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ABSTRACT

Four monoclonal antibodies to MH134 murine syngeneic hep-

atoma cells, 3H1, 7C2, 11G2, and 12A2, were produced by
hybridomas constructed by fusing P3-X63-Ag8-U1 murine mye

loma cells with spleen cells of a C3H/HeN mouse immunized
with the syngeneic tumor cells. Immunodiffusion analysis with
rabbit anti-mouse immunoglobulin antisera showed that 3H1,

7C2,11G2, and 12A2 are lgG2a, IgM, lgG1, and lgG2a, respec
tively. Enzyme-linked immunosorbent assay using cells of five

syngeneic tumor lines, MH134, MM102, MM46, MM48, and
X5563, and lymph node cells of C3H/HeN and C57BL/6 mice
showed that 3H1 specifically bound to MH134 tumor cells,
whereas 7C2,11G2, and 12A2 reacted not only with MH134 but
also with MM102 and MM46 tumor cells. None of these mono
clonal antibodies bound either to cells of MM48 or X5563 tumor
lines or to normal lymph node cells. These results strongly
suggest that MH134 tumor cells display at least two kinds of
tumor-associated antigens on their cell surfaces: one is ex

pressed uniquely by MH134 tumor cells, which are recognized
by 3H1; the other is commonly shared by MH134, MM102, and
MM46 tumor cells, which are determined by the other three
antibodies.

3H1, 11G2, and 12A2 but not 7C2 were found to be able to
induce antibody-dependent cellular cytotoxicity (ADCC) against

MH134 tumor cells. Target specificity of ADCC induced by these
monoclonal antibodies was identical with that seen in enzyme-

linked immunosorbent assay. 3H1, 7C2, and 12A2 but not 11G2
exhibited complement-dependent cytotoxicity, showing the
same specificity in target cell lysis as that seen in enzyme-linked

immunosorbent assay or ADCC. Pretreatment of MH134 tumor
cells with 7C2 inhibited ADCC of both 11G2 and 12A2. Pretreat
ment of the tumor cells with 11G2 inhibited complement-depen

dent cytotoxicity of both 7C2 and 12A2. Neither ADCC nor
complement-dependent cytotoxicity of 3H1 was inhibited by the

pretreatment of the cells with 7C2 or 11G2. These results
strongly suggest that tumor-associated antigens recognized by

3H1 are located apart from that recognized by 7C2, 11G2, and
12A2 and that the binding sites of the latter three antibodies are
closely associated with, or identical with, each other in the tumor-

associated antigen.
The ability of 12A2 to induce ADCC against MH134 tumor

cells was significantly stronger than that of 3H1 or 11G2. Effector
cell analysis of ADCC induced by 12A2 revealed that thioglyco-
late-induced peritoneal macrophages exhibited high cytotoxicity,
whereas peritoneal resident macrophages of normal mice
showed low cytotoxicity. Neither normal spleen cells nor non-
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adherent cells obtained from thioglycolate-induced peritoneal

cells mediated cytotoxicity, indicating that cytotoxicity is media
ted by macrophages and that stimulation of macrophages is
essential to augment the cytotoxicity. These monoclonal anti
bodies, derived from the syngeneic tumor immune system, will
contribute to investigation of combined cancer therapy with
monoclonal antibodies and biological response modifiers which
can activate macrophages.

INTRODUCTION

Because of its possible usefulness in immunotherapy for can
cers, ADCC3 has been the subject of intensive investigations.

Analysis of ADCC and application of the reaction for therapeutic
trials have been hampered by the complexity and heterogeneity
of the antibody population present in conventional antisera
against tumor cells. The development of monoclonal antibodies
has overcome these limitations because of their defined specific
ity and homogeneity in their properties.

Monoclonal antibodies against TAAs may be more efficiently
obtained from hybridoma constructions using syngeneic tumor
immune systems than from those using allogeneic or xenogeneic
immunizations. We have already reported that tumor-specific

transplantation resistance against syngeneic MH134 hepatoma
cells is easily induced in C3H/He mice with the help of vaccinia
virus-reactive helper T-cells (3, 10). Recently, we developed

hybridomas secreting monoclonal antibodies against MH134 tu
mor cells by fusing murine myeloma cells with spleen cells of a
C3H/HeN mouse immunized with vaccinia virus-infected MH134

tumor cells. In this paper, we describe that some of these
syngeneic monoclonal antibodies can induce ADCC against
MH134 tumor cells and that the cytotoxicity is mediated by
macrophages.

