, pancreatim able to access the side chain of Sias attached to gangliosides on
islets, adrenal medullary cells, marginal zone lymphocytes in tlact cell surfaces (data not shown). We speculate that molecules
spleen, interfollicular zone lymphocytes in the tonsil, Leydig cells cfuch as monoglycerides on cell membranes compete with the oxida-
the testis, and smooth muscle cells in many tissues. This correlaies by low concentrations of periodate. Regardless, the sensitivity to
reasonably well with prior reports, except that our use of unfixearganic solvents and aldehydes as well as the abolition of reactivity by
sections may have somewhat limited the extent of R24 reactivity (18rong periodate reassures us that the molecule being detected in the
20, 49-53). Reactivity to SGR37 was present only in melanocytes aigsues is either dbdlacetyl-G,;, or some closely related structural
blood vessels in some tissues, such as in the ovary and in the pia matedogue.
and white matter of the brain. The only cells that were negative for theThe SGR37 Antigen Accumulates in Most Melanomas and
R24 antigen but positive for the SGR37 antigen were a few infiltratingome Lymphomas but not in Carcinomas.Compared with the
mononuclear cells in the skin and colon. small amounts of reactivity seen with SGR37 in a few normal tissues,
From these data, we conclude that MAb SGR37, which was origrany clinical tissue samples of human melanomas (which are known
inally raised against a synthetic ganglioside, recognizes a naturallybe G,; positive) were found to immunostain strongly for the
occurring antigen in a few normal human cell types (melanocyteSGR37 antigen (see examples in Fig. 2 and summary in Table 1).
some blood vessels, and a few mononuclear cells). It is of interest thadeed, in some samples, reactivity with the R24 antibody is more
many R24-positive areas did not also stain for SGR37, indicating tifatal, compared to that with SGR37. This implies that naturally
Gps expression is not always accompanied byNdaeetylation. The occurring tumordn situ may have larger levels of dd-acetylation
only cell types positive for SGR37 but not R24 were infiltratinghan that of the corresponding cultured cells. Immunoreactivity with
mononuclear cells in certain tissues. This implies either that-de-SGR37 was also seen in some of the malignant-appearing cells
acetylation of G is essentially complete in this particular cell typepresent in lymphoma samples (particularly of the T-cell type). In
or that there are other structurally related gangliosides that do maontrast, R24 immunoreactivity in lymphomas occurred mainly on
react with R24 in theN-acetylated form but cross-react with SGR3&tromal elements. Unlike the case with melanomas and lymphomas,
when present as a dé-acetyl form. Another theoretical possibility isthere was no SGR37 immunoreactivity detected in a number of
the existence of ®-acetyl/deN-acetyl-G,5. carcinomas studied (Fig. 2 and Table 1; note that R24 immunostains
How certain can we be that the antigens detected are indesttbmal elements in these tumors).
gangliosides? The antibodies used are known to be highly specific foiSGR37 Antigen Is Difficult to Detect on Human Melanoma Cell
specific structural details of their ganglioside targets. In the case $firfaces but Accumulates in Intracellular Compartments. We
SGR37, the specificity for the free amino group and the side chainwded the IgG3 antibody SGR37 againstNtacetyl-G,; and isotype-
the Sia residue have been demonstrated previously (31). The extratdtched antibodies againstG(R24) and 99-acetyl-Gy; (27A) to
ability of the antigens by organic solvents or paraffin embedding (sstudy the distribution of the corresponding antigens in cultured Melur
above) indicates that the natural epitope is on a lipid, and the seraid M21 human melanoma cells, which are known to contain all three
tivity of the SGR37 antigen to aldehydes (see above) fits with theolecules. As demonstrated in Fig. 3, flow cytometric analysis indi-
requirement of the antibody for a free amino group. Strong periodatates that although & (and 90-acetyl-G,;, data not shown) were
oxidation (46 nw, neutral pH) abolished both SGR37 and R24 rea@xpressed at high concentrations on the cell surface, SGR37 reactivity
tivity, indicating that the epitopes in the tissues for both antibodies anas very low. Glycolipids may not be readily accessible for interact-

Pancreas

Fig. 1. Expression of SGR37 antigen in normal human tissues in comparison with the R24 antigen shown are representative examples of immunostaedriguofan tissue
sections with MAbs R24 and SGR37 (red-brown peroxidase reaction product). In normal skin, both MAbs immunostain mel@mmygsid some dermal blood vesseilssgts,
examples of blood vessels at lower magnification). In the pancreas, R24 strongly stains islet cells, whereas SGR37 stainareoegelis(s,50 um. In the lung, R24 immunostains
smooth musclegrrow), whereas SGR37 does not.
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Table 1 Distribution of R24 and SGR37 antigens in normal and malignant human tissues
Unfixed sections of human tissues and tumors were stained with the R24 or SGR37 antibodies as described in “Materials and Methods.”

