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ABSTRACT

ited by Protein A. When mouse peritoneal exÃºdate cells were
used, FcR for all IgG isotypes were easily detected, and all IgG
isotypes mediated ADCC. Taken together, these results indicate
that IFN-7 induces U937 cell ADCC with mouse lgG2a and IgGS
partly through augmentation of FcR expression. Recombinant
IFN-7 showed the same effect as natural IFN-7. These effects
of IFN-7 were completely abrogated by anti-IFN-7 serum but not
by anti-IFN-a or normal rabbit serum. Addition of polymyxin B or
lipopolysaccharide did not affect the activity of IFN-7.
INTRODUCTION
Murine MoAbs3 have been used for the detection of tumorassociated antigens in the blood of cancer patients or on the
surface of tumor cells (2,11,12,14,15,23).
In addition, several
murine MoAbs have been shown to be effective in inhibiting
tumor growth (3, 9, 10, 13, 28), e.g., murine MoAb against
human CRC cells specifically inhibited tumor growth in nude mice
(10) and were shown to depend on host macrophages for tumor
cell destruction (9). Furthermore, human macrophages as well
as cultured human monocytes were found to express FcR that
cross-react strongly with murine lgG2a; such macrophages kill
human CRC cells in the presence of anti-CRC MoAb in vitro (24,
25). Those results suggested the importance of FcR for ADCC
of mononudear phagocytes and for the tumoricidal action of
MoAb.
IFN-7 is a secretory product of activated lymphocytes and has
1 Supported by Research Grants CA 10815, CA 21124, CA 25874, and CA
37864, and Grant AM 9607 from the National Institute of Allergies and Infectious
Diseases, and a grant from the Mrs. Smith Lead Foundation.
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globulin G; IFN-7, immune Interferon; IPS, bacterial lipopolysaccharide; ORBC, ox
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in the expression of FcR for human monomeric lgG1 on normal
human monocytes and on myelomonocytic human cells (8,20).
In the present study, we examined whether monocyte-like
U937 cells are able to mediate MoAb-dependent lysis after
treatment with IFN-7. The efficiency of mouse MoAb of different
isotypes in inducing ADCC was also compared.
MATERIALS AND METHODS
Cells. U937 monocyte-like cells, derived from a patient with histjocytJc
lymphoma (26), were maintained in suspension culture in RPMI 1640
medium supplemented with 10% fetal bovine serum (Dutchland Labora
tories, Inc., Denver, PA), 2 mw glutamine, and gentamicin (50 fig/ml;
hereafter referred to as complete culture medium). Murine PEC were
obtained from CBA mice inoculated with ihioglycolate as described
previously (9) and used as a positive control in the ADCC and FcR
expression assays.
Interferon. Purified human IFN-7 (10* antiviral units/mg protein on
Hep-2 cells) was obtained from Interferon Science, Inc., New Brunswick,
NJ. Human recombinant IFN-7 (specific activity, ~107 units/mg protein
on HeLa cells) from Escherichia coli was kindly supplied by Genentech,
Inc., San Francisco, CA. Rabbit antiserum against human IFN-7 and
sheep antiserum against human IFN-a were obtained from Interferon
Science, Inc.
Monoclonal Antibodies. lgG2a, lgG2b, or lgG3 MoAbs reacting with
SRBC were prepared by Or. W. C. Raschke, La Jolla Cancer Research
Foundation, La Jolla, CA, and obtained through American Type Culture
Collection, Rockvllle, MO. A MoAb (lgG1), reacting with ORBC and
cross-reactive with SRBC, was established in our laboratory. MoAbs
were used as unconcentrated hybridoma culture supernatant.
EA7S Rosette Formation. SRBC (or ORBC) were coated with equiv
alent amounts of antibodies to saturate binding sites and FcR detected
as described previously (25).
Stimulation of U937 Cells. U937 cells were cultured in 24-well No.
3524 tissue culture plates (Costar, Cambridge, MA) at an initial concen
tration of 5 x I05/ml Â¡na total volume of 2 ml with or without IFN-7 at
various concentrations in complete culture medium. After several hr of
culture, cells were harvested and washed 3 times. Cells were then
incubated for 2 hr at 37Â°in RPM11640 without fetal bovine serum to
allow detachment of IgG possibly absorbed from the serum. Cell counts
and viability were determined visually with the trypan blue exclusion test.
Cytotoxicity Assay. ADCC against SRBC or ORBC was quantified
as described previously (16). Briefly, effector cells (a 100-pl suspension
in complete culture medium) at various concentrations were mixed with
100 Ml of 2 x 105 51Cr-labeled SRBC or ORBC target cells and 50 //I of
MoAb at different dilutions in round-bottomed