MATERIALS AND METHODS

Animals and Tumors. Male C3H/HeN mice were purchased from
Charles River Japan, Inc., Kanagawa, Japan. Male C57BL/6 mice were
purchased from Shizuoka Agricultural Cooperative for Experimental An
imals, Kanagawa, Japan. Mice were used at 8 to 10 weeks of age.
MH134 hepatoma, MM102, MM46, and MM48 mammary carcinoma and
X5563 plasmacytoma, all derived from C3H/He mice, and EL4 lym-

phoma, derived from C57BL/6 mice, were maintained by i.p. passages
into syngeneic recipient mice.

3The abbreviations used are: ADCC, antibody-dependent cellular cytotoxicity;
ADMC, antibody-dependent macrophage-mediated cytotoxicity; CDC, comple
ment-dependentcytotoxicity; ELISA, enzyme-linked immunosorbent assay; FBS,
fetal bovine serum; HAT medium, RPMI 1640 supplemented with 1 x 10~* M
hypoxanthine, 4 x 10~7M aminopterin, and 1.6 x 10~5M thymidine; N-CWS, cell

wall skeleton of Nocardia rubra; PEC, peritoneal exÃºdatecells; PRC, peritoneal
resident cells; TAA, tumor-associated antigen; TG, thioglycolate; 0.2% BSA:PBS,
0.01 M phosphate-buffered saline (pH 7.4) containing 0.15 M NaCI, 0.01 M phos
phate, and 0.2% bovine serum albumin; PEM<t>,peritoneal exÃºdatemacrophages;

l'. peritoneal resident macrophages.
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Immunization Procedure. A C3H/HeN mouse was immunized with
MH134 tumor cells as reported previously (10). Briefly, a C3H/HeN
mouse was given an i.p. injection of 107 plaque-forming units of vaccinia

virus after exposed to a whole-body irradiation at 150 R. Three or 4

weeks after the immunization with the virus, the mouse was given an
i.p. injection of 107 mitomycin C-treated, vaccinia virus-infected MH134

tumor cells at 1-week intervals for 3 treatments. This procedure renders
C3H/He mice resistant to an i.p. challenge with 105 viable MH134 tumor

cells (10).
Antisera. C3H/He anti-MH134 antiserum was obtained from C3H/

HeN mice immunized with MH134 tumor cells as described above. BALB/
c anti-X5563 antiserum was obtained by i.p. immunization of BALB/c
mice with 107 X5563 tumor cells at 2-week intervals for 3 treatments.

BALB/c anti-EL4 antiserum was obtained in the same manner as that of
anti-X5563 antiserum using 10s EL4 tumor cells.

Lymph Node Cells. Lymph node cells of C3H/HeN and C57BL/6 mice
were prepared by teasing mesenteric lymph nodes in RPM11640 (Nissui
Pharmaceutical Co., Tokyo, Japan) supplemented with 2% FBS (Filtron,
Victoria, Australia), washed twice, and suspended into 2% FBS:RPMI
1640.

Fusion of Immune Spleen Cells. Spleen cells of the immunized mouse
were fused with P3-X63-Ag8-U1 murine myeloma cells with the use of

polyethylene glycol (M, 3350) (Sigma Chemical Co., St. Louis, MO) and
grown in HAT medium, as described elsewhere (2).

ELISA. Hybridomas growing in HAT medium were selected by ELISA
using Monoab-screen P Kit (Zymed Laboratories, South San Francisco,

CA) according to the method described in its procedure manual. Briefly,
105 tumor target cells or 106 lymph node cells were suspended in 50 ii\

undiluted hybridoma supernatant, antiserum diluted at 1:10, or HAT
medium alone in a well of a microtiter plate (No. 76-321-05; Unbro,