R24 SGR37

Normal tissues

Skin Melanocytes and blood vessels Melanocytes, few infiltrating mononuclear cells, and blood vessels

Brain Blood vessels Blood vessels in pia matter and white matter

Pancreas All islet cells Rare islet cells

Adrenal Medulla -a

Colon Smooth muscle Few infiltrating mononuclear cells

Spleen Marginal zone lymphocytes -

Tonsil Interfollicular zone lymphocytes Blood vessels

Thymus - -

Testis Leydig cells -

Ovary Stromal cells Blood vessels

Heart Stromal cells -

Lung Bronchial smooth muscle -

Liver Some blood vessels -

Kidney Some blood vessels -

Placenta - -
Tumors

Melanoma (14) Focal areas (14) Diffuse reactivity (12)

Lymphoma (9) Stromal cells Scattered malignant cells (5)

Colon adenocarcinoma (2) Stromal cells -

Breast adenocarcinoma (2) Stromal cells -

Lung adenocarcinoma (2) Stromal cells -

Ovarian adenocarcinoma (2) Stromal cells -

& — | no staining seen.
Numbers in parentheses indicate numbers of tumors studied.

ing with antibodies on the cell surface (54, 55). Epitopes could also bgtoplasmic, concentrated in the perinuclear area of some cells, and
cryptic because of shielding by cell surface glycoproteins (42) oras seen only at very low levels on the cell surface. Saponin perme-
possibly because of interactions with other lipids (54). Alternativelybilizes cells by specifically intercalating with cholesterol in cell
some gangliosides are thought to be in an intracellular compartmemembranes. Thus, we conclude that SGR37 antigen is either com-
(56-60). To evaluate whether the SGR37 antigen was cryptic, Mehletely intracellular and/or is partly cryptic on the cell surface, con-
cells were treated with either trypsin or saponin. We used a conceentrated in a cholesterol-rich domain that can be disrupted by sapo-
tration of trypsin shown previously to cleave cell surface glycoprayin. Permeabilization of cells with streptolysin O (which makes holes
teins exposing underlying glycolipids to macromolecular probes (42nly in the plasma membrane, without affecting cholesterol content)
This trypsin treatment did not increase SGR37 reactivity on the cedlvealed only a small amount of the SGR37 antigen (data not shown).
surface (data not shown). However, saponin, a reagent typically udéds suggests that the intracellular pool cannot be accessed easily
to permeabilize intact cells, clearly increased cellular reactivity twithout a membrane-perturbing reagent like saponin. Regardless, it is
SGR37 (Fig. 3). In contrast to this increase, R24 reactivity of humavident that the intracellular distribution of the SGR37 antigen is
melanoma cells was actually somewhat decreased after the sapdiifierent from those of the other two closely related structures. As an
treatment. independent check, we also used the IgM mouse monoclonal antibod-
Indirect immunofluorescence microscopy of the saponin-permeakis SMR36 (against dd-acetyl-G,;), GMR14 (against G3), and
lized cells showed that the cultured melanoma cells displayed lardenes (against @-acetyl-G,3). Again, we observed the same differ-
amounts of G5 and 90-acetyl-G,; on the cell surface (appearing asential distribution of these gangliosides (data not shown).
clustered spots) and in some internal vesicle-like elements (Fi. 4, Given that both saponin and streptolysin O perturb the plasma
and B). In contrast, the SGR37 antigen (FigC¥was diffusely membrane in different ways, it was important to obtain independent

