
[CANCER RESEARCH 46, 5112-5118, October 1986]

Biosynthesis and Expression of the Disialoganglioside GD2,a Relevant Target
Antigen on Small Cell Lung Carcinoma for Monoclonal Antibody-mediated
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ABSTRACT

Monoclonal antibodies (M Mis) 126 (immunoglobulin M) and 14.18
(immunoglobulin G3) react strongly with the cell surface of small cell
carcinoma of the lungs (SCCL) and are unreactive with most normal
tissues and other neoplasms with the notable exception of tumors derived
from cells of neural crest origin. These MAbs react specifically with the
oligosaccharide portion of the disialoganglioside GDI. Analysis of total
gangliosides from cultured cell lines derived from SCCL indicates that
GD2 is a predominant ganglioside. A comparison of the reactivities of
MAbs against ( i,,..with those directed against gangliosides GM2and (im,
each differing from (i,,; by a single sugar residue, clearly indicates that
GD2 is preferentially expressed by cultured cells derived from SCCL.
Membranes isolated from these cells exhibit (.in., synthetase activity
which specifically converts the precursor (iIMto (.,..â€¢in the presence of
uridine diphosphate-A/-acetyl galactosamine as the glycosyl donor. We
present evidence that in SCCL, GDI serves as a relevant target antigen
for monoclonal antibody-mediated cytolysis. Specifically, we demonstrate
that MAli 14.18 (immunoglobulin G3), can lyse small cell carcinoma of
the lung targets by either complement- or antibody-dependent cellular
cytotoxicity.

INTRODUCTION

Gangliosides are sialic-acid bearing glycolipids that are ex
pressed on the surface of all mammalian cells and are to some
extent preferentially expressed on tumor cells (1-10). We have
produced and characterized several murine monoclonal anti
bodies to the surface of neuroectoderm-derived tumor cells that
react specifically with the oligosaccharide portion of GD23(2,
8), GD3(2, 3) and 9-O-acetylated GD3(3, 4) (Ganglioside struc
tures are depicted in Fig. 1). Using these antibodies, we dem
onstrated that di,.- and ( Â¡mare involved in the attachment of
human melanoma and neuroblastoma cells to extracellular ma
trix proteins (2, 11, 12) suggesting that tumor-associated gan
gliosides may play a significant role in the metastatic phenotype
of these cells.

Gangliosides on tumor cell surfaces were also shown to be
relevant target antigens for M Ab4-mediated cytolysis of human

melanoma (13, 14) and neuroblastoma cells/ In fact, using an
anti-GD3 M Ab of the IgG3 isotype, Houghton et al. (15) con
ducted a phase I clinical trial involving 11 melanoma patients
with terminal disease and reported major tumor regression in
3 of these individuals. Using a similar anti-Go.! MAb, we have
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eradicated human melanoma tumor growth in athymic nude
mice (13). This antibody, which is also of the IgG3 isotype, is
capable of lysing human melanoma tumor targets by CDC or
ADCC (13). Taken together, these studies suggest that anti-
ganglioside MAbs may be potentially useful for the treatment
of cancer patients.

The fact that tumors derived from cells of the neural crest
express increased levels of gangliosides prompted us to examine
the ganglioside content of SCCL. In this report we demonstrate
that cultured cells derived from SCCL synthesize and express
the disialoganglioside GD2- In addition, we demonstrate that
tumor cells can be lysed with anti-GD2 MAb 14.18 (IgG3) in
the presence of either human complement or effector cells, i.e.,
PBMCs. Based on the relative distribution of GD2 and its
capacity to serve as an effective target antigen on SCCL cells,
we suggest that MAbs directed to this antigen, when expressed,
may provide a possible adjuvant to current modes of therapy.

MATERIALS AND METHODS

MAbs. The various sources of MAbs used in these studies are listed
with their respective isotype denoted in parentheses: MAb 11C64
(IgG3), which reacts with GD3(11), and 14.18 (IgG3) and 126 (IgM)
(11), which react with GD2,were produced in this laboratory. MAb W6/
32 (IgG2a), which reacts with common framework determinants on all
class I human histocompatibility antigens, was the gift of Dr. P. Parham
(Stanford University). Anti-GM2 (IgM) MAb 5-3 was provided by Dr.
P. Livingston (Sloan-Kettering Cancer Center).

