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Cytotoxicity of Activated Natural Killer Cells and Expression of
Adhesion Molecules in Small-cell Lung Cancer
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Abstract. Background/Aim: Although small-cell lung
cancer (SCLC) is sensitive to anticancer agents, most
patients with SCLC experience relapse and die within two
years. Here, we examined the relationship between natural
killer (NK) cells and adhesion molecules on SCLC cell lines.
Materials and Methods: The expression levels of HLA class
I, B2-microglobulin, Fas/Apo-1 recepior (FAS) and adhesion
molecules on SCLC cell lines were examined by flow
cytometry. The cytotoxicity of activated NK cells from SCLC
patients was examined using S Cr-release assay. Results:
HLA class I antigen and p2-microglobulin expression levels
in SCLC cell lines were lower than those in healthy
volunteers. SCLC cell lines were susceptible to lysis by
activated NK cells but this showed no correlation with
expression levels of adhesion molecules. Conclusion: Target
cell susceptibility to activated NK cells from five SCLC
patients correlated with survival benefit; target cell
susceptibility to activated NK cells may be a surrogate
marker of outcome for patients with SCLC.

Lung cancer is the leading cause of cancer mortality in
Japan and the majority of industrialized countries. While its
incidence has decreased in the US, lung cancer is still
increasing in many developing countries (1). Small-cell lung
cancer (SCLC) is one of the solid tumors most sensitive to
anticancer agents. Generally, platinum-based chemotherapy
including etoposide or irinotecan is the mainstay of first-line
treatment for SCLC. The objective response rate for SCLC
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with recent chemotherapy combinations exceeds 50%, even
in patients with extensive disease, in Western countries (2).
Despite high initial response rates, most patients eventually
experience disease relapse. Except for topotecan and
amrubicin, few treatment options remain after relapse (3, 4).
Clinical trials of high-dose chemotherapy and autologous
hematopoietic stem cell transplantation (AHSCT) showed
that progression-free survival could be improved in patients
with limited SCLC and in a few patients with extensive
SCLC about a decade ago (5, 6); however, these positive
results obtained in phase II clinical trials with high-dose
chemotherapy were not confirmed in large-scale phase 1II
trials. The SCLC chemotherapy status has not changed for
15 years, despite marked progress in molecular targeted
therapy based on oncogenic driver mutation in non-SCLC
(7). Accordingly, new approaches to improve SCLC
treatment outcomes are needed. A meta-analysis of
published randomized clinical trials involving maintenance
therapy following systemic chemotherapy using cytokines
showed no survival advantage (8). These results suggest that
maintenance and/or the consolidation approach using
interferons and other biological agents failed to improve
SCLC outcomes. In an effort to investigate the possibility
of an immunological approach using natural killer (NK)
cells, we performed experiments to clarify the relationship
between NK cell activity and adhesion molecules on SCLC
cell lines.

Materials and Methods

Patients’ characteristics. Table I shows the characteristics of our
study population. All patients were diagnosed with SCLC
pathologically and treated with standard- or high-dose chemotherapy
with AHSCT. Disease stage was determined according to the UICC
Manual of Clinical Oncology (9). All patients obtained a complete
response. Performance status ranged from O to 4, with various
clinical stages. Written informed consent concerning this study was
obtained from all patients prior to treatment.
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Table 1. Characteristics of patients with small-cell lung cancer participating in this study.

Patient Age (years)/Gender PS TNM Stage Treatment Survival (years) Relapse

1 53/M 4 T3N2MI v HD-ICE 1.5 +
ED

2 58/M 1 T4N3MO B CT 34 +
LD

3 75/M 0 TINIMO 1I CT 0.8 +
LD

4 50/M 1 T2N2MO HIA CT 4.1 -
LD

5 65/M 1 T4N2MO mMA HD-ICE 45 -
LD

ED. Extensive disease; LD, limited disease; PS. performance status; HDICE, high-dose chemotherapy (ifosfamide/carboplatin/etoposide) with
autologous hematopoietic stem cell transplantation; CT, standard chemotherapy or chemoradiotherapy: TNM, tumor node metastasis.

Table I1. Characteristics of small-cell lung cancer cell lines.

Cell line Growth characteristic Disease extent at diagnosis Site of primary culture and disease status
SBC-1 Floating aggregates T4NIMO, LD Pleural effusion at PD
SBC-2 Loosely adherent T2N2M1, ED Bone marrow at PD
SBC-3 Loosely adherent T3N2M1, ED Bone marrow before treatment
SBC-4 Loosely adherent T2NIMI1. ED Bone marrow at PD
SBC-5 Loosely adherent T4N2M1, ED Pleural effusion at PD
SBC-6 Loosely adherent TIN2MI. ED Pleural effusion at PD
SBC-7 Floating aggregates TIN3MI1, ED Pericardial effusion at PD
SBC-9A Floating aggregates T2N2M1, ED Pericardial effusion at PD
Lu-134-AH Floating aggregates Not reported Primary lung tumor
NCI-H69 Floating aggregates Not reported Not reported
RERF-LC-FM Floating aggregates Not reported Not reported

ED, Extensive disease; LD, limited disease: PD. progressive disease.