Colon carcinoma

SGR37

R24

Fig. 2. Expression of SGR37 antigen in human tumors in comparison to the R24 antigen shown are representative examples of immunostaining afiamfiretbihsections
with MAbs R24 and SGR37. Most melanomas were positive for both antibodies (red-brown peroxidase reaction product). Note that R24 reactiviig fecdk tohereas a larger
number of cells accumulate the SGR37 antigen. In lymphomas, scattered malignant-appearing cells are positive for SGR37, but while stronzakgbesienesfor R24drrows).
An example of a negative colon carcinoma is shown, with some R24 reactivity of the staoroa)( Bars, 50um.
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Golgi-like pattern. Taken together, these results indicate that at the
steady state of cultured adherent cells, the SGR37 antigen is mainly
intracellular and absent from lamp-1 positive lysosomes. On the other
hand, R24 and 27A antigens are mainly found on the cell surface or
in lamp-1-positive lysosomes.

Immunoelectron microscopy with gold bead-tagged antibodies was
carried out on the same preparations. The R24 antibody labeled large
and small vesicular structures, as well as plasma membrane, when
used with a rabbit anti-mouse bridge (data not shown). The SGR37
gave a weaker signal; the few gold beads that were seen appeared to
be simply scattered in the cytoplasm with no labeling of specific
membranous structures. Indeed, large internal vesicular structures
(lysosomes) that labeled with R24 were completely devoid of label
with SGR37. Upon treatment with streptolysin O prior to semithin
sectioning and fixing with 2% paraformaldehyde, membranes contin-
ued to be heavily labeled with R24, but the small amount of SGR37
labeling was lost. The Melur cells were also prepared using freeze
substitution and Lowicryl embedding described previously for glyco-
lipids (59, 61). However, neither antibody worked in this preparation.
Overall, the EM studies confirmed, but did not further extend, the
conclusions from the immunofluorescence evaluation. Taken to-
gether, all of the data indicate that the R24 and 27A antigens behave
as expected for typical gangliosides, being predominantly located on

Fluorescence Intensity

(---cfl  w=mSGR37 — R24 )

Fig. 3. Flow cytometry of human melanoma cells and effects of saponin treatment on
detection of G,; and deN-acetyl-G,; Human melanoma cells were incubated with MAbs
R24 (continuous ling SGR37 bold line), or an isotype control, FLOPC 2@igshed ling
either in the absenceigper panél or presencel¢wer pane) of saponin. Whereas R24
antigen is readily available on the cell surface, the SGR37 antigen becomes much more
accessible upon saponin permeabilization.

verification of the subcellular distribution of these gangliosides. Ac-
cordingly, we carried out immunofluorescence studies on semithin
sections of the cultured cells harvested without permeabilization. This
approach (which sections the cells directly without disrupting mem-
brane structures) strongly corroborated the above reselt$;,; and
9-O-acetyl-G,; are predominantly on the cell surface, whereadNde-
acetyl-Gy; is detected in a diffuse cytoplasmic internal distribution
(seeleft panelsof Fig. 5 for examples).

Unlike Gpg, the deN-acetyl-G; Antigen Is Not Enriched in
Plasma Membranes or LysosomesTo further address the differen-
tial compartmentalization of these related antigens, subcellular frac-
tionation and double indirect immunofluorescence experiments were
also performed. Subcellular fractionation of cells disrupted by nitro-
gen cavitation showed that R24 and SGR37 antigens were enriched in
two distinct fractions. The denser fraction was enriched3ihex-
osaminidase activity, whereas the lighter one was enriched-in 5
nucleotidase activity. These fractions are compatible with lysosomes
and plasma membrane, respectively (data not shown). However, both
fractions could be potentially contaminated with other subcellular
organelles on such a gradient. Double immunofluorescence studies
were therefore performed on the semithin sections of cultured cells
(Fig. 5). R24 and 27A stained the cell surface and the intracytoplasmic
vesicles, which were identified as lysosomes, by double labeling with
a polyclonal antibody against the lysosomal-associated membran