Cell Lines. The human cultured cell lines Molt-4 and HPB-ALL
(leukemic), U87MG, U138MG, and U373MG (glioblastoma), Bachle,
Calu-6, and SK.MES-1 (squamous skin carcinoma), and U937 (mono-
cytic) were obtained from the American Type Culture Collection. The
neuroblastoma cell lines Lan-1 and Lan-5 were provided by Dr. R.
Seegar (UCLA, Los Angeles, CA) and SKNAS was a gift from Dr.
Helson (Memorial Hospital, New York, NY). M14 and M21 human
melanoma cells were provided by Dr. D. Morton (UCLA, Los Angeles,
CA). Melur melanoma cells were provided by Dr. U. Koldovsky,
(Dusseldorf, West Germany). T291 (lung adenocarcinoma) and T293
(small cell lung carcinoma) were the gifts from Drs. Masie and Sato
(University of California at San Diego, San Diego, CA). NCI-H-69, H-
82, and N-417 small cell lung carcinoma, and H-460 large cell lung
carcinoma cell lines were provided by Drs. J. Minna and A. Gadzar
(NIH, Bethesda, MD). The pancreatic carcinoma cell lines Colo 357,
FG, and SG were obtained from Dr. S. Kajiji (Scripps Clinic, La Jolla,
CA).

Immunoperoxidase Staining of Frozen Tissues. The reactivity of
MAbs 14.18, 126 and 11C64 with different normal and malignant
tissues was determined by using an indirect immunoperoxidase tech
nique as previously described (8). The frozen SCCL tissues (provided
by Drs. D. Carlo and M. Chiapetta, Hybritech Inc., La Jolla, CA) were
all obtained at autopsy.

Purification <if SC'C'l.-associated Gangliosides and Characterization by

TLC. Gangliosides associated with cell culture lines derived from SCCL
were purified as previously described (2,3). Gangliosides (1-5 n\ packed
SCCL cell equivalent) were resuspended in chlorofornrmethanol (2:1),
spotted per lane on plastic backed silica gel TLC plates (Merck and
Co., Rahway, NJ) and developed in a solvent that contained chloro-
form:methanol:0.2% aqueous CaCl2 (55:45:10). The ganglioside stand-
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ards GM2,GMi, GD3,and GD2were spotted on each chromatogram and
either visualized with resorcinol spray reagent as described (16) or
reacted with antiganglioside MAbs as described below.

Immunostaining of Gangliosides Separated by TLC. The reactivity of
MAbs 126, 14.18, and anti-GM2 with authentic ganglioside standards
or SCCL-derived gangliosides separated by TLC was determined by
using an indirect immunostaining ELISA detection system as previ
ously described (2, 3).

Preparation of GD2 Synthetase-Enriched Membranes from SCCL
Cells. The preparation of enzyme-enriched membranes was performed
at 0-4Â°C.Approximately 1x10' cells were homogenized in 0.32 M

sucrose (1 g/5 ml) using a Dounce homogenizer with a B pestle. The
homogenate was then subjected to a differential centrifugation scheme
as described by Yohe et al. (17). The 18,000 x g pellet contained the
highest enzymatic activity and was used as the enzyme source.

<i,,, Synthetase Assay, Incubation System. The incubation protocol
used was a modification of that described by Yohe et al. ( 17) and used
the following components: the glycolipid acceptor GD3,0.025 firnol; the
glycosyl donor, UDP-pHl-W-acetyl galactosamine (8.7 Ci/mmol; New
England Nuclear), 0.08 pinol; the detergent Triton CF-54 (Sigma
Chemical Co.), 0.15 mg; cacodylate-HCl buffer at pH 7.0, 5.0 Mmol;
MgCI2, 0.5 (Â¿mol;MnCl2, 0.5 /imol; and membrane protein, 0.01-0.20
mg, in a total volume of 50 ti\. The glycolipid acceptor and detergent
were prepared as concentrated stock solutions in chloroform:methanol
(2:1); aliquots were removed and dried in the incubation tubes under a
stream of N... Prior to the addition of the remaining components and
incubation, the rad inlabeled glycosyl donor was added as a 10-20 n\
solution (ethanohwater, 1:1) and dried under N.. Incubation was carried
out at 37'C for 15-180 min. For each set of experiments a control was

performed using membranes that had been boiled for 30 min. Endoge
nous enzyme activity was determined in controls which contained the
incubation mixture but no glycolipid substrate and was subtracted as
background activity.