microtiter wells. Plates

(Costar; No. 3799) containing the cell mixture were incubated for 18 hr
and centrifuged. Supematants (125 pi) were harvested for >-counting.
Percentage of cytotoxicity

was calculated as follows:

(* - B) - (C - B)
(J-B)-(C-

B)

x 100
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The effects of natural and recombinant human -y-interferon
(IFN-7) on mouse monoclonal antibody-dependent cellular cytotoxicity (ADCC) mediated by U937 human monocytic-like cells
were examined. The efficiency of mouse monoclonal antibody of
different isotypes in inducing ADCC was also compared. The
number of receptors for the Fc portion of immunoglobulin G (IgG)
(FcR) for mouse lgG2a and IgGS on U937 cells, as detected by
IgG antibody-sensitized erythrocyte rosette formation, was sig
nificantly enhanced by IFN-7. In contrast, FcR for mouse lgG1
and lgG2b were not detected even after IFN-7 stimulation. U937
cell-mediated ADCC against sheep or ox red blood cell targets
was minimal. However, after incubation with human purified IFN7, U937 cells exhibited increased activity in lgG2a- and lgG3dependent lysis, whereas their activity in lgG1- and lgG2bdependent lysis was low. ADCC stimulated by IFN-7 was inhib

various biological activities. In addition to its antiviral and antiproliferative activities, IFN-7 reportedly stimulates tumoricidal (17)
and microbicidal activity in human monocytes (19). Furthermore,
recent studies have shown that IFN-7 causes a dramatic increase
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where A is the mean cpm from cultures of effector cells plus MoAb, B is
the mean background cpm, C is the mean cpm from 51Cr-labeled effector
cells incubated alone, and 7 is the mean cpm in the supematants of
detergent-lysed target cells. The spontaneous release from RBC targets
incubated with medium alone was between 7 and 10% of 7.
To determine the role of FcR of U937 cells in ADCC, Staphylococcus
aureus Protein A (Sigma Chemical Co., St. Louis, MO) was used. SRBC
(2 x 10s) in 100 n\ were mixed with 50 //I of MoAb and incubated alone

cells in ADCC against RBC targets was tested. The ADCC
activity mediated by U937 cells cultured in the absence of IFN-7
was usually low or barely detectable (Table 2). IFN-7 induced a
dose-dependent lgG2a- and lgG3-dependent cytotoxicity in
U937 cells reaching a plateau after incubation with IFN-7 for 36
hr. In contrast, lgG1- and lgG2b-dependent ADCC were in
creased only slightly under these conditions (Table 2). No spon
taneous cytotoxicity by untreated or IFN--Â¡
-treated U937 cells

or with various concentrations of Protein A in 50 n\ for 30 min before
addition of 50 n\ of effector cells. Effects of polymyxin B and LPS (Â£.coli
0128:B12) on anti-SRBC ADCC or FcR expression were also examined.
U937 cells (5 x I05/ml) were incubated for 36 hr in the presence or

was observed against RBC (not shown). Since the lgG1 MoAb
against ORBC also reacts with SRBC, IgG 1-dependent ADCC

absence of IFN-7 with or without the addition of polymyxin B (25 /Â¿g/ml)

culture, cell proliferation was inhibited 10,17, and 22% by 100,
500, and 1000 units per ml of IFN-7, respectively.
Table 3 shows a titration of the hybridoma supematants in the
cytotoxicity assays mediated by U937 cells and murine PEC.
When U937 cells were used, lgG2a- and lgG3-dependent lysis

