
[CANCER RESEARCH 47, 2184-2187, April IS, 1987]

Induction of Lymphokine-activated Killer Cells by Intrapleural Instillations of

Recombinant Interleukin-2 in Patients with Malignant Pleurisy Due to

Lung Cancer
Kosei \ astiinolo.' Kazuhiro Miyazaki, Akira Nagashima, Teruyoshi Ishida, Tomoharu Kmia. Tokuziro Yano,

Keizo Sugimachi, and Kikuo Nomoto
Second Department of Surgery, Faculty of Medicine [K. Y., K.M., A. N., T. /., T. K., K. S.J, and Department of Immunology, Medical Institute of Bioregulation [T. X.,
K. N.Â¡,Kyushu University, Maidashi 3-1-1, Higashi-ku, Fukuoka 812, Japan

ABSTRACT

Intrapleural instillations of recombinant interleukin 2 (RIL-2) were
performed in 11 patients with malignant pleurisy due to lung cancer.
Kinetic studies on RIL-2 concentration in the pleural effusion and serum
revealed relatively long-term maintenance of detectable levels of RIL-2
(over 24 h in the pleura) effusion and over 8 h in the serum). Clinically,
pleural effusions and cancer cells in the effusions disappeared in 9 of the
11 patients 4 to 10 days after the start of the treatment. Lymphokine-
activated killer cells were induced in the effusions of responders who
exhibited the disappearance of pleural effusion and cancer cells from the
effusion, but not in those of the nonresponders. This induction of lym-
phokine-activated killer cells may result in the disappearance of cancer
cells and pleural effusions. Cytological examination of pleural effusions
revealed increases of lymphoblasts, immunoblastic large lymphocytes,
and eosinophiles in number and proportion in the responder, although
such a phenomenon could not be observed in the nonresponders. Main
and frequent side effects of intrapleural instillations of RIL-2 were fever
up to 39Â°C,transient increase of pleural effusion, and eosinophilia. No

serious side effect was encountered in our experience.

INTRODUCTION

Since the discovery of a T-cell-derived factor capable of
maintaining long-term T-cell growth in vitro (1), the responsible
lymphokine named as IL-22 has been widely studied for its

biological activities (2). From the standpoint of cancer therapy,
the most impressive phenomenon among them is the generation
of cells that have lytic activity for a variety of fresh tumor cells
by coculturing with lymphocytes and IL-2 in vitro (3, 4, 5).

These LAK cells are cytotoxic against autologous, syngeneic,
and allogeneic tumor cells, but not against normal cells. How
ever, a limited number of studies have been performed regarding
the in vivo action of IL-2. The half-life of IL-2 in mice (6) and
humans (7) after i.v. administration has been reported to be
extremely short. The adoptive transfer of LAK cells has recently
been shown to be an effective alternate approach to the use of
specifically immunized cells in the therapy of established mÃ©
tastases of a variety of tumors. Much effort seems to be directed
toward the establishment of an adoptive immunotherapy with
LAK cells which are generated by the treatment with IL-2 in
vitro. Donohue et al. (8) reported that in vivo treatment of
murine methylcholanthrene-induced sarcoma with Jurkat IL-2
alone was not effective; however, significantly prolonged sur
vival of mice with disseminated FBL-3 tumor was observed
when mice had been treated by IL-2 in conjunction with in
v/fro-resensitized and IL-2-expanded specific immune spleno-
cytes. Other reports (9, 10) also demonstrated that in vivo
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administration of IL-2 can enhance the antitumor effect of
adoptively transferred LAK cells. However, LAK cells can also
be generated in vivo by the continuous systemic administration
of RIL-2 using an osmotic pump (11) or repeated i.p. injections
of RIL-2 three times a day (12). Therefore, this study has been
conducted to clarify the possibility of passive immunotherapy
with RIL-2 in patients with malignant pleurisy due to lung
cancer.

MATERIALS AND METHODS

Patients. Eleven patients (5 males and 6 females) with malignant
pleurisy due to primary lung cancer were included in this study. Malig
nant cells were detected in pleural effusions of all patients by cytological
examinations. According to histolÃ³gica!classification, they included 8
adenocarcinomas, 2 large cell carcinomas, and 1 small cell carcinoma.
Pleural effusions were detected by routine chest roentgenograms in 5
of the 11 patients, and these patients were not subjected to surgical
treatment. Pleural effusions could not be detected by chest roentgeno
grams in the other 6 patients; however, small amounts of pleural
effusion (100 to 200 ml) were observed when these patients were
subjected to surgery. Such effusions were sent for cytological exami
nation during surgery, and the presence of malignant cells was dem
onstrated.