Isolation of Labeled Ganglioside Products. The enzymatic reaction
was terminated by the addition of 1 ml of chloroform:methanol (1:1).
The samples were then sonicated in a Branson sonicating water bath
followed by the addition of 200 Mgbovine brain gangliosides (Sigma) 5
mg/ml in chloroform:methanol (2:1) as carrier. The organic solvents
were evaporated under a stream of .V and the dried lipid fraction was
suspended in 100 ^ I of distilled deionized water. The samples were
applied directly to a 1 ml bed volume Bio-Gel IM column (Bio-Rad)
which was centrifuged at 600 x g for 2 min and the eluate was collected.
Distilled water (100 ^1) was then added to the column and the centrif
ugation step was repeated. The combined eluate or "forced void vol
ume" contained the labeled ganglioside products and essentially no

glycosyl donor, as verified by TLC.
Identification of Labeled Ganglioside Product as (in.. After column

separation the "forced void volume" was allowed to evaporate at 37"C

overnight. The dried ganglioside samples were suspended in 20 n\ of
chloroform:methanol (2:1), spotted on a high-performance TLC silica
gel TLC plate (Merck), and developed in a solvent containing chloro-
form:methanol:0.2% aqueous CaCl2 (55:45:10). The TLC plates were
sprayed with En3Hance (New England Nuclear) and exposed to X-ray
film at â€”70"Cfor 48 h. The radioactivity of bands which corresponded

with the migration of authentic Go2 were then quantified by scraping
them from the TLC plate into scintillation vials containing Aquasol
(New England Nuclear) and the cpm were determined in a Tracor liquid
scintillation counter.

Complement-mediated Cytotoxicity. T293 human SCCL cells (IO6) in
1 ml of growth medium were labeled with 100 Â»C\of "Cr (1 Ci = 37
GBq; New England Nuclear) for l h at 37Â°Cand washed twice with
growth medium. Twenty-five n\ of this suspension containing IO4

labeled cells were plated in 96-well microtiter plates (Costar, Cam
bridge, MA) containing MAb and 25 n\ of fresh human serum as a
source of complement. The mixture was incubated at 37Â°Cfor timed

intervals, after which the microtiter plates were centrifuged at 400 x g
for 5 min and the cpm in the supernatants measured in a gamma
scintillation counter. Background cpm were determined from cultures
containing heat-inactivated human serum. The total releasable cpm
were assessed by adding 1% Nonidet I"40 to IO4 labeled cells. The

percentage of 51Crreleased was calculated as

Experimental 5lCr release - spontaneous 5'Cr release
maximal "Cr release â€”spontaneous 51Cr release x 100

Antibody-dependent Cellular Cytotoxicity. T293 SCCL cells (10'')
were labeled in 1 ml of growth medium containing 200 Â¿iCiof s'Cr and
then incubated for 120 min at 37Â°C.The cells were washed twice with

phosphate-buffered saline, pH 7.2 and resuspended in 2 ml of growth
medium. Cells (5 x IO3 in 10 //I) were added to individual wells of a
96-well microtiter plate together with 25 Â¿ilof purified antibody at
several dilutions. PBMCs isolated by Ficoll/Hypaque gradient centrif
ugation from heparinized blood of normal individuals as described ( 13)
were then added to microtiter wells at the indicated target/effector cell
ratios. The microtiter plates were centrifuged at 400 x g for 2 min and
incubated at 37'C for 4 h in a humidified atmosphere of 7.5% CO2/

72.5% air. The plates were then centrifuged at 400 x g for 5 min and
the cpm in 100 Â¿tlof each supernatant were determined. The amount
of spontaneously released 5lCr was also measured in wells that con

tained only labeled target cells. Total releasable cpm were assessed by
lysing all tumor targets with 1% Nonidet P-40. The percentage of lysis
was calculated by the same formula as listed for complement-mediated
Cytotoxicity. To calculate lysis specifically attributable to ADCC, the
percentage of lysis due to effector cells in the absence of antibody, i.e.,
natural killer lysis, was subtracted from each value obtained above.

