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ABSTRACT

Using a somatic cell hybridization technique, four murine
monoclonal antibodies (three immunoglobulin M and one immu-

noglobulin G3) were produced against a human neuroblastoma
cell surface glycolipid antigen. They reacted strongly with all
human neuroblastoma tumor-containing specimens and six of

eight human neuroblastoma cell lines. More than 98% of each
neuroblastoma cell population possessed this surface antigen,
and in the presence of complement, 100% of them were killed.
While melanoma and osteogenic sarcoma carried this antigen,
leukemia and most Ewing's and Wilms' tumors did not. There

was no cross-reaction with 30 normal or remission bone marrow

samples and none with normal human tissues other than neurons
in vitro. This antigen was neuraminidase sensitive, separable on
thin-layer chromatogram, and did not modulate after combining

with the monoclonal antibodies. These antibodies could detect
less than 0.1% tumor cells deliberately seeded in the bone
marrow samples. Because of their unique properties, these
monoclonal antibodies may have diagnostic and therapeutic
potentials.

INTRODUCTION

NB5 is the most common extracranial solid tumor in children

(7). Although they represent only 7% of the total cases of
childhood cancer diagnosed each year, 15% of cancer deaths in
children are due to this tumor. Most children present with the
disease before 3 years of age, although some are first discovered
in their second decade of life. The most common site of origin is
in the abdomen with tumors arising from the adrenal medulla or
the paraspinal sympathetic ganglia (30). Neuroblastoma tends to
disseminate early. The most common sites of metastasis are
cortical bones, regional lymph nodes, liver, bone marrow, and
subcutaneous tissues (9).

Two-thirds of the children with NB present with a disseminated

form of the disease, and most are incurable by currently known
methods. Combination chemotherapy together with irradiation
therapy and surgery may achieve complete or partial remission,
but patients become refractory to treatment frequently in less
than 12 months (3, 10). There has been little improvement in
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outcome during the past 2 decades, in contrast to the consid
erable advances made in most other childhood cancers. Ob
viously, new therapeutic directions are needed for patients with
disseminated (Stage III and IV) NB. Current pilot studies include
high-dose melphalan with autologous bone marrow rescue (31),
as well as high-dose chemotherapy together with total-body

irradiation and autologous or allogeneic bone marrow transplan
tation (2, 41 ).

For autologous bone marrow transplantation to be successful,
it is essential to detect viable NB cells in autologous marow and
to eradicate them without severely damaging normal hemato-
poietic stem cells (34). The use of MAb for the removal of residual
leukemia cells before autologous marrow reinfusion has yielded
encouraging results in the treatment of childhood ALL (37). MAb
against human NB have been described (39). Most are derived
from immunizations with normal human fetal brain and cross-
react with normal neural tissues (1, 38). Few have been devel
oped from immunizations with human NB (11,35). Some of them
have been used successfully in treating autologous marrow (44)
and for in vivo imaging and immunotherapy (14). Most of the
MAb reported to date share some of the following characteristics,
(a) They do not react with 100% of NB cells from each tumor or
cell line population (21, 27). (b) They are unable to kill 100% of
the tumor cells in the presence of complement, even when a
panel of MAb is used (5, 39, 40). (c) None of them has been
reported to fix human complement, (d) At high concentrations,
they have reacted with megakaryocyte precursors (27) and even
some normal blood and bone marow cells (21). (e) When injected
into tumor-bearing animals or patients, they can localize nonspe-

cifically in the RES of the liver, spleen, and bone marrow (15,
22). (/) None of the target antigens has been well characterized,
and the biological functions are unknown (39).

Using somatic cell hybridization technique, we have produced
MAb that bind to a glycolipid antigen on the surface membrane
of human NB cells. In this paper, we described the in vitro
characterization of the binding specificities and complement-
fixing properties.

MATERIALS AND METHODS

Cell Lines. The neuroblastoma cell lines LAN-1, LAN-2, and LAN-5

were kindly provided by Dr. Robert Seeger, University of California at
Los Angeles, Los Angeles, CA; IMR-6 and NMB-7, by Dr. Shuen-Kuei
Liao, McMaster University, Hamilton, Ontario, Canada. IMR-32, SKNMC,

and SKNSH, glioblastoma and melanoma cell lines, were purchased from
American Type Culture Collection, Bethesda, MD. Human Daudi cell line
was obtained from Dr. Bernice Schacter, Case Western Reserve Univer
sity, Cleveland, OH. The cell lines 8402, HPB-T-ALL, HSB-2, and Jurkat

were provided by Dr. Michael Link of Stanford University, Palo Alto, CA.
FCC and HL60 were provided by Dr. Hillard Lazarus, Case Western
Reserve University, Cleveland, OH. Cell lines in suspension were grown
in RPM11640 with 10% heat-inactivated FCS from Hyclone (Logan, UT)

containing penicillin (100 units/ml), streptomycin (100 tiQ/m\), and 2 ITIM
glutamine. Cells in monolayers were grown in medium supplemented
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with 15% FCS.
Tissues. Normal and neoplastia tissues were obtained either at the

time of surgery or autopsy. Tissue specimens were kept in ice for less
than 4 h before they were frozen and stored in liquid nitrogen or made
into single cell suspensions.