RESULTS
Effect of IFN-7 on Expression of FcR for Mouse IgG on
U937 Cells. FcR expression was detected by EA7S rosette
formation; 7.2 and 0.5% of the population of unstimulated U937
cells expressed FcR for mouse lgG2a and lgG3, respectively,
whereas FcR cross-reactive with mouse lgG1 and lgG2b were
not detected (Table 1). After stimulation with IFN-7, there was a
steady increase in the number of EA7S rosette-forming cells for
mouse lgG2a. IFN-7 also induced a significant increase in FcR
expression for mouse lgG3 (p < 0.02 at 100 units per ml of IFN7); however, binding of lgG1 and lgG2b to U937 cells was not
detected by this assay even after IFN-7 stimulation. The apparent
increase of lgG2a- and lgG3-specific FcR induced by IFN-7 was
observed already at an IFN-7 concentration of 10 units/ml.
Kinetics studies indicated that the percentage of EA7S-rosette-

was maximal generally at a 1:10 dilution of MoAb. ADCC activi
ties were lower at higher effector:target cell ratios (2:1 ). Only low
levels of target cell lysis mediated by U937 cells were observed
in the presence of lgG1 and lgG2b at all MoAb dilutions used.
However, when murine PEC were tested for ADCC to RBC
targets under the same conditions as used for U937 effector
cells, lgG2a, lgG1, and lgG2b MoAbs exhibited similarly efficient
RBC lysis by PEC. IgGS-dependent ADCC levels using PEC
were undetectable at a MoAb dilution of 1:20, and at a 1:40
dilution, all MoAb-mediated cytolysis decreased (data not

forming cells reached a plateau after 12 hr of incubation. While
IFN-7 induced a dramatic increase in FcR expression for mouse
lgG2a on U937 cells, a- and /i-interferon had only minor effects

shown).
To determine the role of FcR on U937 cells in ADCC, the effect
of Protein A on mouse lgG2a- and lgG3-dependent ADCC was
examined. As shown in Table 4, IFN-7-induced ADCC was
inhibited by Protein A in a dose-dependent manner. Protein A at
a final concentration of 20 /ug/ml caused a 68 and 82% inhibition
of lgG2a- and IgGS-dependent ADCC, respectively.

(data not shown).
Effects of IFN-7 on Mouse MoAb-dependent
ADCC Me
diated by U937 Cells. The possibility that IFN-7 enhances not
only FcR expression in U937 cells, but also the activity of these

To evaluate the possibility that contaminating endotoxin ac
counted for the stimulation of U937 cells by IFN-7, U937 cells
were incubated with IFN-7 in the presence or absence of poly
myxin B, an agent that blocks LPS activity (18). After 36 hr of

Table 1
Differential enhancement of FcR expression tor mouse IgG on U937 cells treated with IFN-,
U937 cells (5 x 10Â°/ml)were cultured in the presence of different concentrations of IFN-y An aliquot of the cells was
taken at the time points indicated, washed, and tested for FcR expression by rosette formation. Thioglycolate-induced
murine PEC were used as controls.

cellslgG2a7.2
of EA7S rosette-forming

stimula-tion
of
of
IFN-7(units/ml)0101001000Period
kjG1None
(hr)
CellsU937Concentration

-a12

24
36
â€”12
24
36
â€”12
24
36

2.0618.7
Â±

0.21.3
Â±

â€”
â€”

Â±4.8
23.4 Â±7.2
Â±1.721
20.7

Â±0.3
1.8 Â±0.4
Â±0.44.5
1.6

â€”
â€”

.6 Â±4.5
22.2 Â±5.3
Â±2.924.6
21.9

Â±0.2
4.6 Â±1.1
4.2 Â±
0.94.1

â€”
â€”
â€”%

Â±6.2
Â±0.3
25.1 Â±6.8
3.8 Â±0.7
25.6 Â±5.8lgG2bâ€”Eâ€”â€”igG30.5
3.9 Â±0.7

None
52.5
42.8
None
63.0
" â€”, not detectable.
" Mean Â±S.D. of 3 separate experiments. Data for murine PEC are means of 2 separate experiments.

