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ABSTRACT

An ;imi-(.,,.. ganglioside human/mouse chimeric monoclonal antibody,
chl4.l8, like its murine counterpart, 14.G2a, Â»asshown to bind to human
nvuroblastoma cells. I his chimeric antibody proved to be more effective
than l4.G2a in mediating the lysis of neuroblastoma cells with human
effector cells, such as granulocytes and natural killer cells within the
peripheral blood mononuclear cell population. A comparison of these two
effector cell populations isolated from the same donor revealed granulo-
cytes to be more effective than peripheral blood mononuclear cells in
lysing neuroblastoma cells, which Â»erecoated with monoclonal antibody
chi4.18. Addition of recombinant human granulocytc-macrophage col
ony-stimulatory factor increased chl4.18-mediated lysis of neuro
blastoma cells by granulocytes but not by peripheral blood mononuclear
cells. In fact, granulocytes were effective in mediating lysis of neuro
blastoma cells coated with chi4.18 irrespective of whether they were
obtained from normal adults or from ncuroblastoma patients.

INTRODUCTION

Neuroblastoma is one of the most common solid tumors of
children that generally has a poor prognosis, since at the time
of diagnosis, the majority of patients have widespread disease
(1-3). The treatment available for such patients consists of
surgical removal of solid tumor(s) followed by massive chemo
therapy with or without radiotherapy and/or bone marrow
reconstitution (4-7). Such treatment protocols can result in
complete remission in some patients; however, in many such
cases, the relapse rate is relatively high. It is apparent from
these findings that additional adjuvant treatment modalities are
needed to improve the outcome of this neoplastic disease.

In this regard, the use of mAbs' directed to neuroblastoma-

associated antigen has been pursued both in the diagnosis and
treatment of neuroblastoma (8-11). One such antigen targeted
by mAbs that is frequently expressed on neuroblastoma is
disialoganglioside G|)2, a glycolipid which is expressed on tumor
cells of neuroectodermal origin (10, 12, 13). The Gi)2 antigen
is ideal for mAb-mediated therapy of neuroblastoma, since it is
expressed at high density on almost all neuroblastoma cells, is
poorly expressed or absent from most normal tissue, and does
not modulate its expression upon mAb binding.

Several mouse monoclonal anti-G,,: antibodies were reported
to effectively suppress the growth of tumors of neuroectodermal
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origin in athymic (nu/nu) mice (14, 15), and one was shown to
cause partial, as well as complete, regression in Phase I clinical
trials (8, 16). The mechanisms believed to be involved in the
ability of anti-Go? mAb to suppress the growth of neuroecto
dermal tumors in vivo are antibody-mediated cellular cytotox
icity and/or complement-dependent cytotoxicity.

There are, however, several drawbacks in using murine mono
clonal antibodies for therapeutic purposes in humans. First,
such antibodies induce a human anti-mouse antibody response
(17, 18); second, the half-life of murine mAbs in the circulation
is relatively short compared to human immunoglobulin (19);
and third the Fc portion of murine antibody may not elicit
ADCC or complement-dependent cytotoxicity as effectively as
the Fc portion of a human antibody (20). To overcome these
problems, recombinant DNA technologies have been applied
to develop human/mouse chimeric monoclonal antibodies, con
taining the variable region of the murine antibody and the
constant region of human immunoglobulin heavy and light
chains (21).

The monoclonal antibody chi4.18 is an example of such a
human/mouse chimeric antibody that is directed to ganglioside
Go; and which was developed by combining the complementary
DNA sequences encoding the constant portion of human 7!
heavy chain and Klight chain with those encoding the variable
portions of immunoglobulin from murine hybridoma 14.18
(22). This chimeric antibody bound to melanoma tumor cells
i/i vitro and reacted with melanoma tumors in athymic nude
mice equally well as the equivalent mouse antibody. In addition,
while chi4.18 was equal to its murine equivalent in mediating
complement-dependent lysis of melanoma cells, it proved con
siderably better in mediating ADCC with peripheral blood
mononuclear effector cells (23).

Here, we report the effects of chi4.18, as compared to its
murine equivalent 14.G2a in ADCC of neuroblastoma cells by
PBMC from normal donors, as well as from neuroblastoma
patients. In addition, we established the population(s) of cells
found in the peripheral blood that are primarily involved in
chl4.18-mediated lysis of neuroblastoma cells. This study also
served to determine whether cytokines affect the magnitude of
lysis of neuroblastoma cells by peripheral blood cells in the
presence of the human/mouse chimeric antibody.