RESULTS

Binding of Antiganglioside MAbs to Cultured Human Tumor
Cell Lines. A number of cultured human tumor cell lines was
examined by ELISA for expression of GD2 using MAbs 126
and 14.18. As shown in Table 1, 4 of 4 SCCL cell lines showed
moderate to strong reactivity with both anti-GD2 MAbs. Other
tumor cell lines of neural crest origin, i.e., melanoma, neuro
blastoma, and glioblastoma also reacted with these MAbs.
Relatively little reactivity was seen with these antibodies and
cell lines derived from squamous, adenocarcinoma, or large cell
lung carcinoma, leukemia, and pancreatic carcinoma. To deter
mine the expression of two closely related gangliosides, ELISA
was also performed with MAbs directed to GD3 and GM2 each
differing from Go2 by one sugar residue (see Fig. 1). As shown
in Table 1, the monosialylated ganglioside GMa could be de
tected on most of the cell lines examined, particularly on
melanoma, pancreatic, and leukemic cells. In contrast, GD3
could only be detected in significant quantities on melanoma
cells. MAb W6/32 to class I histocompatability antigens reacted
moderately with only 1 of 4 SCCL lines and showed variable
reactivity with the other tumor cells tested.

Distribution of GDZon Normal and Malignant Tissues. When
MAbs 14.18,126 (anti-GD2), and 11C64 (anti-GD3), were tested
against a number of normal or malignant frozen tissues by the
immunoperoxidase technique, 3 of 6 SCCL and 10 of 13
melanoma tissues reacted strongly with MAb 14.18 (Table 2).
In contrast, little or no reactivity could be detected with either
anti-Go2 MAb on a variety of normal tissues as shown in Table
2. Anti-Cos MAb 11C64 reacted weakly with a number of
normal tissues and quite strongly with 12 of 15 melanomas.
Fig. 2 shows the reactivity of SCCL with anti-GD2 MAb 14.18.
There is positive staining (Fig. 2B) of the SCCL surface and
cytoplasm. In contrast, the intervening stromal tissue does not
stain with this antibody.

Identification of GD2 in the Ganglioside Fraction of SCCL
Tumor Cells. To determine the relative quantity of GD2 in the
total ganglioside extract of SCCL, gangliosides isolated from
two such cell lines were separated by TLC and visualized by
resorcinol spray (Fig. 3) or immunostaining using antiganglio-
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Table 1 Reactivity ofMAbs with human cultured cell? Table 2 Tissue Reactivity of anti-Cm MAbs by immunoperoxidase assays

Mah . ..Antigen14.18GD2126GD25-3GM211C64W6/32 classIHLA

Lung tumors
Small cell

T293
NCI H-69
NCI H-82
NCI N-417

Squamous cell
Bachle
SCLI 185
SK-Mes-1
CALU-Â«

Adenocarcinoma
T291
UCLA-P3

Large cell
NCI-H460

Other tumors
Melanoma

M2I
Melur
M14

Neuroblastoma
Lan-5
Lan-1
SK-NAS

Glioblastoma
U87MG
U138MG
U373MG

Pancreatic
COLO 357
SG
FG

Leukemic
HPB-ALL
Molt-4

Monocylic
U937

ND*

ND

â€¢Absorbance at 492 nm reactivity as determined by ELISA: -, 0.00-0.049;
Â±, 0.050-0.100; +, 0.101-0.249; ++, 0.250-0.499; +++. 0.500-0.999;
++++,> 1.000.

* ND, not determined.

