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ABSTRACT

Disialoganglioside GDZis present on human neuroblastoma and mela
noma cells. 3F8 is a murine IgG3 monoclonal antibody specific for (.],.,
which has shown antitumor effects in patients in preliminary clinical
studies. Since antibody mediated cellular cytotoxicity (ADCQ was one
of the likely mechanisms producing these observed tumor regressions,
the current study was carried out to investigate the activation of ADCC
by interleukin-2 (IL-2). ADCC (against human neuroblastoma and mel
anoma cell lines in vitro) mediated by normal human peripheral blood
lymphocytes was increased 100 to 330% after preincubation with IL-2.
At limiting concentrations of 3F8 antibody (10 to 100 times less than the
amount required by unactivated peripheral blood lymphocytes), activated
peripheral blood lymphocytes still mediated efficient ADCC. Activation
of ADCC was detected earlier than lymphokine activated killer cell
(LAK) activity, required less IL-2 for optimum induction (50 versus 1000
units/ml), and was of equal or greater absolute magnitude (+10 to +200%)
against the cell lines tested. ADCC and LAK were independent and
additive when measured against the same cell line. The precursor cells
for both LAK and activated ADCC bore IgG Fc receptors, but by day 4
of culture with IL-2 much of the LAK activity resided in the Fc negative,
Leull negative population, and did not mediate ADCC. IL-2 activated
ADCC may be of value alone or in conjunction with LAK cells in the
therapy of tumors which bind the antibody 3F8.

INTRODUCTION

IL-23 has generated much interest in the last several years

because of its ability to induce or augment various types of
lymphocyte-mediated cytotoxicity. LAK cells were first de
scribed as a distinct entity by Grimm et al. (1), although their
lineage and surface phenotype have not been fully established.
It has also been shown (2-5) that IL-2 can potentiate the NK
activity of PBL in vitro. Herberman et al. (6) have reported an
increase in ADCC against cultured melanoma cells when effec
tor cells were preincubated with IL-2. Recently Honsik et al.
(7) and Ortaldo et al. (8) reported a similar IL-2-induced
augmentation of ADCC using monoclonal antibodies against
melanoma and neuroblastoma. Shiloni et al* have shown that
IL-2 is able to augment ADCC using murine splenocytes as
effector cells.

We have observed this phenomenon using 3F8 (9), a murine

Received 6/8/87; revised 9/18/87; accepted 9/23/87.
The costs of publication of this article were defrayed in part by the payment

of page charges. This article must therefore be hereby marked advertisement in
accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

1Supported in pan by grants ACS-RD-22-86 and ACS-CDA-4-85 from the
American Cancer Society, CA-39320 from the National Cancer Institute, and
funds from the Ireland Cancer Center, Cleveland, OH. Part of this work has been
presented at the 1987 annual meeting of the American Association for Cancer
Research.

1To whom requests for reprints should be addressed, at the Department of
Pediatrics, Memorial Sloan Kettering Cancer Center. 1275 York Avenue, New
York, NY 10021.

3The abbreviations used are: IL-2, interleukin-2; LAK, lymphokine-activated
killer, NK, natural killer, ADCC, antibody-dependent cellular cytotoxicity; HSA,
human serum albumin; PBS, phosphate buffered saline; SFM, serum-free me
dium; E:T, effector to target (ratio); LU, lytic unit; FcR, Fc receptor; GDI,
disialoganglioside GDI; PBL, peripheral blood lymphocytes; FcR*, Fc receptor
adherent; FcR", Fc receptor nonadherent.