McLean, VA); left at room temperature for 1 h; and then washed twice
with 0.2% BSA:PBS (Sigma). The cells treated with antibodies or medium
were suspended into 50 n\ rabbit anti-mouse immunoglobulin antiserum

at a dilution of 1:200 and left at room temperature for 1 h. After 3 washes
with 0.2% BSA:PBS, the pellet was suspended in 50 Â¡A0.2% BSA:PBS
containing Protein A-conjugated peroxidase at a dilution of 1.200. left at

room temperature for 30 min, and washed 3 times with 0.2% BSA:PBS.
The pellet was suspended in 100 Â¡A0.1 M citrate buffer at pH 4.2
containing 1% 2,2'-azinodi(3-ethylbenzthiazolinesulfonic acid) and
0.03% hydrogen peroxide and incubated at 37 Â°Cfor 10 min. Positive

results were qualitatively determined by inspection or quantitated by
reading the absorbance of the supernatant of the mixture with a spectre-

photometer at 420 nm after dilution of the supernatant with 2 ml sodium
azide (Wako Pure Chemical Industries, Osaka, Japan).

Effector Cells of ADCC. C3H/HeN mice were given i.p. injections of
1 ml 10% TG (Difco Laboratories, Detroit, Ml). Four days after injection,
PEC were obtained by lavage of the peritoneal cavities with Hanks'

medium (Nissui) supplemented with heparin (5 units/ml; Novo Industries,
Bagsvaerd, Denmark). PRC of normal C3H/HeN mice were obtained in
the same manner. These cells were pooled from 3 or 4 mice, washed
twice with Hanks' medium, and suspended in RPMI 1640 medium

supplemented with 10% FBS, 100 units penicillin per ml (Meiji Seika,
Tokyo, Japan), 100 ng streptomycin per ml (Meiji Seika), and 2 mw i-

glutamine (Flow Laboratories, North Lyde, Australia). This medium was
designated as complete medium. Unless otherwise noted, 5 x 10s PEC

or PRC were added into the well of a microculture plate (No. 76-013-05;
Linbro) and incubated at 37 Â°Cfor 2 h in a humidified 5% CO2 atmos

phere. After incubation, nonadherent cells were removed by repeated
washings of the well with warmed 2% FBS:RPMI 1640, and 100 iH
complete medium were added to the well. Approximately 60% of the
cells remained as adherent cells after this procedure in the cases of both
TG-induced PEC and PRC. More than 92% of the resulting adherent

cells were phagocytic, as determined by phagocytosis of carbon parti
cles. They were referred as PEM* or PRM* and were used as effector
cells. To obtain the nonadherent fraction of TG-induced PEC, adherent
cells were removed by 2 consecutive 2-h incubations of 107 PEC in a

60-mm dish (No. 25010; Glass Works, Corning, NY). The resulting

nonadherent fraction contained less than 5% phagocytic cells, as deter
mined by phagocytosis of carbon particles. The nonadherent cells were
collected by centrifugation and suspended in complete medium. Spleen
cells of normal C3H/HeN mice were prepared by teasing of spleens in
2% FBS:RPM11640, washed twice, and suspended in complete medium.
Five hundred thousand nonadherent PEC or spleen cells in 100 n\
complete medium were seeded into the well of a microculture plate (No.
76-013-05; Linbro) and were used as effector cells.

ADCC. One million target cells suspended in 1 ml complete medium
were labeled with 5 ^Ci of 5-[125l]iodo-2'-deoxyuridine (Amersham, Buck

inghamshire, England) in a well of a 4-well culture plate (Nunc, Roskilde,
Denmark) at 37 Â°Cfor 4 h in a humidified 5% CO2 atmosphere as

described previously (7). After labeling, the cells were washed 3 times
with 2% FBS:RPMI 1640 and suspended in complete medium at a cell
density of 105/ml. Sixty n\ of the cell suspension containing 6 x 103

labeled target cells were mixed with the same volume of undiluted or
diluted hybridoma supernatant or antiserum and kept at 4 Â°Cfor 30 min.
One hundred n\ of the mixture containing 5 x 103 labeled target cells

was added to a well containing effector cells in 100 /A complete medium.
The plate was incubated at 37 Â°Cfor 8 to 24 h in a humidified 5% CO2

atmosphere. After incubation, the radioactivity of 100 n\ of the superna
tant was counted in a gamma counter. The percentage of specific
cytolysis was calculated by the formula

% of specific cytolysis ;

Experimental cpm - spontaneous cpm

Total cpm - spontaneous cpm x 100

Spontaneous cpm, measured by incubaton of target cells alone, was
less than 5% of total cpm at 24 h of the incubation period.

