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ABSTRACT: Intercellular adhesion molecule-1 (ICAM-1) expression by tumour
cells may be involved in their interaction with defensive cells.

In this study the surface ICAM-1 expression and soluble ICAM-1 (sICAM-1) pro-
duction by five small cell lung cancer (SCLC) and five non-SCLC (NSCLC) cell
lines was investigated. In addition, the effects of ICAM-1 upregulation by cytokines
on the adhesion of lung cancer cells to allogeneic lymphokine-activated killer (LAK)
cells and susceptibility to LAK cytotoxicity was also evaluated.

ICAM-1 expression was assessed by flow cytometry. Soluble ICAM-1 release was
measured by enzyme-linked immunosorbent assay (ELISA). Interaction with LAK
cells was tested by adhesion and cytotoxicity assays.

At baseline, SCLC lines did not express ICAM-1, while 4 of the 5 NSCLC lines
expressed ICAM-1. ICAM-1 expression was induced by interferon-y (IFN-y) in 4 of
the 5 SCLC lines and upregulated in 1 of the 5 NSCLC lines. ICAM-1 expression
was induced by tumour necrosis factor-o. (TNF-a) in 1 of the 5 SCLC lines (National
Cancer Institute (NCI) H211), and upregulated in 2 of the 5 NSCLC lines (NCI
H460 and NCI H838). Among the latter lines, one (NCI H838) released significant
amounts of SICAM-1. Adhesion to LAK cells and susceptibility to LAK cytotoxic-
ity were significantly higher in TNF-o-treated NCI H460 and NCI H211 cells, com-
pared to untreated NCI H460 and NCI H211 cells. In contrast, no difference in
adhesion to LAK cells and susceptibility to LAK cytotoxicity was detected between
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baseline and TNF-o-treated NCI H838 cells.

Intercellular adhesion molecule-1 surface expression and soluble intercellular
adhesion molecule-1 release may play an important role in interactions between

lymphokine-activated Kkiller cells and lung cancer cells.
Eur Respir J., 1996, 9, 1831-1838.

Cell adhesion molecules which mediate cell-cell and
cell-matrix interactions play an important role in tumour
progression by virtue of their involvement in metastatic
processes and in host-tumour interactions [1]. One of
these adhesion pathways involves a member of the B,-
integrin subfamily, leucocyte-function associated anti-
gen-1 (LFA-1) or CD11a/CD18 and its principal ligand,
intercellular adhesion molecule-1 (ICAM-1) or CD54
[2]. ICAM-1 is constitutively expressed on a variety of
inflammatory and immune effector cells and in structu-
ral cells, such as: endothelial cells, fibroblasts, and epi-
thelial cells [3]. In addition, ICAM-1 has been detected
on the surface of a variety of primary tumours and tum-
our cell lines, including lymphomas [4], melanomas [5],
renal [6], pancreatic [7], bladder [8] and lung carcino-
mas [9]. Because LFA-1 is expressed on mononuclear
phagocytes, cytotoxic T-cells, natural-killer (NK), and
lymphokine-activated killer (LAK) cells [1], the expres-
sion of ICAM-1 by tumour cells may be involved in the
regulation of their susceptibility to cytotoxic activity of
autologous and allogeneic defensive cells.

The expression of ICAM-1 is upregulated by a variety
of stimuli, including phorbol esters, bacterial lipopolysac-

charide, and inflammatory cytokines, such as tumour
necrosis factor-a (TNF-a) and interferon-y (IFN-y) [10].
The functional consequences of the regulation of ICAM-
1 expression on susceptibility of tumour cells to cell-
mediated cytotoxicity has been investigated in human
melanomas. Firstly, the induction of ICAM-1 expression
by incubation of melanoma cells with inflammatory cyto-
kines [11], or by transfection of the ICAM-1 gene in
ICAM-1-negative melanoma cell lines [12], is followed
by increased susceptibility to monocyte cytotoxicity. In
addition, anti-CD54 monoclonal antibodies (MoAbs) are
able to inhibit the lysis of melanoma cells by autologous
tumour-infiltrating lymphocytes, and to a lesser extent,
by allogeneic NK and LAK cells [13]. However, the up-
regulation of ICAM-1 expression on melanoma cells may
also be followed by the extracellular release of soluble
ICAM-1 (sICAM-1) which, by competition with the
membrane-bound ICAM-1, interferes with the physical
interaction of NK and LAK cells with melanoma cells,
thus reducing their susceptibility to cytotoxicity [14].
Therefore, shedding of SICAM-1 in the extracellular space
may be one of the mechanisms by which tumour cells
escape cell-mediated cytotoxicity. Consistent with this



1832 M. MELIS ET AL.

concept, the release of SICAM-1 by human melanoma
cell lines is related to tumour growth in nude mice [15].
Furthermore, patients with advanced malignant melano-
ma and elevated serum levels of SICAM-1 have a shor-
ter survival than similar patients with normal serum levels
of sSICAM-1 [16].