IL-2. Human RIL-2 (13) was kindly donated by Takeda Chemical
Industries, Ltd., Osaka, Japan. The in vitro biological activity of the
purified preparation as determined by the ability to maintain NKC-3
cells was 3.5 x IO4units/mg protein. Usually, 4 units/ml of this RIL-
2 can induce LAK activity //; \-itrÂ«.When the Biological Response
Modifiers Program standard was used, it was 1.2 x IO7 units/mg of
protein. RIL-2 (1000 units in 20 ml of 0.9% NaCl solution/day) was
instilled into the pleural cavity for 10 to 28 days through a double
lumen trocar catheter (No. 10; Argyle, Nippon Sherwood Medical
Industry, Tokyo, Japan) which had been inserted in advance. The 6
patients who were subjected to surgical resection of the primary tumor
were given RIL-2 (1000 units/day) for 14 to 28 days through a trocar
catheter 3 to 4 days after the operation.

Serial measurements of RIL-2 concentration in the sera and pleural
effusions were performed by an enzyme immunoassay at the Mitsubishi
Yuka Laboratory of the Medical Science Co., Tokyo, Japan.

Cytological Examination of Pleural Effusion. Changes of cellular
components in the pleural effusions were examined 4, 9 to 10, and 13
to 16 days after the start of intrapleural instillation of RIL-2. Five
hundred cells were counted and classified as cancer cells, small lym
phocytes, immunoblastic large lymphocytes, lymphoblasts, eosino
philes, neutrophiles, histiocytes, and mesothelial cells by Wright-
Giemsa staining.

Preparation of Pleural Cavity Lymphocytes. Pleural effusion was
serially obtained through the trocar catheter inserted into the pleural
cavity, and 3.8% sodium citrate was added (9:1, v/v) immediately. The
effusion was centrifuged at 1000 rpm for 10 min, and the cell pellet
was washed twice by HBSS. Contaminated RBC were lysed by Tris-
buffered NH4C1. The cells obtained were washed twice by HBSS and
resuspended in RPMI 1640 (Nissui Seiyaku Co., Ltd., Tokyo, Japan)
containing 10% heat-inactivated human AB serum, penicillin (100
units/ml), and streptomycin (100 ^g/ml) at a concentration of 1 to 2 x
10' cells/ml. A discontinuous gradient of 25, 15, and 10% Percoli
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(Pharmacia Fine Chemicals, Uppsala, Sweden) in complete medium
(each volume, 2.5 ml) was made, and 2.5 ml of the cell suspension were
layered on the top. The gradient was centrifuged at room temperature
for 7 min at 25 x g. The top layer was collected, washed twice with
HBSS, and resuspended in the complete medium at 1 to 2 x IO6cells/

ml. Five ml of the cell suspension were placed in a plastic culture dish
(No. 150350; Nunc, Roskilde, Denmark) and incubated at 37Â°Cin a

humidified atmosphere of 5% COj and 95% air. After 1-h incubation,
nonadherent cells were recovered and used as pleural cavity lympho
cytes. Before the start of RIL-2 therapy, more than 95% of the cells
obtained from such a manner were identified as lymphocytes (both
small and large) by Giemsa stain, and the viability of the cells was more
than 95% as assessed by a trypan blue exclusion test. However, the
purity of lymphocytes of this fraction dropped to an average of 80.1 %
(48.9 to 99.1%) after the start of RIL-2 therapy by contamination of
eosinophiles. Therefore, when the purity of lymphocytes was below
80%, the specimen was omitted from the evaluation. In the 6 patients
who were subjected to thoracotomy, the pleura! cavity was irrigated
with 1000 ml of warm saline immediately after thoracotomy. The saline
was recovered, and lymphocytes were obtained by the same manner as
mentioned above.

Peripheral Blood Lymphocytes. To obtain PBL, 10 to 20 ml of the
peripheral blood were obtained from each patient with a heparinized
syringe. According to the method of Boyum (14), lymphoid cells were
obtained from each blood specimen. After 1-h incubation in a plastic
culture dish in the same manner as above, nonadherent cells were
recovered as peripheral blood lymphocytes.

