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ABSTRACT: Interleukin (IL)-1 is a key cytokine in inflammatory reactions. To
clarify the mechanism of inflammation in the pleural cavity, we investigated the
contribution of IL-1 and its antagonism to inflammatory processes in the pleural
cavity.

Interleukin-1 receptor antagonist (IL-1Ra) levels as well as IL-1β and interferon-
γ (IFN-γ) levels were measured by enzyme immunoassay in pleural effusions from
70 patients. Pleural macrophages were also examined as possible sources of these
cytokines in 10 patients.

IL-1Ra was detectable in 28 patients (40%) out of 70 patients with pleural effu-
sions. Patients with tuberculosis had significantly higher IL-1Ra as well as IFN-γ
levels in pleural effusion than patients with lung cancer. Transudative pleural effu-
sions had low or undetectable IL-1Ra levels. On the other hand, IL-1β levels were
low, except in cases of parapneumonic pleural effusion. Spontaneous production of
IL-1Ra by pleural macrophages was observed in six patients, and IL-4 significantly
augmented its production. Although spontaneous production of IL-1β was observed
in only two patients, pleural macrophages produced significant amounts of IL-1β
in response to lipopolysaccharide in all 10 patients examined.

These results suggest that interleukin-1 receptor antagonist regulates various reac-
tions by interleukin-1 in pleural effusion, and that pleural macrophages may act in
situ as a source of interleukin-1 receptor antagonist.
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Interleukin (IL)-1 is a cytokine with pleiotropic effects,
including initiation of the inflammatory response, and its
production and biological activity is strictly regulated [1].
Since pleural effusions develop in association with pleural
inflammation secondary to pulmonary and/or systemic dis-
ease [2], the evaluation of the in situ production of IL-1
and its antagonism may help to clarify the inflammatory
process in the pleural cavity. Of the two forms in which
IL-1 exists, IL-1β is the major extracellular form in hum-
ans [1], and the presence of IL-1β in pleural effusion
has been reported [3]. However, there is still little infor-
mation about endogenous interleukin-1 receptor antago-
nist (IL-1Ra), a naturally occurring cytokine that blocks
the action of IL-1 [4, 5], in pleural effusion.

IL-1Ra was originally identified as a product from
blood monocytes [6, 7], and we [8] and others [9, 10] have
demonstrated that alveolar macrophages also produce
this cytokine. On the other hand, pleural macrophages
may act as another cellular source of IL-1Ra in pleural
effusion; however, nothing is known about the ability of
pleural macrophages to produce IL-1Ra.

In the present study, we investigated the presence of
IL-1Ra and IL-1β in pleural effusion due to various dis-
eases, and also the in vitro production of these cytokines
by pleural macrophages.

Methods

Patients

A total of 70 patients with pleural effusion were exami-
ned in Tokushima University Hospital after obtaining
informed consent. Patients' characteristics including age,
sex and underlying disease are summarized in table 1.

Table 1.  –  Clinical data of patients with pleural effusion

Pts Age# Sex
n yrs M/F

Lung cancer 44 65 (38–86) 29/15
Squamous cell ca. 5 68 (53–79) 5/0
Adenocarcinoma 28 62 (38–83) 17/11
Small cell ca. 9 71 (55–86) 6/3
Large cell ca. 2 78 (77–79) 1/1

Other malignancies 7 64 (29–69) 3/4
Tuberculosis 9 61 (34–85) 5/4
Pneumonia 5 59 (29–71) 5/0
Heart failure 4 74 (68–79) 1/3
Liver cirrhosis 1 44 1/0

#: values are mean, and range in parenthesis.  Pts: patients; M:
male; F: female; ca.: carcinoma.



Malignant pleural effusion was diagnosed by pleural effu-
sion cytology. Forty four patients with lung cancer and
seven patients with other malignancies (two lymphomas,
one gastric cancer, one breast cancer, one malignant thy-
moma, and two diffuse pleural mesotheliomas) were exa-
mined. Tuberculous pleurisy (n=9) was defined by positive
culture of Mycobacterium tuberculosis from pleural effu-
sion or histological findings in a pleural biopsy specimen.
Pleural effusions secondary to congestive heart failure (n
=4) or liver cirrhosis (n=1) were defined as transudative
effusions in patients with clinical signs and symptoms of
these diseases.