4E. Shiloni, A. Eisenthal, D. Sachs, and S. A. Rosenberg, Antibody-dependent

cellular cytotoxicity mediated by murine lymphocytes activated in recombinant
interleukin 2. J> Immunol.. 138: 1992-1998, 1987.

monoclonal IgG3 antibody specific for the disialoganglioside
Go2. Go2 is found on a variety of human tumors, including
melanoma and neuroblastoma. When bound to tumor cells,
3F8 mediates cytotoxicity by activating human complement (9);
when radiolabeled, it can target selectively to neuroblastoma
for diagnostic imaging (10) and ablation of established tumor
xenografts (11). This antibody has been shown to have antitu
mor potential with tolerable side effects in a preliminary clinical
trial in patients with neuroblastoma and malignant melanoma
(12). ADCC in the presence of 3F8 was one of the likely
mechanisms of these observed antitumor effects. Since 3F8 and
IL-2 have already been tested independently in clinical trials,
we became interested in the possible benefits of integrating the
two forms of therapy in the treatment of tumors such as
neuroblastoma. To establish the feasibility of such an approach,
we report here the ability of 3F8 to mediate ADCC as well as
the response of human ADCC effector cells to IL-2 in vitro.

MATERIALS AND METHODS

Cell Lines. KS62 (human erythroleukemia), SKMel-1 and SKMel-
28 (melanoma), and IMR-32 (neuroblastoma) were obtained from the
American Type Culture Collection, Bethesda, MD. The neuroblastoma
cell lines IMR-6 and NMB-7 were kindly provided by Dr. Shuen-Kuei
Liao, McMaster University, Hamilton, Ontario, Canada; and LAN-1,
LAN-2, and LAN-5 by Dr. Robert Seeger, University of California at
Los Angeles, Los Angeles, CA. All cell lines were grown in RPMI 1640
medium supplemented with 10% heat-inactivated bovine serum (Hy-
clone, Logan, UT), 2 DIMglutamine, 100 units/ml penicillin, 100 ^g/
ml streptomycin, and 0.5 Mg/ml amphotericin B.

Effector Cells. Human peripheral blood lymphocytes were obtained
from healthy volunteer donors. Heparinized whole blood was fraction
ated by density centrifugation on Ficoll-Hypaque (Pharmacia, Piscata-
way, NJ), and the mononuclear cell fraction washed three times with
RPMI 1640 plus 0.5% HSA. Because it has been reported that high
concentrations of monocytes (40% of total cells) may inhibit the devel
opment of LAK activity (13), monocytes were depleted by adherence
to plastic tissue culture flasks (Falcon, Lincoln Park, NJ) for l h at
37Â°Cin RPMI-HSA. The nonadherent cells were screened for mono-

cyte contamination and were consistently less than 5% monocytes by
morphological analysis using Wright's stain.

Immune Complex Adherence. Fc receptor-bearing cells were sepa
rated by adherence to immobilized immune complexes using a modifi
cation of the method of Targan and Jondal (14). The antigen, purified
3F8, was suspended in 3 ml of PBS at 0.5 mg/ml, and adsorbed on 60-
x 15-mm tissue culture dishes (Falcon) for 30 min at 25Â°Cand 30 min
at 4"C. The plates were washed thoroughly with PBS, and 2 ml of

rabbit anti-3F8 antiserum, diluted 1:50 in PBS, were added and incu
bated as above. Rabbit antiserum was prepared by i.v. immunization of
albino rabbits with purified 3F8 and used at the dilution previously
determined to produce optimum depletion of ADCC activity from PBL.
The plates were washed with PBS plus 0.5% HSA and frozen at -70*C.
PBL (after monocyte depletion) were added as 1.5 x IO7cells in 3 ml
of PBS-HSA and centrifuged for 10 min at 50 x g. The plates were
rotated 180Â°and centrifuged again. Nonadherent cells (typically 75 to

80% of the starting number) were washed free with PBS-HSA, and
adherent cells were collected by incubation with 100 Â¿Â¿gProtein A
(Sigma, St. Louis, MO) in 2 ml PBS-HSA for 2 h at room temperature.
Viability of recovered cells was 95% in the nonadherent population and
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45 to 50% in the adherent population by trypan blue dye exclusion.
Cells were incubated for 2 h or overnight at 37"C before use. This

incubation was necessary to restore lytic activity lost during the exten
sive processing steps.

