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quots (to obtain more BAL fluid cells
for further examination) of 0.9% sterile
saline were introduced into the bron-
chus of the right middle lobe through a
fi b e roptic bro n ch o s c o p e. BAL fl u i d s
we re re c ove red by gentle suction
immediately after the infusion of each
aliquot. BAL fluids we re fi l t e re d
through a single layer of sterile gauze.
After centri f u gation (400 x g for 10
m i n ) , the cell pellets we re wa s h e d
twice in PBS. Cells were > 94% viable
as determined by the trypan blue exclu-
sion test. Cell differential counts were
d e t e rmined by W right-Giemsa stain-
ing. Evaluation of BAL fluid cells for
the pro p o rtions of CD3+, C D 4+, a n d
CD8+ T cells was performed using mo-
n o clonal antibodies (MoAbs: S i g m a )
and flow cytometry. The BAL fluid su-
p e rn atants of the aliquots obtained
from all BD patients and healthy con-
trols were centrifuged again at 500 x g
for 30 min. The supernatants were col-
lected and cryopreserved at -30°C for
the cytokine measurements. The results
of BAL analysis of the aliquots were
shown in Table II a, b. Significant dif-
ferences in the total cell count, percent-
age of macrophages, and percentage of
lymphocytes and neutrophils were ob-
served between active BD patients, sili-
cotic patients and healthy contro l s
(Table II a). Calculations were made in
duplicate and expressed as the mean ±
SEM. 
We did not find any significant differ-
ence in the cellular distribution (macro-
phages, lymphocytes, neutrophils, and
CD4/CD8 ratio) in relation to the va-
scular and pulmonary involvement in
active BD (Table IIb). 

BAL fluid cell culture
Cells were cultured at l x 106 cells/ml
in RPMI 1640 medium supplemented
with 10% heat - i n a c t ivated (56°C, 3 0
min) FCS, 2 mM L-glutamine, a n d
0.1% gentainicin (complete medium)
in 24-well plates (Nunc, Denmark) for
48 h at 37°C with 5% CO, in the pres-
ence or the absence of LPS (1 µg/ml;
Escherichia coli, Sigma Aldrich, Ger-
many). To investigate the effects of IL-
18 on IFN-γ production in BAL fluid
cells, stimulation with IL-18 was per-
formed. Recombinant IL-18 (R&D sys-

tems, UK) was added at different con-
c e n t rations. In this analysis 2 x 104

BAL fluid cells were cultured in 0.2 ml
of complete medium in 96-well micro-
liter plates for 48 h at 37°C under 5%
C O2, and then culture supern at a n t s
were collected.

Analysis of cytokine gene expression
For cytokine gene expression analysis
in BAL fluid cells, 5 BD cases and 3
h e a l t hy controls we re selected. To t a l
RNA of 4x105 cultured BAL fluid cells
was isolated using Isogen (Life Tech-
n o l ogy) and quantified by measure -
ment of absorbance at 260 nm. To syn-
thesize cDNA, 1 µg of total RNA was
incubated in the presence of Moloney
murine leukemia virus reverse transcri-
ptase (Life Technologies, Gaithersburg,
MD) and 5 ng/ml oligo(dT)12-18 primers
(Pharmacia Biotech, Uppsala, Sweden)
for 30 min at 42°C using the reaction
conditions described by the manufac-
turer (Life Technologies), and samples
were stored at -80°C. Aliquots of 2 µl
of cDNA were amplified by PCR using
o l i go nu cleotide pri m e rs specific fo r
IFN-γ, IL-18, and GAPDH. In a DNA
thermocycler 480 (Perkin-Elmer/Cetus,
Norwalk, CT) each cycle of denatura-
tion was run at 94°C for 1 min, anneal-
ing was performed for 1 min at 60°C
(IFN-γ and GAPDH) and at 55°C (IL-
18), and extension was performed at
72°C for 1 min. The PCR product was
subjected to electro p h o resis on 2%
agarose gels and visualized by staining
with ethidium bromide. The primers of
examined cytokines were as follows:
I F N -γ: 5 ’ - at ga a at at a c a ag t t at at c t t gg c t t t
and 3’-gatgctcttcgacctc gaaacagcat; IL-
1 8 : 5 ’ - g c t t ga atctaaa ttat c agtc and 3’-
ga agat t c a a at t g c at c t t at; and GAPDH,
5’-gaaggtgaaggtcgga. 
By means of the preliminary PCR am-
p l i fi c ation we confi rmed the optimal
number of PCR cycles in the exponen-
tial amplification phase for each cyto-
kine and GAPDH. Cycle numbers cor-
responding to the exponential phase
were individually determined for each
primer set. The cycles numbers were 45
for 1FN-γ, and 30 for IL-18 and
GAPDH. PCR products were stained
by ethidium bromide after electropho-
resis, and the intensities of the bands on

photographs of the agarose gels were
quantified using a numeric image and
optical software.