Sampling of pleural effusions and storage

Pleural effusion was collected via diagnostic thoracen-
tesis. After centrifugation at 400 × g for 10 min, cell-free
supernatant was separated and stored at -70°C until assayed
for cytokines.

Reagents

Foetal bovine serum (FBS) was purchased from M.A.
Bioproducts (Walkerville, MD, USA). Recombinant human
IL-4 (lot 801; specific activity 1.0 × 106 U·mg-1 protein)
was a gift from Ono Pharmaceutical Co., Osaka, Japan.
None of these materials contained endotoxins, as judged
by Limulus amoebocyte assay (Seikagaku Kogyo Co.,
Tokyo, Japan; minimal detection level 0.3 ng·mL-1). Lipo-
polysaccharide (LPS); (E. coli; 055.B5) was purchased
from Difco Laboratories.

Isolation of pleural macrophages

Pleural macrophages were isolated essentially by the
method of COLOTTA et al. [11], as described previously
[12], from pleural effusion samples obtained from 10
patients. In brief, mononuclear cells were separated from
pleural effusion using lymphocyte separation medium
(Litton Bionetics, Kensington, MD, USA). Fractions of
pleural macrophages (>85%) were separated from the
mononuclear cells by a one-step Percoll gradient method.
Nonadherent cells were removed 1 h after plating by
gentle washing.

In vitro activation

Monolayers of pleural macrophages (1×106·mL-1) were
incubated for 24 h at 37°C in RPMI 1640 medium sup-
plemented with 5% heat-inactivated FBS and gentamicin
with or without 100 U·mL-1 of IL-4 or 1 µg·mL-1 of LPS.
The cell-free supernatants were then collected after brief
centrifugation at 50 × g. IL-4 and LPS at these concen-
trations were chosen as potential stimulatory agents be-
cause of their ability to induce production of IL-1Ra in
human monocytes and alveolar macrophages as descri-
bed previously [8].

Enzyme immunoassay (EIA) for human IL-1Ra, IL-1β
and interferon(IFN)-γ

EIA of human IL-1Ra, IL-1β and IFN-γ was performed
essentially as described previously [8]. In brief, microtitre

plates (Nunc, Naperville, IL, USA) were coated with anti-
IL-1Ra, anti-IL-1β or anti-IFN-γ monoclonal antibody
in phosphate-buffered saline (PBS) (100 µL·well-1). After
overnight incubation at 4°C, the wells were blocked with
0.1% bovine serum albumin (BSA) in PBS and washed
three times. Volumes of 200 µL of each test sample were
added to duplicate wells. The plates were then incubated
at 37°C for 24 h. After washing, 100 µL of rabbit anti-
IL-1Ra, anti-IL-1β or anti-IFN-γ antibody was added to
each well. The plates were then incubated for 2 h at
37°C, washed three times, supplemented with 100 µL of
peroxidase-labelled goat anti-rabbit immunoglobulin G
(IgG) (H+L) (Zymed Laboratories, San Francisco, CA,
USA) and incubated at room temperature for 2 h. Finally,
the plates were washed five times, and 100 µL of enzyme
substrate (1 mg·mL-1 o-phenylenediamine (OPD) in 0.1
M sodium citrate buffer, pH 5.0) was added to each well.
The plates were then incubated at room temperature for
5 min. The reaction was stopped by adding 100 µL of
sulphuric acid to each well, and the absorbance at 492
nm was measured using a Titertek Multiscan. Sensitivity
limits of the EIA for IL-1Ra, IL-1β and IFN-γ were 0.2
ng·mL-1, 20 pg·mL-1 and 20 pg·mL-1, respectively, and
lower levels were considered undetectable.

Measurement of total protein levels in pleural effusions

Total protein levels in pleural effusion were measured
by the pyrogallol red method [13] as a routine exami-
nation in our hospital.

Statistical analysis

Results of experiments were expressed as mean±SEM.
The statistical significance of differences between groups
was analysed using Student's t-test (two-tailed). Data
were considered statistically significant if p-values were
less than 0.05. 