%ig. 4. Indirect immunofluorescence microscopy of saponin-permeabilized melanoma

protein lamp-1. In contrast, the diffuse cytoplasmic internal distribuells. Melur cells were cultured on coverslips, fixed lightly, permeabilized with saponin,
tion of the SGR37 antigen did not overlap with that for the lamp-and stained with MAbs R24 for G (A), 27A, for 9-0-acetyl-Gys (B), and SGR37, for

lysosomal marker (see Fig. 5) nor with that for calnexin (an E

N-acetyl-G,3 (C). Both R24 and 27A stained plasma membrane and large intracellular
sicles. In contrast, MAb SGR37 diffusely stained intracellular structures, with cell

marker, data not shown). The signal also does not have a perinuclkeg®ce staining observed only in a few cells.
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Fig. 5. Subcellular distribution of ganglioside antigens detecteq
on semithin sections. Each pair of panels depicts the same field ¢
semithin sections of Melur cells double-labeled with anti-ganglio-§
side antibodiesl¢ft panels: A,27A; B, R24; C, SGR37, detected Y
with FITC-conjugated donkey antimouse 1gG) and with polyclonalji
rabbit anti-lamp-1, a marker for lysosomefglt panels,detected
by Texas Red-conjugated donkey anti-rabbit antibody). R24 an
27A stain cell surface and intracellular vesicles, and the lattej
colocalize with lamp-1-containing structures. SGR37 diffusel
stains the cytoplasm, and there is no clear segregation with lam
1-positive compartment#rrowheads,dentical cells in each pair
of exposuresBar, 10 um.

the plasma membrane and in internal endosomal and lysosomal orPrevious studies have indicated that internalized gangliosides tend
ganelles. In contrast, the SGR37 antigen appears to be predominatttlpe delivered to lysosomes (1, 63). To test whether the SGR37-
in the cytoplasm, without clear association with any membrane-boupdsitive vesicles detected by adsorptive endocytosis were functional
organelle. lysosomes, cells were simultaneously pulsed with MAb SGR37 and
SGR37 Antigen Is Transiently Expressed on the Cell Surface with dextran-FITC, which is known to be concentrated in lysosomes.
and Then Delivered to an Internal Compartment. Biochemical As shown in Fig. 7, SGR37 and dextran-FITC were concentrated into
considerations indicate that déacetyl-G,; is very likely to be different compartments. Even in experiments using shorter times
derived from G,; by deN-acetylation after its initial synthesis in the (30-min pulse, followed by 30-min chase), SGR37 accumulated in
Golgi (30, 31). Thus, the question arises whether theNdmetyl intracytoplasmic vesicles, while R24 was present mainly on the cell
variant is targeted directly to its internal compartment from the Golgurface. These results indicate that SGR37 antigen is at least tran-
or gets to that location after passing through the plasma membrasiently expressed on the cell surface but then becomes predominantly
The small amounts of cell surface SGR37 reactivity seen in floan intracellular antigen, concentrated initially in a location other than
cytometry suggests the latter possibility. To study this, we exploitéa functional lysosomes.
the concept of adsorptive endocytosis using antibodies. When antiSGR37 Antigen Accumulates on the Cell Surface of Rounded
bodies or lectins to potential cell surface antigens are added to thienadherent Cells, but This Is Not Related to Cell Cycle Status.
medium of live cultured cells, adsorptive endocytosis is antigen d€he next question we addressed is whether the internal pool of
pendent, and the final intracellular distribution of the probe followde-N-acetyl-G,; can be mobilized to the cell surface under any
the antigen distribution (45-47, 62). Cells were incubated with tlifrcumstances. In immunocytochemical studies of cultured Melur
different monoclonal antibodies under standard culture conditiomaelanoma cells, we observed that SGR37 reactivity was strikingly
Uptake of antibodies was then monitored by indirect immunofluorekigher in the small number of rounded-up cells, as compared with the
cence (Fig. 6). Upon incubation with MAb R24, Melur cells tended tbulk population of flattened, spread-out cells (Fig)8To study this
extend neurite-like processes. Although it was possible to obserfuether, the rounded-up cells were shaken loose, harvested and com-
intracellular stainingi(e., some antibody internalization), a considerpared with the adherent cells by flow cytometry (Fid3)8 This
able amount of MAb R24 was retained on the cell surface. On tleenfirmed that the rounded-up cells had an increased cell surface
other hand, SGR37 did not have the neurite promoting effect and wasctivity to SGR37 but not to R24. This fits with results we reported
internalized and concentrated in cytoplasmic vesicular structur@seviously, where the microtubule-disrupting agent nocodazole in-
Controls using the isotype-matched mouse 1gG (FLOPC21) showemased cell surface density of SGR37 antigen (31). In cultured cells,
that it was also not significantly internalized in the course of theseitosis is usually associated with temporary detachment from the
experiments (data not shown). substratum. The proportions of such rounded-up cells in different cell
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and unusual variation on the conventional gangliosides of melanoma
and lymphoma cells, the removal of tNeacetyl group on Sias, which
generates a free amino group, giving so-called\e&eetyl-ganglio-
sides. The existence of these molecules in cultured cell lines has been
suggested previously by us and by others (29-31, 38).

