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Ganglioside GM; (GM;) frequently appears on the cell surface of human cancers of neuroendecrine
origin. A mouse-human chimeric monoclonal antibody (mAb), KM966, against GM; was previounsly
found to promote the lysis of various cancer cells by human blood mononuclear cells (MNC). In this
study, we analyzed the effector cells responsible for the chimeric mAb-dependent cell-mediated
cytotoxicity (ADCC) against small cell lung cancer (SCLC) cells and examined the enhancing effect
of various cytokines on the ADCC activity. The ADCC activity was assessed by 4-h *'Cr release assay.
Highly purified lymphocytes (> 99%) and monocytes (>90%) were separated by centrifugal elutria-
tion from peripheral blood MNC of the same healthy donor, KM966 induced lysis of SCLC cells
mediated by both lymphocytes and monocytes to similar extents, in a dose-dependent manner.
Pretreatment of lymphocytes with various cytokines [interleukin (IL)-2, I1.-12 and interferon-y] and
that of monocytes with maecrophage-colony-stimulating factor significantly angmented the killer
activity against SCLC cells in the presence of KM966 mAb. KIM966 was also effective for the Iysis of
non-small ¢ell lung cancer cells in direct proportion to the GM, expression levels. These findings
suggest that combined treatment of KM966 mAb with cytokines may be therapeutically useful for in

vivo killing of lung cancer cells expressing GM; through the ADCC reaction.
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Lung cancer is one of the major human cancers and
has a poor prognosis,”™ since conventional therapies
including chemotherapy, radiation therapy and surgical
resection are not very effective against it. Therefore
various new approaches to overcome lung cancer have
been tried both in vitro and in vivo.*® One of them is
treatment with mAb® which recognizes an antigen specifi-
cally expressed on the surface of lung cancer cells.

GM; is widely expressed in human cancers of neuroen-
docrine or neuroectodermal origin, such as lung cancer,”
melanoma,'® glioblastoma and neuroblastoma,'? but it is
a minor ganglioside in normal tissues!® !V and there are
hints of a relationship to clinical features.”*'® In some
clinical trials, treatment with mAbs against various gan-
gliosides induced regression of cutaneous melanoma and
suppression of metastasis in neuroblastoma.'”'®¥ Human
anti-GM. mAb (IgM type) has also been used in clinical
studies, and some clinical response was reported.'®

! To whom all correspondence should be addressed.

? Abbreviations: mAb, monoclonal antibody; GM,, ganglio-
side GM,; ADCC, antibody-dependent cell-mediated cyto-
toxicity; MNC, mononuclear cells; IL-2, interleukin-2; IL-12,
interleukin-12; IFN-7, interferon-y; PBS, phosphate-buffered
saline; M-CSF, macrophage-colony-stimulating factor; SCLC,
small cell lung cancer; NK, natural killer; LAK, lymphokine-
activated killer; MDR, multidrug-resistant; NSCLC, non-
small cell lung cancer; HAMA, human anti-mouse antibody.

Ganglioside GM; — Chimeric antibody — KM%66 — ADCC

Recently the mouse-human chimeric anti-GM; mAb
KM966 (IgG; type) was generated and found to react
with and lyse various GM;-positive human cancer cells,
including lung cancer, through the ADCC reaction in the
presence of human MNC.”

It is of interest to analyze the effector cell populations
in the peripheral blood which are involved in chimeric
mAb-mediated lysis of various cancer cells, because one
potentially important mechanism for the in vivo anti-
cancer effects of chimeric mAbs is their ability to mediate
ADCC. It is likely that the type of effector cells which
mediate chimeric mAb-dependent ADCC reaction varies
depending on the nature of the antigens and mAbs."* 2"
Therefore, in this study, we performed detailed analysis
of effector cells involved in KM966-dependent tumor cell
lysis. Moreover, previous reports have demonstrated that
the combined use of chimeric mAb and cytokines to
augment the activity of the effector cells could induce
higher cytolysis of cancer cells.'** So, in this study, we
also examined whether combined use of KM%66 mAb
and various cytokines is effective to augment KM966-
dependent anti-cancer activities.