Results

Levels of IL-1Ra in pleural effusion

Out of 70 patients with pleural effusions, 28 (40%) had
detectable IL-1Ra in their pleural effusion. As shown in
figure 1, patients with tuberculosis had significantly high-
er IL-1Ra levels in pleural effusion (3.07±0.62 ng·mL-1;
p<0.01) than patients with lung cancer (0.44±0.02 ng·mL-1).
Patients with parapneumonic pleural effusions had mod-
erate IL-1Ra levels in pleural effusion (1.63±0.45 ng·mL-1).
At the same time, total protein levels in these pleural effu-
sions were also examined. Total protein levels in pleur-
al effusion due to lung cancer, pneumonia and tuberculosis
were 4.07±0.03, 3.80±0.44 and 4.96±0.11 g·dL-1, respec-
tively. Tuberculous pleural effusion had significantly high-
er total protein levels than pleural effusion due to lung
cancer (p<0.05 ).

On the other hand, IL-1Ra was barely observed in only
one patient (0.23 ng·mL-1) out of five patients with tran-
sudative pleural effusions due to congestive heart fail-
ure or liver cirrhosis.
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The individual data for underlying histology of malig-
nant diseases are shown in figure 2. IL-1Ra was detected
in 4 out of 5 patients (80%) with squamous cell carcino-
ma and in 9 out of 28 patients (33%) with adenocarci-
noma. Levels of IL-1Ra in the pleural effusion of patients
with squamous cell carcinoma (1.56±0.47 ng·mL-1) were
significantly higher than those of patients with adeno-
carcinoma (0.4±0.03 ng·mL-1) (p<0.05). A high IL-1Ra
level in pleural effusion (11.74 ng·mL-1) was observed
in a patient with diffuse malignant mesothelioma.

Levels of IL-1β and IFN-γ in pleural effusion

The presence of cytokines, such as IL-1β [3] and IFN-γ
[14], in pleural effusion has been reported. We also exa-
mined IL-1β and IFN-γ levels in patients with pleural

effusions, in addition to IL-1Ra levels. As shown in fig-
ure 3, IL-1β was detectable in 10 out of 44 patients with
malignant pleurisy due to lung cancer, and in 3 out of 9
patients with tuberculous pleurisy. The levels of IL-1β
in these two groups were low, and mean values were
<20 pg·mL-1. Conversely, four out of five patients with
parapneumonic pleural effusion had detectable IL-1β
levels, (mean±SEM 6.77±2.68 ng·mL-1).

IFN-γ levels in pleural effusion are shown in figure 4.
IFN-γ levels in pleural effusion were significantly higher
in patients with tuberculosis than in patients with lung
cancer ( p<0.01).

Levels of IL-1β and IFN-γ in pleural effusion with or
without detectable IL-1Ra levels

To study the possible correlation between the levels
of these cytokines, IL-1β and IFN-γ levels were exami-
ned in pleural effusion with or without detectable pleural
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Fig. 1.  –  Mean and SEM levels of interleukin-1 receptor antagonist
(IL-1Ra) in pleural effusion in patients with lung cancer, pneumonia
and tuberculosis.  NS: not significant; TB: tuberculosis.
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Fig. 2.  –  Levels of interleukin-1 receptor antagonist (IL-1Ra) in pleural
effusion in patients with lung cancer and other malignant diseases.  The
lower limit of detection for the assay was 0.2 ng·mL-1 (          ). ca.:
carcinoma.
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Fig. 3.  –  Levels of interleukin-1β (IL-1β) in pleural effusion in patients
with lung cancer, pneumonia and tuberculosis. The lower limit of detec-
tion for the assay was 20 pg·mL-1 (         ). TB: tuberculosis. 
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Fig. 4.  –  Levels of interferon-γ (IFN-γ) in pleural effusion in patients
with lung cancer, pneumonia and tuberculosis. The lower limit of detec-
tion for the assay was 20 pg·mL-1 (         ). TB: tuberculosis. 



IL-1Ra levels. The results are shown in table 2. In pleural
effusion with detectable IL-1Ra levels, IL-1β levels were
lower and IFN-γ levels were higher than in those with-
out detectable IL-1Ra, but these differences did not reach
statistical significance.