We have also identified and solved a technical problem that may
have prevented previous attempts to detect these antigens in tissue
sections. It is well known that organic solvent fixation (including
some steps in the paraffin-embedding process) result in extraction of
glycolipid antigens. With this particular antigen, even the use of mild
acetone fixation, which actually enhances detection of some other
gangliosides (49), is not suitable. The conventional alternative of
aldehyde fixation is also detrimental, because exposure to this reagent
destroys the antigen when used at the concentrations typically re-
quired for fixing sectioned tissues. We circumvented these problems
by using completely unfixed sections (50), which were directly at-
tached to the slides by drying. Fixation was done only after the
primary antibody and secondary reagent binding was completed, thus
preserving the ability to detect the antigen in tissue sections. We
recognize that this approach may not optimally expose thg G
antigen (49) but settled for this, because both antigens are being
studied under similar conditions. It should also be noted that very light
aldehyde fixation can be used for cultured cells without major loss of
the antigen, as demonstrated by the positive reaction of the rounded up
cells seen in Fig. &

Accumulating evidence indicates that glycosphingolipids are not

Fig. 6. SGR37 antigen is transiently expressed on the cell surface and then endo
tosed. Melur cells were grown on coverslips, incubated with mouse MAbs FLOPA&) 21 (
R24 B), and SGR37() for 8 h, under standard culture conditions, washed, and incubate
with plain medium for 30 min before fixation with 2% paraformaldehyde and processin|
for immunofluorescence studies. Most of MAb R24 is retained on the cell surface
whereas antibody SGR37 was internalized and concentrated in vesicular compartmet

cycle phases was therefore determined using a method for simultai
ous analysis of DNA content and ganglioside expression, which w
developed (see “Materials and Methods”). In fact, most of these cel
are actually in interphase (Fig. 9). Furthermore, no significant varig
tion in either cell surface or global expression of SGR37 antigen we
observed in different phases of the cell cycle{G, versusS-G,-M).
Thus, the SGR37 antigen accumulates on the cell surface of weal
adherent/rounded-up cells, regardless of their cell cycle phase. Tak
together, these results suggest that accumulation of SGR37 antigen
the cell surface is associated with cell shape/adhesion state and
with distribution of cells in different phases of the cell cycle.

DISCUSSION

The disialoganglioside G; is a well known tumor marker for
melanomas and neuroblastomas, as well as an activation marker
lymphocytes. Several other gangliosides have previously been st
gested as tumor-specific markers for human melanoma cells, inclu
ing Gp,, Gue, and 90-acetyl-G,5. However, on closer inspection,
the specificity of these molecules for malignant cells has turned out"

be relatively poorg.g.,9-O-acetyl-G,s, is also present in leukocytes, Fig. 7. Endocytosed SGR37 antigen is not delivered to functional lysosomes. The

as the CD60 antigen. This is not surprising, given the widespre'ﬂatﬁmw location of endocytosed MAb SGR3) (vas followed in comparison with that

L . . . of coincubated dextran-FITC (0.1 mg/ml), a fluid-phase marker for uptake into functional
distribution and reQmated expression of the enzymes involved I{Eosomes 4). SGR37-containing vesicles are clearly segregated from dextran-FITC-

producing such structures. Here we have pursued evidence for a @kgive vesiclesArrows, identical cells.
1343