Murine PEC
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or various concentrations of LPS. Cells were then washed and assayed
for ADCC and for FcR expression (24, 25). In ADCC assay, lgG2a was
used at a 1:5 dilution. Polymyxin B and LPS were purchased from
Burroughs Wellcome Co., Research Triangle Park, NC, and Sigma
Chemical Co., respectively.

to SRBC targets was also determined. Under these conditions,
IFN-7-stimulated U937 cells mediated the same level of ADCC
activity against ORBC targets (data not shown). Treatment with
IFN-7 resulted in slower growth in U937 cells; after 48 hr of

MoAb-dependent

CytotoxicÃ¬ty Induced by IFN-y

Table 2
Differential stimulation of mouse IgG-dependentlysis by IFN-y-treated U937 cells
U937 cells were incubated at 5 x 105/mlfor various periods of time with IFN--, at 0,10, 100, 500, or 1000 units/ml.
Cells were then washed and assayed for ADCC against 5'Cr-labe!edSRBC or ORBC targets at an effectortarget cell ratio
of 0.5:1. MoAb was used as hybridoma culture supernatant at a 1:5 dilution. Spontaneous cytotoxicity by untreated or
FM--)-treated U937 cells in the absence of MoAb was not detected.
Concentration
ui

% of ADCC with MoAb

ir ii~y
Cullilo/mO0101005001000Cl
MU-lation
lUU Ul

OUI

(hr)0183654183654183654183654lgG10.6
0.2"0.6
Â±
0.52.9
Â±

0.5:1.
Tabto3
Titration of mouse IgG in ADCC mediated by IFN-y-treated U937 cells

U937 cells were incubated at 5 x 10Â°/mlfor 40 hr with IFN-Y(0 or 500 units/ml). Cells were then washed and assayed for ADCC against 5'Cr-labeledSRBC or ORBC
targets in the presence of MoAb as hybridoma culture supernatant at the MoAb dilutions shown. Thioglycolate-inducedmurine PEC were also used as effector cells.
dilutionEffector

% of ADCC at antibody

cellsUntreated

cell
ratio0.5:1

U937IFN-7-treated
1:10.5:1

0.83.2

0.42.8 -0.11.8

0.421.8 0.420.7 0.213.6

-0.22.4

0.11.9 -0.41.1

22.1
22.4
12.9
15.244.4 14.841.7 10.237.1

2.3
2.2
1.20.949.3 23.8
25.3
12.8
1.848.7 1.751.4
18.318.9 18.612.3 11.51.0

0.523.2 0.123.2 -0.214.7

U937Murine
1:1
2:10.5:1

1.7
2.92.535.7 3.1
2.236.4 1.328.4

PECEffectontarget
1:11:50.6a 37.0lgG11:100.1
36.11:20-0.4
35.41:50.9 41.6lgG2a1:100.9
38.71:200.4
34.51:50.2 47.6lgG2b1:10-0.3
44.61:20-0.5
48.01:50.3 17.3lgG31:10-0.2
7.41:20-0.2
1.0
" Representative results (means)of 3 separate experiments. Values represent percentage of specific lysis.
Table 4
Blocking by Protein A of ADCC induced by IFN-y
U937 cells were incubated at 5 x lO^ml for 36 hr with or without IFN-y. Cells
were then washed and assayed for ADCC against MCr-labeled SRBC targets.
Targets were mixed with MoAb and incubated alone or with Protein A for 30 min
before addition of effector cells. The dilution of MoAb was 1:5.
MoAbProtein

% of ADCC with

(Mg/ml)Medium
Pretreatment
IFN-r (500 units/ml)0

0
15.2
20.6
18.2
21.2
1
7.6
10.4
14.0
21.6
5
7.2
9.4
5.2
5.2
4.1
6.6
20
3.3
3.6
2.70.5:11.24.1igG30.25:10.8
80lgG2a0.25:1"0.66
2.50.5:10.72.7
8 Effectortarget cell ratio.
" Means of triplicate cultures.

lgG2a-dependent

ADCC and FcR expression

of lgG2a EA7S
rosette-forming
eels8.329.328.610.125.323.524.4

jig/ml10
fjg/mlLPS0.1

/Â»g/ml1
*ig/ml10
fig/ml0.5:10.4821.122.60.88.810.18.37.80.40.40.61:10.618.619.20.811.09.810.312.50.50.50.7%
" Means of duplicate cultures and representative results of 3 separate experi

of

LPS alone had no effect on U937 cell ADCC or on FcR expres
sion.
1984

% of ADCC with lgG2a MoAb
at effectortarget

M9/m!1

lgG2a was determined. As shown in Table 5, polymyxin B at a
concentration of 25 M9/ml did not alter the stimulation of U937
cells by IFN-y. The possibility of a synergistic effect of LPS and
IFN-7 was also analyzed, since LPS is known to be an activator
and costimulator of macrophage-mediated cytotoxicity. LPS did
not augment the effect of a suboptimal dose of IFN-y. In addition,