Immunoassay of BAL fluids and 
cultured supernatants of BAL fluid
cells
BAL fluids were concentrated 10-fold
by membrane dialysis using Vivapore
( Viva s c i e n c e, D e n m a rk) for cy t o k i n e
immunoassays. We measured IFN-γ in
10-fold concentrated BAL fluids and
cultured supernatants using the appro-
priate commercial ELISA kits (Cyto-
s c re e n , B i o S o u rce Intern ational; Ca-
marillo, CA) (sensitivity, 4 pg/ml) and
fo l l owing the manu fa c t u re rs ’ re c o m-
mendations. The specific ELISA sys-
tem for human IL-18 was established
by Shigehara et al. (19). A Maxisorp
plate was coated with MoAb 125-2H
(20 µg/ml in PBS) at room temperature
for 3 h and blocked with PBS contain-
ing 1% BSA (Sigma) at 4°C overnight.
After washing with PBS containing
0.05% Tween 20 (Sigma), 50 µl of the
assay buffer (PBS containing 1% BSA,
5% FCS, and 1 M NaCl) was dispens-
ed, 50 µl of samples and standard hu-
man IL-18 we re added to the assay
buffer, and the plate was incubated at
room temperature for 2h. 
After washing, peroxidase-conjugated
159-12B (rat IgG2aκ, 0.5 µg/ml PBS
containing 1% BSA, 5% FCS, 0.1% 3-
[ ( 3 - ch o l a m i d o p ro pyl) dimethy l a m m o-
nio]-l-propanesulfonate (Sigma Chem-
icals), and 0.3 M NaCl) was added, and
the plate was incubated at room tem-
p e rat u re for 2 h. After wa s h i n g, t h e
s u b s t rate solution (100 µl of 0.1 M
sodium phosphate citrate bu ffer con-
taining 0.5 mg/ml o-phenylenediamine
and 0.003%, H2O2, pH 5.0) was added.
The reaction was stopped with 100 µl
of 1 M H2SO4, and the absorbance at
490 nm was measured. In general, the
assay was perforned in duplicate. The
d e t e c t able ra n ge of this ELISA wa s
b e t ween 10 and 1000 pg/ml. Th e
ELLSA system can detect total IL-18
(proIL-18 and mature IL-18).

Statistical analysis
D e s c ri p t ive statistics we re perfo rm e d
to investigate differences between the
study groups using the Mann-Whitney
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n o n - p a ra m e t ric test. The corre l at i o n s
between cytokines were assessed using
the non-parametric Spearman rank test.
All statistical analyses were carried out
using the SPSS PC+ statistical pack-
age.

Results
IL-18 protein levels in BAL fluids
We measured protein levels of IL-18 in
BAL fluids using a specific ELISA sys-
tem (Fi g. 1). Th e re was a signifi c a n t
difference in BAL fluids IL-18 levels

between BD patients (80 - 160 pg/ml,
mean 117.16) and healthy controls (12
- 60pg/ml, mean 20.9; p<0.001). There
was no statistically significant differ-
ence in the concentration of IL-18 (19.8-
60pg/ml, mean 37.9) between silicosis
patients and healthy controls (HC). 
In active BD group we found a positive
c o rre l ation between IL-18 concentra-
tion and the percentage of lymphocytes
(r = 0.639; p < 0.05). No correlation
was observed in silicosis patients (r =
0.137, p = 0.218).