Cell lines. Table 1l summarizes the characteristics of 10 human
SCLC lines examined in this study. SBC-1 (JCRB0816), SBC-2
(JCRBO0817), SBC-3 (JCRB0818), SBC-4, SBC-5 (JCRB0819).
SBC-6, SBC-7. SBC-9A (SCLC). EBC-2 (non-SCLC), and OU-LC-
AS1 (non-SCLC) were established in our laboratories (10, 11). Lu-
134-A-H (JCRB0235), RERF-LC-FM (JCRB0102), K562
(JCRBO0019, a cell line from blast crisis of chronic myeloid
leukemia), and a control NK-sensitive cell line were provided by the
Japanese Cancer Research Resources Bank (Tokyo, Japan). NCI-
H69 was purchased from the American Type Culture Collection
(Rockville. MDD, USA). All cell lines were maintained in tissue
culture flasks at 37°C under a humidified atmosphere supplemented
with 5% CO, in air. The culture medium used in this study was
RPMI-1640 (Life Technologies, Inc., Grand Island. NY. USA)
supplemented with 10% fetal bovine serum (FBS) (ICN
Biomedicals Japan Co., Ltd.. Tokyo, Japan). penicillin-G (100
U/ml), and streptomycin (100 pg/ml).

Antibodies. Monoclonal antibodies (mAbs) used in this study were
as follows: fluorescein isothiocyanate (FITC)-conjugated anti-
human HLA class | antigen mAb (clone Tul49, mouse 1gG,,) from
Caltag  Laboratories Inc.  (Burlingame, CA, USA);
phycoerythrin(PE)-conjugated anti-human CD56 mAb (clone B159,
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mouse IgGy), anti-human f2-microgulobulin (clone Tu99, mouse
IgM), PE-conjugated anti-human intercellular adhesion molecule 1
(ICAM-1) mAbD (clone HA58, mouse IgG,), and FITC-conjugated
anti-Fas mAb from PharMingen (San Diego, CA, USA); and FITC-
conjugated anti-human HLA class I molecule mAb (W6/32, clone
B9.12.1, mouse 1gG,,) from Immunotech (San Francisco, CA,
USA). Hybridoma secreting mAb NE150 (clone NB-1, mouse 1gG)
for CDS56 (neural cell adhesion molecule, NCAM) was originally
obtained from Dr. Takahashi (Aichi Cancer Center, Nagoya, Japan).
NEI150 was an ammonium sulfate precipitate of ascites, purified by
protein A-Sepharose affinity chromatography. The NE150 F(ab’),
fragments were prepared using Pierce ImmunoPure Fab Preparation
Kit (Pierce Biotechnology Inc., Rockford, IL, USA).

Flow cytometry. Cells were incubated with each mAb and control
mAb for 30 min at 4°C and were washed three times with
phosphate-buffered saline (PBS) containing 0.2% FBS and 0.01%
azide. For W6/32 and Tu99 mAbs, after washing, cells were
incubated with FITC-conjugated F(ab’) fragment goat anti-mouse
IgG Ab for 20 min at 4°C and were washed three times with PBS
containing 0.2% FBS and 0.01% azide. Flow cytometry was
performed on a FACScan (Becton Dickinson, CA, USA), and the
data were analyzed with CellQuest software (Becton Dickinson). To
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quantify the expression levels of HLA class I molecules, NCAM.
LFA-3, ICAM-1, FAS, and 2-microglobulin, the ratio of the mean
fluorescence intensity (MFI) between test and control events was
used (12). This ratio corresponded to the distance between the test
and control MFI on a logarithmic scale. The expression levels of
HLA class T molecules. 3,-microglobulin, adhesion molecules, and
FAS were calculated as follows: 10A[log (MFI tested)]/10A[log
(control MFI1)] = 10/[log (MFI tested) — log (control MFI)].