The functional consequences of cytokine-induced up-
regulation of ICAM-1 expression and sSICAM-1 release
by lung cancer cells are unknown. To address this ques-
tion, we investigated the surface expression of ICAM-1
and the production of sSICAM-1 by five small cell lung
cancer (SCLC) and five non-SCLC (NSCLC) cell lines
and their modulation by cytokines. A "variant” SCLC
cell line (National Cancer Institute (NCI) H211) and two
NSCLC cell lines (NCI H460, and NCI H838) with dif-
ferential patterns of upregulation of ICAM-1 expression
were identified. Whilst in all these cell lines inflamma-
tory cytokines upregulated the cell surface expression of
ICAM-1, only in NCI H838 was this effect paralleled
by the release of SICAM-1 in culture media. These char-
acteristics of NCI H211, NCI H460 and NCI H838 cells
made it possible to investigate the effects of upregula-
tion of ICAM-1 on the adhesion of lung cancer cells to
allogeneic LAK cells and their susceptibility to LAK
cell-mediated lysis.

Materials and methods
Cell lines

Five SCLC cell lines, NCI H69, NCI H526, NCI H187,
NCI H146, NCI H211 ("variant" cell line) and four
NSCLC cell lines NCI H358, NCI H157, NCI H838,
NCI H460 (NSCLC with neuroendocrine features) were
kindly provided by D.P. Carbone (National Cancer Ins-
titute, Navy Medical Oncology Branch, Bethesda, MD,
USA). An additional NSCLC cell line (Sk-Mes-1), the
erythroleukaemia cell line K562 (positive control for
spontaneous ICAM-1 expression), and the NK-resistant
A-549 type-1I pneumocyte cell line (positive control for
LAK activity) were purchased from American Type
Culture Collection (Rockville, MD, USA). While NSCLC
grew as adherent monolayers, SCLC cell lines grew in
suspension as floating aggregates, with the exception of
the "variant" line NCI H211 [17]. "Variant" cell lines,
which represent approximately 30% of SCLC, grow as
adherent monolayers, do not express markers of neuro-
endocrine differentiation, are relatively radio-resistant
and have a more rapid growth than "classic" SCLC lines
[18]. All cell lines were maintained in RPMI 1640 medi-
um supplemented with 10% heat-inactivated (56°C for
30 min) foetal bovine serum (FBS), 1% penicillin-strep-
tomycin solution and 1 mM L-glutamine (complete medi-
um (CM)) (all from Gibco, Grand Island, NY, USA).

Reagents

Recombinant human TNF-a (specific activity 8.1x100
U-mL-!) was the kind gift of BASF/Knoll (Ludwigshafen,
FRG). Recombinant human IFN-y (specific activity 3x107
U-mg!) and recombinant human GM-CSF (specific acti-
vity 2.5x107 U-mg!) were supplied by Genzyme (Cambri-
dge, MA, USA). Recombinant human interleukin-2 (IL-2)

(specific activity 1.8x107 U-mg!) was obtained from
Euro Cetus, Amsterdam, The Netherlands). Phycoeryth-
rin (PE)-conjugated mouse anti-human ICAM-1 MoAb
(anti-CD54 - LB2-PE) was purchased from Becton
Dickinson, Mountain View, CA, USA. For adhesion and
LAK-cytotoxicity assays, the following MoAbs were
used: anti-CD54 clone 84H10 (Immunotech, Luminy,
Marseille, France); anti-CD11a clone MHM?24 and anti-
CDI18 clone MHM23 (both from Dakopatts, Glostrup,
Denmark).

Cytofluorimetric analysis

The expression of ICAM-1 on the surface of SCLC
and NSCLC lines was determined by direct immuno-
fluorescence using a FACStar Plus (Becton Dickinson)
analyser equipped with an argon ion laser (Innova 70
Coherent) and Consort 32 computer support. Briefly, tu-
mour cells were harvested from culture flasks, washed
with phosphate buffered saline (PBS) (Gibco) and vital
counts were made by the trypan blue dye-exclusion
assay with a haemocytometer. The viability of tumour
cells was >90%. Cells (106-mL-!) were incubated in CM
in the absence or presence of TNF-a (250 U-mL-!), IFN-
y (250 U-mL-1), or GM-CSF (500 U-mL-") for 16 h [10].
In preliminary time-response experiments, this incuba-
tion time was associated with maximal induction of
ICAM-1 membrane expression in the absence of signifi-
cant cell toxicity. After incubation, tumour cells were
harvested with a rubber policeman, washed, resuspended
in PBS at the concentration of 10x106-mL-! and 0.1
mL aliquots were incubated in the dark (30 min at 4°C)
with PE- conjugated mouse anti-human ICAM-1 MoAb.
PE-conjugated mouse anti-human immunoglobulin G1
(IgG1) (X-928, Dakopatts, Glostrup, Denmark) served
as negative control. Results were expressed as mean log
fluorescence intensity. Each line was analysed at least
twice.