Blocking of ADCC. One hundred thousand 125l-labeledtarget cells

were suspended in 0.5 ml complete medium or undiluted hybridoma
supernatant, kept at 4 Â°Cfor 30 min, and then washed once. The target

cells pretreated with medium or a monoclonal antibody were suspended
in 0.5 ml 2% FBS:RPMI 1640 containing the supernatant of the other
hybridoma at dilutions ranging from 1:10 to 1:1,000, kept at 4 Â°Cfor 30

min, washed once, and then resuspended into complete medium at a
cell density of 5 x I04/ml. One hundred p\ of the cell suspension
containing 5 x 103 target cells were added to a well containing PEM4>
obtained from 5 x 10s TG-induced PEC of C3H/HeN mice. ADCC was

assayed for 24 h. Spontaneous release of the target cells pretreated
with antibody solution was as same as that of the cells pretreated with
medium alone.

CDC. One million MH134 tumor cells were labeled with 100 nC\ of
Na251CrO4(Japan Atomic Energy Research Institute, Tokyo, Japan) at
37 Â°Cfor 1 h, washed 3 times, and suspended in 2% FBS:RPMI 1640
at a cell density of 105/ml. One hundred n\ of the cell suspension
containing 104 labeled target cells were mixed with the same volume of

antibody solution in the well of a microculture plate (No. 76-013-05;
Linbro) and kept at 4 Â°Cfor 30 min. Supernatant was removed after

centrifugation, and 200 Â¿ilselected rabbit serum diluted at 1:8 were
added as a complement. The mixture was incubated at 37 Â°Cfor 45

min. After centrifugation, the radioactivity of 100 p\ supernatant was
counted by a gamma counter. The percentage of specific cytolysis was
calculated as described above. Spontaneous cpm, measured by incu
bation of target cells alone in 2% FBS:RPMI1640, was less than 5% of
total cpm.

Blocking of CDC. One hundred thousand 61Cr-labeled target cells

were suspended in 0.5 ml complete medium or undiluted hybridoma
supernatant, kept at 4 Â°Cfor 30 min, and then washed once. The target

cells pretreated with medium or a monoclonal antibody were suspended
in 0.5 ml 2% FBS:PRMI 1640 containing supernatant of the other
hybridoma at dilutions ranging from 1:10 to 1:8,000, kept at 4 Â°Cfor 30
min, washed once, and then resuspended into 2% FBS-.PRM11640 at a
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cell density of HP/ml. One hundred /il of the cell suspension containing
10* target cells were added to a well containing 100 n\ rabbit serum

diluted at 1:4. COC was assayed for 45 min. Spontaneous release of
target cells was not affected by the pretreatment of the cells with
antibody solution.

RESULTS

Specificity in Binding of Monoclonal Antibodies in ELISA.
In preliminary experiments using ELISA, 4 hybridomas were
found to secrete antibodies against MH134 tumor cells. After
cloning twice by limiting dilution, they were named as 3H1, 7C2,
11G2, and 12A2. Immunodiffusion analysis with rabbit anti-
mouse immunoglobulin antisera (Meloy, Springfield, VA) showed
that the monoclonal antibodies 3H1, 7C2,11G2, and 12A2 were
lgG2a, IgM, lgG1, and lgG2a, respectively. Specificity in binding
of the monoclonal antibodies was determined by ELISA using 5
syngeneic tumor lines derived from C3H/He mice, MH134,
MM 102, MM46, MM48, and X5563, and lymph node cells of
C3H/HeN and C57BL/6 mice. The results were summarized in
Table 1. Among 5 kinds of target cells, 3H1 bound only to
MH134 tumor cells. Binding of 3 other monoclonal antibodies,
7C2, 11G2, and 12A2, was observed not only to MH134 but
also to MM102 and MM46 tumor cells. None of these4 monoclonal
antibodies bound to either MM48 or X5563 tumor cells. Further
more, none of them bound to lymph node cells of either C3H/
HeN or C57BL/6 mice.

Induction of ADCC against MH134 Tumor Cells by 12A2
Monoclonal Antibody. To determine whether the monoclonal
antibodies could induce ADCC against MH134 tumor cells, a
cytotoxicity assay against the tumor cells was performed in the
presence of 12A2-using TG-induced PEM* as effector cells. As
shown in Chart 1, apparent cytotoxicity was exhibited by PEM4>

in the presence of 12A2, whereas the PEM* showed no cyto
toxicity in the absence of the antibody. The cytotoxicity became
apparent after 8 h of incubation and increased with prolongation
of the incubation time (Chart ~\A). The cytotoxicity was also
apparent when adherent cells obtained from 6.25 x 104 PEC/

well were used as effector cells, and it increased with an increase
in the effectortarget cell ratio. 12A2 did not show any cytotox
icity in the absence of PEM$ (Chart 1S).