Generation of effector cells. Table I shows the characteristics of
patients with SCLC treated at Okayama University Hospital.
Recombinant human interleukin-2 (rhlL-2, TGP-3; Takeda Chemical
Industries, Ltd. Japan) activated NK cells were generated from
peripheral blood mononuclear cells (PBMNCs) of untreated patients
with SCLC, which were prepared by Ficoll-Hypaque and purified
using Mini-MACS system (NK cell Isolation Kit, Miltenyi Biotec
K K., Japan). CD56-positive cells represented over 95% of cells
following the purification procedure (data not shown). Purified NK
cells (1-1.5x106/ml) were cultured in RPMI-1640 supplemented
with 10% FBS. non-essential amino acids, glutamine, sodium
pyruvate, 5x10-5 M 2-mercaptoethanol, penicillin-G (100 U/ml),
and streptomycin (100 pg/ml) (complete medium). A final
concentration of 1000 U/ml rhIL-2 was added. On day 7, activated
NK cells were used as effector cells.

Cytotoxiciry assay. The prepared effector cells were first plated in
96-well, flat-bottomed, microplates in 150 pl/well and kept at 37°C
under humidified atmosphere with 5% CO, in air prior to assay.
Tumors cells as targets (1x100) were labeled with 100 uCi of
sodium chromate (Na,CrOy) at 37°C for 45 min. The labeled target
cells were washed twice with ice-cold RPMI-1640 containing 5%
FBS. Target cells were added to the effector cells at 5000 cells/well
in 50 pl immediately after the final wash. For cytotoxicity assay of
tumor cells, several effector:target (E/T) ratios were used. The
cytotoxicity test plates were incubated at 37°C under a humidified
atmosphere with 5% CO, in air for 4 h. After incubation, the plates
were centrifuged at 2000 rounds per minute for 5 min. For accuracy
of the assay, the upper half of the supernatant fluid was used to
count the release of 5!Cr using a gamma counter. The percentage of
specific lysis was calculated as follows: % specific lysis=[(release
tested cpm — spontaneous release cpm)/total release cpm] x100.

Results

Expression level of HLA class I molecules on SCLC cell
lines. Using flow cytometry, the expression of HLA class I
molecules on SBC-7 cells was observed to be extremely low
compared to those of lymphocytes from healthy volunteers
or non-SCLC cells (Figure 1A). In addition, levels of HLA
class I antigens and f$,-microglobulin in all SCLC cell lines
were lower than those of lymphocytes from healthy
volunteers (Figure 1B), which suggests that SCLC cells may
be very susceptible to activated NK cells.

Cytotoxicity of activated NK cells against SCLC cell lines.
Some previous reports had revealed that SCLC cells were
sensitive to NK and lymphokine-activated killer (LAK) cells
because HLA-class I antigen expression in SCLC cell lines was

00

COMTROL

§ f} Iymphocytes
ULEAS)

EBC2

HILA Class ¥

G w Clostl (U9 @ Bl pyClasst (We/328)

> ibEnsily

SCENT

Ay

¥o -

=

Mo fluon

X0

J B

Pe)

Tgl“ﬂ‘:‘“éL

Dol
] o e

P S R T T g ob &5
5&@"&‘&'@”&’&“%**@ o
Ceall lines

Figure 1. A: Flow cytometric analysis of HLA class I molecules. The
expression of HLA class I molecules on SBC-7 cells were extremely low
compared with those of lymphocytes from healthy volunteers or non
small-cell lung cancer cell lines (QU-LC-AS1 and EBC-2). B: Mean
Sluorescence intensity of HLA class I molecules and f,-microglobulin by
flow eyrometric analysis. The expression levels of HLA class I molecules
and By-microglobulin in all 11 small-cell lung cancer cell lines were
extremely low compared with those of lymphocytes from healthy
volunteers. H69: NCI-H69; Lul34: Lu-134-A-H; FM: RERF-LC-FM.

equally supressed and NK and LAK cells do not receive
negative signals through killer cell inhibitory receptor (KIR),
such as p58 and p70, from down-regulating HLA class I
molecules on SCLC cells (13, 14). Confirming this data, SCLC
cells were found to be susceptible to activated NK cells
generated from SCLC patients (Figure 2). Each SCLC cell line,
except SBC-9a, was sensitive to activated NK cells and the
NK-sensitive cell line K562. Moreover, activity against SCLC
cell lines of NK cells from each patient differed in intensity.
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Figure 2. Cyrotoxicity of activated NK cells generated from SCLC patients against K562 and SCLC cell lines. Each SCLC cell line except SBC-9a

as well as the cell line K562 were sensitive to [ysis by activated NK cells.