DE-N-ACETYL-GANGLIOSIDES

-— membrane, whereas phosphoglycerolipids tend to be segregated into
A ' W ‘ . the basolateral membranes (67). In some cell types, these gangliosides
’ [ 3 ) \ associate with glycosylphosphatidyl inositol-linked glycoproteins and
¢ w 2 are found not only on plasma membranes (plasmalemma propria) but
g _ also in plasmalemmal invaginations (caveolae) and related vesicles
’b : ‘ £ " 5 g (66, 68—70). Although gangliosides and glycosphingolipids at the
: 5 * steady state are preferentially enriched on the cell surface, they can
i it also be present in both intra- and extracellular compartments. Saka-
- 6 ' ; kibaraet al. (71) presented evidence for distribution of galactocere-
6~ "’ Ty i . brosides in association with microtubule-associated intracellular com-
~ .:#‘* > . -y partments. Gillarcet al. (72) showed that although glycosphingolipid
- —:‘ ‘ﬂ x biosynthesis can involve many complex intracellular pathways, some
Sy @ y s e - are associated with the intermediate filament network, and that their
4 il r %3 .‘ biosynthesis is reduced in vimentin-deficient cells (56-58, 73, 74).
L - g D i g Likewise, the bulk of lactosylceramide in neutrophils is reported to be
-y b7 - ¥ in internal membrane compartments (75). There is also evidence for
- recycling of gangliosides from the cell surface to Golgi, where they
may be remodeled (76), or to lysosomes, where degradation takes
B - place (1, 63). On the other hand, gangliosides are also shed (77) and
=7 may be found deposited on the extracellular matrix (78) or associated
2 3 Adherent cells
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Fig. 8. Nonadherent cells accumulate the SGR37 antigen on the cell suface ( - = ]
Immunocytochemistry of Melur cells showing that rounded up cells stained intensely with @ 243
SGR37, whereas adherent cells were positive only in discrete areas in the perinuclear 0 -
zones of the cytoplasm. |18, adherent and nonadherent Melur cells were separated E a1
mechanically and analyzed by flow cytometry for both antigangliosides and isotypic -
control. This confirmed that nonadherent cells accumulated higher amounts of SGR37 =2 g_f
antigen on the cell surface as compared with adherent cells. No differences were observed =
for ganglioside G5 expression on the cell surface, as evaluated with MAb R24. — 23
o ]
O =7
randomly distributed on the cell surface but rather are present in =]
plasma membrane microdomains (64—66). These microdomains or 10
lipid clusters are thought to be formed through interactions of lipid FI i it
hydrophobic tails among each other and with cholesterol and possibly uorescence Intensi y
through weak interactions between the polar groups of (glyco)sphin-
9 polar groups of (glyco)sp (—ctl —GoG1__—S/Ge/M)

golipids (66). Such microdomains are also enriched in glycosylphos-
phatidyl inositol-linked glycoproteins (66) and may provide a phase Fig. 9. Accumulation of the SGR37 antigen on the cell surface is not cell cycle

for partitioning and/or anchoring of cytosolic proteins with hydrophodependent. Simultaneous analysis of cell cycle and ganglioside accumulation on the cell
. . . : . . . . surface. Ganglioside staining was analyzed in cells jp3 and S-G-M phases. No
bic aCyl chains. In polarlzed ep|the||a| cells, thmgO"pld (glyCOSphlrﬁgnificant differences were observed in the different phases, indicating that accumulation

golipids and sphingomyelin) microdomains are enriched in the apielsGR37 is associated with cell shape and adhesion state but not with cell cycle stage.
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with some secreted proteins (79, 80). Relatively little is known about
the dynamics and intracellular trafficking of glycosphingolipids5
within the different subcellular compartments (72).

Here we show that the subcellular distribution of,Gand its
derivatives (99-acetyl-G,; and deN-acetyl-G,;) at the steady state
varies according to the d¥-acetylation state of the Sia residue, G
and O-acetylated G are present in essentially the same subcellular

6.

7.

compartments, the plasma membrane and lysosomes. In striking con

trast, the deN-acetyl-G,; is distributed diffusely throughout the cy- s.
tosol. It will be very interesting to explore what drives the markedly
differential subcellular localization of d&-acetyl-G,; which differs

Karlsson, K. A. Microbial recognition of target-cell glycoconjugates. Curr. Opin.
Struct. Biol.,5: 622—635, 1995.

Hakomori, S., and Igarashi, Y. Functional role of glycosphingolipids in cell recog-
nition and signaling. J. Biochem. (Tokyd)18: 1091-1103, 1995.

Hakomori, S. Tumor malignancy defined by aberrant glycosylation and sphingo-
(glyco)lipid metabolism. Cancer Re&6: 5309-5318, 1996.