Specificity of ADCC and CDC Induced Monoclonal Antibod
ies. Using cells of the 5 tumor lines, target specificity of ADCC
induced by the monoclonal antibodies was examined, and the
results were summarized in Table 2. 3H1 induced cytotoxicity
only against MH134 tumor cells, whereas both 11G2 and 12A2
induced cytotoxicity not only against MH134 but also against
MM102 and MM46 tumor cells. 7C2 did not cause cytotoxicity
against target cells of any tumor lines. None of these monoclonal
antibodies induced ADCC against either MM48 or X5563 tumor
cells.

3H1, 7C2, and 12A2 but not 11G2 exhibited CDC in the
presence of rabbit complement, showing the same specificity in
target cell lysis as that seen in ELISA or ADCC (data not shown).

Blocking of ADCC and CDC. To investigate whether the
binding sites of these monoclonal antibodies are closely associ
ated with or identical with each other or are independently
displayed on the surface of MH134 tumor cells, 7C2 and 11G2
were tested for the ability to block ADCC or CDC induced by
the other antibodies. MH134 tumor cells coated with 7C2 were
treated with 3H1, 11G2, or 12A2 and then applied to ADCC
using TG-induced PEM* as effector cells. As shown in Chart 2,

ADCC of both 11G2 and 12A2 was significantly inhibited by the
pretreatment of target cells with 7C2. On the other hand, ADCC
of 3H1 was not affected by 7C2. This finding was also confirmed
by a similar experiment using CDC. MH134 tumor cells coated
with 11G2 were treated with 3H1, 7C2, or 12A2 and then applied
to CDC. As shown in Chart 3, CDC of both 7C2 and 12A2 was
significantly inhibited by the pretreatment of target cells with
11G2, while the cytotoxicity of 3H1 was not inhibited.

Comparison of the Ability of Monoclonal Antibodies to
Induce ADCC. Using TG-induced PEM$ as effector cells, ADCC

against MH134 tumor cells was compared among 3H1, 7C2,
11G2, 12A2, and C3H/He anti-MH134 antiserum at dilutions

ranging from 1:10 to 1:100,000. As shown in Chart 4, 12A2
induced the highest cytotoxicity among the 4 monoclonal anti-

Table 1

ELISA against murine tumor cells and murine lymphoid cells using monoclonal antibodies

Experi
ments12Antibodies"3H17C211G212A2Antiserum03H17C211G212A2AntiserumMH1340.6470.8110.7240.7980.7830.3740.4800.6650.7750.806MM1020.0530.8520.8620.8590.862NDNONONDNDMM460.0600.8930.8990.9060.904NDNDNDNDNOAA"MM480.0420.0480.0180.0340.683NDNDNDNDNDX55630.0710.0920.0530.0610.581NDNDNDNDNDC3H/HeN

lymphnodecellsNDCNDNDNDND0.0010.0420.0500.0300.840C57BL/6lymphnodecellsNDNDNDNDND0.0140.0440.0470.0380.524

* Target cells were treated with undiluted hybridoma supernatants or antiserum diluted at 1:10.
'' The difference in absorbance of the supernatant at 420 nm between the reaction using monoclonal

antibodies or antisera and that using medium as the first antibody.
c ND, not determined.
d C3H/He anti-MH134 antiserum was used against MH134, MM102, and MM46 tumor cells. BALB/c anti-

X5563 antiserum was used against MM48 and X5563 tumor cells and C3H/HeN lymph node cells. BALB/c
anti-EL4 antiserum was used against C57BL/6 lymph node cells. These antisera were used at a dilution of
1:10.
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Chart 1. Induction of ADCC against Mm 34 tumor cells by 12A2 monoclonal
antibody. ADCC was performed in the absence (O O) or in the presence
(O O) of 12A2 hybndoma supernatant at dilution of 1:2. Adherent cells obtained
from 5x10" TG-induced PEC per well (A) or from TG-induced PEC at the number

per well as indicated (B) were used as effector cells. Cytotoxicity was assayed for
24 h (S) or for the period as indicated Ã•/U