MATERIALS AND METHODS

Cell Lines and Monoclonal Antibodies. The human neuroblastoma
cell lines NMB-7 and 1MR-32 were a gift from Dr. S. K. Liao (Mc-
Master University. Hamilton, Ontario, Canada). These cells were
grown in RPMI 1640 medium (Whittaker Bioproducts, Walkersville,
MD) and supplemented with I09r fetal bovine serum (Whittaker Bio-
products). The adherent cell lines were detached with 0.5 ITIMEDTA
(Sigma Chemical Co., St. Louis, MO), 0.02 M 4-(2-hydroxyethyl)-l-
piperazineethanesulfonic acid (Fisher Chemicals, Fair Lawn. NJ). and
0.15 M NaCl (Mallinckrodt. Paris. KY), washed once, and then used as
a single cell suspension.
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The hybridoma producing 14.G2a was established in our laboratory,
as reported previously (15) and was produced in large amounts by
BioTechnetics. San Diego, CA. The construction of the human/mouse
chimeric antibody, chi4.18, has been described elsewhere (22).

Indirect Immunofluorescence. Neuroblastoma cells were incubated
for l h at 4Â°Cwith 10 fig/ml of mAb. The cells were washed 3 times

with PBS (Whittaker Bioproducts) containing 0.5% bovine serum al
bumin (Boehringer Mannheim Biochemicals, Indianapolis, IN) and
0.02% sodium azide (Mallinckrodt), followed by subsequent staining
with either goat anti-human Fab FITC (for ch 14.18) or goat anti-mouse
IgG plus IgM-FITC for l h at 4Â°C.Both FITC-coupled antibodies were

obtained from BMB, Indianapolis, IN. The cells were washed 3 times
with PBS containing 0.5% bovine serum albumin and 0.02% sodium
azide prior to analyzing an aliquot of 1 x IO4 cells on a Fluorescent

Activated Cell Sorter 400 flow cytometer (Becton Dickinson, Mountain
View, CA).

Effector Cells. The source of effector cells was heparinized venous
blood obtained from either healthy adult donors or from stage IV
neuroblastoma patients at least 4 weeks after their last therapy. The
whole blood was layered onto a Ficoll-Paque (Pharmacia, Uppsala.
Sweden) gradient (1.077 g/ml) and centrifuged at 800 x g for 25 min.
PBMC were collected at the interface between the Ficoll-Paque and the
plasma. Subpopulations of PBMC from normal donors were isolated
by adherence of PBMC to gelatin/fibronectin-coated flasks (24). The
nonadherent cell preparation consisted of 65-80% CD3+ cells, 5-10%
CD57* cells, and <1% CD14* cells, as determined by microfluoro-
metric analysis of 1 x 10" cells with fluorescein-conjugated antibodies

(Becton Dickinson) directed to various cell surface markers. Adherent
cells were obtained by treating PBMC, which were attached to the
gelatin-fibronectin-coated flasks with EDTA. This adherent population
was composed of >90% CD14+ cells and a small population of <1%
CD3* and <0.1% CD57* cells. NK cells were isolated by depleting T-

and B-lymphocytes from nylon wool-nonadherent cells by an immuno-
magnetic method. To this end, nylon wool-nonadherent cells were first
incubated with anti-CD3 and anti-CD 19 antibodies (Becton Dickinson)
for 30 min at 4'C, washed twice with PBS. and then further incubated

under continuous shaking with sheep anti-mouse-coated immunobeads
(Dynabeads; Dynal, Great Neck, NY) for l h at 4Â°Cat a ratio of 20

beads/lymphocyte. Cells were then separated by placing them into a
magnetic field (25). Granulocytes were isolated from pellets after frac-
tionation of blood on a Ficoll gradient. Contaminating erythrocytes
were removed by prior lysis of cell pellets with either distilled water or
ammonium chloride. This cell preparation contained 95-99% granu-
locytes, as determined by microfluorometric analysis of an aliquot of 1
x 104cells by indirect staining with the granulocyte-specific monoclonal
antibody PMN-8C7 (Sigma Chemical Co.) as the primary antibody (26,
27).

