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Interleukin-2-inducible Killer Activity and Its Regulation by Blood Monocytes from

Autologous Lymphocytes of Lung Cancer Patients
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The ability of blood lymphocytes of newly diagnosed lung cancer patients to respond to interleukin 2
(IL-2) to become IL-2-activated killer (LAK) cells and its regulation by antologous monocytes were
examined. LAK activity was measured by *'Cr release assay. The abilities of lymphocytes among
blood mononuclear cells (MNC) of subjects of different ages without malignancies to generate LAK
activity against NK-cell resistant Daudi cells and lung adenocarcinoma (PC-9) cells were very similar,
The LAK activity of blood MNC of lung cancer patients was alse nearly the same as that of blood
MNC of control subjects. There was no significant difference in IL-2-inducible LAK activity between
MNC of patients with small cell lung cancer (SCLC) and those of patients with non-SCLC. Mono-
cytes and lymphocytes were separated from blood MNC on a one-step Percoll gradient. Monocytes
of lung cancer patients were found to augment in vitro induction of LAK activity by IL-2 of autologous
blood lymphocytes. In contrast, endotoxin-stimunlated monocytes suppressed LAK induction of
autologous lymphocytes of cancer patients. These findings suggest that administration of IL-2 and

LAK cells induced in vitro may be of benefit in the treatment of lung cancer.

Key words:

In vitro cultivation of unprimed lymphocytes for 4 to 6
days with interleukin 2 (IL-2) results in the generation of
nonspecific cytotoxic cells, named lymphokine-activated
killer (LAK) cells, with a wide target spectrum including
lung cancer cells."® There is encouraging evidence that
systemic administration of IL-2 results in partial regres-
sion of terminal stage cancer.>* But, in patients with
various cancers, the presence of & growing cancer has
been shown to be associated with alteration in the re-
sponse of lymphocytes to IL-2 for development of LAK
activity.”” For example, in patients with malignant mel-
anoma, LAK expression is impaired.>” On the other
hand, induction of LAK activity has been reported to be
regulated by various cellular and humoral factors.>'?
Recently, we demonstrated that human monocyte-
macrophages of healthy donors up- or down-regulated
induction of LAK activity depending on their state.’*'
Little is known, however, about the effect of a tumor
burden on regulation by monocyte-macrophages of in-
duction of human LAK activity from autologous lym-
phocytes.

Lung cancer, which frequently occurs in aged individ-
uals, has been found to be associated with alteration in
host immunocompetence.’* There is a close association

Abbreviations: BRM, biological response modifier; FBS, fetal
bovine serum; IL-2, interleukin 2; LAK, lymphokine (IL-2)-
activated killer; MNC, mononuclear cells; NK, natural killer;
non-SCLC, non-small cell lung cancer.
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of aging and decrease in immune competence.”> *® So it is
important to examine the effect of aging on induction of
LAK activity from lymphocytes of lung cancer patients
in comparison with that in lymphocytes of control sub-
jects without malignancies. Patients with small-cell lung
cancer (SCLC) have been found to have impaired
immune functions,'™ and a worse prognosis than those
with non-SCLC,*” suggesting that the defensive activity
in patients with lung cancer depends on the histological
type of cancer. In the present work, we found that the
IL-2 induced LAK activity of mononuclear cells (MNC)
from patients with lung cancer was similar to that in-
duced in MNC from control subjects without malig-
nancies, except that LAK induction was impaired in
patients in terminal stages. We also found that, depend-
ing on their activation state, blood monocytes of lung
cancer patients caused up- or down-regulation of LAK
induction in autologous lymphocytes.

MATERIALS AND METHODS

Subjects The subjects examined were 56 lung cancer
patients, 37 to 77 years old (mean, 64.5 years), in
Tokushima University Hospital who had not received
any conventional anticancer therapy. Lung cancer was
diagnosed by either histological examinations of tissue
specimens or cytologic examination of sputum, or speci-
mens obtained by bronchial brushing, lymph node
biopsy, lung aspiration, or thoracotomy. The stage of