Production of IL-1Ra by pleural macrophages and its
augmentation by IL-4

Since it has been reported that human blood mono-
cytes and alveolar macrophages are cellular sources of
IL-1Ra [6–10], the possible production of IL-1Ra by
pleural macrophages was examined. Pleural macrophages
were obtained from eight patients with exudative pleural
effusion (one with squamous cell carcinoma, five with ade-
nocarcinoma, one with small cell carcinoma and one with
tuberculosis) and from two patients with transudative
pleural effusion due to chronic heart failure. The data
are shown in figure 5. Spontaneous production of IL-1Ra
by pleural macrophages was observed in six patients.
The addition of 100 U·mL-1 of IL-4 significantly aug-
mented IL-1Ra production by pleural macrophages, from
0.88±0.11 to 2.25±0.17 ng·mL-1 (p<0.05). Conversely, 1
µg·mL-1 of LPS augmented IL-1Ra production in 8 of
10 patients, and suppressed it in the other two patients.

Production of IL-1β by pleural macrophages in response
to LPS

In a parallel experiment, production of IL-1β by pleural
macrophages was examined. Spontaneous production of
IL-1β was observed in a patient with tuberculosis and a
patient with chronic heart failure. IL-4 had no enhanc-
ing effect on production of IL-1β by pleural macrophages,
but pleural macrophages from these 10 patients produced
significant amounts of IL-1β in response to LPS (fig. 6).
LPS-stimulated production of IL-1β had no significant
correlation with LPS-stimulated production of IL-1Ra
(p=0.406) (data not shown).

Discussion

IL-1 is known to be a key cytokine in various immune
and inflammatory responses [1]. Among the regulatory
factors of IL-1-mediated inflammatory reactions, recent
attention has been focused on IL-1Ra, a cytokine that
binds IL-1 receptor without any antagonistic activity [4,
5]. IL-1 and IL-1 antagonism may play important roles
in the inflammatory process in the pleural cavity, and
this is the first demonstration of the presence of IL-1Ra
in pleural effusion. Moreover, the present study showed
that pleural macrophages are a possible source of IL-1Ra
in pleural effusion in the present study.

IL-1Ra was originally reported to be a product of blood
monocytes [6, 7]. Since functions of monocyte-macro-
phages are regulated in different ways depending on the
maturation state [15, 16], it is of interest to examine the
ability of pleural macrophages to produce IL-1Ra and IL-
1 in order to investigate local inflammatory reactions in
the pleural space. The ability of pleural macrophages to
produce IL-1β has been reported previously [17]. Since
we have already demonstrated that IL-4, as well as LPS,
augments spontaneous IL-1Ra production by normal
human alveolar macrophages [8], we examined pleural
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Table 2.  –  Levels of IL-1β and IFN-γ in pleural effusion
in patients with or without detectable IL-1Ra levels in
pleural effusion

IL-1β IFN-γ
pg·mL-1 pg·mL-1

Patients with 136±22 760±94
detectable IL-1Ra

Patients without 814±131 8.3±0.81
detectable IL-1Ra

Values are presented as mean±SEM.  IL-1β: interleukin-1β; IFN-
γ: interferon-γ; IL-Ra: interleukin-1 receptor antagonist.

p<0.057
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Fig. 5.  –  Production of IL-Ra by pleural macrophages.  Pleural
macrophages obtained from patients with lung cancer (●––––●), tuber-
culosis (▲––––▲) and congestive heart failure ( –––– ) were incu-
bated for 24 h with or without 100 U·mL-1 of IL-4 or 1 µg·mL-1 of
LPS, and the amounts of IL-1Ra released extracellularly were mea-
sured by EIA. ●: mean±SEM. IL-4: interleukin-4; LPS: lipopolysaccha-
ride; IL-1Ra: interleukin-1 receptor antagonist; EIA: enzyme immunoassay.
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Fig. 6.  –  Production of interleukin-1β (IL-1β) by pleural macrophages.
Pleural macrophages obtained from patients with lung cancer (●––––●),
tuberculosis (▲––––▲) and congestive heart failure ( –––– ) were
incubated for 24 h with or without 100 U·mL-1 of IL-4 or 1 µg·mL-1

of LPS, and the amounts of IL-1β released extracellularly were mea-
sured by EIA. ●: mean±SEM. For definitions see legend to figure 5.



macrophages using LPS as a possible activator of cytokine
production and IL-4 as a possible activator of IL-1Ra
production. To confirm previous reports, we demonstrated
that pleural macrophages produced IL-1β in response to
LPS (fig. 6). Moreover, as shown in figure 5, pleural
macrophages spontaneously produced significant amounts
of IL-1Ra in 8 out of 10 patients examined, and IL-4
showed significant augmentation of IL-1Ra production
by pleural macrophages. On the other hand, LPS showed
up- or down-regulation of IL-1Ra production by pleural
macrophages. Recently, KNOPF et al. [18] have reported
that LPS augments IL-1Ra production by peritoneal
macrophages in cancer patients. These findings suggest
that the mechanism of regulation of IL-1Ra production
may differ among mature macrophages.