Measurement of Cytotoxic Activity of Lymphocytes. Cytotoxic activ
ity of lymphocytes against QG-56, QG-M1, and K-562 was assessed by
a 4-h "Cr release assay. QG-56 cells were derived from a squamous
cell carcinoma of the lung, and QG-M 1 were from a malignant mela
noma. K-562 cells were established by Lozzio and Lozzio (15) from a
patient with chronic myeloid leukemia and known to have an extremely
high sensitivity to lysis by natural killer cells. Target cells (3 x IO5)in
0.4 ml of the culture medium were labeled with 0.1 mCi of Na2"CrO4

(Japan Atomic Energy Research Institute, Ibaragi, Japan) for 60 min
at 37Â°C.After washing 3 times with the culture medium, target cells
were adjusted to 5 x 10"/ml. A constant number (5 x IO3) of "Cr-

labeled target cells were incubated with various numbers of effector
cells (10 x 10", 25 x IO4, 50 x IO4) in a round-bottomed microtest

plate (No. 163320; Nunc, Roskilde, Denmark). Cultures in triplicate
were incubated at 37Â°Cfor 4 h in a CÃ›2 incubator. Then 0.1 ml of

supernatant was collected from each well and counted in a gamma
counter (Gamma Trac 1911; Tracer Analytic, Elk Grove Village, IL).
The percentage of cytotoxicity was calculated according to the following
formula

of cytotoxicity =
experimental (cpm) - spontaneous (cpm)

maximum (cpm) - spontaneous (cpm) x 100

Target cells without effector cells were mixed with 0.1 ml of the culture
medium to obtain spontaneous release and with 0.1 ml of 0.1 N
hydrochloric acid to obtain maximum 51Crrelease. When the maximum

release was less than 1000 cpm or the spontaneous release from target
cells exceeded 30% of maximum release, the data were excluded from
the study.

RESULTS

Kinetic Study on 112 Concentration in Pleural Effusion and
Serum. IL-2 concentrations in pleural effusions and sera were
measured 0.5, 1, 2, 4, 6, 8, and 24 h after an intrapleural
instillation of RIL-2 by the enzyme immunoassay. As shown in
Fig. 1, the IL-2 concentration in the pleural effusion was 28
units/ml at 30 min after an intrapleural instillation of 1000
units of RIL-2 and gradually dropped to 4 units/ml after 24 h.
On the other hand, the IL-2 concentration in the serum was
0.01 unit/ml at 30 min, keeping the same level over 8 h, and it
returned to the normal undetectable level at 24 h.

30

0.01

Before
RIL-2

1000 u
of RIL-2

Fig. 1. Kinetics of RIL-2 concentration in pleural rifusimi (â€¢)and serum (O)
following intrapleural instillation of 1000 units of RIL-2 in 20 ml of 0.9% NaCl
solution. Before intrapleural instillation of RIL-2, pleural effusions were evacu
ated as much as possible. The recovered volume of effusion ranged from 30 to
1200 ml. Points, average of 7 patients (Patients 1 to 7 in Table 1); bars, SE.

Clinical Effect of RIL-2. Clinical effects of intrapleural instil
lations of RIL-2 were summarized in Table 1. Malignant cells
in the pleural effusion disappeared in 9 of 11 patients 4 to 10
days after the start of the treatment. Moreover, the pleural
effusion also disappeared in these 9 patients. However, all 5
patients who had not been subjected to surgical resection of the
primary tumor died of lung cancer 17 to 311 days after the start
of the treatment. On the contrary, 6 patients who had been
subjected to surgical resection of the primary tumor are alive
without pleura! recurrence up to 21 mo later. However, multiple
lung mÃ©tastaseswere detected in Patient 7 at 514 days after the
start of treatment, and brain metastasis was detected in Patient
9 on Day 242.

Serial Cytological Changes in Pleural Effusions. Serial cyto-
logical changes were examined in 7 patients (Cases 1 to 7). The
changes were quite different between responders and nonre-
sponders in terms of disappearance of malignant cells from the
pleural effusion.

Table 2 indicates serial cytological changes in responders.
Cancer cells decreased from 21.8% before the treatment to
0.2% 4 days after the start of the treatment and disappeared in
9 to 10 days. Lymphoblasts and immunoblastic large lympho
cytes began to appear 4 days after the start of the RIL-2
treatment and gradually increased in number after then. Eosin-
ophilia appeared 4 days after the start of the treatment and
increased to over 50% in about 2 wk. Such cytological changes
could not be observed in the 2 patients who belonged to the
nonresponder group.