Hybridomas. HB95 (anti-ft.) and HB20 (anti-B2) hybridomas were

obtained from American Type Culture Collection and grown in 10% PCS
in RPM11640 supplemented with penicillin, streptomycin, and glutamine.
Supernatants from the cell lines 459 and 390 were kindly provided by
Dr. Robert Seeger of the University of Cailfornia at Los Angeles, CA.

Immunizations and Cell Fusions. BALB/c mice (The Jackson Labo
ratory, Bar Harbor, ME) were immunized by injections i.p. of 5 to 10
million human NB cells and p.o. with 5 to 10 million pooled human
mononuclear cells from peripheral blood every month for 6 months. Two
months after the last immunization, the mice were boosted by injection
i.v. of 5 million human NB cells. Three days after the boost, the mice
were sacrificed, and the spleen cells were used for cell fusion. The fusion
was performed with slight modifications of the method of Levy ef al. (25)
using mouse myeloma cell line SP/2-O.Ag14. Hybrids were selected in
hypoxanthine:methotrexate:thymidine-supplemented medium. Culture

supernatants were screened between 7 and 14 days after hybridization
for reactivity with NB cells and other control cell lines. Hybrids were
immediately expanded for freezing and cloned by limiting dilution using
normal mouse spleen cells as a feeder layer. Hybridomas were further
retested, subcloned, and frozen. Supernatants were harvested from
selected hybridomas for further studies.

Ascites Preparation. BALB/c mice were given injections of 0.5 ml of
Pristane (Aldrich Chemical Co., Inc., Milwaukee, Wl). Two weeks after
wards, they were inoculated with 5 to 10 million hybridoma cells i.p. The
ascites fluid was collected repeatedly every 3 to 4 days for a total of 2
to 4 times for each mouse. The fluid was then centrifuged at 2000 x g
for 20 min to remove cells and debris and then quickly frozen at -70Â°C.

Ascites fluid with high antibody titer was pooled.
Purification of MAb. After thawing, additional fibrin and paniculate

material were removed by centrifugation at 45,000 rpm for 20 min.
Purification of IgG MAb was carried out with Protein A affinity chroma-

tography (8). IgGS MAb was eluted with 0.1 M citrate phosphate, pH 4.5.
The purified lgG3 was dialyzed extensively in PBS at 4Â°Cand pH 7.4,
sterile filtered with a 0.22-Mm Millipore filter, and then frozen at -70Â°C.

All IgG preparations were sterility tested for bacterial, fungal (6 weeks of
culture), and viral (4 weeks of culture) contamination by the bacteriology
and virology laboratories at University Hospitals of Cleveland, Cleveland,
OH.

IgM MAb. IgM MAb were purified by ammonium sulfate precipitation,
dialyzed extensively in PBS, and centrifuged at 4000 x g for 20 min to
remove the paniculate matter.

Isolation of Mononuclear Cells. Normal human mononuclear cells
were prepared from heparinized peripheral blood or bone marrow sam
ples from patients and normal volunteers by centrifugation on a Fi-

colhHypaque gradient. Granulocytes were isolated by sedimentation in
6% dextran (Dextran T500; Pharmacia, Piscataway, NJ). The preparation
of natural killer cells by Percoli gradient from normal human peripheral
blood was kindly performed by Dr. Bernice Schacter of Case Western
Reserve University.

ELISA for Screening MAb. Target cells were washed in PBS 3 times,
and 0.1 million cells were added to each well of a 96-well polyvinyl
chloride flat-bottomed flexible microtiter plate (Dynatech, Alexandria, VA).

The plates were centrifuged at 180 x g for 10 min, the supernatant was
aspirated, and the cells were allowed to air dry on the plates. These
plates were used immediately or frozen at -70Â°C. Hybridoma superna

tants, ascites fluids, or purified antibody was diluted in 0.5% bovine
serum albumin (Sigma, St. Louis, MO) in PBS, and 100-/il volumes were
incubated in the target cell-coated microtiter plates at 37Â°Cfor 2 h. After

washing 3 times in cold PBS, the plates were further incubated with a
1:4000 dilution of a peroxidase-conjugated goat anti-mouse IgG (H + L

chain) antibody (Hyclone) in 1% bovine serum albumin in PBS for 1 h at

37Â°C.The plates were then washed in cold PBS and then reacted with

150 n\ of o-phenylenediamine (0.5 mg/ml) in a 0.1 M citrate phosphate

buffer, pH 5. After 30 min of reaction in the dark, the reaction was
stopped with 30 n\ of 5 N sulfuric acid. The absorbance was read with a
Dynatech ELISA plate reader at 490 nm. Reactions with absorbance
higher than 2 were diluted accordingly before spectrophotometric mea
surements. Samples were all tested in duplicate. The data were analyzed
with an Apple lie computer.