NOVEMBER

ratiosNoneIFN-T

units/ml)IFN-f
(500
BPolymyxin
+ polymyxin
BIFN-7
units/ml)IFN-y
(50
LPS0.1
+

A
concentration

incubation,

Tables
f ffecf of polymyxin B and LPS on the activation of ADCCby IFN-y
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0.50.9
Â±
0.52.2
Â±
0.21.1
Â±
0.74.1
Â±
0.20.9
Â±
0.73.2
Â±
Â±0.41.2
1.34.7
Â±
0.40.8
Â±
Â±1.13.5
Â±0.51.1
Â±1.111.1
0.31.3
Â±
Â±1.012.9
Â±0.53.3
Â±2.516.7
Â±0.31.6
Â±4.517.8
0.72.5
Â±
Â±5.515.8
Â±0.53.2
Â±4.818.4
Â±1.33.1
Â±3.515.7
0.41.2
Â±
Â±5.414.7
0.94.2
Â±
Â±3.522.0
Â±0.42.1
5.121Â±
0.92.9
Â±
5.322.5
Â±
Â±1.32.6
Â±4.419.2
.8
Â±1.01.6
5.117.4
Â±
0.52.0
Â±
Â±4.216.5
Â±0.73.3
Â±3.423.8
0.63.4
Â±
Â±2.623.7
0.64.1
Â±
4.225.0
Â±
Â±1.33.8
5.022.4
Â±
Â±1.0lgG2a0.7
Â±4.8lgG2b-0.4
Â±1.2igG30.8
Â±3.1
" Mean Â±S.D. of 3 separate experiments. Values represent percentage of specific lysis at the effectortarget ratio of

ments.

Inhibition of Interferon-induced ADCC and FcR Expression
by Anti-IFN Serum. To conclusively identify IFN-y as an en
hancer of mouse MoAb-dependent lysis and FcR expression for
mouse MoAb, the effect of anti-IFN-^ serum on IFN-^-induced
enhancement of ADCC and FcR expression was tested. As
shown in Table 6, anti-IFN-7 serum treatment abolished the
capacity of IFN-r to induce lgG2a- and lgG3-dependent ADCC.

5129
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ORBC in vitro in the presence of mouse MoAb. IFN-7-stÃ-mulated
U937 cells armed with lgG2a or IgGS MoAb efficiently lysed
target cells. The IFN-7-induced enhancement of ADCC activity
was accompanied by increased expression of FcR for mouse
lgG2a and IgGS. FcR for mouse lgG1 and lgG2b on U937 cells
were not detected after IFN-7 stimulation. The complete abro
gation of natural and recombinant IFN-7 activity by anti-IFN-7
serum and the lack of effects of porymyxin B and LPS on IFN-7
activity confirmed IFN-7 as the agent which stimulates FcR
expression and murine MoAb-dependent ADCC.