MATERIALS AND METHODS

Cell lines and cell culture The human small cell lung
cancer SBC-3 cells were kindly provided by Dr. S. Hiraki
(Okayama University, Okayama).” The human small
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cell lung cancer H69 cells were obtained from the Amer-
ican Type Culture Collection (Rockvilie, MD).”® The
human lung adenocarcinoma RERF-LC-MS and the
human lung squamous cell carcinoma RERF-LC-AI cells
were kindly provided by Dr. M, Akiyama (Radiation
Effects Research Foundation, Hiroshima).* The human
lung adenocarcinoma PC-14 cells were kindly provided
by Dr. N. Saijo (National Cancer Institute, Tokyo}.2®
The human ovarian cancer A2780 cells were kindly sup-
plied by Drs. R. F. Ozols and T. C. Hamilton (National
Cancer Institute, Bethesda, MD).”” Cell cultures were
maintained in RPMI 1640 supplemented with 10% heat-
inactivated fetal bovine serum and gentamycin at 37°C in
a humidified atmosphere of 5% COQ; in air. Cytotoxicity
assays were performed when the cultured target cells
were in the exponential phase of growth.

Reagents Fetal bovine serum was purchased from M. A.
Bioproducts (Walkerville, MD). The mouse-human IgG,
chimeric anti-GM. mAb KM966” was purified as de-
scribed previously. Recombinant human IL-2 (specific
activity, 1.14 X 10’ U/mg protein) was kindly provided by
Takeda Pharmaceutical Co. (Osaka). Recombinant hu-
man IL-12 (specific activity, 5.26 X 105U/mg protein) was
supplied by the Genetics Institute (Cambridge, MA). M-
CSF (specific activity, 1.0 X 10" U/mg protein) was sup-
plied by Otsuka Pharmaceutical Co. (Tokushima). Re-
combinant human IFN-y (specific activity, 5.36 % 10° U/
mg) was a gift from Nippon Roche (Tokyo). None of
these materials contained endotoxins, as judged by
Limulus amebocyte assay (Seikagaku Kogyo Co., Tokyo:
minimum detection level 0.1 ng/ml).

Analysis by flow microfluorometry Tumor cells were
harvested and resuspended in PBS supplemented with
10% human pooled AB serum to preveni nonspecific
antibody binding. After incubation for 30 min at 4°C, the
cells were washed once and incubated for 30 min at 4°C
in PBS containing KM966 (10 xg/ml) or mouse control
serum (Tago, Inc., Burlingame, CA) (4 ug/ml). The
cells were then washed with PBS, and fluorescein-con-
jugated goat anti-human IgG Fc (Organon Teknika
Corp., West Chester, PA) was added as a second anti-
body. After incubation for 30 min at 4°C, they were
washed again and the fluorescence intensity was mea-
sured with a FACScan (Becton Dickinson, Mountain
View, CA).2.

Isolation and culture of human lymphocytes and mono-
cytes Leukocytes from peripheral blood (200 ml) of
healthy donors were collected in an RS-6600 rotor of a
Kubota KR-400 centrifuge, and MNC were separated
from leukocytes in lymphocyte separation medium
(Litton Bicnetics, Kensington, MD). Lymphocytes and
monocytes were separated from MNC by centrifugal
elutriation in a Beckman JE-5.0 elutriation system.
Fractions enriched in lymphocytes ( >>99%) and in mon-
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ocytes (> 93%) were obtained at 3000 rpm and at flow
rates of 26 ml/min and 30-36 ml/min, respectively.
More than 97% of the cells were viable, as judged by the
trypan blue dye exclusion test. The lymphocyte and
monocyte fractions were each washed twice with PBS,
and resuspended in the medium. The monocyte fraction
was plated for 1 hin 96-well Microtest IIT plates (Falcon,
Oxford, CA), and then non-adherent cells were removed
by washing with medium. At this point the purity of the
monocytes was >>99% as judged from their morphology
and nonspecific esterase staining.