The antibody class and subclass were determined using a modification
of the ELISA as follows. The bound antibody was developed with a 1:20
dilution of monospecific rabbit antibody against mouse IgM, IgG sub
class, or light-chain type. The bound rabbit antibody was then developed
with a 1:1000 dilution of a peroxidase-conjugated goat anti-rabbit affinity-

purified antibody (Tago, Burlingame, CA), and the ELISA was performed
as outlined in "Materials and Methods." Three of the MAb (2F7, 3A7,

and 3G6) were IgM(ic), and 3F8 was lgG3(/c).
ELISA Method for Glycolipids. ELISA for glycolipids was carried out

using a modification of the method of Tai et al. (43). Glycolipids were
extracted from NB (see below) and diluted in PBS. One hundred ^l were
added to each well of the polyvinyl chloride microtiter plates and incu
bated at 37Â°Cfor 1 h. The glycolipid antigens were then aspirated, and

the ELISA was continued as described above. Except for inhibition
assays, a dilution of glycolipid containing about 0.5 Â¿<gof G02 was used
to coat each well. For ELISA inhibition assays, a dilution of glycolipid
containing 0.025 ng of G02 was allowed to coat each well of the assay
plate, followed by human serum albumin filler protein. 3F8 MAb super
natant diluted to 1:400 in 10% PCS was preincubated with an equal
volume of glycolipid-containing-sample for 1 h at 37Â°C. One hundred p\

of this mixture were then transferred to the assay plate and incubated
at 37Â°C for 1 h. The plates were then developed with peroxidase-

conjugated goat anti-mouse antibody as described above. Purified GM

was kindly provided by Dr. R. K. Yu, Yale University, New Haven, CT.
Indirect Immune-fluorescence. One million target cells were washed

in PBS with 0.1% sodium azide and then spun at 180 x g for 5 min. The
pellets were then reacted with 100 to 200 /Â¿Iof MAb for 20 min at 4Â°C.

After washing the cells in PBS with 0.1 % azide and having them underlaid
with 0.5 ml of heat-inactivated FCS, they were allowed to react with
1:100 dilution of a fluoresceinated goat anti-mouse (IgG plus IgM) anti
body (Tago) for 30 min at 4Â°C.The cells were then washed in PBS and

underlaid with 0.5 ml of FCS. After further washing, the cells were
resuspended in 1% paraformaldehyde, and the samples were studied
with a fluorescent microscope. Treatment of cells with neuraminidase
was carried out using a modification of the method of Puke ef al. (32).
Clostridial neuraminidase was obtained from Sigma.

lodination of Protein. Proteins were iodinated using a modification of
the chloramine-T method as described previously (6).

Extraction of Gangliosides. The method of Girardet el al. (13) was
used. Five hundred million cultured cells or 2 g of tissue were washed
extensively with PBS. The pellet was resuspended in 4 ml of distilled
water and sonicated for 5 min. Twenty ml of methanol were added,
followed by 20 ml of chloroform, and the mixture was stirred for 18 h at
4Â°C.The supernatant was clarified by centrifugation, and the insoluble

residue was reextracted with 40 ml of chloroform:methanol (1:1, v/v) for
4 h at 4Â°C.The extracts were pooled, dried, and partitioned in diisopropyl

ethernormal butyl alcohol:0.9% aqueous NaCI (6:4:5, v/v/v). Ganglio
sides and complex neutral glycosphingolipids were recovered in the
aqueous phase and used in the following experiments.

TLC and Immune-chemical Staining. The glycolipids were dissolved
in chloroform:methanol (1:1), spotted on 10- x 10-cm high-performance

TLC plates (E. Merck, West Germany), and developed with the solvent
system of chloroform:methanol:water (50:45:10) containing 0.02% cal
cium chloride dihydrate, and immunostaining was carried out according
to a slight modification of the method of Kasai and Yu (18). After drying
the TLC plates completely in vacuo, they were immersed in 0.4%
polyisobutylmethacrylate solution in hexane for 1 min. After the plates
were air dried, the chromatograms were incubated with the MAb super-
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natants at room temperature for 1.5 h. For IgM MAb, each lane was
incubated with a rabbit anti-mouse IgM antibody (Calbiochem-Behring

Corp.) diluted to 1:50 in 10% PCS at room temperature for 1.5 h,
thoroughly washed, and then incubated with 125l-labeled affinity column-

purified goat anti-rabbit antibody (Tago) at room temperature for 1.5 h.
For IgG MAb, each lane was incubated with a 125l-labeledaffinity column-

purified goat anti-mouse IgG antibody (Tago) at room temperature for

1.5 h. Finally, the chromatograms were thoroughly washed with PBS
containing 0.1% Triton X-100 and exposed to Kodak AX-5 X-ray film at
-70Â°C. After the exposure, each band of gangliosides was visualized

by spraying with resorcinol-HCI reagent. GMi, GD1a,and Gâ„¢ were pur

chased from Supelco, Inc., Bellefonte, PA.
Complement-mediated Cytotoxicity. Target cells (300,000) were

incubated with dilutions of the MAb in 0.5% FCS in PBS with 0.1%
sodium azide. After 60 min at 4Â°C,an equal volume (100 ÃŸ\)of guinea
pig complement (Pel Freeze, Rogers, AR) diluted 1:4 in Hanks' solution

was added. After incubation at 37Â°Cfor 60 min, the viability was tested

with the trypan blue dye exclusion test.

RESULTS

Hybridomas and MAb. BALB/c mice were fed normal human
peripheral blood mononuclear cells to induce systemic tolerance
and were then hyperimmunized Â¡.p.monthly for 6 months with
fresh human NB cells or cell lines NMB7 and IMR6. Three days
after an i.v. boost with NB cells, the spleen cells were removed
for somatic hybridization with the myeloma cell line SP/2-O.Ag14.