Table I. Data on the 107 Control Subjects and 56 Lung
Cancer Patients without Anticancer Therapy Studied
Classification —NQ of patients No. of
Male Female  controls
Histological types
SCLC 14 1
non-SCLC: Squamous cell 19 3
carcinoma
Adenocarcinoma 13 1
Large cell 5 0
carcinoma
Age in years —49 5 1 40
50-59 4 1 13
60-69 25 1 16
70-79 12 2 25
80- 5 o 13

lung cancer was graded according to the tumor-node-
metastasis classification system (Union Internationale
Contre le Cancer, 1987). Clinical staging was determined
according to the criteria of the Japanese Lung Cancer
Association. The clinical characteristics of the patients
are listed in Table 1. The five patients with SCLC zll had
extensive disease. According to criteria for immunologi-
cal studies of aged subjects,?® 107 control subjects of
various ages with no signs of malignancies, infections or
general debility and no abnormal chest X-ray findings
were selected. These subjects were used for studies on the
effect of aging on LAK induction by IL-2 in vitro.
Reagents Fetal bovine serum (FBS) was purchased from
Gibco Laboratories (Grand Island, NY). Recombinant
interleukin 2 (IL-2) was prepared at Takeda Pharmaceu-
tical Co., (Osaka), and had a specific activity of 3.5X
10* U/mg as assayed on IL-2-dependent murine NKC3
cells. All the reagents were free of endotoxins as deter-
mined by the Limulus amebocyte lysate assay (sensitivity
limit, 0.1 ng/ml). Lipopolysaccharide (LPS: E. coli
055:B5) was obtained from Difeo Laboratories, Detroit,
ML

Cell culture A human Burkitt lymphoma cell (Daudi)
line was purchased from the American Type Culture
Collection (ATCC), Rockville, MD. A human lung
adenocarcinoma (PC-9} cell line was kindly supplied by
Dr. Y. Hayata (Tokyo Medical College, Tokyo). These
cells, which were free of mycoplasma, were maintained
as stationary suspension cultures in RPMI 1640 medium
supplemented with 5% heat-treated FBS, designated as
CRPMI 1640. LAK celllmediated cytotoxicity assays
were performed in CRPMI 1640 medium, when the
cultured target cells were in the exponential growth
phase.

LAK Activity of Blood Lymphocytes in Lung Cancer

Isolation of human peripheral blood lymphocytes and
monocytes MNC were separated from heparinized
venous blood diluted 2-fold with PBS in lymphocyte
separation medium (LSM, Litton Bionetics, Kensing-
ton, MD). For examination of the regulatory effect of
monocytes on LAK induction by IL-2 from autologous
bloed lymphocytes, lymphocytes and monocytes were
separated from the MNC samples on a one-step, discon-
tinuous Percoll gradient, as described previously > )
The purity of the lymphocytes was >>99%. The popu-
lation enriched in monocytes (82 to 90% as determined
by morphology and nonspecific esterase staining) was
suspended in CRPMI 1640 medium and adjusted to 5X
10° monocytes/ml. Monocytes (10*/well) were added to
each well of a 96-well, flat-bottomed Microtest III plate
(Falcon Plastics, Oxnard, CA). The monocytes were
allowed to adhere for 1-2 h at 37°C, and then non-
adherent cells were removed by washing the plates 3
times with warmed RPMI 1640 medium. The purity of
the monocytes was >999% as assessed in terms of their
morphology, examination with monoclonal anti-
monocyte antibody (OKM3) conjugated with FITC, and
measurement of nonspecific esterase.

Induction and assay of LAK activity LAK activity was
assayed by measuring *'Cr release as described in detail
previously.'® " ' Briefly, blood MNC (1 X 10° per well)
were added to wells of flat-bottomed, Microtest III plates
and incubated in the presence or absence of IL-2 at 37°C
under 5% CO, in air for 4 days. The cultures were
thoroughly washed and their cytotoxicity against *'Cr-
labeled 10* Daudi (Burkitt lymphoma) cells was mea-
sured at various effector/target (E/T) cell ratios. To
examine monocyte-mediated regulation of LAK induc-
tion, blood lymphocytes with or without an optimal
concentration of IL-2 (1 U/ml) were added to cultures
with or without monolayers of autclogous monocytes.
Preliminary experiments indicated that at this time there
was no difference in the numbers of IL-2-treated and
untreated lymphocytes (data not shown). After incu-
bation for 4 h, the supernatants (0.1 ml per well) were
harvested by brief centrifugation at 1,500 rpm, and their
radioactivities were determined in a garnma counter. The
percentage cytotoxicity was calculated as follows:

% Cytotoxicity
=100X experimental cpm — spontaneous cpm
total cpm — spontaneous ¢pm

The spontaneous release observed with different target
cells ranged from 5 to 159% (total lysis).