Activation with IL-2. PBL were incubated at 37*C in 5% CO2 with

varying concentrations of IL-2. The medium was a modification of the
SFM of Brown et al. (15), containing RPMI 1640 plus 0.5% HSA, 1
uK/ml transferrin (Sigma), 40 Â»in/mlcholesterol (Sigma), 10 '" M
FeSQi, 5 fig/ml insulin (Sigma), 10 ' M mercaptoethanol, and 80 Mg/

ml phosphatidylcholine (lecithin; Sigma), with antibiotics and gluta-
mine as described above. This medium was chosen to avoid the non
specific activation of ADCC and NK observed with fetal calf serum
(16).

Interleukin 2. Early experiments were performed using supernatant
from the MLA-144 Gibbon T-cell line as a source of IL-2 (17). MLA-
144 cells, kindly provided by Dr. David Kaplan of Case Western Reserve
University, Cleveland, OH, were grown in SFM and the supernatant
separated by centrifugation at 4000 x g, then passed through a 0.4 ^m
filter and frozen at -20Â°C.A single lot of supernatant was used for all

experiments. It contained 34 units/ml of IL-2 activity, as kindly deter
mined by Dr. Bruce Altrock of Amgen Corp. (Thousand Oaks, Ã‡A).A
final concentration of 6 units/ml was found to give good activation,
and was used throughout. Later experiments used recombinant human
IL-2 generously provided by Dr. Altrock. All effects seen with the
MLA-144 supernatant were seen with recombinant IL-2 at an equiva
lent dose, and results are reported for the recombinant preparation
unless otherwise specified.

Chromium Release Assay. Target cells (2 x IO6) were labeled with
250 nCi of sodium ["Crjchromate (25 mCi/ml; Amersham, Arlington
Heights, IL) in 250 it\ of SFM for l h at 37'C. They were washed and

resuspended in 10 ml SFM for 1 h, washed twice, and used immediately.
Effector cells were added to 1 x IO4 target cells in 96-well round-
bottomed assay plates (Falcon) in a final volume of 0.25 ml. Cytotox-
icity was measured with and without 3F8 [prepared as described else
where (11)]; when antibody was used, it was added in a final concentra
tion of 2 Mg/ml. The plates were incubated for 4 h at 37"C, centrifuged,

and 0.1 ml of supernatant removed for gamma counting. Experiments
were performed in duplicate or triplicate and the mean reported; values
differing from each other by more than 5% were repeated. Specific lysis
was calculated using the formula

lysis =
Observed cpm - background cpm

Total cpm â€”background cpm

Background was defined as radioactivity released by target cells incu
bated in medium alone. Total releasable radioactivity was measured
after lysis with 5% sodium dodecyl sulfate. The background was typi
cally 11 to 17% of the total and was unaffected by the presence of 3F8.

Lytic Units. Specific lysis was found to be a semilog function of E:T
ratio for the two cell lines tested (SKMel-1 and K562). The curve was
linear between 20 and 60% specific lysis, regardless of donor PBL or
type of cytotoxicity tested (NK, ADCC, or LAK). In order to compare
cytotoxicity at widely different 1:1 ratios, we first had to adjust for this
logarithmic relationship. The use of lytic units for measuring cytotox
icity has been discussed in the literature (18, 19). Most authors define
one lytic unit as the number of effector cells needed to lyse an arbitrarily
chosen number of target cells. We used 50% lysis of 1 x IO4target cells
for our calculations and derived lytic units per 10'' effector cells by the

formula

LU/106

where k = IO6/IO4, y = (observed percentage of lysis - 50%)/slope,

and x = E:T ratio at which the observed percentage of lysis occurred.
"Slope" here refers to the slope of the killing curve (lysis versus In E:T

ratio), which was found to be 21.6 (SD, 4.0) for both SKMel-1 and
K562, based on 52 experiments using five donors.

Depletion with Monoclonal Antibody and Complement. Monoclonal
antibodies Leu 11 and Leu7 (Becton Dickinson, Mountain View, CA)
and OKT3 (Ortho Diagnostics) were used to deplete subsets of PBL.
Briefly, IO6cells were incubated with 10 /Â¿Iof the commercial antibody

in 100 M!of SFM for 30 min at 0Â°C.With OKT3, the cells were washed

and 10 MBof affinity-purified goat anti-mouse IgG and IgM (Tago,
Burlingame, CA) were added as a facilitating antibody and incubated
as described. Two hundred and fifty //I of baby rabbit complement (Pel
Freeze, Rogers, AR) diluted 1:1 (v/v) with Hanks' balanced salt solution
were added and incubated l h at 37Â°C.The cells were washed and used

immediately. To test for completeness of depletion, an aliquot of cells
was incubated in SFM for 24 and 72 h to permit reexpression of the
target antigen and then stained with the depleting antibody followed by
a fluorescein-conjugated goat anti-mouse reagent. Less than 1% of PBL
stained positive by this method after depletion.