Hybridomas were selected in hypoxanthine:amethopterin:
thymine medium, and the supernatant was assayed at 1:10
dilution for binding to human NB cells coated onto microtiter
plates using the ELISA. This ELISA did not use poly-L-lysine or

glutaraldehyde for cell attachment and therefore had very low
nonspecific background (Charts 1 and 2). Clone selection was
based on: (a) strong binding to fresh human NB cells (from
patients' tumors); (b) strong binding to NB cell lines NMB7 and

IMR6; and (c) no binding to normal human bone marrow and
blood mononuclear cells. Hybridomas were subcloned within the
first 2 weeks and expanded in vitro. Indirect immunofluorescence
was used to establish binding to surface antigens. Those hybri-

domas that secreted MAb for cytoplasmic antigens were frozen
for future analysis. Only hybridomas secreting MAb for surface

0.0001 0.001 0.01 Undiluted

DILUTION OF MAB FROM CULTURE SUPERNATANT

Chart 1. Binding curves of the MAb 3F8 in ELISA on target cells from tumor
cells from a patient specimen; NB cell lines IMR6, NMB7, and LAN1; normal
peripheral blood mononuclear cells (PBMC); normal bone marrow (BM)\ and the T-
cell line HPB. The Y-axis is absorbance units, and the X-axis is the dilution factor
of the MAb supernatant which contains 20 /ig of MAb per ml.

0.0001 0.001 0.01 0.1 Undiluted

DILUTION OF MAB FROM CULTURE SUPERNATANT
Chart 2. Binding curves of the MAb 3G6 in ELISA. For abbreviations, see legend

of Chart 1.

antigens were subcloned and further expanded both in vitro and
as ascites in Pristane-primed BALB/c mice. Hybridomas specific

for nonglycolipid antigens will be described in a separate paper.
Four hybridomas (3F8, 2F7, 3A7, and 3G6) were identified, and
they reacted with glycolipid extracts in the ELISA (Table 1). All 4
hybridomas were subcloned by limiting dilution and remained
stable in culture and as ascites form for over 6 months. Three of
the MAb (2F7, 3A7, and 3G6) were lgM((c),and 3F8 was lgG3(x).

Binding Studies with Normal Human Tissues. All 4 MAb
were nonreactive by indirect immunofluorescence with peripheral
blood mononuclear cells, granulocytes, RBC, platelets, natural
killer cells, and a total of 30 bone marrows from normal subjects
or patients in remission with leukemia (Table 2). By agglutination
assay (kindly performed by the blood bank of the University
Hospitals of Cleveland, Cleveland, OH), none of the 22 common
red cell antigens reacted with the MAb. Neither was there any
reactivity above background by ELISA with other normal human
tissues. In this assay, single cell suspensions were made from
normal human organs, tumors, or cell lines and attached to
flexible microtiter plates as described in "Materials and Methods."

A stock solution of NB MAb (20 ^g/ml) in culture supernatants
was serially diluted and assayed in duplicate by ELISA on re
spective target cells. MAb to human HLA and ft> antigens and
the NB MAb 459 and MAb 390 were used as positive controls,
and culture supernatant of the parental myeloma SP2 was used
as negative control. The peak absorbance for each MAb on each
target cell is reported. Charts 1 and 2 show representative
dilution curves of the MAb 3F8 and 3G6 binding on selected
target cells. A summary of the positive and negative controls is
presented in Table 1. The only cross-reactivity with normal

human tissue was found by immunofluorescence with single cell
preparations of human cortical neurons (kindly provided by Dr.
L. Gambetti of Case Western Reserve University).

Binding Studies with Human Tumor Specimens. All 4 MAb
bound intensely to all 6 human NB tumor specimens tested
(Table 2). Strong cross-reactivities were found with osteogenic
sarcoma and none with Ewing's sarcoma or Wilms' tumor. None

of the leukemia of lymphoma samples reacted. Although the
relative binding activities of the 4 MAb were comparable among
the fresh NB tumor (Table 2) and NB cell lines (Table 3), they
were not as predictable when other tumors (Table 2), cell lines
(Table 3), and nude mice xenografts (Table 4) were used.
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Table1
ELISApeak absorbance of positive and negativecontrol supernatantson variousNB targets

Peak absorbance of dilution curves on ELISA

MAb3F8

3G6
459390

aÃŸ,
aHLA
SP20Patient

tumor6.7
Â±0.46a

3.5 Â±0.03
2.05 Â±0.04
1.00 Â±0.02

ND
0.57 Â±0.07
0.05 Â±0.01IMR66.1

Â±0.08
3.2 Â±0.20

0.80 Â±0.03
0.10 Â±0.02
0.34 Â±0.03

ND
0.03 Â±0.01NMB76.1

Â±0.01
2.8 Â±0.11

0.53 Â±0.03
0.14 Â±0.02
0.26 Â±0.01
0.19 Â±0.0
0.06 Â±0.0LAN-14.6

Â±0.25
2.5 Â±0.06

0.54 Â±0.01
0.13 Â±0.01
0.16 Â±0.0
0.17 Â±0.0
0.02 Â±0.0Glycolipid

extract6.8

Â±0.33
4.8 Â±0.06

NO"