UDP-GalNAc

|GM, Synthetase]

Anti-GDjMalignant

tissuesSmall
cell cancer,lungMelanomaNormal

tissuesSkinLungColonDuodenumJejunumKidneyLiverOvaryPancreasSpleenTestes14.18

(IgC3)3/6,3+/2+Â°10/13,3+1/9,1

+4/10.1+s0/20/20/2l/2,Â±s0/20/20/22/2,l+r,w0/2126(IgM)3/6,3+9/13,3+4/9,Â±s3/10,1+s0/22/2,1

+0/22/2,Â±sl/2,Â±s0/22/2,Â±s2/2,Â±r0/2llC64(IgG3)

anti-GD3not

determined12/15,3+5/6,1

+l/2,Â±2/2,1

+l/2,Â±2/2,Â±2/2,1+2/2,1+0/22/2,1

+l/2,Â±1/2,1+

Fig. 1. Proposed biosynthetic pathway leading to GD2 (GD2) expression in
small cell carcinoma of the lung. GalNAc, /v-acetylgalactosamine; GM2, GM2;
GMi, GMJ;GDj, GDJ.
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" 3+, strong positive reaction; 2+. moderate positive, 1+, weak positive reac

tion; Â±,marginal reaction; s, stroma; r. splenic red pulp; w, splenic white pulp.

side MAbs (Fig. 4). The total ganglioside profile of NCI-H-69
cells (Fig. 3A) and NCI-H-82 cells (Fig. 3Ã„)as visualized by
resorcinol indicates the presence of a major ganglioside doublet
that comigrates with authentic GDI- As shown in Fig. 4, this
doublet could be identified in NCI-H-69 and NCI-H-82 SCCL
cell lines as GD2 by immunostaining with either MAb 14.18
(Fig. 4, lanes A and B) or 126 (Fig. 4, lanes D and E). In
contrast, gangliosides isolated from large cell lung carcinoma
cells, NCI-H-460 (Fig. 4, lanes C and F) did not show reactivity
with either of the anti-GD2 MAbs. Anti-GM2 antibody, however,
stained corresponding doublets present in the gangliosides of
both SCCL cell lines (Fig. 4, lanes G and H) as well as the large
cell lung carcinoma cell line (Fig. 4, lane I).

Detectable GD2Synthetase Activity in Cultured SCCL Cells.
Enzyme assays were performed to determine the GD2synthetase
activity of SCCL cells using the cell line NIH-N417. Total
membrane extracts from these cells were incubated at 37"C
with the GD2 biosynthetic precursor GD3 using UDP-[3H]-jV-

acetyl galactosamine as the glycosyl donor. The GD2synthetase
activity of these cells was then determined based upon the cpm
incorporated into GD2after ganglioside separation by TLC (Fig.
5). As shown in Fig. 5, Go2 synthetase activity of NIH-N417
cells is linearly related to membrane protein concentration,
ranging from 10-200 ng protein with an approximate specific
activity of 0.14 pmol of GD2/h/mg protein. The activity of GD2
synthetase is completely eliminated by boiling the membranes
(data not shown). A time course for GD2 synthetase activity
shows maximum incorporation of radiolabel into GD2 after
approximately 90 min at 37Â°C(Fig. 6) after which a gradual

decrease in activity is observed. While GD3 is proposed to be
the biosynthetic precursor of GD2, the close structural relation
ship between Gm2 and GD2 allows for the possibility that Go2
could be synthesized via the monosialoganglioside GM2 and
CMP-sialic acid. In order to test this possibility, GD2synthetase
assays were performed using GM2as a substrate and radiolabeled
CMP-sialic acid as the glycosyl donor. As shown in Fig. 7, lane
B, the only visible products obtained under these conditions
were GMSand minimal amounts of GDj, whereas Go2 was readily
detected whenever GD3 and UDP-/V-acetyl galactosamine were
used in this assay (Fig. 7, lane A). Based on the above observa
tions, a proposed scheme for the biosynthesis of Go2 in SCCL
cells is shown in Fig. 1.

Mediation of Complement-dependent Cytotoxicity of Human
SCCL Cells by MAb 14.18. To determine whether GD2 ex
pressed on the surface of T293 SCCL cells could serve as an
effective target antigen for complement-mediated cytolysis,
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Fig. 2. Immunoreactivity of anti-GD2 with frozen SCCL biopsy tissue. Immunoperoxidase staining of SCCL tissue with MAb 14.18 (anti-Goi) without nuclear
counterstain (B). A,H&E,x. 430.