IFN- and IL-18 mRNA expression 
and cytokines production in cultured
BAL fluid cells
Freshly isolated BD-BAL cells expres-
sed IL-18 mRNA and IFN-γ mRNA.
IL-18 mRNA and IFN-γ m R NA
expression were also observed at 4h,
24h and 48 h after initial culture with
LPS stimulation (Fig. 2). Neither IL-18
m R NA nor IFN-γ m R NA ex p re s s i o n
were observed in freshly isolated BAL
fluid cells from silicosis patients and
h e a l t hy subjects. HC cells ex p re s s e d
IL-18 mRNA at 24h and 48h after LPS
s t i mu l at i o n , wh e reas IFN-γ m R NA
expression was observed at 48h. In sili-
cosis pat i e n t s , both IL-18 and IFN-γ
were only observed at 48h after LPS
stimulation. 
BD cells released spontaneously IFN-γ
and IL-18 (Fig, 3). Spontaneous release
of IL-18 was observed in 2 out of 10
h e a l t hy controls. HC cells pro d u c e d
s p o n t a n e o u s ly lower levels of IFN-γ
than did BD-BA L - fluid cells (p <
0.001). Spontaneous release of IL-18
was observed in one silicosis patient.
IFN-γ levels in silicosis patients were
similar to those observed in BD, signi-
fi c a n t ly higher (p < 0.05) than in
healthy controls. 
LPS stimulation induced a significant
increase in IL-18 and IFN-γ production
by BD-BAL fluid cells (Fi g. 3). In
healthy subjects and disease controls,
IL-18 and IFN-γ -LPS inductions were
similar and significantly lower than BD
levels (p < 0.001). 
There was no correlation (r = 0.0087)
between IL-18 and IFN-γ from unsti-
mulated BAL-fluid cells. After LPS sti-
mulation, a significant positive correla-
tion (r = 0.6755; p = 0.0062) was ob-
served between IL-18 and IFN-γ pro-
duction by BD cells. At the opposite,
no corre l ation was found in healthy
controls and silicosis patients. 
A significant positive correlation was
found between the CD4/CD8 ratio and
the IFN-γ level in LPS stimulated BD
BAL-fluid cells (r = 0.587, p < 0.001).

Effects of rIL-18 on IFN- production
We investigated IFN-γ production after
stimulation of BAL fluid cells with rIL-
18 in 5 BD and 2 healthy subjects (Fig.
4). Silicosis patients were not investi-

Fig. 1. Concentration of IL-18 in BAL fluid of patients with Behçet’s disease (BD),in healthy controls
and in silicosis patients. IL-18-BAL fluid was measured by specific ELISA. The dashed line indicates
the level of sensitivity of the IL-18 assay (10 pg/ml). Each circle represents a single individual. BD
patients had significantly elevated levels of IL-18 in their BAL fluid compared with healthy controls
and silicosis patients. All comparisons were made using the Mann U test. 

Fig. 2 . Expression of IL-18 mRNA and IFN-γ mRNA in BAL fluid cells. The PCR product derived
from material pooled from 5 BD cases, 3 healthy controls and 7 silicosis patients. IL-18 mRNA and
IFN-γ mRNA in BAL fluid cells were collected and cultured with LPS (1µg/ml). Stimulated BAL fluid
cells were recovered at 4, 24 and 48 h. Total RNA of the BAL fluid cells was isolated and cDNA was
synthesized using 5 ng/ml oligo(dT)12-18 and reverse transcriptase. The specific primer for IFN-γ and
IL-18 for PCR reaction underwent 45 and 30 cycles, respectively. IL-18 mRNA and IFN-γ mRNA were
observed in freshly isolated BD BAL fluid cells, and after LPS stimulation. The GAPDH gene was
used as an internal control.
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gated due to the absence of sufficient
BA L - fluid cells. Under stimu l at i o n
with rIL-18, an increase in IFN-γ pro-
duction was observed in all 5 BD pa-
tients, and reached 402 pg/ml (± 23.7)
at 100 pg/ml rIL-18 induction. In
healthy subjects administration of rIL-
18 induced lower levels of IFN-γ, with
a maximum level of 42.6 pg/ml (±
14.3) at 100 pg/ml rIL-18 induction. At
all concentrations of rIL-18, IFN-γ pro-
duction by BD cells was significantly
i n c reased (p < 0.001) compared to
healthy controls. 