NO
ND
ND
ND

8 Mean Â±SD of duplicates.
6 ND, not done.
c Supernatant from myeloma SP2.

Table 2
Binding studies with human tissues

3F8 2F7 3A7

Sample No. analyzed IF" ELISA IF ELISA IF ELISA

3G6

ELISA

Normal marrow aspirate
Normal PBMC
Granulocytes, RBC, platelets, nat

ural killer cell fractions

Thymus, adrenal medulla, liver,
spleen, muscle, lung, pan
creas, kidney, heart

Leukemiamarrow aspirate
AU
AML
CML

Undifferentiatedlymphoma
Lymphoblastic Lymphoma 1
Lymphoblastic Lymphoma 2

NB Tumor 1
NB Tumor 2
NB Tumor 3
NB Tumor 4
NB Tumor 5
NB Tumor 6

Ewing's Sarcoma 1
Ewing's Sarcoma 2

Osteogenic Sarcoma 1
Osteogenic Sarcoma 2
Chondrosarcoma
Wilms' tumor

Epithelioidsarcoma

30
4

7
12
1

0"

0
0

ND

0
0
0
ND
ND
ND

<o.r
<0.1
ND

ND
ND
ND
<0.1
<0.1
<0.1

EUSA
6.7
5.8
5.9
4.2
5.1
4.6

2.1
4.6

0.14

ND

0
0
0
ND
ND
ND

ND

ND
ND
ND
<0.1
<0.1
<0.1

EUSA
3.7
2.9
ND
ND
1.9
1.5

0.1
0.8

ND

0
0
0
ND
ND
ND

ND

ND
ND
ND
<0.1
<0.1
<0.1

EUSA
3.8
2.9
2.6
1.9
1.8
1.7

0.13
1.4

ND

0
0
0
ND
ND
ND

ND

ND
ND
ND
<0.1
<0.1
<0.1

EUSA
3.5
3.0
2.8
2.0
2.2
1.8

1.2
2.0

* IF, indirect immunofluorescence;PBMC, peripheralblood mononuclearcells; ND, not done; AML, acute myelogenousleukemia;CML, chronic myelogenousleukemia.
" Ten thousand cells were counted using conventional fluorescent microscopy, and the positive percentagewas recorded.
c The peak absorbance of dilution curves on ELISA.

Binding Studies with Human Cell Lines. Only 2 NB Å“il lines
failed to bind the MAb, namely SKNMC and SKNSH (Table 3).
Nevertheless, a small percentage of the cell population of these
2 NB cell lines was consistently positive. Two of the 3 melanoma
cell lines showed strong reactivity. Both antigen-positive NB and
melanoma cell lines demonstrated 99 to 100% staining by im
munofluorescence. Among the T-cell lines, HSB-2 consistently

showed strong binding with these antibodies, but only in slightly
more than one-third of the cells. The other T-cell lines, HPB and

8402, and the glioblastoma cell lines showed reproducibly a
smaller population (less than 6%) of brightly staining cells. This
small percentage of positive cells was found to be viable cells by
virtue of their exclusion of ethidium bromide. This percentage
remained unchanged when the MAb was ultracentrifuged at
100,000 x g for 10 min to remove aggregates before immunc-

staining.
Binding Studies with Primary Human Tumors Passaged in

Nude Mice. Human tumors were established from patients'

specimens and passaged in nude mice as described previously
(28). These tumors were excised and frozen (Table 4). Single
cell suspensions of these tumors were used to coat microtiter
plates for the ELISA. As shown in Table 3, all 4 MAb bound
strongly to NB. Tumors established from both SKNSH and
SKNMC were again negative. Half of the Osteogenic sarcomas
showed strong binding. One of the 2 retinoblastomas was posi
tive.

Analysis of NB Tumor Biopsies and Metastatic Disease. All
patient specimens tested to date, irrespective of source, when
found positive for tumor cells by regular histochemistry, were
uniformly positive by the MAb immunofluorescence or ELISA

CANCER RESEARCH VOL. 45 JUNE 1985

2645

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2422926/cr0450062642.pdf by guest on 19 M

ay 2023



MAb AGAINST NB

Tables
Binding studies with human cell lines

Humancell line Cell type

3F8 2F7 3A7

IF1 ELISA ELISA ELISA

* See footnotes of Table 2.

3G6

IF ELISA

LAN-1LAN-2LAN-5IMR-6NMB-7IMR-32SKNMCSKNSHHTB-14HTB-17SK-MEL-1HT-144FCCHL60U937JurkatHPB-ALL8402HSB-2DaudiK562NBNBNBNBNBNBNBNBGlioblastomaGlioblastomaMelanomaMelanomaMelanomaPromyelocyticMonocyticT-ALLT-ALLT-ALLT-ALLB-ALLErythroteukemia>98>98>98>98>98>982-^3.46>99>9930003.52.5390<14.65.05.86.15.85.80.1<0.10.30.42.24.90.5<0.1<0.1<0.1<0.1<0.11.6<0.1<0.1>98>98>98>98>98>984202280>993000<1<1370<11.31.42.42.52.21.60.10.10.10.10.91.3<0.1<0.1<0.1<0.1<0.1<0.10.52<0.1<0.1>98>98>98>98>98>982<11.31.270950000<1<1350<11.61.62.52.62.31.80.1<0.1<0.1<0.10.51.5<0.1<0.1<0.1<0.1<0.1<0.10.66<0.1<0.1>98>98>98>98>98>982<10.43.1>99>991000151.4410<12.52.42.93.22.82.30.10.1<0.1<0.10.92.3<0.1<0.1<0.1<0.1<0.1<0.11.4<0.1<0.1