Table 2

Specificity of ADCC induced by monoclonal antibodies against MH134 tumor cells
% of specific cytolysis* with following target cells

AntibodiesMedium

3H1
1102
12A2

7C2
Antiserum0MH1349.4

52.7
58.8
72.6

0.4
76.9MM1022.8

9.0
34.7
64.8
-0.2

43.2MM464.0

4.5
34.8
51.8

2.0
46.1MM480.11.2

0.7
0.7
1.3

14.1X5563-2.7

-6.5
-6.6
-6.7
-4.1

56.2
* Five thousand '"i-iabeied target cells were suspended in hybndoma superna

tant diluted at 1:2 or antiserum diluted at 1:10 and kept at 4Â°C for 30 min. The
mixture was added to a well containing adherent cells obtained from 5x10Â° TG-

induced PEC. Cytotoxicity was assayed for 24 h.
"C3H/He anti-MHl34 antiserum or BALB/c ann-X5563 antiserum was used

against MH134, MM 102. and MM46 or against MM48 and X5563 tumor cells,
respectively. When BALB/c anti-X5563 antiserum was used, the unbound antibody
was removed by centrifugation, and complete medium at the same volume was
added just before the addition of the target cell suspension to a well containing
effector cells.

S

r

IO 100

tlofl of Ml

D 1000

of ne:
100 1000

ilion â€žf I2A2

Chart 2. Blocking of ADCC by 7C2. 12Sl-l_abeted MH134 tumor cells were
treated with medium (O) or undiluted supernatant of 7C2 hybndoma (â€¢)at 4 Â°Cfor
30 min, washed once, and then treated at 4 Â°Cfor 30 mm with 3H1 (A). 11G2 (B),

or 12A2 (C) diluted as indicated. After a washing, the cells were added to a well
containing TG-induced PEM4>of C3H/HeN mice. ADCC was assayed for 24 h.

bodies, which was comparable to the cytotoxicity induced by
anti-MH134 antiserum. The cytotoxicity induced by 3H1 or 11G2

was significantly lower than that induced by 12A2. 7C2 did not
induce cytotoxicity at any dilution.

10 100 1000

Dilution of (Â«1 of 7C2 (MIO1)

10 20 Â«O IO

Dllytloo of 12A2

Charts. Blocking of CDC by 11G2. MCr-labeled MH134 tumor cells were
treated with medium (O) or undiluted supernatant of 11G2 hybndoma (â€¢)at 4 Â°C
for 30 min, washed once, and then treated at 4 Â°Cfor 30 min with 3H1 (A), 7C2

(B). or 12A2 (C) diluted as indicated. After a washing, the cells were added to a
well containing selected rabbit serum diluted at 1:8. CDC was assayed for 45 min.

Dilution of antibody
Chart 4. Comparison of the ability of the monoclonal antibodies to induce ADCC.

ADCC was performed in the presence of hybridoma supernatant, 3H1 p), 7C2
(x), 11G2 (A), 12A2 (O), or C3H/He anÂ«-MH134 antiserum (â€¢)at a dilution as
indicated. Adherent cells obtained from 5 x 10s TG-induced PEC per well were

used as effector cells. Cytotoxicity was assayed for 24 h.

Effector Cell Analysis of ADCC Induced by 12A2 Monoclo
nal Antibody. Effector cells of ADCC against MH134 tumor cells
induced by 12A2 were analyzed by using spleen cells, PRM-l-,
TG-induced PEM*, and TG-induced nonadherent PEC. The re
sults were summarized in Table 3. Spleen cells of normal mice
did not exhibit cytotoxicity in the presence of either 12A2 or
C3H/He anti-MH134 antiserum. PRM* obtained from normal
mice showed low but apparent ADCC. However, it was signifi
cantly tower than that mediated by TG-induced PEM*. Nonad
herent cells were separated from TG-induced PEC, and their
cytotoxicity against MH134 tumor cells was compared with that
of TG-induced PEM* in the presence of 12A2. The cytotoxicity
mediated by nonadherent PEC was almost negligible, while
PEM* exhibited high cytotoxicity.