Stroud, M. R., Handa, K., Salyan, M. E. K,, Ito, K., Levery, S. B., Hakomori, S.,
Reinhold, B. B., and Reinhold, V. N. Monosialogangliosides of human myelogenous
leukemia HL60 cells and normal human leukocytes. 1. Separation of E-selectin
binding from nonbinding gangliosides, and absence of sialosyhheing tetraosyl to
‘octaosyl core. Biochemistrg5s: 758769, 1996.

Stroud, M. R., Handa, K., Salyan, M. E. K., lto, K., Levery, S. B., Hakomori, S.,
Reinhold, B. B., and Reinhold, V. N. Monosialogangliosides of human myelogenous
leukemia HL60 cells and normal human leukocytes. 2. Characterization of E-selectin
binding fractions, and structural requirements for physiological binding to E-selectin.

from Gp, solely by the presence of a free amino group (absence of the Biochemistry,35: 770778, 1996.

N-acetyl group). In this regard, our data do indicate thaNemeety- -

lated G,3 is not simply a terminal degradation product of S The

Collins, B. E., Yang, L. J. S., Mukhopadhyay, G., Filbin, M. T., Kiso, M., Hasegawa,
A., and Schnaar, R. L. Sialic acid specificity of myelin-associated glycoprotein
binding. J. Biol. Chem.272: 1248-1255, 1997.

absence of SGR37 antigen from lysosomes and its accumulationin Collins, B. E., Kiso, M., Hasegawa, A., Tropak, M. B., Roder, J. C., Crocker, P. R.,

other elements during adsorptive endocytosis suggest that these mo

ecules are recycled. This also fits well with our early studies in this

system, where we had noted the presence ofd-agetylase activity,

which could restore g; from endogenous di-acetyl-G,5 (30).
The functional consequences of Neacetyl-G,; expression also

11.

|§nd Schnaar, R. L. Binding specificities of the sialoadhesin family of I-type lectins.

Sialic acid linkage and substructure requirements for binding of myelin-associated
glycoprotein, Schwann cell myelin protein, and sialoadhesin. J. Biol. Ch&ri:,
16889-16895, 1997.

Sasaki, K., Kurata, K., Kojima, N., Kurosawa, N., Ohta, S., Hanai, N., Tsuji, S., and
Nishi, T. Expression cloning of a @z-specific a-2,8-sialyltransferase (&G syn-
thase). J. Biol. Chem269: 15950-15956, 1994.

need to be explored. We have noted that during a shape change fi@mNara, K., Watanabe, Y., Maruyama, K., Kasahara, K., Nagai, Y., and Sanai, Y.

flattened to rounded state, the Neacetyl-G,; became enriched on

the cell surface. In this regard, others have also shown that exog-

enously added dblacetylated gangliosides can block adhesion 38
cultured cells on extracellular matrix proteins (81). Also, replacement
of the Sia N-acetyl group byN-propionyl or other acyl chains,

Expression cloning of a CMP-NeuAc:NeudA2-3GaB1-4Gl¢31-1 Cer a2,8-sialyl-
transferase (GD3 synthase) from human melanoma cells. Proc. Natl. Acad. Sci. USA,
91: 7952-7956, 1994.

Yamashiro, S., Okada, M., Haraguchi, M., Furukawa, K., Lloyd, K. O., and Shiku, H.
Expression oix2,8-sialyltransferase (GD3 synthase) gene in human cancer cell lines:
high level expression in melanomas and up-regulation in activated T lymphocytes.
Glycoconjugate J.12: 894-900, 1995.

achieved by feeding cells with mannosamine analogues, led to losgbfPukel, C. S., Lloyd, K. O., Travassos, L. R., Dippold, W. G., Oetigen, H. F., and Old,

cell growth control and loss of contact inhibition (82). Interestingly, in

L. J. Gos, a prominent ganglioside of human melanoma. Detection and characteri-
sation by mouse monoclonal antibody. J. Exp. Ma@&5: 11331147, 1982.

the course of our experiments, a subclone of nonadherent Melur celis Siddiqui, B., Buehler, J., DeGregorio, M. W., and Macher, B. A. Differential expres-

arose spontaneously. This subclone presented higher cell surfac«%iggz‘igggg”lgie GD3 by human leukocytes and leukemia cells. Cancer4Res.,

reactivity to SGR37 as compared with the parental cell line. After @ real, . x., Houghton, A. N., Albino, A. P., Cordon-Cardo, C., Melamed, M. R.,
short number of passages, the clone became growth arrested an@ettgen, H.F., and Old, L. J. Surface antigens of melanomas and melanocytes defined
started producing a melanin-like pigment (data not shown). Becauseby mouse monoclonal antibodies: specificity analysis and comparison of antigen