Discussion
Our data demonstrated in vivo IL-18
production by lung cells during active
pulmonary BD; high levels of IL 18
were demonstrated in the BAL fluids of
p atients with BD, c o n t rasting with
weak production from HC and silicosis
subjects. IL-18 and IFN-γ mRNA ex-
p ression was observed in BAL fl u i d
cells freshly isolated from BD but not
from healthy controls or silicosis pa-
tients. IL-18 and IFN-γ mRNA were
also observed in BD-BAL fluid cells
after LPS stimulation. In healthy con-
trols and in silicosis patients, IL-18 and

Fig. 4. Effect of human rIL-18 on IFN-γ produc-
tion by bronchoalveolar (BAL) fluid cells. BAL
fluid cells were incubated with rIL-18 for 48 h.
Culture supernatants were collected, and IFN-γ
c o n c e n t rations we re measured by specifi c
ELISA. Data are expressed as the means ± SEM.
rIL-18 in a dose dependent manner tri gge re d
IFN-γ secretion in BAL fluid cells from active
BD at higher levels than in healthy controls (p <
0.001). Enhancement of IFN-γ production was
dose-dependent. At high concentrations of rIL-
18, the production of IFN-γ reached a plateau.
BD patients exhibited greater IFN-γ induction
with the co-administration of rIL-18 at different
rIL-18 concentrations (10 and 20 pg/ml). In
healthy controls IFN-γ induction was not signifi-
cantly different at different doses of rIL-18 (1
and 100 pg/ml).

Fig. 3. Production of IL-18 and IFN-γ in BAL
fluid cells. IFN-γ and IL-18 production in LPS-
stimulated and unstimulated BAL fluid cells of
12 BD patients, 10 healthy controls and 10 sili-
cosis patients. BAL fluid cells were incubated in
medium containing 10% FCS with or without
LPS for  48 h. The dashed line indicate the level
of sensitivity assay (IL-18: 10pg/ml; IFN-γ: 4
pg/ml). The concentrations of IL-18 and IFN-γ in
culture supernatants were measured using spe-
cific ELISA. LPS significantly induced IL-18
and IFN-γ production in BD patients. 
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IFN-γ mRNA expression were observ-
ed 48 hrs after LPS-stimu l at i o n .
Constitutive IL-18 mRNA expression
has been observed in various organs,
macrophage lineage cells and lympho-
cytes (15, 20-22). LPS stimulation in-
duced a significant increase in IL-18
production from BAL fluid cells. LPS-
induced IL18 levels we re dra s t i c a l ly
higher in BD than healthy control and
silicosis. 
High levels of IL-18 production have
been reported in sarcoid lungs (19). A
correlation between IL-18 and disease-
activity in systemic lupus erythemato-
sus has been reported (23). Mononu-
clear cells of BD are thought be pre-ac-
tivated by an unknown causative agent
or stimuli (4, 5). IL-18 production was
markedly enhanced with LPS stimula-
tion in a mu rine P ro p i o n i b a c t e ri u m
a c n e s-conditioned liver injury model
(24). Activation of alveolar macropha-
ges may be essential to IL-18 produc-
tion from BD cells; however, silicosis
cells did not reach such high IL-18 le-
vels even after LPS stimu l at i o n ,
although macrophages are notably acti-
vated due to silica ingestion. The acti-
vation pathway of the immune system
in BD seemed to be distinct from that
observed in silicosis patients, involving
m o re pro b ably ly m p h o cytes. In fa c t ,
we demonstrated a positive correlation
between the IL-18 concentration and
lymphocyte percentages in the active
BD group.
Our previous studies demonstrated that
Th1 cytokines pre d o m i n ate in active
BD (7, 8, 25, 26). Silicosis (27) and
sarcoidosis (19) are characterised by a
similar shift towards Th1 pathways, as-
sociated with IL-18 and IFN-γ hyper-
production in inflammatory sites. How-
ever, increased IL-18 production was
also reported in allergic asthma, a Th2
cytokine disease (28). IL-18 should be
considered proinflammatory, indepen-
dent from Th1/Th2. In the Th1 immune
response, IL-12 and IL-18 synergisti-
cally stimulate IFN-γ production (11).
High levels of IL-12 have been previ-
ously described in active BD (8, 26),
suggesting early involvement of IL-12
and IL-18 during BD inflammation, re-
sulting in IFN-γ production. In experi-
mental silicosis, Garn et al. (29) re-