Detection of sSICAM-1 by ELISA

Tumour cells were resuspended in CM (2x105-mL-1)
and seeded, in 2 mL aliquots, in 6-well culture plates.
After 24 h, cells were washed and 2 mL aliquots of con-
trol CM or CM containing TNF-a (250 U-mL-!), or IFN-
v (250 U-mL-!), or GM-CSF (500 U-mL-!) were added.
After an additional 16 h, supernatants were removed, cen-
trifuged and stored at -80°C until assayed. Soluble ICAM-
1 was measured by a commercially available ELISA Kit
(British Bio-technology, Abingdon, UK) [16], following
instructions of the manufacturer. The sensitivity of the
assay was <2.5 ng-mL-!. Experiments were performed in
duplicate.

Generation of LAK cells

Heparinized venous blood samples were drawn from
normal donors by venipuncture. Human peripheral
blood mononuclear (PBM) cells were isolated by cen-
trifugation (400xg for 25 min) on a Ficoll-Hypaque
(Pharmacia, Uppsala, Sweden) density gradient, as des-
cribed previously [19]. After centrifugation, the PBM
cells were recovered at the interface of the gradient,
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washed twice with Hanks' balanced salt solution (HBSS)
(Gibco) and resuspended in CM at the concentration of
10x106 cells'mL-!. LAK cells were generated by incu-
bation (5 days, 37°C, 5% CO,) of PBM with recombi-
nant human interleukin-2 (IL-2) (1,000 U-mL-!) [20].
The effectiveness of this procedure was repeatedly chec-
ked by testing the ability of the generated LAK cells to
exert cytotoxic activity on the NK-resistant A-549 type-
I pneumocyte cell line (ATCC) [21].

Adhesion assay

Adhesion of LAK cells to NCI H460, NCI H211 and
NCI HS838 cells was studied as described previously
[12], with minor modifications. Tumour cells were
detached from culture flasks with ethylenediamine tetra-
acetic acid (EDTA)-trypsin (Gibco) solution, washed,
counted, resuspended in CM at the concentration of 5x
104 cells-mL-! and 1 mL aliquots were dispensed in 24-
well flat-bottomed plates (Linbro). Cells were allowed
to adhere to plastic and, after 24 h, CM was replaced
and 10 mL of CM or TNF-a solution was added to
give, in the test wells, the final TNF-o concentration
of 250 U-mL-!. After an additional 24 h, tumour cells
were firmly adherent, had reached confluence and were
approximately 2x10° cells-well-l. LAK cells, generated
as described above, were labelled with 100 mCi of Nad!
CrO, (Amersham, Milan, Italy), washed twice with CM
to remove unbound label, resuspended at the concen-
tration of 2x105 cells:mL-! and added, in 1 mL aliquots,
to tumour cell monolayers. Blocking experiments were
performed by adding anti-CD54 MoAbs (20 ng-mL-1)
to tumour cell cultures, or anti-CD18 (10 pg-mL-!), or
anti-CD11a (10 pg-mL-!) MoAbs to LAK cells 1 h
before the beginning of LAK cells/tumour cells co-in-
cubation. After 90 min of incubation (37°C, 5% CO,),
the wells were gently washed five times with warm
HBSS to remove nonadherent LAK cells, and the adher-
ent cells were lysed with 1% sodium dodecyl sulphate
(SDS) solution. The entire contents of the wells were
carefully harvested and radio-activity was counted in a
gamma counter (Beckman 5500, Irvine, CA, USA). The
percentage of adherent LAK cells was calculated using
the formula: A/Bx100, where A is the counts per minute
(cpm) in lysate of test wells and B is the total cpm of
2x105 51Cr-labelled LAK cells. All tests were run in
triplicate cultures and variability was always <15%.