DISCUSSION

In this study, 4 hybridomas, constructed by fusion of murine
myeloma cells with spleen cells of a C3H/HeN mouse immunized
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Tables
Effector cell analysis of ADCC induced by 12A2 monoclonal antibody against

MH134 tumor cells

% of specific
cytolysisc at fol

lowing effector
celhtarget cell

ratio
Experi
ment

Effector cells8 Antibodies0 50:1 100:1

Normal spleen cells

TG-induced PEM0

Medium
12A2
Antiserum

NDÂ°

ND
ND

0.3
4.2
0.8

Medium NO 9.4
12A2 ND 85.4
Antiserum ND 85.8

2 PRM*TG-induced

PEM<Â¿>3

TG-induced nonadherentPECTG-induced

PEMtfiMedium

12A2Medium

12A2Medium

12A2Medium

12A20.116.26.9

51.80.5

2.70.8

32.10.6

18.17.960.80.9

5.90.883.8

* Spleen cells or TG-induced nonadherent PEC were seeded at 2.5 x 10*
(effector celhtarget cell ratio, 50:1) or 5 x 105 (effector cell-target cell ratio, 100:1)

per well and were used as effector cells. PRM0 and TG-induced PEM<Â¿were
obtained by repeated washings of wells containing 2.5 x 105 or 5 x 10s peritoneal

cells.
Supernatant of 12A2 hybridoma or C3H/He anti-MH134 antiserum was added

to 5 x 103 MH134 target cells at a dilution of 1:2 or 1:10, respectively.
c Cytotoxicity was assayed for 24 h.
" ND, not determined.

with syngeneic MH134 hepatoma cells, were shown to secrete
monoclonal antibodies which can bind to the tumor cells in
ELISA. Immunodiffusion analysis with rabbit anti-mouse immu-

noglobulin antisera revealed that monoclonal antibodies 3H1,
7C2,11G2, and 12A2 are lgG2a, IgM, lgG1, and lgG2a, respec
tively. Among cells of 5 syngeneic tumor lines, MH134, MM102,
MM46, MM48, and X5563, all derived from C3H/He strain, 3H1
specifically bound to MH134 tumor cells, whereas 7C2, 11G2,
and 12A2 reacted not only with MH134 but also with MM102
and MM46 tumor cells. None of these monoclonal antibodies
bound to lymph node cells of either C3H/HeN or C57BL/6 mice.
These results strongly suggest that MH134 tumor cells possess
at least 2 kinds of TAAs on their cell surfaces; one is uniquely
expressed by MH134 tumor cells, which are recognized by 3H1 ;
the other is commonly shared by MH134, MM102, and MM46
tumor cells, which are determined by the other 3 monoclonal
antibodies. The latter may be a part of MM antigen which was
termed by Chang ef a/. (1), because MM102 and MM46 tumor
cells are known to be the MM antigen-positive tumor lines, while

MM48 tumor cells are the negative line.
Except for 7C2, the other 3 monoclonal antibodies were shown

to be able to induce ADCC against MH134 tumor cells, using
TG-induced PEM* as effector cells. The extent of lysis was

influenced by the effector celhtarget cell ratio, the incubation
time, and the amount of antibody added to the reaction mixture.
It is unlikely that the cytotoxicity may be mediated by comple
ment produced by PEM4>during the cytotoxicity assay, because
7C2, which is an IgM subclass, did not cause any cytotoxicity in
the assay. The target specificity of ADCC induced by these 3
monoclonal antibodies was identical with that seen in ELISA. A

difference in the ability to induce ADCC was observed among
3H1,11G2, and 12A2. This difference may reflect differences in
the affinity of the antibodies and/or in the density of the deter
minants, as described by Imai ef a/. (6). 3H1, 7C2, and 12A2 but
not 11G2 exhibited CDC, showing the same specificity in target
cell lysis as that seen in ELISA or ADCC.

Pretreatment of MH134 tumor cells with 7C2 significantly
inhibited ADCC of both 11G2 and 12A2. Pretreatment of the
tumor cells with 11G2 significantly inhibited CDC of both 7C2
and 12A2. Neither ADCC nor CDC of 3H1 was inhibited by the
pretreatment of the tumor cells with 7C2 or 11G2. These results
strongly suggest that TAA recognized by 3H1 is located apart
from that recognized by 7C2, 11G2, and 12A2 and that the
binding sites of the latter 3 antibodies are closely associated
with or are identical with each other in the TAA. The other
possibility to be considered is that the blocking of cytotoxicity
seen between 7C2 and 11G2 may be due to steric hindrance,
because the cytotoxicity of one of the 2 antibodies was not
completely inhibited by the other.