Statistical analysis The statistical significance of differ-
ences in values for groups was analyzed by using
Student’s ¢ test.
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RESULTS

LAK activity of blood MNC of subjects without
malignancies First, we examined the effect of age on
LAK expression induced by IL-2 from blcod MNC of
control subjects without malignancies. For this, periph-
eral blood MNC samples from control subjects with-
out malignancies were incubated for 4 days in medium
alone (control) or with an optimal concentration of
recombinant human IL-2 (1 U/ml), and then the LAK
activity of MNC was assayed by measuring *'Cr release
from Daudi or PC-9 target cells at various E/T ratios.
The ability of blood MNC to generate ILAK activity in
response to IL-2 was examined in 107 control subjects
without malignancy. The subjects were divided into var-
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Fig. 1. IL-2-activated killer (LAK) activity of blood MNC of

control subjects without malignancies. Columns and bars show
means and SDs.
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ious age groups and the mean (X SD) for each group was
calculated. There was no significant difference in the
cytotoxic activities of MNC of different age groups in-
cubated in medium alone (data not shown). As shown
in Fig. 1, the LAK activity of MNC of elderly control
subjects without malignancies was similar to that of
MNC of young adults. Similarly, there was no age-
dependent change in the induction of LAK activity by
IL-2 in MNC of the lung cancer patients and control
subjects without malignancies (Fig. 2).

LAK activity of blood MNC of patients with different
histological types of lung cancer Next, we compared the
LAK activitics of MNC of patients with different histo-
logical types of lung cancer. For this, blood MNC were
incubated for 4 days in medium with or without IL-2 (1
U/ml) and then their LAK activity against NK-resistant
Daudi cells at an E/T ratio of 20:1 was measured as
described in “Materials and Methods.” The results are
shown in Table II. Untreated MNC of patients with
non-SCLC (squamous cell carcinoma, adenocarcinoma
or large cell carcinoma) showed slightly elevated levels of
cytotoxic activity. When activated with an optimal con-
centration of IL-2 (1 U/ml), MNC from patients with
lung cancer generated almost the same LAK activity as
those from control subjects (69.3116.2 vs. 75.61+8.7).
On classification of the 56 patients into two groups: those
with SCLC and those with non-SCL.C (squamous cell
carcinoma, adenocarcinoma and large cell carcinoma),
blood MNC of the group with SCLC were found to
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Fig. 2. Comparison of LAK activities of blood MNC of lung
cancer patients (E) of different ages with those of control
subjects (). Blood MNC of control subjects and lung cancer
patients were incubated for 4 days in medium with 1 U/m? of
IL-2 before assay of LAK activity against Daudi cells at an
E/T ratio of 20:1 as described in “Materials and Methods.”
Bars show SD of the mean.
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Table II. LAK Activities of Peripheral Blood MNC of Control Subjects and Patients with Lung Cancer
Malignant disease No. Meﬁlr?::zlt: e ?;‘_‘;‘ l(jeigs/ml)
None 107 6.4+4.09 75.618.7
Lung cancer patients 56 13.7412.1 69.3116.2
Squamous cell carcinoma 23 147159 73.0+12.3
Adenocarcinoma 13 15.6%£11.9 66.2122.4
Large cell carcinoma 15 14320 79.5+11.3
Small cell carcinoma 5 82477 61.8113.9
a) Values are means =SD for the indicated numbers of subjects.
Table III. LAK Activities in Lung Cancer Patients at Different Stages
No. % Cytotoxicity against Daudi cells
Factor of E/T ratio
cases 20:1 10:1 5:1
Clinical stage I 5 20.1115.0° 57.5110.3 28,655
11 6 65.4£29.2 54.41+22.4 37.7+3.5
el 27 6831135 496X 15.4 29.618.0
v 18 67.2119.5 473+112.6 26.51£12.8
T-factor 1 5 74.4X£17.5 52,6123 2891126
2 26 71.6+14.2 48.6t14.6 2761120
3 14 72.5%8.9 51.6+13.6 25.8+23.6
4 11 56.5:-22.3% 40.621.6 25.612.6
N-factor © 7 7551227 5571269 32.7126.5
1 11 69.2113.1 4951 12.5 30.21+9.2
2 33 67.4116.9 54,81+15.3 30.2+14.5
3 5 59.5+15.5 30.9£4.89 16.11.6%
M-factor 0 35 68.6115.8 4401165 27.5+13.5
l 21 64.5+17.5 52.7£16.9 3041152

@) Mean £ SD for the indicated numbers of subjects.

b) Significantly different (P<0.05) from the values for patients showing T-factor 3.
¢) Significantly different (P<{0.05) from the values for patients showing N-O to N-2.
d) Significantly different (P<0.05) from the values for patients showing N-1 and N-2.

generate slightly, but not significantly, less LAK activity
than MNC from patients with non-SCLC (squamous cell
and large cell carcinomas).