Cytotoxic Activity of Lymphocytes Recovered from Pleural
Effusion. Cytotoxic activity of lymphocytes recovered from the
pleural effusion before the treatment was negligible against
QG-56 lung cancer cells, QG-MI melanoma cells, and K-562
cells (Table 3). The activities against QG-56, QG-MI, and K-
562 cells were, respectively, augmented to 13.2, 7.5, and 31.6%
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Table 1 Effect of intrapleural instillations of RIL-2 in patients with malignant pleurisy due to lung cancer

PatientI234567891011Age7369508875715275354670SexFFMMMFFFMMFT-N-MclassificationT3N2M,T3N2M,T3N2M,T3N2M0T3N2M,T3N,MoT3N2Mâ€žT3N2M0TjNjMÂ«T3N2M0T3NoMÂ«Resection

of
theprimaryHistology"

tumorLarge

-Adeno
â€”Adeno
-Adeno
â€”SmallAdeno

+Adeno
+Adeno
+Large
+Adeno
+Adeno

+Duration

ofinstillationsdays2310282811282214141414DisappearanceofCancerEffusion

cellPrognosis*+

+54(died)+
+ 206(died)154

(died)+
+ 311(died)17

(died)+
+ 643(alive)+
+ 552(alive)'+
+ 321(alive)+
+ 261(alive)'+

+ 203(alive)+
+ 181(alive)

" Large, largecell carcinoma;adeno, adenocarcinoma;small, smallcell carcinoma.
bSurvival(days)from the start of the treatment.
1Multiple lung mÃ©tastasesdetectedon Day 514.
JBrainmetastasisdetectedon Day 242.

Table 2 Serial cytological changes of pleural effusion by intrapleural instillations of RIL-2 in responden

Daysafter
the start
ofRIL-2Before

4
9-10

13-16Cancer

cell21.8
Â±10.5Â°-*

0.2 Â±0.2
0
0Small

lymphocyte27.0
Â±8.7

39.6 Â±8.1
46.0 Â±12.4
27.3 Â±2.9Immunoblastic

large
lymphocyte0

4.4 Â±1.7
9.3 Â±3.9

12.0Â±6.4Lymphoblast0

0.4 Â±0.2
0.8 Â±0.3
0.7 Â±0.3Eosinophile1.4

Â±0.9
17.0Â±11.0
41.0 Â±10.8
55.0 Â±4.6Neutrophile9.2

Â±6.2
18.8Â±10.9
0.8 Â±0.3
0.7 Â±0.3Histiocyte33.2

Â±11.2
14.2Â±7.9
2.0 Â±0.4
2.3 Â±1.3

' Mean Â±SE.
*Percentageof 5 patients (Patients 1, 2, 4, 6, and 7 in Table 1).

Table 3 Serial changesofcytotoxicactivityof lymphocytesfrom pleural effusion
followingintrapleuralinstillationsof RIL-2

Daysafter
the start
ofRIL-2Before4-69-10Response

to
RIL-2Responder

(9)
Nonresponder(2)Responder

(8)
Nonresponder(2)Responder

(4)
Nonresponder(1)%

ofcytotoxic activity"againstQG-56-5.1

Â±2.6C
1.6Â±0.513.2

Â±5.0''
5.5 Â±2.630.0

Â±IS*'
ND*QG-MI-10.0

Â±6.8
-2.8 Â±0.47.5

Â±4.8
0.2Â±0.110.0

+ 4.2''
3.2K

5620.9

Â±5.3
-1.9Â±3.13

1.6Â±8.8''
11.0+10.147.7

Â±16.0''
ND

â€¢Effector/target ratio, 100/1.
*Numbers in parentheses, numberof patients examined.
cMean Â±SE.
dP < 0.05 (ascomparedwith the valuebeforetreatment).
' ND, not determined.

Table 4 Serial changesofcytotoxicactivityof lymphocytesfrom peripheralblood
followingintrapleuralinstillationsof RIL-2

Daysafter
the start
ofRIL-2Before4-69-10Response

to
RIL-2Responder

(9)
Nonresponder(2)Responder

(9)
Nonresponder(2)Responder

(8)
Nonresponder(2)%

ofcytotoxic activity0againstQG-569.6

Â±3.3'4.8
Â±7.214.1

Â±3.1
-0.9 Â±0.416.4

Â±4.8
1.8Â±1.6QG-M118.8

Â±1.8
17.0Â±5.728.0

Â±7.8
0.2 Â±0.723.3

Â±8.3
1.8"K

56234.2

Â±6.5
27.5 Â±8.950.0

Â±7.2
2.4 Â±0.244.6

Â±8.9
10.6Â±9.8

Â°Effector/targetratio, 100/1.
*Numbers in parentheses,numberof patients examined.
' Mean Â±SE.
"n=l.