Antibody-dependent Cellular Cytotoxicity. Tumor cells (5 x IO5)were
labeled for 2 h at 37Â°Cwith 0.5 mCi of sodium "Cr (10-35 mCi/ml,

Amersham Corp., Arlington Heights, IL) in 0.5 ml RPMI 1640. After
washing these cells 3 times, aliquots of 1-2 x IO3 cells in a 25-pi
volume were plated in 96-well U-bottomed microtiter plates (Corning
Laboratory Sciences, Corning, NY). Human/mouse chimeric mAb
chl4.18 or murine mAb 14.G2a were added each in a 50-^1 volume to
triplicate wells containing tumor cells. The concentration of antibodies
ranged between 1 and 0.001 Mg/ml. Effector cells were placed into
microtiter wells in a total volume of 100 p\ at effector:target cell ratios
of 200:1, 100:1, 50:1, or 25:1. In assays in which either 10-100 ng/ml
of human recombinant GM-CSF (a gift of BehringWerke, Marburg.
Federal Republic of Germany) or 1000 units/ml of human recombinant
M-CSF (Genzyme, Boston, MA) were admixed, the total volume of
cells added was reduced to 50 /Â¿I.with the other 50-^1 volume consisting
of either the cytokines or media. Lysis of target cells mediated by
effector cells alone was determined for each blood donor by incubating
the tumor cells and the effector cells together in the absence of antibody.
The plates were incubated for 4 h at 37Â°Cand then centrifuged at 100

x g for 2 min. A lOO-^ilaliquot of each supernatant was harvested and
analyzed for radioactivity in a Comp/Gamma counter (Pharmacia LKB
Biotechnology, Gaithersburg, MD). Total "Cr release was measured

by lysing the tumor cells with 10% sodium dodecyl sulfate. Spontaneous
"Cr release was determined in wells that contained only tumor cells.

Percentage of specific lysis was calculated as:

Experimental "Cr release - mean spontaneous "Cr release
Mean maximal "Cr release - mean spontaneous "Cr release x 100

The data are presented as the mean percentage of specific release of
three replicates. Although the percentage of specific "Cr release exerted

by effector cells from various individuals varied from experiment to
experiment, the pattern of the results remained consistent.

RESULTS

Binding of Human/Mouse Chimeric mAb chl4.18 to Surface
of Neuroblastoma Tumor Cells. The NMB-7 neuroblastoma cell
line used as a target cell throughout this study is known to
express the ganglioside Gl)2 (14). Here, it was determined
whether chi4.18 mAb could recognize Gr>2and bind to the
NMB-7 cell line. As a control, the same neuroblastoma cell line
was tested for its ability to bind murine mAb 14.G2a. As shown
in Fig. 1, both chl4.18 and 14.G2a stained all the NMB-7 cells,
as determined by indirect immunofluorescence.

mAb chl4.18-mediated Lysis of Neuroblastoma Tumor Cells
by PBMC. Here, we compared the ability of chi4.18 and its
murine counterpart, 14.G2a, to mediate the lysis of neuro
blastoma cells by PBMC. As shown in Fig. 2, chi4.18 was
more effective in mediating the lysis of NMB-7 neuroblastoma
cells by PBMC at an E:T of 100:1, since less chi4.18 was
required than the murine mAb to achieve the same lytic effect.
Proportionately, similar results were obtained at E:T ratios of
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Fig. I. Flow cytometric analysis of neuroblastoma cell line NMB-7 after

staining of cells with murine mAb l4.G2a and goat anli-mouse-FITC (Fig. \A)
or human/mouse chimeric mAb chi4.18 and goat anti-human FITC (Fig. IB).

. staining with secondary antibody alone; , staining with primary and
secondary antibody.
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Fig. 2. Antibody-dependent cellular cytotoxicity mediated by PBMC' against

NMB-7 neuroblastoma tumor cells in the presence of either chi4.18 (â€¢)or
l4.G2a (D) antibodies. Cytotoxicity was measured in a 4-h 5lCr release assay at
E:T of 100:1. D, level of lysis of NMB-7 cells mediated by PBMC in the absence
of antibody.

Table I Antibody-dependent cytotoxic activity of PBMC from neuroblastoma
patients against IMR-32 neuroblastoma cells in the presence of either chi 4. IS or

l4.G2a antibodies

Concentration of
Patient antibody (Â¿Â¿g/ml)

% of specific "Cr release at an E:T of:

10:1 5:1 2.5:1 1.25:1

J.B.J.
B.J.
B.J.
B.K.