Table 4
Binding studies with primary human tumorspassaged in nude mice

Tables
Analysis of NB tumor biopsiesand metastaticdisease

TumorsampleNB1

NB2
NB3
NB LAN-1
NB SKNMC
NB SKNSH3F8

ELISA2.7Â«

5.5
3.9
2.4

<0.1
<0.12F7

ELISA0.13

2.4
0.44
1.6

<0.1
<0.13A7

ELISA0.28

2.7
0.54
1.7

<0.1
<0.13G6

ELISA0.75

3.4
1.58
2.1

<0.1
<0.1

Osteogenic Sarcoma 1 5.8 2.1 2.3 2.9
Osteogenic Sarcoma 2 3.6 0.5 0.88 1.4
Osteogenic Sarcoma 3 3.7 0.3 0.63 1.3
Osteogenic Sarcoma 4 0.58 <0.1 <0.1 <0.1
Osteogenic Sarcoma 5 1.8 <0.1 <0.1 <0.1
Osteogenic Sarcoma 6 0.19 <0.1 <0.1 <0.1

Ewing's Sarcoma 1 0.50 <0.1 <0.1 <0.1
Ewing's Sarcoma 2 <0.1 <0.1 <0.1 <0.1
Ewing's Sarcoma 3 <0.1 <0.1 <0.1 <0.1
Ewing's Sarcoma 4 <0.1 <0.1 <0.1 <0.1

Rhabdomyosarcoma1 4.9 0.43 0.99 2.5
Rhabdomyosarcoma2 2.2 <0.1 <0.1 0.4
Rhabdomyosarcoma3 1.0 0.15 0.14 0.23
Rhabdomyosarcoma4 <0.1 <0.1 <0.1 <0.1
Rhabdomyosarcoma5 <0.1 <0.1 <0.1 <0.1
Rhabdomyosarcoma6 <0.1 <0.1 <0.1 <0.1

Wilms' 1 2.3 <0.1 <0.1 0.51
Wilms'2 0.25 <0.1 <0.1 <0.1
Wilms'3 <0.1 <0.1 <0.1 <0.1
Wilms' 4 <0.1 <0.1 <0.1 <0.1
Wilms' 5 <0.1 <0.1 <0.1 <0.1

Fibrosarcoma 1.4 <0.1 <0.1 <0.1
Yolk sac tumor <0.1 <0.1 <0.1 <0.1
Hepatoblastoma <0.1 <0.1 <0.1 <0.1

Nasopharyngealcarcinoma <0.1 <0.1 <0.1 <0.1

Retinoblastoma 1 2.3 0.2 0.18 0.5
Retinoblastoma2 <0.1 <0.1 <0.1 <0.1
Medulloblastoma <0.1 <0.1 <0.1 <0.1

" See footnotes of Tables 2.

SampleMarrow

aspirates
Liver biopsy
Pleuraleffusion
Tumor massMethodIF*

IFIF

ELISA3F811/11*1/1
3/3
6/6Â°3A711/111/13/3

6/633611/111/1
3/36/6

" IF, indirect immunofluorescence.
" Number of samples positive per number of samples tested.
c These 6 tumor specimenswere the same NBs as those in Table 1.

method (Table 5). One of these samples was from an infant with
Stage IVS NB, and 2 samples were from patients with Stage II
ganglioneuroblastoma. The rest of the samples came from pa
tients with stage III or stage IV diseases.

Detection of Microscopic Disease in Bone Marrow Aspi
rates. NB cells from the cell line LAN 1 were seeded into normal
bone marrow mononuclear cells at fixed ratios of 0.01, 0.1, 1,
and 10%. These contaminated marrows were stained by indirect
immunofluorescence. Because of tumor clumping, fluorescence
flow cytometry was not used to enumerate tumor cells. Instead,
the percentage of tumor cells seeded was measured by fluores
cence microscopy using a hemocytometer. This method could
consistently detect a single tumor cell among 10,000 normal
bone marrow cells. Nine of the 11 "remission" marrow samples

from patients with Stage III or Stage IV disease were found to
have tumor cells by this method.

Antigen Specificity of the MAb. Initial attempts to Â¡mmuno-

precipitate the antigen after external labeling with iodine 125
failed. NMB-7 and LAN-1 cells treated with neuraminidase lost

most of the antigenicity as assayed by indirect immunofluores
cence. Glycolipids were extracted from NB tumors and separated
by TLC. By immunostaining, the 4 MAb were shown to bind to
a single band that migrated between gangliosides Gru, and GDia
in a neutral solvent system (Fig. 1). The MAb 3A7,3G6, and 3F8
showed comparable reciprocal cross-blocking in radioimmunoas-
say on LAN-1 NB cells or NB glycolipid extracts (data not shown).
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GM1

GD1a

GT1b

origin.

ABC DBF
Fig. 1. Chromatograms of NB glycolipid extract. Lane A. the ganglioside stand

ards (Gu,, GDI., and Gâ„¢)stained with resordnol-HCI. Lanes 8 to E, Chromatograms
immunostained with the MAb 3F8, 2F7, 3G6, and 3A7, respectively. Lane F, the
NB glycolipid extract stained with resorcinol-HCI.