. . . . o expression in cultured cells and tissues. Cancer R8s4401-4411, 1985.
this subclone could not be maintained in culture, this issue was Rt Houghton, A. N., Mintzer, D., Cordon Cardo, C., Welt, S., Fliegel, B., Vadhan, S.,

pursued further. It is also of interest thaty$accumulation was

recently associated with apoptosis of Fas-induced T-cell lymphomas

(83). The mechanism for this novelgGfunction is still unclear, and 1s.
it is not known if this apoptosis pathway is present in all cell types.
The opposing effects aif vitro addition of G5 (growth suppression) 19.
and deN-acetyl-G,5 (growth enhancement) to cells in culture re-
ported by others (29, 38) may provide a conceptual framework for
continuing these studies. For example, will Neacetyl-G,; antago- o
nize G, function in promoting apoptosis?
The recent discovery by Mitsuolat al. (84) that neuraminic acids

I 21
can be converted into intramolecular lactams adds further complexdly

to the study of deN-acetyl-gangliosides. Many other questions re-
garding the mechanisms of biosynthesis, trafficking, and function 9;

Carswell, E., Melamed, M. R., Oettgen, H. F., and Old, L. J. Mouse monoclonal IgG3
antibody detecting &; ganglioside: a phase | trial in patients with malignant
melanoma. Proc. Natl. Acad. Sci. US82: 1242-1246, 1985.

Houghton, A. N., and Scheinberg, D. A. Monoclonal antibodies: potential applica-
tions to the treatment of cancer. Semin. Oncb8; 165-179, 1986.

9. Vadhan Raj, S., Cordon Cardo, C., Carswell, E., Mintzer, D., Dantis, L., Duteau, C.,

Templeton, M. A., Oettgen, H. F., Old, L. J., and Houghton, A. N. Phase | trial of a
mouse monoclonal antibody against GD3 ganglioside in patients with melanoma:
induction of inflammatory responses at tumor sites. J. Clin. On60l1636-1648,
1988.

Soiffer, R. J., Chapman, P. B., Murray, C., Williams, L., Unger, P., Collins, H.,
Houghton, A. N., and Ritz, J. Administration of R24 monoclonal antibody and
low-dose interleukin 2 for malignant melanoma. Clin. Cancer Resl/—24, 1997.
Zhang, S. L., Cordon-Cardo, C., Zhang, H. S., Reuter, V. E., Adluri, S., Hamilton,
W. B., Lloyd, K. O., and Livingston, P. O. Selection of tumor antigens as targets for
immune attack using immunohistochemistry. 1. Focus on gangliosides. Int. J. Cancer,
73:42-49, 1997.

Sen, G., Chakraborty, M., Foon, K. A., Reisfeld, R. A., and Bhattacharya-Chatterjee,

these novel gangliosides remain to be elucidated. Meanwhile, the Verywm . induction of IgG antibodies by an anti-idiotype antibody mimicking disialogan-

low levels of the SGR37 antigen in normal tissues, the high levels in
melanomas and some lymphomas, its selective endocytosis from h

glioside GD2. J. Immunother21: 75—-83, 1998.
Yu, A. L., Uttenreuther-Fischer, M. M., Huang, C. S., Tsui, C. C., Gillies, S. D.,
eisfeld, R. A., and Kung, F. H. Phase | trial of a human-mouse chimeric anti-

cell surface, and its high expression on rounded-up/nonadherent cellsisialoganglioside monocional antibody ch14.18 in patients with refractory neuro-
suggest its exploration in diagnostic or therapeutic approaches to thesélastoma and osteosarcoma. J. Clin. Ond#:,2169-2180, 1998.

diseases. Indeed, animal and clinical studies provide encouragen‘?é‘n

hang, H., Zhang, S. L., Cheung, N. K. V., Ragupathi, G., and Livingston, P. O.
ntibodies against GD2 ganglioside can eradicate syngeneic cancer micrometastases.

for the concept of using unusual tumor gangliosides as targets for Cancer Res58: 28442849, 1998.

immunotherapy (20-24). 25,
26.
27.
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