RK.
RK.
RK.
RF.

K.F.
K.F.

K.â€¢Chl4.02.50.040.00502.50.040.00502.50.040.00518

antibody.039-/20*50/1046/122233/3545/3853/241843/4257/4858/50030/1634/633/4522/2135/2535/26421/1830/2130/20015/725/321/2222/1525/1225/12014/1020/1024/11013/512/014/0017/1020/615/807/19/417/3*
14.G2a antibody.

200:1 and 50:1 (data not shown). This observation is not limited
to the NMB-7 cell line, since LAN-1 and IMR-32 neuro
blastoma cells were also lysed by PBMC more efficiently when
mediated by chi4.18 rather than 14.G2a (data not shown).

The results depicted in Fig. 2 are from experiments that made
use of PBMC isolated from normal adults. Additional studies
were done to assess whether similar results could be achieved
with PBMC from neuroblastoma patients. Table 1 summarizes
the results that were obtained with PBMC isolated from the
blood of 3 such patients that were tested individually. Overall,
chi4.18 mediated the lysis of neuroblastoma tumor cells by
PBMC from neuroblastoma patients more effectively than
14.G2a.

Extent of mAb chl4.18-mediated Lysis of Neuroblastoma
Cells by Different Subpopulations of PBMC. In order to test the
effect of different PBMC subpopulations on ADCC, these cells
were separated based on their ability to adhere to fibronectin-
coated surfaces (24). Adherent and nonadherent cells thus
obtained were assayed for their ability to mediate the lysis of
NMB-7 neuroblastoma cells with mAb chi4.18. As illustrated
in Fig. 3, at E:T of 100:1, effective chl4.18-mediated lysis of
NMB-7 cells was achieved with the nonadherent PBMC pop
ulation and only marginal lysis was obtained with adherent
PBMC. A similar pattern of results was observed at E:T of 50:1
and 25:1 with proportionately lower values (data not shown).
The addition of M-CSF (1000 units/ml) to this assay did not
increase the ability of adherent PBMC to lyse NMB-7 tumor

cells in the presence of chi4.18 (data not shown). In ADCC
experiments with enriched NK cells from healthy adult donors
(>90% CD56+ cells), chi4.18 was more effective than 14.G2a,

especially at lower antibody concentrations of 5-2.5 mg/ml and
lower E:T ratios of 2.5:1 to 1.25:1 (Table 2).

Comparison of chi4.18-and 14.G2a-mediated Lysis of Neuro-
blastoma Tumor Cells by Granulocytes and PBMC. Here, we
wanted to determine whether granulocytes, as well as PBMC,
can mediate the lysis of neuroblastoma with ch 14.18 better than
murine mAb 14.G2a. The data in Fig. 4 illustrate that whenever
the concentration of antibody used in these experiments was
high (>0.1 Â¿ig/ml),granulocytes were capable of mediating the
lysis of neuroblastoma equally well with both mAbs. However,
at antibody concentrations of <0.1 /ig/ml, the ability of mAb
chl4.18 to mediate the lysis of NMB-7 tumor cells by granu
locytes exceeded that of its murine counterpart. Fig. 4 shows
results obtained at E:T of 100:1. The same experiments were
also done at E:T of 200:1 and 50:1, where essentially the same
pattern of results was obtained (data not shown).

In an effort to assess whether chl4.18-mediated lysis of
NMB-7 cells was more effective with granulocytes than PBMC,
these effector cells were isolated from the blood of the same
donors and compared for their ability to mediate tumor cell
lysis in the presence of chi 4.18. The data in Fig. 5 demonstrate
that granulocytes arc superior to PBMC in mediating chi 4.18-
directed lysis of NMB-7 cells, since it required less antibody
for tumor cell lysis mediated by granulocytes than by PBMC.
The data in Fig. 5 are from experiments done at an E:T ratio

Concentration of Monoclonal Antibody (i:q ml]

Fig. 3. Effect of adherent and nonadherent PBMC in mediating chi4.18
antibody-dependent cytotoxic activity against NMB-7 ncuroblastoma tumor cells.
Unfractionated PBMC (D). adherent PBMC (D). and nonadherent PBMC (â€¢)
were tested for their ability to mediate ADCC activity. Cytotoxic activity was
measured in a 4-h "Cr release assay at E:T of 100:1.