Relationship of adhesion molecules on SCLC cell lines and
Cytotoxicity of NK cells towards SCLC cell lines. A previous
report described CD56 on NK cells as a third pathway of cell
adhesion other than those mediated by CD2/LFA-3 and LFA-
1/ICAM-1 interactions and that CD56 was involved in NK cell
cytotoxicity when interacting with cells bearing CD56/NCAM
(15). In this experiment, the expression of NCAM, however,
did not predict activated NK cell cytotoxicity (Figures 2 and
3A). In addition, the cytotoxicity of activated NK cells towards
NCAM-overexpressing SBC-7 cells was not blocked even
when anti-NCAM F(ab”)2 mAb was added (Figure 4). Hence,
we do not presume that NCAM-NCAM interaction mediated
NK cell cytotoxicity towards SCLC cell lines. Differences in
target cell susceptibility to activated NK cells showed no
correlation with the expression level of HLA class I molecules,
ICAM-1, or LFA-3 (16). We confirmed this finding that target
cell susceptibility of activated NK cells showed no correlation
with the expressions of ICAM-1, LFA-3, and FAS (Figure 3B).

Relationship of cytotoxicity towards SCLC cell lines and
patient survival. Activated NK cells generated from patients
4 and 5 showed that the percentage specific SICr-release was
>40% in 10 out of 11 SCLC cell lines (Figure 2). These
patients have survived more than 4 years without relapse.
Activated NK cells generated from patients 2 and 3 showed
that the percentage specific SlCrrelease was =40% in all 11
SCLC cell lines, and 51Cr-release of patient 1 was =40% in
9 out of 11 SCLC cell lines (Figure 2). These patients all
experienced disease relapse and died.
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Discussion

In this experiment, activated NK cells efficiently killed
SCLC cells with a very low level of expression of HLA class
I molecules. Furthermore, we confirmed previous data that
target cell susceptibility to activated NK cells showed no
correlation with the expressions of surface adhesion
molecules. Target cell susceptibility to activated NK cells is
very complex. Although the use of LAK cells has been
intensively studied, this approach has not consistently shown
benefits in clinical trials (17). Recent basic studies have
shown that NK cells have a variety of receptors that
recognize class I molecules. NK cell cytotoxicity is
controlled by the balance between KIR and killer-cell
activating receptor (KAR). NK cells can kill the allografts
that are lacking one or more self-class I molecules because
no negative signals are transmitted to a particular subset of
NK cells through KIR (18). Several reports have shown that
HLA-class I molecule expression levels in lung cancer cell
lines are reduced and these molecules are susceptible to lysis
by NK and LAK cells (12, 13).

In high-dose chemotherapy treatments with AHSCT,
peripheral blood stem cells (PBSCs) contain more NK cells than
do bone marrow aspirates (19). If these NK cells are effectively
activated, contaminating tumor cells in PBSCs should be
eradicated. Thus, we assume that a very small number of SCLC
cells are susceptible to lysis by NK cells or activated NK cells.
Even recent and very intensive therapy will be unable to
eradicate all tumor cells. Presumably, between 10° and 106
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Figure 3. Expression of neural cell adhesion molecule (NCAM) (A) and
Expression of intercellular adhesion molecule (ICAM), lymphocyte
function-assoclated antigen-3 (LFA-3) and Fus/Apo-1 receptor (FAS) (B)
on small-cell lung cancer cells by flow cytometric analysis.

tumor cells remain even in complete responders. If complete
responders achieve a cure, minimal residual SCLC cells are
eradicated efficiently by NK cells or activated NK cells.
Strong cytotoxicity of activated NK cells against SCLC
cell lines may be linked to patients’ immune status after
intensive treatment. In our results, patients with specific
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Figure 4. Effects of anti-CD56 F(ab’), mAb on cytotoxicity of activated
natural killer (NK) cells against K562 and SBC-7 cells. The cytotoxicity
of activated NK cells on neural cell adhesion molecule (NCAM)-
overexpressing SBC-7 cells was not blocked even when anti-NCAM
Flab’), mAb was added.

3ICr-release >40% in 10 out of 11 SCLC cell lines have
survived without disease and are working full-time.
However, patients with specific 5'Cr-release =40% in the
majority of the SCLC cell lines experienced disease relapse
and died. This result indicates that target cell susceptibility to
activated NK cells from patients with SCLC may correlate
with favorable clinical outcomes. In other words, the target
cell susceptibility to activated NK cells may be a surrogate
marker of clinical outcome of SCLC patients. Clinical trials
of high-dose chemotherapy with AHSCT and the use of LAK
cells have not consistently shown an apparent benefit in
unselected SCLC patients. However, these modalities could
be one of the standard treatments if the benefits were proven
in clinical trials in selected SCLC patients using target cell
susceptibility to activated NK cells.

In conclusion, since the cytotoxicity of activated NK cells
towards SCLC cell lines may be linked to the immune state
after intensive treatment, SCLC patients achieving a complete
response should be exposed to a promoter of NK activity.
Prospective trials will be essential to elucidate the role of NK
cells or activated NK cells prior to adopting new treatments.
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