Effector cell analysis of ADCC induced by 12A2 revealed that
the cytotoxicity is mediated by the adherent fraction but not by
the nonadherent fraction of TG-induced PEC. PRM* exhibited a

low level of the cytotoxicity. Normal spleen cells did not show
cytotoxicity in the presence of the antibody. These results clearly
indicate that the cytotoxicity is mediated by macrophages and
that stimulation of macrophages is essential to augment the
reaction. In other words, as well as an increase in the number of
receptor for Fc portion of IgG (Fc receptors), elevated levels in
phagocytic activity, membrane mobility, hydrolytic enzyme activ
ity, or other biological activities in macrophages may play an
important role in the destruction of tumor cells by macrophages
in the presence of antibodies. In the present study, only a single
i.p. injection with TG was found to be enough to render peritoneal
macrophages capable of exhibiting a high level of ADCC, while
the stimulus was not enough to activate the cells to kill tumor
cells in the absence of antibodies. Using C3H/He anti-MM46

antiserum, Yamasaki ef a/. (12) have reported a similar phenom
enon, that peritoneal macrophages of C3H/He mice can mediate
ADCC against MM46 tumor cells when they are stimulated by
an i.p. injection with glycogen, lipopolysaccharide, or Mycobac-
terium bovis var. Bacillus Culmette-GuÃ©rin.On the other hand, it
is well known that, as well as macrophages, Fc receptor-positive

lymphocyte can act as effector cells of ADCC. It is not clear why
neither nonadherent PEC nor spleen cells exhibited apparent
ADCC against cells of these tumor lines in the presence of
monoclonal antibodies or the conventional antisera. It seems
possible that Fc receptor-positive lymphocytes at activated level

may mediate the cytotoxicity.
The development of monoclonal antibodies which can induce

ADCC against human tumor cells has been reported by several
investigators (4, 6, 8). In their reports, the cytotoxicity has been
shown to be mediated by murine spleen cells or human peripheral
blood mononuclear cells. However, they used these effector cells
at high effector cell:target cell ratios ranging from 100:1 to 800:1
without fractionation. Therefore, the cytotoxicity shown in their
studies might have been mediated not only by Fc receptor-

positive lymphocytes but also by macrophages contaminated in
the effector cell population. More recently, Herlin and Koprowski
(5) have shown that mouse peritoneal macrophages exhibit high
cytotoxicity against human tumor cells in the presence of mono-
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clonal antibodies.
Seto eÃal. (9) reported a similar observation that some of

monoclonal antibodies against MM46 tumor cells induce ADMC
against the tumor cells. They developed 2 kinds of monoclonal
antibodies with different specificity in binding. One is directed to
MM antigen which is closely associated with, or identical with,
Ly-6.2 alloantigen, and the other is directed to the antigen which
is restricted to MM antigen-positive tumors. In their report,

monoclonal antibodies of the former group were shown to be
able to induce ADMC against MM46 tumor cells. However, it is
unclear whether antibodies of the latter group, or antibodies
which recognize an unique TAA of MM46 tumor cells, could
induce the cytotoxicity. On the other hand, our present study
clearly indicated that ADMC against MH134 tumor cells was
induced not only by monoclonal antibodies against a commonly
shared TAA of the tumor cells (11G2 and 12A2) but also by an
antibody which reacted specifically with the tumor cells (3H1).

These monoclonal antibodies will contribute to investigation of
possible involvement of ADMC in tumor cell destruction in vivo,
because they show differences or similarities in binding sites on
MH134 tumor cells and in abilities to induce ADMC and CDC.
We have investigated the effect of adjuvant immunotherapy with
N-CWS for cancers (11) and reported that the effect of N-CWS

is mainly based on activation of macrophages (7). In preliminary
experiments, mouse peritoneal macrophages activated by N-

CWS exhibited low cytotoxicity against MH134 tumor cells, and
the cytotoxicity was significantly elevated by the addition of 3H1,
11G2, or 12A2. Therefore, these monoclonal antibodies will
provide important informations regarding new immunotherapy
for cancers with monoclonal antibodies and biological response
modifiers which can activate macrophages. Further studies are
now under way.
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