Murine macrophages have at least 3 different FcR for mouse
IgG of different isotypes (4, 27). FcR1 is trypsin sensitive and
specifically binds to monomeric lgG2a; FcR2 is trypsin resistant
and preferentially binds complexÃ©e!lgG1 and lgG2b; and FcR3
is trypsin sensitive and specifically binds aggregated IgGS. The
independent regulation of mouse FcR specific for IgG 1 and lgG2b
immune complexes and for lgG2a has been reported (5). In the
human system, 2 different FcR for human IgG have been identi
fied on human leukocytes (6). A high-affinity FcR for human lgG1
is present on human monocytes but not on PMN, and a lowaffinity FcR is present on PMN and NK/K cells but not on
monocytes. It has recently been suggested that human mono
DISCUSSION
cytes cultured in vitro might bear both types of receptors (7). An
We have demonstrated here that natural and recombinant IFNFcR that binds human monomeric lgG1 has been purified by
7 stimulates human monocytic cell line U937 to lyse SRBC or
immunoabsorption to human lgG1 from both freshly isolated
human monocytes and from U937 cells (1). This M, 73,000
Tabte6
molecule is not detectable on normal peripheral blood PMN using
Neutralization of the IFN-y-induced stimulation of ADCC and FcR expression by
antiserum to IFN-y
the same technique. Recent studies have shown that the binding
IFN-7 was neutralized with different dilutions of antWFN-^ antjserum for 45 min
of lgG1 monomers to U937 cells is detected following activation
at 37Â°and added to the cultures based on the initial concentration of 500 units/
by lymphokines; enhanced expression of the tow-affinity FcR
ml. Anti-IFN-<Â«serum and normal rabbit serum were used as control. U937 cells (5
x 105/ml) were stimulated for 36 hr before assays. In ADCC assay, effectortarget
was not conoomitantiy observed (7), demonstrating the inde
cell ratio was 0.5:1 and MoAb were used at a 1:5 dilution.
pendent regulation of human leukocyte FcRs. Taken together,
of EA7S rosettethese results suggest that the human U937 cell and monocyte
ADCCPretreatmentMediumIFN-7
% of
eelslgG2a5.125.00â€”â€”20.621.622.725.029.027.7igG30.44.3â€”â€”â€”3.63.93.84.24.44.1
forming
FcR is analogous to the mouse FcR1. In addition, IFN-7-stjmulated U937 cells exhibited significant FcR expression for IgGS.
This finding is consistent with previous results (20) which dem
units/ml)IFN-7
(500
onstrate that lgG2a and IgGS, but not lgG1 or lgG2b, effectively
serum250
+ anti-IFN-7
compete with human lgG1 for binding to untreated and IFN-7units/ml6500
units/ml1000
treated human monocyte and promyelocytic cell lines. In the
units/mlIFN-7
mouse, binding of igGS to FcR2 has not been observed, and the
serum250
+ antWFN-a
receptor for IgGS has been described as a separate, tow-affinity
units/ml500
units/ml1000
receptor (4). Although a corresponding FcRS on human cells has
units/mlIFN-7
not yet been demonstrated, it will be interesting to ascertain
serumFinal
+ normal rabbit
whether mouse lgG3 binds to a previously undescribed FcR or
1:40Final
dilution,
1:20Final
dilution,
to the FcR reactive with lgG2a.
dilution, 1:10lgG2a1.1*20.54.82.00.524.023.823.519.824218.7igG30.619.65.00.40.318.823.017.919.219.018.8%
All mouse IgG classes mediated ADCC against SRBC or
* Means of duplicate cultures from 3 separate experiments.
6 Neutralization units.
ORBC when mouse PEC were used as effector cells, consistent
c â€”, not detectable.
with a previous report (22). Ralph and Nakoinz (21) also report
Table 7
Effect of recombinant IFN-y on ADCC and FcR expression by U937 cells
U937 cells (5 x I0*/ml) were stimulated with IFN-7 for 36 hr. Cells were then washed and assayed for ADCC and for FcR expression (rosette
formation). Recombinant IFN-y was neutralized with antHFN-7 antiserum for 45 min at 37Â°and added to the cultures. In the ADCC assay,
effectortarget

eel ratio was 0.5:1, and MoAb were used at a 1:5 cButton.
% of ADCC

pretreatmentMedium
Recombinant IFN7 (500 units/ml)
Recombinant 7lFN + anti-IFN-7 serum (500
neutralization units/ml)(gGI0.8*
" Means of triplicate cultures.
â€”, not detectable; ND, not determined.
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% of EA7S rosette-forming eels
lgG2b-"