LAK-cytotoxicity assay

The cytotoxic activity of LAK cells on NCI H460,
NCI H211 and NCI H838 NSCLC cells was determined
by a 4 h 5ICr release assay. After incubation with TNF-
o (250 U-mL-1), NCI H460, NCI H211 and NCI H838
(target cells) were washed twice with CM, resuspended
in a small volume and labelled with 100 mCi of Na3!CrO,
(Amersham, Milan, Italy). After 1 h (37°C, 5% CO,),
target cells were washed twice with CM, resuspended
at the concentration of 5x10% cells\mL-! and 0.1 mL
aliquots of target cell suspension were delivered in round-
bottomed 96-well plates (Sterilin, Feltham, UK). LAK
cells (effector cells), at effector:target (E:T) cell ratios
of 25:1, were added to target cells to give a total final

volume of 0.2 mL-well-l. Blocking experiments were
performed by adding anti-CD54 (20 ng-mL-!), anti-CD18
(10 pg-mL1), or anti-CD11a (10 pg-mL-') MoAbs, or
SICAM-1 (50 ng-mL!) to tumour cells 1 h before the
beginning of LAK and tumour cell co-incubation. Sol-
uble ICAM-1 was prepared by diluting the standard
sICAM-1 of the ELISA kit (British Bio-technology).
After 4 h of incubation (37°C, 5% CO,), assay plates
were gently centrifuged and 0.1 mL aliquots were har-
vested from each well and counted in a gamma counter.
Cytotoxic index (CI) was determined as: CI=A-B/C-
Bx100, where A is the 5!Cr release (expressed in cpm)
under the experimental condition, B is the spontaneous
SICr release, and C is the maximum releasable 5Cr, as
determined by incubation of target cells with 1% SDS
solution. Spontaneous 5!Cr release never exceeded 4%
per hour. All tests were run in quadruplicate and vari-
ability between replicates did not exceed 15%.

Statistical analysis

Comparisons were made by the Student's t-test; a p
value <0.05 was considered as significant.

Results

Cytofluorimetric analysis of baseline and cytokine-induced
ICAM-1 expression by lung cancer cell lines

We first examined the baseline expression of ICAM-1
in lung cancer cell lines (table 1). While all the investi-
gated SCLC cell lines were negative for [CAM-1 expres-
sion, 4 of the 5 NSCLC cell lines expressed ICAM-1
under normal cell culture conditions. Interestingly, the
only ICAM-1-negative NSCLC cell line was the NCI
H460, a large cell carcinoma line expressing neuroen-
docrine markers [17].

ICAM-1 expression, as assessed by measuring mean
fluorescence intensity, was increased by TNF-a (250
U-mL-1, 16 h) in 2 of the 5 NSCLC lines (NCI H460
and NCI H838) and, to a lesser extent, in another two
lines (NCI H358 and NCI H157). A representative cyto-
fluorimetric analysis of ICAM-1 expression by the NCI
H460 and NCI H838 cell lines is shown in figure 1.

In contrast, TNF-a did not modify ICAM-1 expres-
sion in 4 of the 5 SCLC cell lines (table 1). Interestingly,
the only SCLC line in which TNF-mediated upregula-
tion of ICAM-1 expression (by a factor of 4.6) was
observed was the "variant" NCI H211 cell line [17]. As
regards the effects of IFN-y (250 U-mL-!, 16 h), an up-
regulation of ICAM-1 expression was observed in only
1 of the 5 NSCLC lines (Sk-Mesl, by a factor of 1.8),
as opposed to 4 out of 5 SCLC lines (by a factor ran-
ging 2.8-8.3). ICAM-1 expression was unaffected by
GM-CSF in all of the cell lines investigated.

Baseline and cytokine-induced sICAM-1 production by
lung cancer cell lines

The concentration of SICAM-1 in cell-free culture
media of lung cancer cell lines was measured under
baseline culture conditions and after stimulation with in-
flammatory cytokines (table 2). Soluble ICAM-1 was <2.5
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Table 1. — ICAM-1 expression by cultured lung cancer cell lines and modulation by inflammatory cytokines

Lung cancer cell line ICAM-1 expression log mean fluorescence intensity
Baseline +TNF-ao (250 U-mL-!) +IFN-y (250 U-mL-!) +GM-CSF (500 U-mL-!)

NSCLC

NCI H460 Large cells with N.E. features 8.4 38.9 (4.6) 9.2 (1.1) 7.0 (0.8)
NCI H838 Adenocarcinoma 24.7 51.6 (2.1) 315 (1.3) 22.7 (0.9)
NCI H358 Bronchioloalveolar 16.8 249 (1.5) 20.3 (1.2) 18.1 (1.1)
Sk Mes-1  Squamous 153 18.3 (1.2) 27.8 (1.8) 12.6  (0.8)
NCI H157 Squamous 17.3 28.6 (1.7) 16.6  (0.96) 21.2 (1.2)
SCLC

NCI H69  Classic 7 7 (1) 194 (2.8) 7 (1)
NCI H526 Classic 8 8 (1) 11.6 (1.4) 8 (1)
NCI H187 Classic 6 6 (1) 27.5 (4.6) 6 (1)
NCI H146 Classic 3 3 (1) 25.0 (8.3) 4 (1.3)
NCI H211 Variant 4 18.5 (4.6) 147 (3.7) 5 (1.2)