100

0.0003 0.0016 0.008 0.04 0.2 1 25 125

GLYCOLIPID CONC. (ug/ml)
Chart 3. ELISA inhibition assay. Assay plates were coated with glycolipid ex

tract from NB. MAb 3F8 diluted to 1:400 was used. Purified gangliosides (GDi.
Grib, GDI,, GMI) were used to inhibit the binding of 3F8 to the glycolipid antigen. V-
ax/s is the percentage of inhibition. X-axis is the concentration of ganglioside in /jg/
ml. â€¢NB glycolipid extract used at 1:20 and serial 5-fold dilutions. All samples
were tested in duplicate. Points, arithmetic mean of 3 separate experiments; bars,
SO.

Using glycolipid ELISA, all 4 MAb were shown to bind GD2but
not Gna, Grib, GMI, or Gom (data not shown). By ELISA inhibition
assay, only purified GD2was able to inhibit the binding of the
MAb 3F8 to tumor glycolipid extract (Chart 3). None of the
glycolipids tested (G0ia. GT,b, and GMi) was able to inhibit the
binding.

Lack of Antigenic Modulation. LAN-1 cells were incubated
with 3F8, the lgG3 MAb as outlined in the indirect immunofluo-
rescence section of "Materials and Methods." They were stained

with fluorescein-conjugated goat anti-mouse antibody after 0,2,

24,48, and 72 h of regular culture conditions. The cells remained
brightly fluorescent with a continuous rim pattern throughout this
period of incubation.

Complement-dependent Cytotoxicity. Our initialexperiments
were carried out with guinea pig complement at a final dilution

100

= 80

60
â€¢o
to
O

: 40
C

o
o 20
O.

a:LAN-1

b:LAN-5

c:IMR6

d:NMB7

10 100 1000

Nanograms of antibody par 10* tumor cellÂ»
Chart 4. MAb-mediated complement-dependent cytotoxicity on NB cell lines

LAN-1, LAN-5, IMR6, and NMB7. Y-axis represents the percentage of tumor cells
killed as assayed by trypan blue exclusion. The X-axis is the amount of antibody in

ng added per million tumor cells. , 3A7; , 3F8.

of 1:4 using trypan blue dye exclusion as the test for viability.
As shown in Chart 4, both 3A7 and 3G6, the IgM MAb, were
efficient in killing NB cells, irrespective of cell lines, at antibody
concentrations as low as 100 to 1000 ng per 1 million tumor
cells. One hundred tumor cell kill was reproducibly achieved.
Under identical conditions, bone marrow cells were not killed.

DISCUSSION

We have developed 4 MAb against a glycolipid antigen on the
surface of human NB cells using a novel immunization schedule
and a solid-phase target cell ELISA screening method. These
antibodies could be purified using standard column chromatog-

raphy. These hybridomas have remained stable in culture and
as ascites.

Most of the NB MAb described to date bind to glycoproteins
of undetermined biological functions (39). Many of them are
probably differentiation antigens. The target antigen of the MAb
described here was a glycolipid antigen extractable from human
NB cell lines and fresh tumors. It was separated on TLC, sensitive
to neuraminidase, and visualized by resorcinol-HCI. While react

ing with purified GD2, our antibodies did not react with other
purified glycolipids tested to date. Since ganglioside GD2 has
been reported in human brain tissues, it was therefore not
surprising that our antibodies reacted with single cell prepara
tions of human neurons. Immunoperoxidase methods to define
the distribution of this antigen in human nervous tissues are
currently in progress.

The unusually high absorbance observed with our MAb in
ELISA probably reflected the avidity of the MAb and the density
of the target antigens. We have confirmed these titers in an
independent assay (mixed hemadsorption) kindly performed by
Dr. S. K. Liao of McMaster University, Hamilton, Ontario, Can
ada.6 When tested extensively using immunofluorescence and

ELISA, our MAb did not react with other normal human tissues.
Most importantly, they did not react with normal bone marrow.
While killing 100% of tumor cells in the presence of complement,
these MAb were not detectably cytotoxic to normal bone marrow
cells. Preliminary results suggested that none of the erythroid or

' N-K. V. Cheung, unpublishedresults.
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myeloid colony-forming units was damaged. These antibodies

may therfore be useful for the removal of residual NB cells before
autologous bone marrow infusion.

MAb, by virtue of their tumor specificity, may represent a new
class of agents superior to conventional therapies. One major
limitation of the MAb described to date is tumor heterogeneity in
the expression of target antigen (21, 39). Thus, some fresh NB
tumors and cell lines are nonreactive with some of these MAb.
Furthermore, within each cell line or fresh tumor specimen, there
is invariably heterogeneity in the intensity of expression of these
antigens. It is therefore necessary to use a panel of antibodies
to ensure better than 95% staining and cytotoxicity of tumor
cells (21, 27). Despite these efforts, 100% staining and cytotox
icity consistently with the available NB MAb have not been
achieved. The significance of this small percentage of tumor cells
that escapes cytotoxicity is unknown. They may be the potential
nidus for tumor recurrence. The MAb we have developed differ
from these conventional antibodies because they stained 98 to
100% and could kill 100% of NB tumor cells in the presence of
complement. In addition, our MAb were able to fix human com
plement.7