Effect of the stage of lung cancer on LAK expression by
MNC We examined whether LAK induction was in-
fluenced by various factors such as the clinical stage or
TNM classification of lung cancer. For this, the 56 lung
cancer patients were classified according to these criteria.
As shown in Table III, there was no significant difference
in the induction of LAK expression by IL-2 in blood

MNC from lung cancer patients of various clinical
stages. Next, the patients were classified according to the
TMN classification. Patients with T-factor 4 had
significantly less LAK activity than the other T-factor
groups as measured on Daudi cells at E/T ratios of 20:1
and 10:1. Similarly, MNC of patients with N-factor 3
showed lower ability to generate LLAK activity than those
with N-factor 0 to 2. Interestingly, M-factor did not
influence the ability of MNC to become LAK cells in
response to IL-2.
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Fig. 3. Up-repulation of LAK induction by monocytes from

autologous blood lymphocytes of lung cancer patients.

Regulation by blood monocytes of LAK induction from
autologous lymphocytes of lung cancer patients Human
monocyte-macrophages of healthy donors were previ-
ously found to up- or down-regulate induction of LAK
activity by IL-2, depending on their functional states."
Therefore, we examined whether blood monocytes from
lung cancer patients regulated the induction of LAK
activity by IL-2 from autologous lymphocytes. Blood
monocytes (2 X 10*) from 12 patients were plated for 2 h,
and then gently washed twice. Autologous blood lympho-
cytes (10°) plus IL-2 (1 U/ml) were then added to the
cultures. Four days later, the cells were washed and
tested for LAK activity on Daudi cells at an E/T ratio of
10:1. No significant cytotoxic activity was seen in cul-
tures of lymphocytes and/or monocytes that had been
incubated for 4 days in medium alone (data not shown).
As shown in Fig. 3, the LAK activities of IL-2-stimulated
lymphocytes were variably cytotoxic, and the activities of
those of 11 of 12 patients were increased significantly by
addition of autologous blood monocytes at a lympho-
cyte/monocyte ratio of 10:2,

LAK induction from lymphocytes of normal donors
was previously found to be down-regulated by LPS-
activated monocytes."” Therefore, in a parallel experi-
ment we examined whether monocytes activated with
LPS affected LAK induction from autologous lympho-
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Fig. 4. Down-regulation of LAX induction by LPS-treated
monocytes from autologous blood lymphocytes of lung cancer
patients.

cytes of lung cancer patients. For this, blood lympho-
cytes (10°) and monocytes (4 X 10%) of lung cancer pa-
tients at a ratio of 10:4 were incubated for 4 days in
medium with IL-2 (1 U/ml) in the absence or presence
of LPS (1 g#g/ml), and then LAK activity against Daudi
cells was measured at an E/T ratio of 10:1. As shown
in Fig. 4, addition of LPS suppressed LAK induction in
cells from 7 of 8 patients.

DISCUSSION

In this work we found that blood MNC from newly
diagnosed lung cancer patients generated similar LAK
activity to that of MNC from control individuals without
malignancies, and that freshly isolated monocytes of Iung
cancer patients up- or down-regulated in vifro induction
of LAK activity from autologous blood lymphocytes,
depending on their activation state.

For establishment of an effective protocol for immuno-
therapy of lung cancer patients with IL-2 and LAK cells,
at least two problems have 1o be solved. One is the effect
of aging on the ability of blood lymphocytes to generate



LAK activity, because in humans carcinogenesis occurs
most frequently in elderly individuals. Aging has been
found to be associated with decreases in characteristics of
cellular immunity such as IL-2 production and prolifera-
tion in response to IL-2.2%® Interestingly, the abilities of
blood lymphocytes in MNC to generate LAK activity
against Daudi cells and PC-9 lung cancer cells were very
similar in all age groups tested of adults without
malignancies (Fig. 1). The second problem is whether
the presence of lung cancer affects induction of LAK
activity by IL-2, because failure of lymphocytes to re-
spond to IL-2 would restrict their role in cell-mediated
cancer cell destruction in vivo. In the present study we
found that lymphocytes in MNC of lung cancer patients
could generate LAK activity in response to an optimal
concentration of IL-2 in vitro. Moreover, LAK expres-
sion by MNC of lung cancer patients was not influenced
by the age of the patients (Fig. 2}, suggesting that treat-
ment with IL-2 may be effective even in elderly patients
with lung cancer.