Table 2 Antibody-dependent cytotoxic activity of enriched NK celts from normal
donors against IMR-32 neurohlaswma cells in the presence of either chI4.I8 or

l4.Ga2 antibodies.
% of specific 5lCr release at an E:Tof:Concentration

ofDonor
antibody(^g/ml)1

02.50.040.0050.00252

05.00.160.040.020.01â€¢CH14.I8.â€¢

14.G2a.10:12677-/7I*74/6775/5170/484085/7477/6777/5775/5679/415:1762/5465/5659/3952/322570/6873/6273/4565/3561/412.5:1018/1632/2028/1116/51950/4258/4254/2750/2449/231.25:107/48/49/25/07ND33/2133/1528/1328/12
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Concentration of Monoclonal Antibody [,.g ml]

Fig. 4. Antibody-dependent cylotoxicity mediated by granulocytes against
NMB-7 neuroblastoma tumor cells in the presence of either chi4.18 (â€¢)or
14.G2a (^) antibodies. Cytotoxicity was measured in a 4-h "Cr release assay at
E:T of 100:1. D, level of lysis of NMB-7 cells mediated by granulocytes in the
absence of antibody.

Â¡^ 20

Q.
CO

1.0 0.1 0.01 0.0075 0.0025 0.001 0.0

Concentration of Monoclonal Antibody [ug/ml]
Fig. 5. Human/mouse chimeric antibody-dependent cytotoxicity of NMB-7

neuroblastoma tumor cell line mediated by either granulocytes (â€¢)or PBMC (D).
Cytotoxicity was measured in a 4-h 5lCr release assay at E:T of 100:1.

of 100:1. E:T ratios of 200:1 and 50:1 produced essentially the
same pattern of results (data not shown).

In this study, we determined whether chl4.18-mediated lysis
of NMB-7 by granulocytes could also be augmented by GM-
CSF in a 4-h 51Cr release assay at E:T of 50:1 (Fig. 6). At
concentrations of 100 and 10 ng/ml of the cytokine, GM-CSF
did indeed augment the ability of the granulocytes to mediate
lysis of NMB-7 tumor cells with chi4.18. In contrast, another
aliquot of the same batch of GM-CSF was not effective in
enhancing chl4.18-mediated lysis of NMB-7 tumor cells by
PBMC (data not shown).

Comparison of chl4.18-mediated Lysis of Neuroblastoma Tu
mor Cells by PBMC and Granulocytes from Neuroblastoma
Patients. Experiments were performed to determine whether
granulocytes from neuroblastoma patients are able to lyse
NMB-7 neuroblastoma cells in the presence of chi 4.18 equally
well as granulocytes from normal adult donors. In addition, the
extent of chi4.18-mediated lysis of NMB-7 by granulocytes
from neuroblastoma patients was compared with that achieved
by PBMC isolated from the same patient. These analyses were
done at E:T ratios of 75:1 to 25:1 and at an antibody concen
tration of 1 Â¿ig/m'-As demonstrated in Fig. 7. similar to
granulocytes from normal adults, granulocytes from neuro
blastoma patients proved superior to PBMC in chi4.18-me
diated lysis of NMB-7 tumor cells. In the presence of 100 ng/

ml of GM-CSF, a further increase in chi 4.18-mediated lysis by
granulocytes was obtained, but only at low E:T ratios. In
contrast, an aliquot of the same batch of GM-CSF failed to
increase the ability of PBMC to lyse NMB-7 tumor cells in the
presence of chi4.18. Taken together, these data indicate that
in the presence of chi4.18, granulocytes from both neuro
blastoma patients and normal adults have a greater ability to
lyse NMB-7 neuroblastoma cells than PBMC isolated from the
same individuals, and that the magnitude of this lysis is in
creased even further following stimulation of these effector cells
with GM-CSF.

DISCUSSION

The human/mouse chimeric antibody ch 14.18, like its murine
counterpart, 14.G2a, binds to neuroblastoma tumor cells. This
chimeric antibody also proved to be more efficient than 14.G2a
in mediating the lysis of neuroblastoma tumor cells with such
effector cells as NK cells within nonadherent PBMC popula
tion, as well as granulocytes. When these two effector cell
populations were compared, granulocytes were far better than

a.
aÂ»

0.1 0.01 0.0

Concentration of Monoclonal Antibody [ug/ml]
Fig. 6. Chi 4.18-mediated lysis of NMB-7 neuroblastoma tumor cells by either

granulocytes in the absence (Q) or presence of either 100 ng/ml (D) or 10 ng/ml
(â€¢)recombinant human GM-CSF. Cytotoxicity was measured in a 4-h "Cr
release assay at E:T of 50:1.