Tumour cells were exposed to cytokines (16 h) and surface expression of ICAM-1 was measured by flow cytometry. Data are
expressed as log mean fluorescence intensity of representative experiments, and ratio to baseline expression in parenthesis. [CAM-
1: intercellular adhesion molecule-1; TNF-o: tumour necrosis factor-a; IFN-y: interferon-y; GM-CSF: granulocyte/macrophage
colony-stimulating factor; NSCLC: non-small cell lung cancer; SCLC: small cell lung cancer; NCI: National Cancer Institute. N.E:
neuroendocrine.

ng-mL-! at baseline and after incubation with cytokines By combining the results presented in tables 1 and 2
in 4 out of 4 "classic" SCLC cell lines and in NCI H211, it was clear that, while in NCI H838 the increased sur-
the "variant" SCLC line characterized by TNF-o-induced face expression of ICAM-1 was paralleled by significant
upregulation of surface ICAM-1 expression. Under base- release of SICAM-1, no significant release of sSICAM-1

line conditions, SICAM-1 was <2.5 ng-mL-! in 3 out of occurred despite TNF-a-induced upregulation of [CAM-
5 NSCLC cell lines, while low levels of SICAM-1 were 1 expression on the surface of NCI H460 and NCI H211
detected in media of NCI H460 and NCI H838 NSCLC cells.

lines. As expected, GM-CSF (500 U-mL-!, 16 h) did not

modlfy SICAM-1 release by NSCLC lines. IFN-’Y (250 Ejfec[s ()f upregulati()n Of ICAM-1 gxpressi()n by NCI

U-mL-!, 16 h) induced sSICAM-1 release by NCI H838 H460 and NCI H211 cell lines on adhesion to LAK cells
and Sk Mes-1 NSCLC cells, while it was unable to do and susceptibility to LAK cytotoxicity
so in the remainder. TNF-o, (250 U-mL-!, 16 h) did not

modify sSICAM-1 release by 4 out of 5 NSCLC lines, To investigate the functional consequences of TNF-
but stimulated sSICAM-1 release by the NCI H838 line a-induced upregulation of ICAM-1 expression on the
by a factor of 2.7 (table 2). surface of lung cancer cells in the absence of sSICAM-1

70 j )
| 70 ﬂ 70 [“'\
,' | i
0 0

100 10" 102 103 104 100 10' 102 103 104
a) b)
70

100 10" 102 108 104

Relative cell number

100 10! 102 108 104 100 10! 102 103 104 100 10" 102 108 10¢
Log fluorescence intensity

Fig. 1. — A representative cytofluorimetric analysis of surface ICAM-1 expression by NCI H460 (upper panels) and NCI H838 (lower panels)
NSCLC cell lines. Cells were incubated with: a) complete medium; b) TNF-a; ¢) IFN-y; or d) GM-CSF, and labelled with phycoerythrin (PE)-
conjugated mouse anti-human ICAM-1 MoAb. Stained cells (shaded portion) were analysed on a FACStar gated to exclude nonviable cells and
were compared to controls prepared by incubating the cells with an irrelevant isotype-matched MoAb (open portion). Results are presented as rela-
tive cell number (y-axis) versus log fluorescence intensity (x-axis). ICAM-1: intercellular adhesion molecule-1; NCI: National Cancer Institute;
NSCLC: non-small cell lung cancer; TNF-a.: tumour necrosis factor-o; IFN-y: interferon-y; GM-CSF: granulocyte/macrophage colony-stimulating
molecule-1; MoAb: monoclonal antibody; FACS: fluorescence-activated cell sorter.
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Table 2. — Soluble ICAM-1 production by cultured lung cancer cell lines and modulation by inflammatory cytokines

Lung cancer cell line

SICAM-1 production ng-mL-!

Baseline +TNF-o (250 U-mL-1) +IFN-y (250 UmL-!) +GM-CSF (500 U-mL!)