RESULTS

ADCC Using 3F8. 3F8 mediates ADCC against neuro
blastoma and melanoma cell lines which express the GD: anti
gen (Table 1). The effector cells were fresh PBL from volunteer
donors. SKMel-1 and SKMel-28 are melanoma cell lines;
SKMel-28 did not bind 3F8 and was included as a negative
control. SKMel-1 was chosen for use in subsequent experiments
because it was resistant to NK activity and gave consistent
results with ADCC.

Activation of LAK and ADCC by IL-2. LAK, as defined by
Grimm et al. (1), properly refers to cytotoxicity against fresh
autologous tumor cells acquired after incubation with IL-2.
Since we used healthy donors, we made the assumption that
LAK activity could also be measured using NK resistant cul
tured cell lines (13). IL-2-activated PBL often showed LAK
activity as well as ADCC. To determine the relative contribution
of each, we measured target cell killing in the presence and
absence of antibody. LAK activity was defined as killing without
antibody; ADCC was defined as the increase in killing attrib
utable to the addition of 3F8. Because of the logarithmic
relationship of cytotoxicity to effector cell number, the contri
bution of ADCC was less obvious at higher E:T ratios when
using the crude specific lysis data. However, when killing was
expressed in lytic units we found that the addition of antibody
produced an increase in calculated cytotoxicity that was not
influenced by the E:T ratio at which the measurement was made
or by the amount of LAK activity present. In this report, all the
data for ADCC were derived by subtracting LAK from total
cytotoxicity in the presence of antibody (both expressed in lytic
units).

Table 2 shows the induction of LAK and augmentation of
ADCC by low-dose IL-2 (6 units/ml from MLA-144). Where
means and SDs are given, they reflect data from several exper
iments (two to five) for each donor on different days. Anti-
K562 cytotoxicity is shown for comparison. In order to study
activation at higher concentrations of IL-2 we used the Amgen
recombinant IL-2 preparation. Fig. 1 shows a dose-response

Table 1 ADCC by human effector cells against neuroblastoma and melanoma
cell lines using 3F8

Peripheral blood mononuclear cells from healthy donors were used as effector
cells in a 4-h chromium-release assay with the indicated target cell lines. Results
are given as percent specific lysis.

Effector to targetratio100:1Cell

lineNMB-7IMR-61MR-32LAN-5SKMel-1SKMel-28Ab"68736743564NoAb29252651550:1Ab55SO5633402NoAb22212050325:1Ab41403814282NoAb14159311

" Monoclonal antibody (Ab) (3F8) was added to the chromium-release assay

at a concentration of 2 fig/ml.
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Table 2 Activation ofLAK, ADCC, and NK cytotoxicity by low-dose IL-2
PBL were incubated for 0, 2, and 4 days with 6 units/ml IL-2 (from MIA

144) and used as effectors in a 4-h chromium-release assay against the SKMel-1
melanoma cell line. l.AK was measured as cytotoxicity (in LU) against SKMel-1
in the absence of antibody. ADCC was calculated as total cytotoxicity in the
presence of antibody, minus LAK. The data are given as the means of two to five
experiments, with SDs in parentheses.

ACTIVATED PBL

DonorDay1

0242

0
243

0
24LAK0(0)

0.9 (0.6)
3.0(1.7)Â°0(0)

0.5(0.1)
2.0(0.3)"O4

1.2(0.3)
2.7(1.7)LU/10*ADCC1.9(0.3)

3.6(1.0)
4.4(0.8)*2.2(1.1)

6.1 (0.6)Â°

4.5(1.5)1.9

4.4(1.5)
3.4(1.3)anti-K5626.3(1.7)

14.5 (4.0)Â°
23.3(6.3)Â°2.6

(0.6)
9.9 (2.7)Â°

10.0(1.8)"2.7

12.9(1.5)
16.8 (9.7)

Â°Significantly different from the day 0 values (P < 0.05 by Student's / test).
* Data for one experiment.