Treatment of effector cells with various cytokines MNC
of healthy donors were incubated for 4 days in medium
with or without 1 U/ml of IL-2, 100 U/ml of IL-12 or
100 U/ml of IFN-y. After 4 days, non-adherent cells
were harvested as the lymphocyte fraction from MNC;
the purity was >99% as judged from their morphology.
Purified monocytes were incubated for 4 days in medium
with or without 5000 U/ml of M-CSF. Then purified
lymphocytes or monocytes (2.0X10°/100 u1) were put
into each well of 96-well Microtest III plates and ADCC
assay was done as described below.

ADCC assay The target cells were labeled with *'Cr as
described before.®” More than 97% of the cells were
viable, based on the trypan blue dye exclusion test.
Purified lymphocytes or monocytes (2.0X 10°/100 #1) in
96-well Microtest III plates were mixed with a suspension
(100 piy of 1.0X10* *'Cr-labeled target cells with or
without various concentrations of KM966. The plates
were centrifuged for 3 min at 100g, and then incubated at
37°C for 4 h in a humidified 59 CO; atmosphere. After
centrifugation, the radioactivity in 100 1 of supernatant
was counted in a gamma counter. Determinations were
carried out in triplicate. The percentage of specific cytol-
ysis was calculated from the *'Cr-releases from test and
control samples, as follows:

% specific lysis=(E—8)/(M—8) X100

where E is the release in the test sample (cpm in the
supernatant from target cells incubated with effector cells
and test antibody), § is the spontaneous release (cpm in
the supernatant from target cells incubated with medium
alone), and M is the maximum release (cpm released
from target cells lysed with 1 N HC1),

Statistical analysis The statistical significance of differ-
ences between groups was analyzed by using Student’s
two-tailed f test.

RESULTS

Characteristics of tumor cell lines used in this study
Table I summarizes the reactivity of various human
cancer cell lines to anti-GM; mAb KM966 analyzed by
FACScan. Four of five lung cancer cell lines and the one



ADCC by GM; mAb against Lung Cancer

Table 1. Characteristics of Cancer Cell Lines Used in This Study
Cell i Origi GM; expression {MFI?}

e e mein Control” KM966
SBC-3 Lung cancer (SCLC?) 2.2 250.7
H69 Lung cancer (SCLC?) 2.8 40.3
RERF-LC-MS Lung cancer (Adeno.™) 2.3 49.3
PC-14 Lung cancer (Adeno.®) 2.0 45.6
RERF-LC-AI Lung cancer (Sq.2) 2.1 2.2
A2780 Ovarian cancer 2.9 137.1

a} Mean fluorescence intensity.

b) Control shows the MFI of cancer cells treated with second antibody alene.
¢) Small cell lung cancer. &) Adenocarcinoma. e) Squamous cell carcinoma.

ovarian cancer cell line expressed GM, on their cell
surfaces.

Effector cell analysis of ADCC induced by anti-GM;
antibody KM966 against SCLC cells We analyzed
effector cells of human peripheral blood responsible for
the ADCC reaction. For this, lymphocytes and mono-
cytes isolated from the same healthy donor were each
incubated with *'Cr-labeled SBC-3 cells in the absence or
presence of various concentrations of KM966 for 4 h. In
the absence of KM966, lymphocyte-mediated cytolytic
activity {NK activity) and monocyte-mediated cytolytic
activity were very low (5.5+0.2 and 0.0£0.7, respec-
tively), but KM966 significantly induced the ADCC
reaction mediated by both iymphocytes and monocytes
against SBC-3 cells in a dose-dependent manner. The
ADCC activities mediated by lymphocytes and mono-
cytes induced by KM966 were similar, but at lower
concentration of KM966 (0.01 ug/ml), the ADCC activ-
ity mediated by lymphocytes was significantly higher
than that by monocytes (Fig. 1). From this dose titration
curve, we determined that the optimal dose of KM966
was 1 ug/ml. Therefore, | pg/ml of KM966 was used in
the subsequent experiments.

We also evaluated the effect of the E/T ratio on
ADCC against SBC-3 cells. KM966 mAb (1 ug/ml)
significantly induced the ADCC reaction mediated by
lymphocytes and monocytes even at the E/T ratio of 5
(Fig. 2). The ADCC was significantly angmented in
direct proportion to the E/T ratio.