NSCLC

NCI H460 Large cells with N.E. features ~ 2.940.2
NCI H838 Adenocarcinoma 4.8+1
NCI H358 Bronchioloalveolar <2.5
Sk Mes-1 Squamous <2.5
NCI H157 Squamous <2.5
SCLC

NCI H69  Classic <2.5
NCI H526 Classic <2.5
NCI H187 Classic <2.5
NCI H146 Classic <2.5
NCI H211 Variant <2.5

3.0+£0.4 (1) 3.1+0.1 (1.1) 3.320.3 (1.1)
13.1+1.2 (2.7)* 10.8+£0.4 (2.2)* 4.340.8 (0.9)
3.5+0.7 3.240.7 <2.5
29104 6.0+1.1 2.7+0.1

<2.5 <2.5 <2.5

<2.5 <2.5 <2.5

<2.5 <25 <25

<2.5 <2.5 <2.5

<2.5 <2.5 <2.5

<2.5 <2.5 <2.5

Tumour cells were exposed to cytokines and, after 16 h, cell-free culture supernatants were harvested. Soluble ICAM-1 concen-
trations were measured by ELISA. Data are expressed as meantseM, and ratio to baseline expression in parenthesis. SICAM-1: sol-
uble intercellular adhesion molecule-1; ELISA: enzyme-linked immunosorbent assay. For further definitions see legend to table 1.

*: p<0.05 by the Student's t-test.
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CDl11a ( ) MoAbs. After 90 min, conjugate formation was mea-
sured as described in Materials and methods. Results are expressed as
mean+seM of four separate experiments. Comparisons were made by
the Student's t-test for paired data; *: p<0.05; **: p<0.01. LAK: lym-
phokine-activated killer. For further definitions see legend to figure 1.
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production, the percentage of LAK cells which adhere
to monolayers of NCI H460 and NCI H211 was evalu-
ated at baseline and after incubation with TNF-a (250
U-mL-!, 16 h) in the absence or in the presence of anti-
CD54, anti-CD18 or anti-CD11a MoAbs. The adherence
of LAK cells to NCI H460 and NCI H211 cells was sig-
nificantly increased by TNF-a; in addition, the adhesion
of LAK cells was significantly reduced by anti-CD54,
anti-CD18, or anti-CD11a MoAbs, both at baseline and
after TNF stimulation (fig. 2a). The susceptibility of NCI
H460 and NCI H211 to LAK cell cytotoxicity was signi-
ficantly increased by TNF (fig. 2b).

In addition, while at baseline the susceptibility of NCI
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Fig. 4. — a) Adhesion of NCI H838 NSCLC cells to allogeneic LAK
cells. After incubation with control medium (Baseline) or with TNF-
o (250 U-mL-1), adherent tumour cells were co-incubated with Na3!CrO,-
labelled allogeneic LAK cells in the absence ([J) or presence of ex-
cess anti-CD54 (&), anti-CD18 (LX), or anti-CD11a (E£44) MoAbs.
After 90 min, conjugate formation was measured as described in
Materials and methods. b) Cytotoxic activity of allogeneic LAK cells
on NCI H838 cells. After incubation with control medium (Baseline)
or TNF-a (250 U-mL-!), Na!CrO,-labelled tumour cells were co-incu-
bated with allogeneic LAK cells in the absence or presence of excess
anti-CD54 (E#3 ), anti-CD18 ([=3] ), or anti-CD11a ( ) exogenous
SICAM-1 (E=3) MoAbs. After 4 h, cytotoxicity was measured as des-
cribed in Materials and methods. Results are expressed as meantsEm
of four separate experiments. Comparisons were made by the Student's
t-test for paired data; Ns: not significant; *: p<0.05; +: p<0.02; **:
p<0.01). SICAM-1: soluble intercellular adhesion molecule-1. For fur-
ther definitions see legends to figures 1 and 2.

H460 to LAK cell cytotoxicity was not modified by anti-
CD54, anti-CD18, or anti-CD11a MoAbs, the same anti-
bodies significantly reduced LAK-mediated cytotoxicity
on TNF-o-treated NCI H460 cells and on NCI H211,
both at baseline and after TNF-a stimulation (fig. 3).

Effects of upregulation of ICAM-1 expression by NCI
H838 on adhesion to LAK cells and susceptibility to LAK
cytotoxicity

To investigate the functional consequences of TNF-a-
induced upregulation of ICAM-1 expression on the sur-
face of lung cancer cells in the presence of SICAM-1
production, the percentage of LAK cells which adhere
to monolayers of NCI H838 was evaluated at baseline
and after incubation with TNF-a, (250 U-mL-!, 16 h) in
the absence or in the presence of anti-CD54, anti-CD18
or anti-CD11a MoAbs (fig. 4a). In contrast to the results
obtained with NCI H460 and NCI H211, no increase
in binding to allogeneic LAK cells was observed when
baseline and TNF-a-treated NCI H838 cells were com-
pared. Anti-CD54, anti-CD18 and anti-CD11la MoAbs
were able to reduce adhesion both at baseline and after
TNF-o-stimulation.