4 to 6 days after the start of the RIL-2 treatment in the
responders. Such a high level of cytotoxic activity was main
tained for 10 days from the start of treatment. However, in the
2 nonresponders, the activities against QG-56, QG-MI, and K-
562 cells were, respectively, as low as 5.5, 0.2, and 11.0% 4 to
6 days after the start of treatment.

Cytotoxic Activity of PBL. Cytotoxic activity of PBL against

QG-56 cells was 9.6 Â±3.3% before the treatment. It was 14.1
and 16.4%, respectively, 4 to 6 and 9 to 10 days after the start
of the RIL-2 treatment in the responders, although the differ
ence was not significant (Table 4). However, it was not aug
mented to any extent in the nonresponders. The same tendency
was observed in the cytotoxic activity against QG-MI and K-
562 cells.

Side Effect of the RIL-2 Treatment. Main and frequent side
effects of intrapleural instillations of RIL-2 were fever, eosin-
ophilia, and transient increase of pleural effusion. Fever up to
39Â°C(in most patients, 38Â°C)was encountered in 9 of 11

patients during the treatment. Eosinophilia (6 to 37%; average,
23%) was observed in 8 of 11 patients. It was returned to
normal 4 to 22 days after the end of the treatment. A transient
increase of pleural effusion lasting 3 to 16 days after the start
of treatment (average, 8 days) was observed roentgenographi-
cally in 6 of 11 patients. No serious side effect was encountered
during the treatment.

DISCUSSION

IL-2, first discovered by Morgan et al. in 1976 (1) as a T-cell
growth factor, can exert such important actions in the regula
tion of the immune system as a growth factor for T-cells (1), a
differentiation factor for cytotoxic T-cells (16), and an activa
tion factor for natural killer cells (17) and LAK cells (3, 4).
There may be two methods of anticancer treatment using IL-2.
One is an adoptive immunotherapy in which LAK cells gener
ated in vitro by coculture with RIL-2 are infused i.v. in con
junction with or without i.v. injections of RIL-2. The other is
a passive immunotherapy in which RIL-2 is administered di
rectly to cancer patients. In the field of adoptive immunother
apy, Mazumder and Rosenberg (18) reported that i.v. infusion
of 1 x IO8syngeneic LAK cells generated in vitro by culture in
IL-2 led to a marked decrease in the number of lung nodules
and improved the survival in a murine B16 metastasis model.
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Donohue et al. (19) reported enhancement of the therapeutic
effect of adoptively transferred, specifically sensitized lymphoid
cells against FBL-3 lymphoma that were expanded in IL-2 by
systemic administration of IL-2. Moreover, the number of
metastatic foci in the pulmonary sarcoma metastasis model in
C57BL mice was smaller in the group treated with adoptive
transfer of LAK cells in conjunction with repeated i.p. injections
of RIL-2 than in the group treated with the adoptive transfer
alone (10). Recently, Rosenberg et al. (20) studied the effects
of systemic administration of autologous LAK cells and RIL-2
in patients with advanced cancer on the basis of these results.
Objective regression of cancer was observed in 11 of 25 patients,
including one complete tumor regression, in their report.

When IL-2 was injected i.v., the serum half-life in mice (6)
and humans (7) is extremely short. A large portion of this
clearance appears to be related to renal clearance (7). Because
of this short half-life of IL-2 in the serum, it is quite difficult
for passive immunotherapy with RIL-2 to stimulate in vivo
antitumor effects in experimental animals and humans. How
ever, Rosenberg et al. (21) reported that a high dose of RIL-2
administered i.p. 3 times a day induced regression of pulmonary
mÃ©tastasesfrom MCA-105 and MCA-106 syngeneic sarcomas
and syngeneic B16 melanoma in C57BL mice. Unfortunately,
there have been no positive data on the antitumor effect of in
vivo administration of IL-2 in human cancer except for the
report by Pizza et al. (22). They treated 6 patients with bladder
cancer by intralesional injections of IL-2 and observed 3 com
plete tumor regressions and 3 partial regressions. In this paper,
we reported relatively long-term maintenance of a high level of
RIL-2 concentration in the pleural effusion and serum after an
intrapleural instillation of RIL-2. Generation of LAK activity
in the pleural effusion can be ascribed to this fact. Moreover,
these LAK cells should eliminate cancer cells from pleural
effusions.

The reason why eosinophilia occurred in the peripheral blood
and pleural effusion remains to be eludicated. However, inter-
leukin 3 production, which would occur in response to IL-2
stimulation, may be responsible. Since no serious side effects
have been experienced, a more extensive study is now planned
for our group.
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