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Immunosuppressive Effect of Shedding Intercellular Adhesion Molecule 1 Antigen
on Cell-mediated Cytotoxicity against Tumor Cells
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We have examined whether shedding intercellular adhesion molecule-1 (ICAM-1) antigen from
cultured tumors is able to inhibit the leukocyte function-associated antigen-1 (LFA-1)/ICAM-1
interaction between cytotoxic effector cells and ICAM-1* target tumor cells. The cytotoxic activity
of lymphokine-activated killer (LAK) cells incubated with spent media from ICAM-1" tumor cells,
especially interferon-y-stimulated tumor cells, was significantly decreased as compared with that of
LAK cells treated with fresh culture medium without ICAM-1 antigen. Treatment of LAK cells with
spent media from ICAM-1~ tumor cells did not cause a significant decrease of the cytolytic activity
towards ICAM-1* tumor cells. These findings suggest that shedding of ICAM-1 antigen could be
involved in binding of LFA-1 to LAK cells, resulting in reduced cytolytic activity.
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The intercellular adhesion molecule-1 (ICAM-1) anti-
gen has been reported to be a member of the immuno-
globulin supergene family with five domain structures"
and was subsequently established to be the counter-
receptor for leukocyte function-associated antigen-1
{LFA-1). The LFA-1/ICAM-1 interaction is important
in a number of leukocyte adhesion activities including
the conjugate formation between cytotoxic T lympho-
cytes (CTL) and their targets’® and natural killer
(NK)- or lymphokine-activated killer (LAK)-mediated
cytolysis.”™ However, active growth of tumor cells was
observed in metastatic sites, in spite of greatly increased
expression of ICAM-1 antigen on tumor cells and also
induction of lymphoid cells with surface markers of
CD8*CDI11b~, CD8'CD28" and CD87S6F1*,%"
which are regarded as killer cells.*'® In addition, the
ICAM-1 molecule has been suggested to play a role in the
progression of metastasis in malignant melanoma'” and
other cancers.” ¥ These findings posed a particular di-
lemma in the evaluation of real ICAM-1 expression on
tumor cells. Recently, circulating ICAM-1, which may
be shed from the primary or metastatic tumor, has been
detected in sera.'> '™ Thus, it seems likely that shedding
ICAM-1 antigen may be related to escape mechanisms of
the tumor from the immune system in cancer patients.
However, it has remained unclear whether or not LFA-1
on lymphoid cells has affinity for shedding ICAM-1 from
tumor. This study was undertaken to examine whether
shedding ICAM-1 molecule can bind to LFA-1 on ac-
tivated lymphoid cells, resulting in lower cell-mediated
cytotoxicity.

ICAM-1 — Shedding ICAM-1 — LAK cells — Malignant disease

The peripheral blood lymphocytes (PBL) were
isolated from buffy coats of patients with gastric carci-
noma by centrifugation over Ficoll-Hypaque density gra-
dients as described.’”'” LAK cells were generated in the
culture of PBL for 10 days in complete medium with 100
U/ml of recombinant interleukin 2 (rIL 2, Shionogi Co.
Ltd.,, Osaka) in 5% CO; in air at 37°C as described
previously.*'” A Burkitt’s lymphoma cell line, Daudi,
was obtained from the Japanese Cancer Research Re-
sources Bank, Tokyo. Gallbladder carcinoma cell line
G-415 used for the experiments was established in our
laboratory.'®'®} The gastric cancer cell lines SC-1" and
SC-3 were cloned and have been cultured continuously in
our laboratory. These cell lines have been maintained in
RPMI-1640 (GIBCOQ, Grand Island, NY) medium sup-
plemented with 109 fetal calf serum (M.A. Bioproducts,
Walkersville, MDY}, 20 mM N-2-hydroxyethylpiperazine-
N’-2-cthanesulfonic acid (HEPES; Wako Junvaku Co.
Ltd.,, Tokyo)} and 100 pgg/ml kanamycin (complete
medium). LAX cell activities were tested against NK-
resistant Daudi and G-415 cells, using a standard 4 h
Cr-release assay.>**''" To determine shedding
ICAM-1 antigen from tumor cells, spent media were
collected from culture flasks (Falcon, 3013, Mountain
View, CA) in which approximately 2<10° tumor cells
had been cultured with or without 100 U/ml of inter-
feron-gamma (IFN7, Toray Co. Ltd., Tokyo) for 7 days.
The LAK cells were mixed and incubated with spent
media from each tumeor culture flask for 2 h at 37°C. In
the control experiment, the LAK cells were alse in-
cubated with fresh complete medium. The labeled target
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cells (53X 10° cells) were mixed with effector cells at ratios
(E/T ratios} of 5:1, 10:1 and 20:1, and were distributed
to each well in a final volume of 200 gl in U-bottomed
96-well Nunc microplates (No. 163320, Roskiide, Den-
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Fig. 1. FACS analysis of expression of the [CAM-1 mole-