51Cr-labeled T293 cells were incubated with MAb 14.18 and

human serum as a complement source. A kinetic anlaysis of the
specific MAb 14.18-induced complement-mediated lysis (Fig.
8) demonstrates that significant killing (28%) can be observed
as early as 15 min. After 60 min maximum killing is achieved
with greater than 95% of the cell population being lysed.
Significant lysis was not observed in cultures where active
human complement and an irrevelant (nonbinding) antibody
were added (data not shown).

Mediation of ADCC of Human SCCL Target Cells by MAb
14.18. To assess whether MAb 14.18 could induce ADCC in
conjunction with human PBMCs as effector cells, T293 cells
were labeled with 5lCr and incubated in the presence of this

MAb and normal PBMCs. As depicted in Fig. 9, effector cells
from two normal individuals could specifically lyse approxi
mately 40% of the T293 target cells at an effector:target cell
ratio of 200:1, in the presence of 10 //g/well of MAb 14.18 (Fig.
9, D). Lysis of T293 cells in the absence of MAb 14.18 also
shown in Fig. 9 (D) was referred to as natural killer lysis.
Depending on the effectortarget cell ratio, natural killer lysis
varied between 1 and 7% and was subtracted from correspond
ing ADCC values.

DISCUSSION

Human tumors derived from cells of neural crest origin
express relatively large amounts of gangliosides on their surface
(1-7). In this report, we demonstrate the presence of the disi-
aloganglioside GD2 on small cell carcinoma of the lung. Using
two monoclonal antibodies as molecular probes, GD2 was de
tected on both cultured cell lines and frozen biopsy material of
human SCCL. Anti-GD2 MAbs also reacted with human mela
noma, neuroblastoma, and glioblastoma cell lines, i.e., all neo

plasms of neuroectodermal origin. We also examined cultured
cells derived from adenocarcinoma of the lung and large cell
lung carcinoma where marginal GD2reactivity was detected. In
contrast, we could not detect significant levels of Go2 on any of
a number of normal tissues tested, including normal lung and
skin; however, strikingly different cellular reactivities were ob
served with MAbs against the gangliosides GM2and GDi, which
differ from GD2 by one sugar residue, i.e. sialic acid or N-
acetylgalactosamine.

We have previously demonstrated that Go2 is heavily ex
pressed on human neuroblastoma tissue and only minimally on
tissues of adult or fetal brain (8). Taken together the results of
these studies suggest that GD2is a marker for neoplasms derived
from cells of neural crest origin and is not significantly ex
pressed by other normal or malignant tissues.

The proportion of SCCL which expresses Go2 in vivo may be
considerably higher than in the present autopsy series (3 of 6);
it is possible that some degradation of the antigen occurred
postmortem. In addition, immunohistochemistry may be neg
ative when a minimal number of antigenic determinants are
expressed by the carcinoma cells. Changes in the antigenic
phenotype of SCCL have been observed following chemother
apy and/or radiotherapy (18).

At present, it is not certain whether SCCL arises from a
common stem cell of endoderma! origin or from a specialized
neuroendocrine cell in the lung. It has been suggested that
SCCL stems from the Kulchitsky cell of the lung which is
thought to be of neuroectodermal origin (19-21). The use of
MAbs to structurally defined antigens such as GD2may help to
delineate the cell/tissue of origin and aid in the diagnosis of
SCCL.