Effects of pretreatment of human effector cells with
various cytokines on KM966-mediated SCLC cell lysis
Next, we examined the effect of various cytokines (IL-2,
IL-12, IFN-y and M-CSF) on lysis of SBC-3 cells by
human effector cells with KM966. We have already
demonstrated that the addition of monocytes to the
lymphocyte cultures resulted in a significant increase in
induction of lymphokine (IL-2, IL-12)-activated killer
activity. " Therefore, in this experiment, we used
MNC containing both lymphocytes and monocytes.
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Fig. 1. Effect of KM966 on ADCC against SCLC cells. Lym-

phocytes (open circles) and monocytes (filled circles) were
incubated for 4 h in medium with or without various concentra-
tions of KM966 mAb with *'Cr-labeled SBC-3 cells at an E/
T ratio of 20, as described in “Materials and Methods.” Bars
show SDs of means for triplicate cultures. Data are represen-
tative of four separate experiments.

MNC were incubated for 4 days in medium with or
without the optimal dose of IL-2 (1 U/ml),*” IL-12 (100
U/ml)*” or IFN-y (100 U/ml).*® As shown in Fig. 3,
pretreatment of MNC with TL-2, TL-12 and IFN-y sig-
nificantly augmented their potential to Iyse SBC-3 cells,
and further enhancement of killer activity was observed
on addition of KM966 at the effector phase. In a parallel
experiment, monocytes were incubated for 4 days in
medium with or without the optimal dose of M-CSF
(5000 U/ml)."” As shown in Fig. 4, the ADCC activity
of monocytes cultured for 4 days in the absence of
cytokines was significantly decreased, but M-CSF
restored the ADCC activity of cultured monocytes to the
level of that of freshly isolated monocytes (Table IT).
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Fig. 2. Effect of E/T ratios on human lymphocyte- or mone-
cyte-mediated cytolysis of SCLC cells. Lymphocytes (circles)
or monocytes (squares) were incubated for 4 h in medium
with (open symbols) or without (filled symbols) KM966
mAb (1 pg/ml) with *'Cr-labeled SBC-3 celis at various E/T
ratios, as described in “Materials and Methods.” Bars show
SDs of means for triplicate cultures. Data are representative
of three separate experiments.
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Fig. 3. Effect of pretreatment of human MNC with various
cytokines on ADCC., Human MNC were incubated for 4
days in medium with or without IL-2 (1 U/ml), IL-12 (100
U/ml) or IFN-y (100 U/ml), then non-adherent cells were
harvested and washed. The resultant cells were incubated for
4 h in medium with (open columns) or without (filled col-
umns) KM966 mAb (1 gg/ml) with *'Cr-labeled SBC-3 cells
at an E/T ratio of 20, as described in *“Materials and
Methods.” Bars show SDs of means for triplicate cultures.
Data are representative of three separaie experiments.
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Fig. 4. Effect of pretreatment of human monocytes with
M-CSF on ADCC. Human blood monocytes were incubated
for 4 days in medium with or without M-CSF (5000 U/ml)
and then harvested. The resultant cells were incubated for 4 h
in medium with (open columns) or without (filled columns)
KM966 mAb (1 gg/ml) with *'Cr-labeled SBC-3 cells at an
E/T ratio of 20, as described in “Materials and Methods.”
Bars show SDs of means for triplicate cultures. Data are
representative of three separate experiments.

Effect of KMY966 on human effector cell-mediated cytol-
ysis against various human cancer cell lines We inves-
tigated the effect of KM966 on ADCC against various
human cancer cell lines. KM966 induced both lympho-
cyte- and monocyte-mediated cytolysis of H69 (SCLC),
RERF-LC-MS (lung adenocarcinoma), PC-14 (lung ad-
enocarcinoma) and A2780 (ovarian cancer) cells, but
not RERF-LC-AI (lung squamous cell carcinoma) cells
(Table II). The GM, expression levels of the cancer cells
used in this study were significantly correlated with the
ADCC activity mediated by both lymphocytes and mono-
cytes against these cancer cells (r=0.82, P<{0.05 and
r=0.97, P<<0.01, respectively, data not shown).