ported enhanced IL-12 mRNA levels in
v ivo, wh e reas IL-18 gene ex p re s s i o n
was decreased. In our silicosis group
we did not find increased IL-18 produ-
ction and IL-18 mRNA was only ex-
pressed at 48h after LPS-stimulation.
BAL fluid cells from BD ex h i b i t e d
greater inducibility of IFN-γ than did
healthy controls. The induction of IFN-
γ is highly dependent on CD40/CD40L
interaction (30), and significantly en-
hanced ex p ression of CD40 and
CD40L was observed in BD (8).
CD40L and IFN-γ are known to acti-
vate monocytes and macro p h ages to
produce reactive nitrogen intermediates
and various monokines (30), stimulat-
ing antigen-presenting cells to up-regu-
late class II and costimulatory mole-
cules expression, resulting in antigen-
specific T cells activation (31). Mühl et
al. and Paulukat et al. (32, 33) reported
induction of IL-18 binding protein (IL-
18BP) by IFN-γ in nonleukocytic cells,
suggesting a negative feedback regula-
tion of IL-18. IFN-α suppresses consti-
tutive production of IL-18 (34).
Cultured BAL cells from BD and sili-
cosis patients released spontaneously
more IFN-γ than HC, suggesting they
were first stimulated in vivo. Since IL-
18 was originally identified as an IFN-
inducing factor (35), we stimulated cul-
t u red BAL cells with rIL-18. In re-
sponse, BD-BAL fluid cells produced
markedly greater IFN-γ levels than did
normal BAL fluid cells, reaching a pla-
teau at the highest IL-18 concentra-
tions. This plateau phenomenon in
IFN-γ production may be comprehen-
s ive, as IL-18 re c ep t o rs sat u rat i o n
occurs in high dosages. Similar results
we re rep o rted in sarcoid BAL fl u i d
cells (19).
In the same way, LPS-stimulated BD
fluid cells showed greater induction of
IFN-γ production than HC and silicosis
cells. The production of IFN-γ in silico-
sis is merely induced by activated ma-
crophages full of silica dust (27). On
the other hand, in BD the greater ex-
pression of IFN-γ could be explained
by the high CD4/CD8 ratio in BA L
fluid cells, and by the increased per-
centage of CD4+CD45RO+ (25). In BD
the BAL CD4/CD8 ratio was increased
2.3-fold compared to healthy controls

and 2.8-fold over silicosis pat i e n t s .
This high CD4/CD8 ratio was signifi-
cantly correlated with LPS stimulated
I F N -γ p roduction. The pro p o rtion of
CD45RO+ cells in CD4+ T cells is in-
c reased in active BD, i n d i c ating a
greater proportion of CD4+ T cells with
a memory cell phenotype (36, 37). 
There is increasing evidence that IL-18
acts as a proinflammatory cytokine and
m e d i ates Th1 polari zed immune re s-
ponses (34). Data obtained in sarcoido-
sis and rheumatoid art h ritis indicat e
that IL-18 is essential during inflam-
mation (13, 19, 38). In the same way,
according to our results, IL-18 could
play a key role in active BD. Lung in-
flammatory cells produce an array of
immunoregulatory cytokines. The abil-
ity to produce IL-18, a potent Th 1
proinflammatory cytokine, is of parti-
cular re l eva n c e. IL-18 is cap able of
stimulating IL-1β release from activat-
ed macrophages (39), inducing in turn
increased IFN-γ and possibly TNF-α
production by CD4+ T cells, thus af-
fecting the final common pathway of
BD immunopathogenesis. Therefore, it
is conceivable that IL-18 may fulfi l l
the requisite as a primary initiating cy-
tokine in Th1-mediated diseases, such
as BD. Recent animal studies using
m o n o clonal antibody neutra l i z at i o n
against IL-18 in organ-specific autoim-
mune diseases have supported this con-
cept (40).
In summary, our study provides some
evidence that IL-18 may play an impor-
tant role in Th 1 - m e d i ated disord e rs ,
such as BD. Animal studies will test the
validity of this hypothesis. An animal
model to explain the pathogenesis of
BD is under investigation in our labora-
tory, and further studies are required to
u n d e rstand whether manipulating IL-
18 expression may have relevance to
the treatment of BD.
In conclusion, our data indicate that IL-
18 in BD plays an important role in
favouring IFN-γ synthesis and inducing
Th1 cell proliferation. IL-18 may there-
fore play a role in promoting the local
immunoinflammatory response. 
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