1000

10 20 50 100

IL2 (U/ml)

1000

Fig. 1. Effect of IL-2 concentration on ADCC and LAK activity. Normal
human PBL were incubated for 48 ( I)and 72 (B) h with increasing concentrations
of recombinam IL-2. Cytotoxicity was measured against SKMel-1 in a 4-h
chromium-release assay with and without 3F8 antibody. LAK (O) and ADCC (â€¢)
were calculated as described in the legend for Table 2. I . units.

curve for one donor after 48 and 72 h of incubation with IL-2.
ADCC reached 80% of maximum with 50 units/ml IL-2, while
LAK was maximal at 1000 units/ml. This difference in the
amount of IL-2 required for activation was seen in five experi
ments with two donors. By day 3 LAK had increased in a dose-
dependent fashion, while ADCC remained relatively constant.

IL-2 did not appear to cause any significant alteration in the
amount of antibody required for maximal ADCC. Fresh PBL
and IL-2-activated PBL (from different donors) were tested at
a fixed 1:1 ratio, using increasing amounts of antibody (Fig.
2). At suboptimal concentrations of 3F8 there was a decline in
ADCC (i.e., less killing occurred with the same number of
effector cells). Although IL-2-activated PBL showed more kill
ing than fresh PBL at all concentrations of antibody tested,
they were similar to fresh PBL in the following parameters: (a)
the amount of antibody required for maximal lysis (2.0 Â¿ig/ml);
(b) the concentration at which ADCC was undetectable (0.001
/ig/ml); and (c) the antibody concentration needed to achieve
one-half maximal lysis (0.1 Â¿tg/ml).These parameters differed
only slightly among the three donors tested. Note that activated
PBL still mediated significant ADCC (comparable to the max
imum achievable with fresh PBL) at antibody concentrations

0.001 0.01 0.1 1
ANTIBODY (ug/ml)

Fig. 2. Effect of antibody concentration on ADCC by fresh and IL-2-activated
PBL. PBL from two normal donors were used immediately (O) or after 48 h
incubation with 6 units/ml IL-2 (â€¢)as effector cells in a 4-h chromium-release
assay against SKMel-1 in the presence of increasing concentrations of 3F8
antibody. The 1:1 ratio was the same for all dilutions of antibody. , antibody
concentration at which activated PBL achieve the same lytic activity as shown by
unstimulated PBL at the optimal dilution of 3F8.

TIME (DAYS)

Fig. 3. Kinetics of IL-2 induction of LAK and activated ADCC. Normal
human PBL were incubated for 1 to 4 days with either 10 or 1000 units/ml
recombinant IL-2, then used as effectors in a 4-h chromium-release assay using
SKMel-1 and 3F8 antibody. LAK and ADCC were calculated as described in the
legend for Table 2. LAK, 10 units/ml (A); ADCC, 10 units/ml (O); LAK 1000
units/ml (A); ADCC, 1000 units/ml (â€¢).

one to two orders of magnitude less than that required for
optimal lysis.

In a series of four experiments with PBL from 2 donors, we
explored the kinetics of ADCC activation by IL-2. The results
of a representative experiment are shown in Fig. 3. With high
concentrations of IL-2 (1000 units/ml) ADCC reached a max
imum on day 1 (205% increase over base line). At low dose IL-
2(10 u/ml) ADCC reached its plateau later (day 3) but signif
icant activation (150% increase) was still observed. In other
experiments, activated ADCC was detectable at l h (30 to 50%
increase) but was not maximal until days 1 to 2 (100 to 330%
increase). LAK activity was detectable on days 2 to 4 and usually
reached its maximum between days 3 and 5, depending on the
donor. This early activation of ADCC relative to LAK activity
was seen in all five donors tested (data not shown). In general,
by day 7, ADCC and LAK activity had declined to less than
50% of peak levels. The range of maximal ADCC observed in
different donors was 3 to 12 LU; the range of maximal LAK
was 2 to 10 LU. Maximum killing by ADCC was typically 10
to 200% greater than maximum killing by LAK cells.