2.6
22.5
1.2
22.1
-0.2igGS1.0 0.9lgG1
0.3lgG2a1.0 0.8lgG2b-1.0

â€”
â€”

lgG2a
7.5
22.5
ND

â€”
5.6
â€”igG31.0 NO
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Furthermore, no rosette formation for lgG2a and IgGS FcR was
observed at the inducing concentration of IFN-7 used. Neither
sheep anti-IFN-a serum nor normal rabbit serum at the same
concentrations inhibited the induction of ADCC and FcR expres
sion by IFN-7.
We also examined the effect of recombinant IFN-7, which is
dearly not contaminated with other human lymphokines, on
mouse MoAb-dependent lysis and FcR expression for mouse
MoAb. The effects of recombinant IFN-7 were similar to those
of natural IFN-y; recombinant IFN-7 induced a preferential en
hancement of lgG2a- and IgGS-dependent U937 cell ADCC
(Table 7); the dose-response curve in ADCC was the same as
for natural IFN-7 on the basis of antiviral activity (data not shown);
FcR expression for !gG2a and IgGS but not for lgG1 and lgG2b
on U937 cells was increased; and treatment of recombinant IFN7 with anti-IFN-7 serum before addition to the cultures blocked
any augmentation of ADCC and FcR expression by recombinant
IFN-7. Pretreatment with antiserum to human IFN-o or normal
rabbit serum and the addition of polymyxin B did not alter the
activity of recombinant IFN-7 (data not shown).

Mo/Ab-dependen? Cytotoxicity
the apparent lack of restriction among mouse IgG isotypes in
inducing ADCC against SRBC targets or mouse T-lymphoma
targets mediated by human PMN or nonadherent mononuclear
leukocytes, respectively (21,22).
Our findings that IFN--y induces FcR expression and ADCC
with specificity for mouse lgG2a and IgGS MoAb suggest the
possible use of antitumor MoAbs of these isotypes in combina
tion with IFN-y in the immunotherapy of human cancer.
ACKNOWLEDGMENTS
We wish to thank Joan MacDonald Smith for excellent technical as
Marina Hoffman for editorial assistance.

ice and

1. Anderson, C. L. Isolation of the receptor for IgG from a human monocyte cell
line (U937) and from human peripheral blood monocyles. J. Exp. Med., 756:
1794-1806,1982.
2. Atkinson, B. F., Ernst, C. S., Heriyn, M., Steplewski, Z., Sears, H. F., and
Koprowski, H. Gastrointestinal cancer-associated antigen in immunoperoxidase assay. Cancer Res., 42:4820-4823,1982.
3. Badger, C.C., and Bernstein, I.D. Therapy of murine leukemia with monoclonal
antibody against a normal differentiation antigen. J. Exp. Med., 157:828-842,
1983.
4. Diamond, B., and Yelton, D. E. A new Fc receptor on mouse macrophages
binding lgG3. J. Exp. Med., 753.- 514-519,1981.
5. Ezekowitz, R. A. B., Bampton, M., and Gordon, S. Macrophage activation
selectively enhances expression of Fc receptors for lgG2a. J. Exp. Med., 157:
807-812,1983.
6. Fielt, H. B., Wright, S. D., Dulie, C. J., Valinsky, J. E., and Unkeless, J. C.
Ontogeny of Fc receptors and complement receptor (CR3) during human
myeloid differentiation. J. Clin. Invest.. 73:516-525,1984.
7. Fleit, H. B., Wright, S. D.. and Unkeless, J. C. Human neutrophil Fey receptor
distribution and structure. Proc. Nati. Acad. Sci. USA, 79:3275-3279,1982.
8. Guyre, P. M., MorganeM, P. M., and Miller, R. Recombinant immune Interferon
increases immunoglobulin G Fc receptors on cultured human mononuclear
phagocytes. J. Clin Invest.. 72:393-397,1983.
9. Heriyn, D., and Koprowski, H. lgG2a monoclonal antibodies inhibit human
tumor growth through interaction with effector cells. Proc. Nati. Acad. Sci.
USA, 79: 4761-4765,1982.
10. Heriyn, D., Steplewski, Z., Heriyn, M., and Koprowski. H. Inhibition of growth
of colorectal carcinoma in nude mice by monoclonal antibody. Cancer Res.,
40:717-721.1980.
11. Heriyn, M., Sears, H. F., Steplewski, Z., and Koprowski, H. Monoclonal
antibody detection of a circulating tumor-associated antigen. I. Presence of
antigen in sera of patients with colorectal, gastric, and pancreatic carcinoma.