In addition to the detection of the GD2ganglioside on SCCL
cells, we also measured the activity of a specific GD2synthetase
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GM3{

GM2{

GMi{

GD2{

A B
Fig. 3. Total ganglioside profile of two SCCL cultured cell lines. Gangliosides

purified from NCI-H-H69 (A) or NCI-H-82 (B) SCCL cultured cells (5 ^1 packed
cell equivalent) were separated by TLC and visualized by resorcinol spray as
described in "Materials and Methods." The migration of ganglioside standards

appear to the left of the chromatogram. CM,, GM>,GM2, GMz; CM,, GMi; GD2,
CD:-

present in the membrane fraction of these cells which is capable
of synthesizing GD2 from its precursor, GDj. This enzyme
exhibited activity which was linearly related to both protein
concentration and time of incubation, promoting a maximal
incorporation of radiolabel into GD2 after approximately 90
min at 37Â°C,and had a specific activity of 0.14 pmol Go2

synthesized/h/mg protein; moreover, the GD2 synthetase
showed substrate specificity for GDj and could not utilize GM2
as a substrate. This further supports the proposed biosynthetic
pathway for GD2 (17). It is of interest to point out that, unlike
melanoma cells, GD.icould not be detected in ELISA assays on
SCCL cells, suggesting that these cells rapidly convert this
ganglioside to GD2. The presence of GD2and little or no detect
able GDI shows a similarity between the cells of SCCL and
those of neuroblastoma (8, 11) (Table 1) and suggests that both
tumor cell types have similar levels of the corresponding gly-
cosyltransferase activities. Other reports have demonstrated

GM3
*

- 1

ABC D E F G H I
Fig. 4. Reactivity ol mili C,,,, (GD2) and anti-GM2 (GM2) MAbs with ganglio-

sides isolated from either small or large cell carcinoma of the lung. Gangliosides
( l /il packed cell equivalent) from the cultured cell lines NCI-H-69 (lanes A, D,
and G), NCI-H-82 (lanes B, E, and H) or NCI-H-460 (lanes C, F. and /) were
separated by TLC and subjected to immunostaining using the anti-GD2 MAbs
126 (lanes A-Q and 14.18 (lanes D-F) or the anti-GM2 MAb (lanes G-l) as
described in "Materials and Methods." The migration of ganglioside standards

appears to the left of the chromatogram.

PROTEIN
Fig. 5. GD2(GD2) synthetase activity as a function of protein. Total membrane

extracts of NIH N417 cells were incubated at 37'C for l h in the presence of

detergent, buffer, substrate, and glycosyl donor. Labeled ganglioside products
were then isolated by extraction with chlorofornrmethanol (1:1) and separated
by TLC using a solvent containing chloroform:methanol:0.2% aqueous Ã•;i( 1,
(55:45:10). The radioactivity of each band corresponding to the migration of
authentic GD2was then quantified by scraping it from the TLC plate and counting
in a scintillation counter.

CM
a
CD

â€” 200

a.
u

30 60 90 120 150 180

TIME (minutes)
Fig. 6. (.,,_. ((//>..) synthetase activity as a function of time. Total membrane

extracts (100 yg) of NIH-N417 cells were incubated at 37'C for the indicated

times in the presence of detergent, buffer, substrate, and glycosyl donor. Isolation
of gangliosides and measurement of isotope incorporation into Cili: were per
formed as described in Fig. 5.
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Donor 1 Donor 2

GM:

GM2-

GD3-

GD2-

B
Fig. 7. CDS(CD,) as a specific substrate for GD2(GD2) synthetase in small cell

carcinoma of the lung. Total membrane extracts (100 >ig)of NIH-N417 cells were
incubated at 37Â°Cfor l h in the presence of detergent, buffer, glycosyl donor, and

2 tig of either GD3(lane A) or GM2(GM2) (lane B), Labeled ganglioside products
were then extracted, separated by TLC. and subjected to autoradiography for 72
h. |, migration of GMj (CM,), GM2.GD3,and GD2standards.
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Fig. 8. MAb 14.18-mediated cytotoxicity of SCCL cells in the presence of

human complement. Specific lysis was determined for the T293 SCCL cell line
that was labeled with "Cr and challenged with MAb 14.18 in the presence of
human complement as described in "Materials and Methods."
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Fig. 9. ADCC of SCCL target cells mediated by MAb 14.18 and normal
human effector cells. Percentage of specific lysis was determined for T293 SCCL
cells that were labeled with "Cr and challenged with human peripheral blood

mononuclear cells from two donors in the presence (D) or absence (Ã¼)of MAb
14.18 as described in "Materials and Methods." The effector to target cell ratio
varied from 50-200.