Evaluation of specificity of KM966 mAb for cancer cell
killing Finally, we evaluated whether KM966-dependent
cytolysis is specific to GM,-positive cancer cells. A sus-
pension (50 zI) of 1.0X10* *'Cr-labeled SBC-3 (GM,-
positive) cells or RERF-LC-AT (GM,-negative) cells was
mixed with a suspension (50 1) of unlabeled RERF-LC-
Al cells or SBC-3 celis, respectively; the labeled/un-
labeled cell ratios were 0.5, 1 and 2 in each case. Human
effector cell-mediated cytotoxicity was measured with or
without KM966 mAb as described above. As shown in
Fig. 5A, the lymphocyte-mediated killing of *'Cr-labeled
RERF-LC-AI cells (GM;-negative) was not significantly



augmented by the addition of unlabeled SBC-3 cells
(GM,-positive} irrespective of the presence of KM966
mAb. Similarly, ADCC of *'Cr.labeled SBC-3 cells was
not significantly inhibited by the addition of unlabeled
RERF-LC-AI cells (Fig. 5B). The results of monocyte-
mediated killing were similar (Fig. 5, A and B).

Table II. Effect of KM966 on Human Lymphocyte- or
Monocyte-mediated Cytotoxicity against Various Human
Cancer Cell Lines

% Cytotoxicity®

Target cells KM366

(1 zg/ml) Lymphocyte Monocyte

SBC-3 - 552029 2.91+0.3
+ 54,9419 49.14+1.09

Ho69 - 14.51+6.3 49121
+ 31.713.49 26.0£2.99

RERF-LC-MS - 0.031.0 04t1.6
+ 25.5:+4.09 27.411.19

PC-14 — 15704 1.8t1.1
+ 46.81+0.39 29.94+1.09

RERF-LC-Al — 1.7x1.2 0.0£0.7

+ 3.1+0.5 0.6+1.0

A2780 — 9.7£1.0 0.81£0.6
+ 59.24+0.09 54.410.89

a) Lymphocytes or monocyles were incubated for 4 h in
medium with or without KM966 mAb (1 gg/ml) with *'Cr-
labeled cells at an E/T ratio of 20, as described in “Materials
and Methods.”

b) Mean=SD for triplicate cultures. Data are representative
of four separate experiments.

¢) Significantly different from the value in the absence of
KMO966 mAb (P<0.01).

ADCC by GM, mAb against Lung Cancer

DISCUSSION

Our study shows that chimeric KM9%66 mAb can
induce the ADCC reaction mediated by both lympho-
cytes and monocytes against lung cancer cells in direct
proportion to the GM, expression levels and that some
cytokines can angment the cytotoxic activity mediated by
both lymphoeytes and monocytes against SCLC cells,

Previous studies have suggested that the types of
effector cells which mediate chimeric mAb-dependent
ADCC reaction vary depending on the nature of the
recognized antigen and mAbs.”?? For example, a
chimeric mAb chl4.18 with specificity for tumor-asso-
ciated antigen was found to induce ADCC by granulo-
cytes more efficiently than that by NK cells, and to have
no effect on monocytes.?Y Masucci et al. reported that
monocytes were major effectors in chimeric 17-1A mAb-
mediated lysis of colorectal carcinoma cells.”® We have
also demonstrated that a chimeric mAb MH162 directed
to P-glycoprotein had higher potential than its all-mouse
counterpart MRK16 to induce lymphocyte-mediated
Iysis of MDR ovarian cancer (AD10) cells.” In this
study, KM966 directed to GM, was found to induce
ADCC mediated by both lymphocytes and monocytes
against lung cancer cells. Although both lymphocytes
and monocytes can be effector cells for KM966-depen-
dent cancer cell lysis, we found that the ADCC activity
with lymphocytes is significantly higher than that with
monocytes at a suboptimal concentration of KM966
{0.01 pg/ml), as shown in Fig. 1. This is an important
point, because it is difficult to maintain the optimum
concentration of mAb in vive. Therefore, lymphocytes
may be the major effector cells which induce KM966-

mAb (1 pg/ml). Bars show SDs of means for
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dependent cytolysis in vive. In addition, KM966 seems to
be effective under physiological conditions, because the
present study has also shown that KM966 can induce
ADCC by both lymphocytes and monocytes even at the
E/T ratio of 5 (Fig. 2).