Once achieved, activated ADCC was maintained at 66 to
125% of maximum for 24 h in the absence of IL-2. Fig. 4 shows
one of three experiments using two donors. In the experiment
shown, PBL were activated with either 1,000 or 10,000 units/
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Table 3 Cytotoxicity ofPBL subsets fractionated by immune-complex adherence

Cytotoxicity was determined as described in the legend for Table 2. Data are
given as the means of two to five experiments using l'Ili from a single donor,

with SDs in parentheses.

1234

TIME (DAYS)

Fig. 4. Persistence of ADCC activation after exposure to high-dose IL-2. PBL
from a normal donor were incubated for one day in 10,000 (I) or 1,000 (B) units/
ml recombinant IL-2, then washed and resuspended in either 50 units/ml IL-2 or
in SFM alone for another 1 to 3 days. Cytotoxicity was determined each day by
a 4-h chromium-release assay using SKMel-1 and 3F8 antibody. ADCC and LAK
were calculated as described in the legend for Table 2. LAK, 0 units/ml (A);
ADCC, 0 units/ml (O); LAK, 50 units/ml (A), ADCC, 50 units/ml (â€¢).

ml of IL-2 for 1 day, then transferred to lower maintenance
concentrations of IL-2 (data for 0 and 50 units/ml are shown).
The degree of ADCC activation after 1 day of incubation with
IL-2 was similar for concentrations of 10,000 and 1,000 units/
ml, and for this donor the decay in ADCC activity was not
influenced by the amount of IL-2 in the maintenance medium
(between 0 and 50 units/ml). PBL from other donors showed
similar persistence of activated ADCC on day 2 (range, 66 to
125%) but variable decreases in ADCC in the presence of low
dose IL-2 on day 4.

Enrichment of ADCC Effector Cells by Immune Complex
Adherence. We attempted to separate ADCC effectors from
LAK cells by their ability to bind to immobilized immune
complexes. In preliminary experiments, immune-complex ad
herence removed 98 to 100% of ADCC activity from fresh PBL,
presumably because ADCC effector cells bind to the immune
complexes via receptors for the immunoglobulin Fc region. NK
activity was also depleted by this procedure, in agreement with
previous reports (14). That this was truly a physical separation
of ADCC (rather than an inhibition of ADCC by the immune
complexes) is suggested by two observations: (a) when adherent
cells were recovered by incubation with Protein A, they effi
ciently mediated ADCC, whereas the nonadherent population
did not; and (/>)even optimum concentrations of soluble im
mune complexes (0.25 mg/ml of 3F8 plus excess rabbit anti-
3F8 antiserum) produced less than 45% inhibition of ADCC,
whereas nonadherent cells were routinely depleted of all detect
able ADCC activity by our method. In preliminary experiments,
20 to 25% of PBL adhered to immune complexes, whereas only
11 to 15% of PBL expressed the Leull antigen by indirect
immunofluorescent studies using fluorescence microscopy. It is
possible that this difference represents nonspecific adherence
to the immune-complex plates, or adherence via an FcR not
detected by Leul 1 staining.

After fractionating fresh PBL by immune-complex adher
ence, we activated both the FcR* and FcR" populations with

IL-2. Table 3 shows the combined results from five experiments
with a single donor. After activation, essentially all of the
ADCC and most of the LAK activity was found in those cells
that were originally FcR+. No ADCC could be induced in the
FcR" fraction, and this group showed only 6% of the LAK

EffectorcellsPBL
+ IL-2-

FcR* + IL-2'
FcR- + IL-2*
FcR* (+)'
FcR*(-)'LAK2.7(1.7)

11.3(4.7)'
0.7 (0.3)'

8.0 (4.0)
5.7(1.7)LU/106ADCC3.4(1.3)

19.1 (1.8)'
0.0 (0.0)'