In addition to cells of monocyte-macrophage lineage,
various cells are reported to be a source of IL-1Ra. Neutro-
phils produce IL-1Ra in response to granulocyte/macro-
phage colony stimulating factor (GM-CSF) and tumour
necrosis factor-α (TNF-α) [19]. SMITH et al. [20] have rep-
orted that human bronchogenic carcinoma cells and a cell-
line, A549, produce IL-1Ra. Considering these previous
reports, cancer cells and other host cells may contribute
to the levels of IL-1Ra in pleural effusions. Nevertheless,
pleural macrophages can also be a significant cellular
source of IL-1Ra in pleural effusion.

To investigate the in situ kinetics of IL-1Ra produc-
tion in pleural effusion, we documented the presence of
IL-1Ra in 28 out of 70 patients, and showed that IL-1Ra
levels were significantly higher in patients with tuber-
culosis than in those with lung cancer (fig. 1). At the
same time, in accordance with a previous report [21],
total protein levels in pleural effusion were significantly
higher in patients with tuberculosis than in those with
lung cancer. 

The cause of elevated levels of IL-1Ra and its role in
tuberculous pleurisy are unclear at present, but the con-
tribution of IFN-γ should be considered. Elevated levels
of IFN-γ in tuberculous pleurisy have been reported pre-
viously [3, 14]. IFN-γ is supposedly produced by CD4+
lymphocytes in pleural effusion [22, 23]. We have already
demonstrated that IFN-γ augments IL-1Ra production by
alveolar macrophages [8]. In accordance with previous
reports, IFN-γ levels were higher in cases of tuberculous
pleurisy than carcinomatous pleurisy due to lung cancer
in the present study (fig. 4). Moreover, although no signi-
ficant difference was observed, IFN-γ levels were higher
in pleural effusions with detectable IL-1Ra levels than in
those without detectable IL-1Ra levels (table 2). High
IL-1Ra levels in tuberculous pleural effusion may reflect
an IFN-γ-mediated immune response in tuberculous pleu-
risy, and IL-1Ra may act as a natural downregulator of the
inflammatory response initiated by IFN-γ. Further study
of the effect of antituberculous therapy on IL-1Ra levels
in tuberculous pleurisy may provide more information on
inflammatory responses in pleural effusion.

The role of IL-1 and IL-1 antagonism in tumour pro-
gression has only been partially characterized. ONOZAKI

et al. [24] have reported that IL-1 is a cytocidal factor
for several tumour cell lines. On the other hand, it has
been reported that IL-1 induced an increase in experi-
mental lung metastases, and that IL-1Ra inhibited the
augmentation of metastases induced by IL-1 in an ani-
mal system [25]. These results suggest a role for IL-1 in

metastasis. The present study revealed that levels of IL-
1Ra in pleural effusion were significantly higher in cases
of squamous cell carcinoma than in those of adenocar-
cinoma. Further investigation in carcinomatous pleurisy
may provide more information about the possible con-
tribution of IL-1 and IL-1 antagonism to tumour pro-
gression and host defence in tumour-bearing state.

In the present study, we have demonstrated that inter-
leukin-1 receptor antagonist is present in pleural effu-
sions. Like interleukin-4, interleukin-10 has been reported
to augment production of interleukin-1 receptor antago-
nist by human monocytes [26]. We have also recently
reported that IL-13 augments interleukin-1 receptor anta-
gonist production by human alveolar macrophages [27].
The study of in vivo regulatory mechanisms of produc-
tion of interleukin-1 receptor antagonist by pleural macro-
phages, as well as other host cells in various disease states,
is warranted for the better understanding of underlying
diseases.
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