Previous reports have demonstrated that GM, is
widely and strongly expressed in human cancer cells
including not only SCLC,” but also NSCLC.*» Miyake et
al. have reported that among the glycolipid preparations
extracted from the lung cancer tissues, a significant
amount of GM, was detected in 70% of the squamous
cell carcinoma cases, 50% of the adenocarcinoma cases,
33% of the large cell carcinoma cases and 100% of the
SCLC cases.” The present results show that GM,; is
expressed on various cancer cell lines (Table I} and that
KM966 can induce ADCC against GM,-positive cancer
cells (Table IT). Moreover, the human lymphocyte- and
monocyte-mediated killing of GM;-negative RERF-LC-
Al cells is not significantly augmented by the addition of
GM,-positive SBC-3 celis in the presence of KM966 mAb
{Fig. 5A). These results suggest that KM966-dependent
cancer cell lysis is highly specific for GM,-positive cancer
cells, irrespective of the cell type.

The combined use of chimeric mAb and cytokines to
augment the activity of the effector cells could induce
higher cytolysis of cancer cells."?? In this study, the
ADCC activity of monocytes cultured for 4 days in the
absence of cytokines was significantly decreased (Fig. 4)
compared with that of freshly isolated monocytes (Table
IT) due to the down-regulation of Fc receptor expression
of monocytes during in vitro incubation.'*" But, upon
addition of M-CSF to the culture medium, the ADCC
activity of cultured monocytes recovered to the level of
that of freshly isolated monocytes (Fig 4. and Table IT).
The mechanism of the augmentation may be the increase
of Fc receptor expression by M-CSF.*> Our results in-
dicated that M-CSF restored the ADCC activity of cul-
tured monocytes to the level of that of freshly isolated
monocytes. Moreover, in this study, the killer activity of
lymphocytes was also augmented by the addition of
cytokines, such as IL-2, IL-12 and IFN-y, irrespective of
the addition of KM966 (Fig. 3). Because IL-2, IL-12 and
IFN-y are well known to induce LAK activity against
cancer cells® 3% through the induction of killing
molecules such as perforin, the augmentation of the killer
activity by these cytokines may arise mainly via the
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induction of killing molecules. These findings suggest
that the combined use of KM966 mAb and cytokines
may be successful for eradication of GM,-positive cancer
cells.

Besides the induction of the ADCC activity as
mentioned above, KM966 mAb has other advantages.
GM; is a minor ganglioside in normal tissues.'® ' There-
fore KM966 mAb can hardly lyse normal cells, but
nevertheless can induce specific lysis of GM,-positive
cancer cells through the ADCC reaction. Moreover,
because KM966 is a chimeric mAb, the therapeutic use
of this chimeric mAb should be less likely to cause
HAMA responses than the use of its all-murine counter-
part. Recent clinical reports on phase I studies using
chimeric mAbs have demonstrated marked reduction of
the HAMA responses to the extent that repeated injec-
tions are feasible,”* with sufficient prolongation of the
serum half-life.

For effective immunotherapy of cancer, the biodistri-
buticn and specificity of mAb to cancer tissues are very
important. Hanai et al. have demonstrated an in vivo
therapeutic effect of KM966 mAb against GM,-positive
human lung cancer cells.” Intravenously administered
KM966 mAb completely inhibited the growth of s.c.
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KM966 mAb may be distributed in sites of tumor
growth, and may be suitable for clinical application. We
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Further studies are needed before clinical application
of KM%66 mAb. In particular, we need to know 1)
whether effector cells of cancer patients can mediate
KMS966-dependent cytolysis of autologous cancer cells,
2) whether combined use of KM966 with cytokines can
facilitate the ADCC reaction mediated by effector cells of
cancer patients and 3) how we can evaluate the expres-
sion of GM, in cancer patients.
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