cule on tumor cell lines. The net percentages of positive cells
were 94.1% for Daudi, 87.29 for G-415, 69.6% for SC-1
and 0% for SC-3 cells. Background (second step alone) for
the control is superimposed as a dotted line in each panel.
Fluorescence distributions were analyzed by FACScan using
logio unit.

mark) in quadruplicate. After incubation, the plates were
centrifuged and cytolysis was evaluated by counting 0.1
ml of supernatant in a gamma-counter. Specific lysis was
expressed according to the following formula: % specific
lysis= 100 X (experimental release — spontaneous re-
lease)/(maximum release — spontaneous release). The
maximum releasable counts were determined by repeated
freezing and thawing of the labeled cells, and amounted
to 80-90% of the total reactivity incorporated into the
cells. Spontaneous release determined from Daudi or G-
415 cells incubated in the cultured medium was always
3% or less of the maximum release in 4 h. For FACS
analysis, the tumor cells were incubated with monoclonal
antibody, anti-ICAM-1 (84H10 clone, Cosmo Bio Co.
Lid., Tokyo) for 30 min at 4°C. The cells were washed
with phosphate-buffered saline containing 0.02 mM
sodium azide and 1% bovine serum albumin (Sigma,
St. Louis, MO}, and incubated with FITC-labeled goat
anti-mouse IgG antibody (Biomeda, Foster City, CA)
for 30 min at 4°C as described previously.'” After two ad-
ditional washes, the labeled cell samples were analyzed
by flow cytometry on a FACScan (Becton Dickinson,
Mountain View, CA).

FACS profiles of the tumor cells immunofluorescence-
stained with anti-ICAM-1 antibody are shown in Fig. 1.
Daudi, SC-1 and G-415 cells were highly reactive to anti-
ICAM-1. However, the antibody failed to react to SC-3
cells, ICAM-1 antigen could not be induced on cultured
SC-3 cells even by IFNy stimulation. Thus, ICAM-1
antigen is expressed on the cell surface of Daudi, SC-1
and G-4135 cells but not that of SC-3 cells.

Table I. Effect of Spent Media from Cultured ICAM-11 or ICAM-1~ Tumor Cells on LAK Cell
Activity
. Specific *'Cr release (%)
Group Spent media from Target cells YT 101 51
1 None? Daudi 30.910.89 209103 11.8£0.3
2 Daudi Daudi 24,710.6 13.9+0.5 8.31+0.6
3 [FN7y-treated Daudi 20.8£0.6 14.310.2 8.1+0.3
Daudi
4 IFNy-treated Daudi 9.6X£0.6 6.3170.8 3.8+0.6
SC-1
5 SC-3 Daudi 283+14 20.2+0.6 12.6+0.4
6 None G-415 20.9£0.8 149704 9.6%X0.2
7 G-415 G-415 13.5+0.5 9.410.5 6.210.2
8 IFN7y-treated G-415 7.5+0.4 5.410.3 3.2+0.2
G-415
9 IFNy-treated G-415 10.71+0.5 7.1£0.3 34102
SC-1
10 SC-3 G-415 18.5£0.6 123+04 8.810.3

a) Effector cell:target cell ratios.

b Fresh complete medium.