The susceptibility of NCI H838 and TNF-a-treated
(250 U-mL-!, 16 h) NCI H838 to LAK cell cytotoxicity
was then evaluated in the absence or in the presence of
anti-CD54, anti-CD18 or anti-CD11a MoAbs, or exoge-
nous sSICAM-1 (fig. 4b). This experimental condition was
added because SICAM-1 produced by TNF-a-treated NCI
H838 cells was probably removed during preparation of
target cells for cytotoxicity assays. No increase in the
susceptibility to LAK cell cytotoxicity was observed
when baseline and TNF-o-treated NCI H838 cells were
compared. Moreover, anti-CD54, anti-CD18 and anti-
CDI11a MoAbs, and exogenous sSICAM-1 were able to
reduce LAK cell cytotoxicity at baseline, but not after
TNF-a stimulation.

Discussion

In the present study, the surface expression of [CAM-
1 and the production of sICAM-1 by five SCLC and
five NSCLC cell lines and their modulation by the in-
flammatory cytokines TNF-o, IFN-y, and GM-CSF was
investigated. In agreement with a previous study [9], it
was found that, under baseline culture conditions, SCLC
lines do not express ICAM-1. In contrast, it was found
that 4 of the 5 NSCLC cell lines investigated sponta-
neously express ICAM-1 and the only negative NSCLC
line was NCI H460, a large cell carcinoma line expres-
sing neuroendocrine markers [17]. This finding is at
variance with the results of SCHARDT et al. [9], who des-
cribed high levels of spontaneous ICAM-1 expression in
other large cell carcinoma lines. This discrepancy may be
explained by the heterogeneous differentiation of large
cell carcinomas [22]; indeed, the expression of neuro-
endocrine markers by NCI H460 makes this particular
cell line phenotypically closer to SCLC.

Preliminary dose-response and time-course experi-
ments on NCI H460 showed that maximal induction of
ICAM-1 expression occurs after incubation with 250
U-mL-! TNF-a for 16 h (data not shown); these condi-
tions of exposure to TNF-a were chosen for subsequent
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experiments on adhesion to LAK cells and susceptibility
to LAK cell cytotoxicity.

A difference in behaviour between SCLC and NSCLC
lines was also observed with respect to modulation of
ICAM-1 expression by inflammatory cytokines. Whilst
in SCLC lines IFN-y, but not TNF-a, was a powerful
inducer of ICAM-1 expression, a trend to an opposite
behaviour was observed in NSCLC lines. An exception
to this general rule was represented by NCI H211, a
"variant" SCLC line [17], whose expression of [CAM-1
was upregulated by TNF-a. It is unclear why TNF-a is
unable to increase ICAM-1 expression in all "classic"
SCLC lines tested. One might postulate that "classic"
SCLC lines lack specific receptors for TNF-a; indeed,
TNF-a is not cytotoxic for SCLC lines and TNF-a rec-
eptors are present in only 25% of "classic" SCLC lines
[23]. However, we did not observe TNF-a-mediated in-
duction of ICAM-1 in the NCI H187, the only "classic"
SCLC line expressing high-affinity TNF-a receptors [23],
suggesting that, besides the presence of TNF-a recep-
tors, other factors may play a role in TNF-a-mediated
regulation of ICAM-1 expression in tumour cells.

Although the expression of ICAM-1 by lung cancer
cells and the parallel production of inflammatory cyto-
kines by tumour-infiltrating mononuclear cells have been
investigated previously in surgical samples of NSCLC,
the in vivo role of regulation of ICAM-1 expression on
lung cancer cells is unknown. VitoLo et al. [24] reported
that ICAM-1 is expressed by squamous cell carcinomas
and that LFA-1-positive tumour infiltrating lymphocytes
actively express messenger ribonucleic acid (mRNA)
transcripts for IFN-y, suggesting that the ability of squa-
mous carcinoma cells to express ICAM-1 is associated
with the recruitment and activation of tumour infiltrat-
ing lymphocytes, which, in turn, might upregulate ICAM-
1 expression by tumour cells. In addition, PAssLICK ef al.
[25] reported that the expression of ICAM-1 in lung
adenocarcinoma cells is selectively increased in tumour
areas heavily infiltrated with leucocytes, suggesting that
the expression of ICAM-1 on primary lung tumour cells
might be induced or amplified by inflammatory cyto-
kines released by tumour infiltrating lymphocytes. How-
ever, since ICAM-1 expression on tumour cells was not
correlated to the rate of tumour recurrence after surgery
and overall survival, evidence is missing that the cell-
cell interactions facilitated by ICAM-1 can positively
influence the clinical course of the disease.