NOVEMBER

1984

J. Clin. Immunol., 2:135-140,1982.
12. Herlyn,M.1Steplewski-Z.,Heriyn,
D., and Koprowski. H. Colorectal carcinomaspecific antigen: detection by means of monoclonal antibodies. Proc. Nati.
Acad. Sci. USA, 76:1438-1442,1979.
13. Kirsh, M. E., and Hammerling, U. Immunotherapy of murine leukemia by
monoclonal antibodies. I. Effect of passively administered antibody on growth
of transplanted tumor cells. J. Immunol., 727: 805-810,1981.
14. Koprowski, H., Heriyn, M., Sears, H., and Steplewski, Z. Specific antigen in
serum of patients with colon carcinoma. Science (Wash. DC), 272: 53-55,
1981.
15. Koprowski, H., Steplewski, Z., Heriyn, D.. and Heriyn. M. Study of antibodies
against human melanoma produced by somatic cell hybrids. Proc. Nati. Acad.
Sci. USA, 75: 3405-3409,1978.
16. Larnck, J. w.. Fisher, D. G.. Anderson, S. J., and Koran, S. Characterization
of a human macrophage-like cell line stimulated in vitro: a model of macrophage
functions. J. Immunol., 725:6-12,1980.
17. Le, J., Prensky, W.. Yip, Y. K., Chang, Z. l_, Hoffman, T., Stevenson, H. C.,
Balazs, I., Sadlik, J. R., and Vilcek, J. Activation of human monocyte cytotoxteity by natural and recombinant immune interferon. J. Immunol., 737: 28212826,1983.
18. Morrison, D.C., and Jacobs. D. M. Binding of polymyxinB to the lipid A portion
of bacterial lipopolysaccharides. Immunochemistry, 73:813-818,1976.
19. Murray, M. W., Berish, Y. R.. and Rothermel, C. D. Killing of intracellular
Leishmania donovanl by lymphokine-stimulated human mononuclear phago
cytes. Evidence that interferon-y is the activating lymphokine. J. din. Invest.,
72:1506-1510,1983.
20. Perussia, B., Dayton, E. T., Lazarus, R., Fanning, V., and Trinchieri, G. Immune
interferon induces the receptor for monomeric lgG1 on human monocytic and
myeloid cells. J. Exp. Med., 758:1092-1113,1983.
21. Ralph, P., and Nakoinz, I. Cell-mediated lysis of tumor targets directed by
murine monoclonal antibodies of IgM and all IgG isotypes. J. Immunol., 737:
1028-1031,1983.
22. Ralph, P., Nakoinz, I., Diamond, B., and Yelton, D. AH classes of murine igG
antibody mediate macrophage phagocytosis and lysis of erythrocytes. J.
Immunol., 725:1885-1888,1980.
23. Sears, H. F., Heriyn, M., Del Vilano, Z., Steplewski, Z., and Koprowski, H.
Monoclonal antibody detection of circulating tumor-associated antigen. II. A
longitudinal evaluation of patients with colorectal cancer. J. Clin. Immunol., 2:
141-149,1982.
24. Steplewski, Z., Heriyn, D., Maul, G., and Koprowski. H. Hypothesis: macro
phages as effector eels for human tumor destruction mediated by monoclonal
antibody. Hybridoma, 2:1-5,1983a.
25. Steplewski, Z., LÃ¼beck,M. D., and Koprowski, H. Human macrophages armed
with murine immunoglobulin G2a antibodies to tumors destroy human cancer
eels. Science (Wash. DC), 227:865-867,1983b.
26. Sundstrom, C., and Nilsson.K. Establishment and characterization of a human
histiocytic lymphoma cell line (U937). Int. J. Cancer, 77:565-577,1976.
27. Unkeless, J. C. The presence of two Fc receptors on mouse macrophages:
evidence from variant cell lines and differential trypsin sensitivity. J. Exp. Med.,
745:931-947,1977.
28. Young, W. W., Jr., and Hakomon, S. Therapy of mouse lymphoma with
monoclonal antibodies to glycolipid: secretion of low antigenic variants in vivo.
Science (Wash. DC), 277: 487-489,1981.

5131

Downloaded from http://aacrjournals.org/cancerres/article-pdf/44/11/5127/2417894/cr0440115127.pdf by guest on 26 June 2022

REFERENCES

Induced by /F/V-y