Lung cancer is frequently associated with alterations
in immunoclogical functions, such as impaired lympho-
cyte responses to mitogens,'™'” decrease in NK ac-
tivity,” antibody-dependent cytotoxicity,'® decreased
ability to produce IL-2*" and impaired monocyte func-
tions.”*? But, these alterations appear to depend on the
type of lung cancer and stage of diseases examined. We
found that after incubation with an optimal concentra-
tion of IL-2, blood MNC of patients with SCLC showed
quite similar LAK activity to those of patients with
non-SCLC. Moreover, the ability to generate LAK activ-
ity was not impaired even in patients with stage IV lung
cancer. But, MNC of patients with T-factor 4 generated
significantly less LAK activity than those of patients with
T-factor 3 (Table IIT). MNC of lung cancer patients with
N-3 also generated less LAK activity in response to IL-2
than those of patients with N-1 or N-2. Interestingly, no
correlation was found between LAK activity and the
M-factor in lung cancer patients. Thus, the ability of
MNC to generate LAK activity appears to be impaired
only in lung cancer patients in terminal stages (T4 and
N3}, though the mechanism of the impaired LAK in-
duction is unknown. Histologically, patients with SCLC
showed slightly, but not significantly, less LAK activity
than those with non-SCLC (squamous cell and large cell
carcinomas). In general, SCLC patients have a worse
prognosis than those with non-SCLC.*” This suppression
is probably related to the fact that SCLC grows rapidly
and has a high metastatic potential,

LAK induction by IL-2 from lymphocytes was previ-
ously found to be up- or down-regulated by various

LAK Activity of Blood Lymphocytes in Lung Cancer

humoral and cellular factors.*'” For example, we found
that blood monocytes obtained from healthy donors up-
regulated LAK induction by IL-2 through cell-to-cell
contact, but LAK induction was suppressed by the super-
natants obtained from cultures of alveolar macrophages
and monocytes which had been activated with endo-
toxin." ' Recently we found that this LAK-suppressive
factor is a new monokine (MW, 68 kd; pl 6.8), which is
different from TGF-8 (8. Sone et al, submitted for
publication). It is important from the therapeutic point
of view to examine whether malignancies are associated
with alteration in the regulatory role of blood monocytes,
because in several malignancies, such as melanoma and
colon cancer, depletion of monocytes from blood MNC
resulted in significant augmentation of LAK induction
by IL-2 in vitro.>” This was not the case in our study,
however, because purified blood lymphocytes of lung
cancer patients alone responded to IL-2 irn vitro to gen-
erate LAK activity, while addition of autologous mono-
cytes to cultures of lymphocytes plus IL-2 resulted in a
significant increase in LAK induction (Fig. 3), indicating
that even in the presence of lung cancer, blood mono-
cytes may up-regulate in vitro LAK expression by lym-
phocytes induced by IL-2. Under the same experimental
conditions, monocytes of almost all the patients
suppressed LAK induction when activated with LPS, as
seen in normal donors.''¥

These studies indicated that, at least in vitro, IL-2
could activate blood lymphocytes of patients with lung
cancer, even in stage IV, to generate LAK activity.
Indeed, clinical studies in humans have shown partial
eradication of primary and metastatic pulmonary
tumors.**” Tumor-infiltrating lymphocytes (TIL) ob-
tained from melanomas were found to be far more
cytotoxic than blood LAK cells,® but TIL isolated from
patients with primary lung cancer appeared to have less
ability to kill autologous and allogeneic tumor cells than
peripheral blood LAK cells,*"*® suggesting that periph-
eral blood LAK cells should be more effective than TIL
for adoptive immunotherapy of lung cancer. Thus, ad-
ministration of IL-2 and LAK cells induced ir vitro may
be beneficial for treatment of lung cancer in combination
with conventional anticancer therapy.
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