Consistent with the results of cytofluorimetric analy-
sis, SCLC lines did not release significant amounts of
SICAM-1 at baseline and after incubation with cyto-
kines. Among the cell lines investigated, NCI H460
and NCI H211 showed the greatest inducibility of mem-
brane ICAM-1 expression after incubation with TNF-
o, but did not release significant amounts of SICAM-1
under the same stimulus. In marked contrast, in NCI
H838, TNF-a-mediated upregulation of cell surface
expression of ICAM-1 was paralleled by the release of
significant amounts of sSICAM-1 in culture media. To
our knowledge, this is the first analysis of SICAM-1 re-
lease by lung cancer cell lines of heterogeneous types
and the first description of the ability of a NSCLC line,
namely NCI H838, to release SICAM-1 after incuba-
tion with cytokines. Although the different experimen-
tal conditions do not allow definite conclusions to be
drawn, the release of SICAM-1 by NCI H838 NSCLC

line is comparable to the release by melanoma cell
lines [26]. It is unclear why TNF-a-treated NCI H460
and NCI H211 cells did not release high amounts of
SICAM-1 despite significant TNF-a-induced upregu-
lation of surface ICAM-1 expression. Interestingly, in
previous studies, no significant correlation was found
between SICAM-1 release and cellular [CAM-1 expres-
sion in TNF-a-treated melanoma cell lines [26].

The characteristics of NCI H-460, NCI H211, and NCI
H-838 cells made it possible to investigate the effects of
upregulation of surface ICAM-1 expression and SICAM-
1 release on the adhesion of lung cancer cells to allo-
geneic LAK cells and on susceptibility to LAK-cell
cytotoxicity. It was found that increased surface expres-
sion of ICAM-1 on NCI H460 and H211 cells is followed
by increased adherence to LAK cells and increased sus-
ceptibility to LAK-cell cytotoxicity, and these effects are
related, at least partly, to ICAM-1/LFA-1 interaction, as
suggested by the results of blocking experiments with
the anti-CD54, anti-CD18 and anti CD11a MoAbs. In
contrast, when baseline and TNF-a-treated NCI H838
cells were compared, no increase in adherence to LAK
cells and no increase in susceptibility to LAK cell cyto-
toxicity was observed despite a significant increase in
ICAM-1 surface expression. One possible explanation
for these results is that SICAM-1 released by the NCI
H838 cells may interact with LFA-1 present on LAK
cells, thus affecting the adhesion process. In agreement
with this hypothesis, in the present experiments, exoge-
nous SICAM-1 reduced susceptibility of untreated NCI
HS838 cells to LAK cytotoxicity. These results confirm
and extend previous data by BECKER et al. [14] who de-
monstrated that purified SICAM-1 reduces adhesion of
melanoma cells to LAK cells and susceptibility to LAK
cytotoxicity [14]. These findings suggest that SICAM-1
release may be one mechanism by which tumour cells
escape physical interaction with cytotoxic cells and its
functional consequences. Interestingly, increased serum
levels of sSICAM-1 have been recognized as an unfavou-
rable prognostic marker in patients with melanoma [16],
and with renal cell carcinoma [27]. Further studies are
needed to evaluate the possible clinical role of the assess-
ment of serum levels of sSICAM-1 in patients with lung
cancer.

Although the results of the present study suggest a
relationship between adhesion of tumour cells to LAK
cells and susceptibility to LAK cell cytotoxicity, the rela-
tionship between the latter phenomenon and ICAM-1
expression by tumour cells is incompletely understood.
Firstly, ICAM-1 expression does not correlate with the
susceptibility of different tumour cell targets to LAK
cell cytotoxicity [28]; interestingly, in our studies, whilst
at baseline NCI H460 cells do not express surface
ICAM-1, they adhere to LAK cells and are lysed by
LAK cells. Secondly, cytokine-mediated upregulation of
ICAM-1 surface expression on bladder cancer cells is
followed by increased binding to LAK cells, but not by
increased susceptibility to LAK cell cytotoxicity [29].
Thirdly, METHA et al. [30] have reported that prevention
of post-translational addition of N-linked oligosacchari-
des to ICAM-1 by treatment with tunicamycin is followed
by a dramatic increase in susceptibility of tumour tar-
gets to LAK cell cytotoxicity, in the absence of detectable
modifications of ICAM-1 mediated binding capability.
These findings suggest that carbohydrate modifications
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of ICAM-1 (or an alternative glycoprotein) may play
an important role in the postbinding metabolic proces-
ses eventually resulting in the lysis of tumour targets.
Moreover, besides ICAM-1, other counterreceptors of
the LFA-1 molecule (such as ICAM-2 and ICAM-3) and
additional heterogeneous mechanisms of intercellular
adhesion probably play a role in the interaction between
LAK and tumour cells. The characterization of the adhe-
sion molecules involved in this interaction will be of
great value in improving our understanding of the regu-
lation of the susceptibility of tumour cells to lymphokine-
activated killer cell cytotoxicity.
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