15.3(4.1)'
0.3 (0.4)'anti-K56216.8(9.7)

58.0(12.0)
1.3'

49.0(14.0)Â°
21.0(9.0)'

' PBL incubated with 6 units/ml IL-2 (from MLA-144) for 4 days.
* PBL were fractionated by immune-complex adherence into FcR* and FcR"

subsets, and each subset was incubated with 6 units/ml IL-2 for 4 days.
' Significant differences between FcR* and FcR" subsets (P< 0.05 by Student's

/ test).
d Data for one experiment.
' FcR* cells were activated with IL-2 for 4 days, then fractionated a second

time by immune-complex adherence into FcR* and IVK subsets.

activity seen in the FcR+ cells. Interestingly, when the FcR+
group was allowed to activate with IL-2 and then fractionated
by immune-complex adherence a second time, a substantial
number of cells (50 to 80%, depending on the donor) had
become FcR". (Over 90% of initially FcR+ cells remained FcR+

after incubation with medium alone.) Those cells which had
lost their affinity for immune complexes mediated strong LAK
activity but showed no ADCC. Cells which remained FcR+

mediated both ADCC and LAK. The LAK activity in the new
FcR" group was unaffected by depletion with Leul 1 and com

plement, whereas both LAK and ADCC were removed from
the FcR+ group by such treatment (>95% reduction). It is
possible that the emergence of an FcR" cell population follow

ing IL-2 activation represents a distinct subpopulation of LAK
cells, or there may be heterogeneity of Fc receptor expression
or binding affinity within a single population. It was not deter
mined whether the same cells in the I-VR' fraction mediated

both ADCC and LAK activities. The data in Table 3 suggest
that activation of both ADCC and LAK cell precursors can take
place in the absence of FcR" cells (which includes most T-cells).
It is possible, however, that some FcR" cells may copurify with
the FcR+ population due to nonspecific adherence. Thus a
potential role for FcR" cells in the activation of FcR* cells

cannot be entirely ruled out.
Table 3 shows Cytotoxicity per IO6effector cells, but it does

not take into account the number of cells in each subset, and
thus does not reflect the true amount of killing by each popu
lation in unfractionated PBL. To determine the actual amount
of LAK activity that is separable from activated ADCC, we
cultured PBL with IL-2 for 1 to 4 days and then removed the
FcR+ cells by immune-complex adherence. Fig. 5 shows that

on each day the nonadherent fraction contained an amount of
LAK activity that was 80 to 85% ofthat seen in the unfraction
ated controls but contained less than 5% of the expected ADCC.
(Adherent cells were not tested in these experiments.) This
finding suggests that most of the observed LAK activity from
these donor PBL is mediated by cells which do not adhere to
immune complexes formed by our method.

Effect of Depletion with Leu 11 and Complement. Leul 1 is a
monoclonal antibody specific for the Fc receptor on lympho
cytes and neutrophils (20). Depletion of effector cells with
Leul 1 and complement produced results in agreement with our
immune-complex experiments. When PBL were depleted of
Leul 1 positive cells prior to activation, we saw no development
of ADCC and a 70% reduction in LAK compared to controls
(data not shown). Leul 1 and complement also entirely depleted
ADCC after activation (Fig. 6), but only removed 51% of LAK
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0123

TIME (DAYS)

Fig. S. Effect of depletion by adherence to immobilized immune complexes
on ADCC and I Ak effector cells. Normal human PBL were incubated for 1 to 4
days with 6 units/ml IL-2 (from MLA-144), then depleted of FcR* cells by
adherence to immobilized immune complexes, as described in "Materials and
Methods." ADCC (determined as described in Fig. 3) in the FcR~ population (A)

was substantially reduced compared to unfractionated controls (A), while LAK
activity was comparable in the IVK (â€¢)and control (O) groups.