Ãœ

CO

25/1 50/1 75/1

Effector to target cell ratio
Fig. 7. Ch 14.18-mediated lysis of NMB-7 ncuroblastoma tumor cells by either

granulocytes (O. â€¢)or PBMC (A. A) from the same neuroblastoma patient in the
absence (D. A) or presence (â€¢.A) of recombinant human GM-CSF (100 ng/ml).
Cytotoxicity was measured in a 4-h 51Cr release assay at various E:T ratios of

75:1. 50:1. and 25:1. The concentration of chimeric antibody used was 1 i/g/ml.
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PBMC in lysing neuroblastoma cells in the presence of ch 14.18.
Human recombinant GM-CSF further increased chi4.18-me-
diated lysis of neuroblastoma tumor cells by granulocytes, an
effect which was not obtained with PBMC.

We were interested in determining the phenotype of the cells
within the PBMC population, which are primarily responsible
for chl4.18-mediated lysis of neuroblastoma cells. It appears
from our data that the prevalent effector cells in this case are
most likely lymphocytes and not monocytes. as evident from
our results with enriched NK cells (Table 2). This contention is
strengthened by the observation that nonadherent PBMC, such
as those that failed to adhere to fibronectin, were more effective
in lysing neuroblastoma cells coated with ch 14.18 than adherent
PBMC. Since fibronectin receptors are present on monocytes,
but not lymphocytes (24), the more effective nonadherent cells
are likely to be lymphocytes, rather than monocytes. This
contention was confirmed by microfluorometric analysis, indi
cating that cells within the adherent population are 2:90%
CD14+, <1% CD3+ cells, and <0.1% CD57+. while the non-
adherent lymphocytes consist of 65-80% CD3* and 5-10%
CD57* cells with <1% CD 14* monocytes.

However, the participation of monocytes in the chi 4.18-
mediated lysis of neuroblastoma cells cannot be completely
ruled out, since only a 4-h lytic assay was used in our studies.
In this regard, others have reported monocytes as effector cells
in chimeric antibody-mediated lysis of colorectal carcinoma
cells in lytic assays involving incubation times of at least 18 h
(25). Even though examples can be found where monocytes
serve as effector cells in ADCC of certain tumor cell lines, it
appears that at least in our study of neuroblastoma, monocytes
play a very minor role as effector cells in ADCC. This conten
tion is supported in part by findings of Munn and Cheung (28),
who were also unable to lyse neuroblastoma tumor cells with
monocytes in the presence of murine anti-Go: mAb 3F8, even
in an 18-h lytic assay. Only after exposing monocytes to M-
CSF for at least 4 days did these investigators observe mono
cytes to significantly lyse neuroblastoma cell lines in the pres
ence of antibody. Thus, it is possible that cytotoxicity mediated
by monocytes that is sufficient to effect lysis of neuroblastoma
cells may depend on M-CSF or other cytokines for their acti
vation and/or maturation to macrophages.

In further delineating other potent effector cells capable of
lysing neuroblastoma cells coated with chi4.18, it became evi
dent from the results of our study that granulocytes are more
effective than PBMC in ADCC of neuroblastoma cells. An
explanation is still lacking for the augmented ability of granu
locytes to lyse neuroblastoma cells in the presence of chi4.18.
One possible explanation for this finding may be that structural
variations in the Fc 7 receptor of granulocytes and PBMC
could potentially influence their functional activities (29), mak
ing granulocytes better effector cells in ADCC. The possibility
also exists that Fc -yreceptor may be expressed at higher density
on granulocytes than on PBMC or that granulocytes have a
more efficient mechanism than PBMC for the lysis of neuro
blastoma cells coated with chi4.18. One additional factor to be
considered in interpreting the data presented in Fig. 5 is that
the purification protocol used in this study could activate gran
ulocytes. In this regard, other investigators have demonstrated
that isolation of granulocytes on Ficoll gradients can enhance
activation of these cells (30). Thus, even though the intrinsic
properties of PBMC and granulocytes could explain the differ
ence observed in their ability to lyse antibody-coated neuro
blastoma cells, it is also possible that granulocytes could be