In addition to the importance of MAb to bind and kill tumor
cells, another crucial determinant of their clinical usefulness is
tissue specificity. Current NB MAb have been found in vitro to
react with human fibroblasts (11), megakaryocyte precursors
(39), and, at high antibody concentrations, even some peripheral
blood and bone marrow cells (20, 21, 39). The use of such MAb
in autologous marrow treatment can potentially damage some
stem cells. Another test of tissue specificity is the localization of
these MAb in vivo. Only 3 MAb to NB have been studied in either
the xenograft nude mouse model or patients. They are the MAb
A2B5 (33), anti-OFA-1-2 (15), and UJ13A (22). The MAb A2B5

reacts in vitro with neurons, pancreatic islets, and adrenal med
ullary cells (33). UJ13A, on the other hand, reacts extensively
with central nervous system tissues, neuroectodermal tissues,
and thyroid epithelium (22). When the iodine-radiolabeled MAb
was injected i.v. into xenografted mice (MAb UJ13A and anti-
OFA-1-2) or patients (MAb UJ13A), nonspecific uptake in the

RES of the liver, spleen, and bone marrow was found. Attempts
to blockade the RES with a high dose of i.v. ^-globulins remained

unsuccessful (22). This nonspecific RES uptake has been ob
served with MAb of other tumor specificities (29). It has interfered
with the imaging process. More importantly, it may preclude the
use of MAb in targeting strong doses of radiotherapy or conju
gated toxins to the tumors in vivo. In order to use MAb as a new
class of specific agents for cancer therapy, the MAb therapeu-

tic:toxic ratio must be maximized. Therefore, it becomes imper
ative that MAb be selected not just for tumor specificity but also
for low RES uptake.

Our MAb had no detectable reactivity with liver or spleen. Nor
was there any reactivity with the adrenal medulla or melanocytes
of the skin on immunoperoxidase staining of tissue sections.6

This specificity for NB and nonreactivity with normal tissues were
confirmed in imaging studies in patients with neuroblastoma.6

These antibodies did not cross the blood-brain barrier and there

fore did not bind to neurons in the brain. Imaging studies using
either tumor-xenografted nude mice6 or NB-bearing patients

showed no nonspecific uptake in the liver, spleen, or bone

7U. M. Saarinen and N-K. V. Cheung, unpublished results.

marrow.
None of the 13 myeloid and none of the 7 lymphoid leukemia-

infiltrated bone marrow samples studied reacted with the MAb
(Table 1). Two of the lymphoid leukemias were T-ALL. The MAb
did not react significantly with most Ewing's sarcomas or Wilms'

tumors. These antibodies might be useful in distinguishing be
tween NB and other small round cell tumors of childhood. It was
unexpected to find a small percentage (3 to 6%) of the cell
population of the 2 T-ALL cell lines HPB and 8402 reacting with
all 4 of the MAb. It was even more surprising that one-third to
one-half of the population of the cell line HSB-2 showed staining.

The staining was not on nonviable cells and was not due to
aggregated MAb. It is possible that these cell lines might bear
Fc receptors for these IgM and lgG3 MAb. It is also possible
that the antigen GD2is expressed during certain phases of the
cell cycle in these T-ALL cell lines. It is noteworthy that HNK-1,
a MAb against Leu7, was originally made from immunization
with HSB-2 cells (26). It was later found to react with human NB,
suggesting that HSB-2 might carry neuroectodermal surface

characteristics.
The reactivity of these MAb was not restricted to human NB.

They reacted strongly with surface antigens on melanoma cells
by Â¡mmunofluorescence. The presence of GD2on human mela
noma is well established (4). Their reactivities with osteogenic
sarcoma and rhabdomyosarcoma cannot establish the presence
of such antigens on the cell surface, since the ELISA method
cannot distinguish surface versus cytoplasmic antigens. Binding
studies with cell lines derived from these tumors as well as
immunoperoxidase staining of tumor specimens are in progress
to answer this question. If the GD?antigen is present on the
surface of these other tumor cells, the panel of MAb may be
applicable in these diseases for detecting microscopic diseases
in vitro and imaging metastatic diseases in vivo.

Antigenic modulation is an important obstacle in the initial trials
of leukemia serotherapy with unconjugated MAb (36). In the
presence of antibody, these antigens are removed from the cell
surface in less than 2 h, rendering the cell resistant to further
antibody binding. While modulation can be a limiting factor for
antibody alone, it is probably less of a problem for immunocon-
jugates, where the initial binding and toxicity to the tumor cell
may occur prior to or during modulation. The target antigen GD2
does not seem to modulate after binding to our MAb despite
prolonged incubation in vitro. This is supported by the persistent
localization of our radiolabeled MAb in xenografts and in patients
as long as 6 days after injection.6

Because of the above considerations, our MAb have advan
tages over conventional MAb for diagnosis and treatment of NB
both in vitro and in vivo. Moreover, the preliminary cross-reactiv
ity studies indicate that these antibodies may be clinically useful
for human melanoma and osteogenic sarcoma. The immunology
of our novel immunization schedule is being analyzed further so
that it may become applicable to the development of MAb to
other human tumors.
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