100

50--

O
M

CONTROL LEU7 LEU11

ANTIBODY

OKT3

Fig. 6. Effect of treatment with um i NK and anti-T cell antibodies on activated
ADCC and LAK. PBL from three normal donors were activated with IL-2
(recombinant and from MLA-144) for 4 days and tested in a total of nine
experiments. Activated PBL were treated with Leu?, Leul 1, or OKT3 monoclonal
antibody plus baby rabbit complement, and assayed for cytotoxicity as described
in Fig. 3. The control groups were treated with complement alone. Cytotoxicity
was expressed as a percentage of the killing (in LU) by the control group in each
experiment, so that data from different donors could be combined. The data are
the means for five to nine experiments; bars, l SD; D, ADCC activity; â€¢LAK
activity. Only Leu 11 antibody treatment reduced significantly activated ADCC
activity (P< 0.01).

activity (P < 0.05). Treatment with Leu7 or OKT3 and com
plement did not produce statistically significant alterations in
ADCC or LAK in these experiments.

DISCUSSION

The development of tumor-specific monoclonal antibodies
able to mediate ADCC with human effector cells has generated
renewed interest in this form of tumor cytotoxicity. The anti
body 9.2.27 (against a chondroitin sulfate determinant on hu
man melanoma cells) has been shown to suppress tumor growth
in nude mouse xenografts when administered in the presence
of murine splenocytes (21). R24 (anti-Goj) and 3F8 (anti-GD2)
antibodies have shown antitumor effects in patients with mel
anoma and neuroblastoma (12, 22). Although the mechanisms
of tumor regression in these treated patients are still being
explored, tumor killing by ADCC or complement may be
important. Since neuroblastoma is not sensitive to classical
major histocompatibility complex restricted T-cell cytotoxicity
(23), other means of targeting killer lymphocytes to this tumor
are potentially of great interest. 3F8 is an antibody that localizes
selectively to human neuroblastoma in vivo and, through its
activation of human complement and its ability to mediate
ADCC, may be an ideal candidate for such targeted inumino-

therapy.

We found that incubation with IL-2 increases ADCC by 2-
to 4-fold in vitro. None of the six donors tested failed to activate,
although there was substantial variation in the peak level of
activation between donors. ADCC could be stimulated by low
doses of IL-2 (6 to 10 units/ml) and responded more rapidly to
stimulation than did LAK activity (reaching maximum activa
tion in 18 to 48 versus 72 to 96 h). With higher doses of IL-2
(1000 units/ml) plateau activation of ADCC was reliably
achieved after 1 day of incubation. One- and 4-h incubations
did not produce the maximum stimulatory effect. Under limit
ing conditions of antibody, activated PBL were able to accom
plish an amount of ADCC comparable to that of fresh unacti-
vated PBL using 10 to 100 times less antibody.

Honsik et al. (7), have previously reported augmentation of
antitumor ADCC by IL-2 in vitro using monoclonal antibodies
against (.,,: and (n,. antigens. They found that activation
persisted for 24 h without the continued presence of IL-2,
which we also observed. Furthermore, they showed an in vivo
effect of IL-2-activated human PBL plus antibody against hu
man melanoma xenografts in nude mice.

It was interesting to us that LAK cells appeared to have two
distinct phenotypes, one which copurified with FcR+ cells,

mediated ADCC, and was abrogated by depletion with Leul I.
and another which was Fc receptor negative, showed no ADCC,
and was unaffected by Leull. Since the precursors for both
types of LAK cell were FcR+ prior to exposure to IL-2, it

appeared that some LAK cells lost their receptors for immune
complex during activation. Itoh et al. (24), have reported that
LAK cell precursors express the Leull antigen. Our findings
agree with theirs but in addition suggest that some mature LAK
cells do not express Fc receptors as detected by adherence to
immobilized immune complexes.

These preliminary results with ADCC and IL-2 are encour
aging for future clinical studies. The dose of IL-2 required for
activation of ADCC proved to be substantially less than that
typically used for the induction of LAK cells. Serum levels in
the range of 10 to 20 units/ml are probably attainable by a
constant infusion of IL-2 (25), which raises the possibility of in
situ activation of ADCC without the need for ex vivo lympho
cyte activation. Biodistribution experiments will be needed to
determine whether ADCC effector cells can localize to sites of
tumor involvement after activation. The combination of mono
clonal antibody 3F8 and IL-2 may prove to be of value in the
therapy of tumors which bear the antigen Go2-
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