activated during their purification.
Granulocytes, unlike PBMC, were able to lyse neuroblastoma

cells equally well, whether the cells were coated with murine or
chimeric anti-Go: antibody, provided that the antibody concen
tration was sufficiently high, i.e., >0.1 pg. One explanation for
this finding could be that granulocyte-mediated lysis in the
presence of ch 14.18 has reached its plateau at the high antibody
concentrations so that the murine anti-Go? antibody appears to
be equally capable of lysing neuroblastoma cells as its human/
mouse chimeric counterpart. Thus, only at lower antibody
concentrations is the human/mouse chimeric anti-Go: antibody
superior to the murine antibody.

The magnitude of chl4.18-mediated lysis of neuroblastoma
was augmented further in the presence of GM-CSF. These
findings are in agreement with the findings of other investiga
tors who have shown that GM-CSF can enhance granulocyte-
mediated lysis of neuroblastoma, which were coated with other
anti-Go: mAbs (31, 32). One mechanism by which GM-CSF
can enhance ADCC of tumor cells is by increasing the produc
tion of toxic oxygen metabolites by granulocytes; however,
granulocyte-mediated lysis of neuroblastoma in the presence of
antibody Â¡snot dependent on these oxygen products for tumor
cell lysis (32). Another possible explanation for the enhancing
effect of GM-CSF on granulocyte-mediated cytotoxicity of
mAb-coated neuroblastoma may be an increase in the number
of Fc y receptor on granulocytes, thus resulting in greater
antibody binding.

Although most of our experiments involved the use of blood
from normal adult individuals as a source of effector cells, we
considered it important for two reasons to also evaluate effector
cells obtained from neuroblastoma patients. First, it has been
reported that effector cell functions are usually suppressed in
neuroblastoma patients (33, 34). Second, many of the chemo-
therapeutic drugs used in the treatment of neuroblastoma in
duce immunosuppression, as well as neutropenia. In this study,
we could demonstrate that PBMC from neuroblastoma patients
are capable of lysing neuroblastoma cells with a greater effi
ciency when the tumor cells are coated with chi4.18 rather
than with murine mAb 14.G2a. However, granulocytes from
neuroblastoma patients can lyse neuroblastoma cells coated
with chi4.18 far more effectively than PBMC obtained from
the blood of these same patients. These findings indicate that
effector cells of neuroblastoma patients can carry out similar
tasks as those obtained from normal adults. Therefore, whatever
factors may down-regulate other components of the immune
system, they apparently do not influence the ability of neuro
blastoma patients' effector cells to mediate lysis of tumor cells

that are coated with chi4.18.
Since this study demonstrated that GM-CSF enhances

chi4.18-mediated lysis of neuroblastoma cells by granulocytes
from neuroblastoma patients, this augmentation of lysis could
be important in increasing the ability of chi4.18 to ablate the
growth of neuroblastoma. Although Massuci et al. (35) reported
that GM-CSF can enhance mAb 17-lA-mediated lysis of hu
man colorectal carcinoma cells by both lymphocytes and mono
cytes, GM-CSF was ineffective in our hands in enhancing the
ability of PBMC to lyse chl4.18-coated neuroblastoma cells.
The reason for the discrepancy between these two studies is not
known.

Aside from enhancing antibody-mediated lysis of tumor cells
by granulocytes, GM-CSF can also affect the migration of
granulocytes (36). Therefore, a combined therapy of neuro
blastoma patients with the human/mouse chimeric antibody
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chi4.18 and GM-CSF could be beneficial, since GM-CSF may

focus activated granulocytes to the tumor and enhance their
ability to suppress the growth of neuroblastoma cells, thus
helping to optimize the antitumor effect of chl4.18. In this
regard, preliminary clinical studies demonstrated that granu
locytes isolated from the blood of neuroblastoma patients that
had been treated with murine anti-GD2 mAb 14.G2a did pref
erentially migrate to the tumor site following a brief ex vivo
activation with GM-CSF. Considering these effects of GM-
CSF, together with its known ability to increase the production
of neutrophils in patients suffering from neutropenia as a
consequence of chemotherapy (37), it may be of considerable
future interest to test the effect of a combined therapy with
GM-CSF and anti-GD2 mAb in neuroblastoma patients.
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