¢) Mea=*SE in quadruplicate cultures.
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Table I shows the effect of spent media from tumor cell
cultures on LAK cell activities. The LAK cells from a
cancer patient showed a substantial increase in cytolytic
activities against NK-resistant Daudi or G-415 cells at
increased E/T ratios (Groups 1 and 6). The LAK cells
{Groups 2 and 7) incubated with spent media from
cultured Daudi or G-415 cells showed significant reduc-
tion of the cytolytic activity as compared with those
at the corresponding E/T ratio from Groups 1 and 6
(P<<0.01}). Treatment of the LAK cells with spent media
from ICAM-17 tumor cells cultured together with IFNy
(Groups 3, 4, 8 and 9) brought about an even more
significant decrease in cytolytic activities against Daudi
or G-415 cells (P<0.0l for Group 3; P<0.00l for
Groups 4, 8 and 9). However, the LAK cells incubated
with spent media from cultured ICAM-1~ SC-3 cells
(Groups 5 and 10) exhibited no significant decrease of
cytolytic activity against Daudi or G-415 cells as com-
pared with those of Groups 1 and 6, respectively.

It is well known that the membrane surface antigens of
tumors have been detected in culture media of actively
growing cell lines in vitro™ and in body fluids of humans
and animals with various malignant tumors.?” The anti-
gens detected are differentiation antigens, tumor-associ-
ated antigens or ICAM-1 antigen. Extensive shedding of
these antigens reduced the immunogenicity of the origi-
nal tumor cells’® or absorbed circulating IgM antibodies
thus neutralizing their anti-tumor effects.’” Some soluble
tumor antigens may induce suppressor cells capable of
suppressing the activity of cytotoxic cells against the
tumor.”® However, the immunological effect of shedding
ICAM-1 antigen from tumors has remained unknown.
We previously found that ICAM-1 antigen on gastric
carcinoma was preferentially expressed in metastatic gas-
tric carcinoma cells from pleural and peritoneal effusions,
and their carcinoma cells maintained in vitro,” Tsujisaki
et al'® showed that shedding ICAM-1 antigen could be
detected in spent media of cultured carcinoma cells, and
the level of the antigen in spent media of IFNy-treated
cells was much higher than in those of non-treated cells.
As shown in Fig. 1, we have established a new variant
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gastric carcinoma cell line, SC-3, which does not express
the ICAM-1 antigen. Thus, SC-3 cells could be used in
the present experiment as a negative control for ICAM-
1 antigen. It has also been reported that LFA-1 and
ICAM-1 molecules are involved in target tumor cell lysis,
as anti-LFA-1 and/or anti ICAM-1 antibodies inhibited
the cytolytic activity of LAK cells.>* In the present
study, LAK cells treated with spent media, especially
from IFN7y-stimulated ICAM-1" tumor cells, showed a
significant decrease of cytolytic activity as compared
with those treated with spent media from ICAM-1~ SC-
3 tumor cells or fresh complete medium without clearly
containing ICAM-1 antigen. This inhibition was repro-
ducible. Judging from these results, it seemed likely that
shedding ICAM-1 antigen could be involved in binding
of LFA-1 to LAK cells, in vitro at least.

The shedding ICAM-1 antigen or the antigen/LFA-1
binding to effector lymphoid cells, in particular may
block host cell-mediated anti-tumor immunity. In fact,
Ladisch et al* have suggested that gangliosides shed by
tumor cells extremely potent enhancers of tumor forma-
tion. Recently, Bernhard and Dippold*¥ have proposed
that shedding of ganglioside (GD3) may cause a local
accumulation at the tumor site, with immunosuppressive
function. Thus, significantly lower cytolytic activity of
LAXK cells treated with spent media containing shedding
ICAM-I antigen may have profound implications for
down-regulation of the immune system (i.e., escape of
the tumor from the immune system by the shedding of
ICAM-1 antigen) and for enhancing the tumor meta-
static capacity in cancer patients. The control of ICAM-
1 antigen shedding, therefore, may be a potential means
to achieve more effective anti-tumor immunity in tumor
patients.
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