common biochemical characteristics between neuroblastoma
and SCCL cells. In this regard, Baylin et al., (22) found that
the two-dimensional gel phenotype of surface proteins showed
a marked similarity between the two tumor types. The similarity
in the ganglioside profile between SCCL and neuroblastoma
provides yet another biochemical link between these tumors
and supports the hypothesis that SCCL may well be of neu-
roectodermal origin (18-20). It is interesting to note that hu
man melanomas derived from cells of neuroectodermal origin
express both GD2 and GD3 (2). This suggests that the level of
glycosyltransferase activity in these cells may allow for the
biochemical discrimination of various neural crest-derived tu
mors; therefore, GD2 synthetase, which is responsible for the
direct conversion of GD3 to GD2 in these cells, could be an
important enzyme to investigate since its regulation and expres
sion may provide new information about the development of
tumors derived from the neural crest.

A number of other investigators have described MAbs di
rected against glycolipid antigens preferentially expressed on
SCCL cells (23-25). In a recent study, Holmes et al. (23)
described the enzymatic basis for the accumulation of glyco-
lipids with X [Gal|31-Â»4(Fucal-Â»3)GlcNAc] and dimeric X
determinants in a cultured human SCCL cell line. In this case,
a fucosyltransferase was described which was responsible for
the synthesis of the X determinant in these cells; however, this
determinant is not specific for SCCL cells since it is known to
be present in a series of glycolipids that are expressed by a large
number of both neoplastic and normal human tissues (24). In
another study, Nilsson et al. (25) described a monoclonal anti
body directed against a ganglioside antigen which was associ
ated with SCCL and identified as fucosyl-GMi- Based on its
apparent specificity for SCCL tissues, it was suggested that the
antifucosyl GMi MAb may be useful for the immunodiagnosis
and immunotherapy of SCCL tumors.

In the present report we demonstrate that GD2 is present on
the surface of SCCL cells and that it can serve as an effective
target antigen for MAb-dependent cytolysis using anti-GD2
antibody and either human complement or human PBMCs as
effector cells. A 1-h incubation at 37Â°Cof SCCL cells with

MAb 14.18 and human complement destroyed more than 95%
of the tumor cell population; moreover, in the presence of
human PBMCs this MAb could kill 40% of the SCCL cell
targets in a 4-h assay. Although a number of SCCL cell lines
express GD2,T293 cells were used as targets due to their relative
sensitivity in the CDC and ADCC assays.

Antiganglioside MAbs of IgG3 isotype have been previously
shown by us (13) and others (26) to be effective in directing
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both CDC and ADCC against human melanoma cell targets.
In vivo experiments using an anti-GD3 MAb have shown that

significant human melanoma tumor regression can be achieved
in mice (13) and humans (IS). Based on these results, it is
feasible that GD2may provide a similarly relevant target antigen
on SCCL for MAb-mediated immunotherapy. Although recent
reports describe murine monoclonal antibodies of the IgM
isotype that selectively lyse human SCCL target cells (27-29)
such antibodies induce CDC only after repeated treatments and
are incapable of mediating any ADCC.

It is possible that ganglioside target antigens such as GD2
may be relevant for MAb-induced cytolysis because of their
structural composition and membrane embedded nature; thus,
the antiganglioside MAb binds to the oligosaccharide portion
of the molecule on the cell surface which is directly linked to
the membrane-embedded ceramide (lipid) portion of the gan
glioside; therefore, a MAb-mediated cytolytic effector mecha
nism that involves close contact with the target cell's plasma

membrane may be more effective than one mediated by MAbs
targeted to antigens that are associated extrinsically with the
cell surface. The results of this study suggest that the potential
immunotherapeutic efficacy of a MAb not only depends on the
nature of the antibody in question but perhaps more impor
tantly on the chemical and biological properties of the target
antigen. The possibility that MAb 14.18, which is directed
against the disialoganglioside GD2on SCCL, will be an effective
adjunct to current modes of therapy remains to be determined;
however, results from this study suggest that MAb 14.18 and
possibly other antiganglioside MAbs are potentially useful in
this capacity.
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