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Summary

 

Interleukin-15 (IL-15) is a neutrophil agonist that plays a role in inflamma-
tory disorders, including a variety of pulmonary diseases. Adhesion of neu-
trophils onto pulmonary cells is a major event leading to development of
inflammation. Recently, elevated levels of IL-15 have been associated with dif-
ferent pulmonary diseases. There is no clear evidence that IL-15 modulates
cell surface expression of adhesion molecules in neutrophils, or that IL-15 is
involved in neutrophil adhesion onto pulmonary cells. Also, it is not clear if
IL-15 induces a neutrophilic inflammation 

 

in vivo

 

. This study was aimed at
elucidation of these issues. Neutrophils were treated with IL-15 and cell sur-
face expression of CD11a, CD11b, CD11c and CD18 was monitored by flow
cytometry. The human respiratory epithelial A549 cell line was used as a sub-
strate for the neutrophil adhesion assay and cell surface expression of CD50,
CD54 and CD106 was monitored in IL-15-induced A549 cells. The murine air
pouch model was used for investigating potential neutrophilic inflammation
induced by IL-15 

 

in vivo

 

. IL-15 significantly increased neutrophil cell surface
expression of CD11b and CD18 and up-regulated A549 cell surface expression
of CD54. Moreover, A549 cells were found to express IL-15R components and
adhesion of neutrophils onto A549 cells was increased when neutrophils or
A549 cells were treated with IL-15. Finally, IL-15 induced neutrophilic inflam-
mation 

 

in vivo

 

 and concentrations of IL-6 and CXCL2/MIP-2 were increased
in IL-15-induced pouches. IL-15 might participate in inflammatory pulmo-
nary diseases by attracting neutrophils, modulating cell surface expression
molecules and increasing neutrophil adhesion onto pulmonary cells.
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Introduction

 

Interleukin-15 (IL-15) is known to mediate its biological
activity through the IL-15 receptor (IL-15R), which is com-
posed of three distinct chains, IL-15R

 

a

 

, IL-2/15R

 

b

 

 (CD122),
and the common 

 

g

 

c chain (CD132), shared by receptors to
IL-2, IL-4, IL-7, IL-9 and IL-21. Gene and protein expres-
sions of IL-15 have been demonstrated to be tightly regulated
by complex mechanisms at the transcriptional [1–4], and
secretion levels [5], suggesting that overexpression of IL-15
could be deleterious to the host. Elevated concentrations of
IL-15 have been associated with several autoimmune and
inflammatory diseases. Increased levels of IL-15 have been
detected in the synovial fluids and in the synovium of rheu-

matoid arthritis patients [6,7]. IL-15 is also highly expressed
in inflammatory pulmonary diseases, including tuberculosis,
sarcoidosis and chronic bronchitis [8,9]. These results sup-
port the hypothesis that IL-15 expression needs to be tightly
regulated and that its overexpression is associated with
inflammatory diseases.

IL-15 was found to be a T-lymphocyte chemoattractant
[10] and this property has been shown to contribute to rheu-
matoid arthritis pathogenesis [6]. IL-15 can induce the redis-
tribution of CD50 (ICAM-3), and, to a lesser extent, ICAM-
1, ICAM-2, CD43 and CD44 in uropods of T cells [11]. IL-15
produced by endothelial cells has been shown to increase the
transendothelial migration of T cells 

 

in vitro

 

 and in the SCID
mouse-human rheumatoid arthritis model 

 

in vivo

 

 [12].
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IL-15 also cooperates in the migration of T cells through the
endothelium by interacting with the LFA-1 (CD11a/CD18)/
ICAM-1 (CD54) pathway [13].

Neutrophils are major players in inflammation and are
known to express all components of the IL-15R [14–16]. IL-
15 can induce phagocytosis, cytoskeleton rearrangement,
gene expression, 

 

de novo

 

 protein synthesis and can delay apo-
ptosis in human neutrophils [14]. Production of chemok-
ines, cytokines and natural inhibitors is increased in IL-15-
induced neutrophils, including CXCL8 (IL-8) [17,18], IL-1

 

b

 

,
sIL-1RII and IL-1Ra [19,20]. IL-15 has also been shown to
induce the redistribution of ICAM-3 and P-selectin glyco-
protein ligand-1 (PSGL-1) to the uropods in neutrophil [21].
The mechanisms involved in IL-15-induced activation of
human neutrophils are not fully understood. However, IL-15
was shown to activate NF-

 

k

 

B [18] and to induce the phos-
phorylation of Syk and its physical association with IL-15R

 

a

 

[22].
Knowing that recruitment of neutrophils to the lungs and

transmigration through the pulmonary epithelium to reach
the respiratory tract are important steps in the inflammatory
process, and that high levels of IL-15 are associated with dif-
ferent pulmonary diseases, there is curiously no data avail-
able regarding the role of IL-15 on the expression of cell
surface molecules in human neutrophils, nor on its ability to
modulate adhesion onto respiratory cells. Furthermore, it
has never been clearly established whether IL-15 can induce
a neutrophilic inflammation 

 

in vivo

 

, as we have recently
demonstrated with IL-21 [23].

The above observations prompted us to investigate the
role of IL-15 in the cell surface expression of adhesion
molecules in human neutrophils, as well as its role in
adhesion onto respiratory cells. In addition, we were inter-
ested in answering whether or not IL-15 could induce a
neutrophilic inflammation 

 

in vivo

 

. Herein, we demon-
strated that IL-15 increased cell surface expression of
CD11b and CD18 in neutrophils. IL-15 was also found to
up-regulate A549 cell surface expression of the intercellu-
lar adhesion molecule-1 (ICAM-1; CD54) as well as neu-
trophil adhesion onto these cells. Finally, using the murine
air pouch model, we found that IL-15 induced a neutro-
philic inflammation 

 

in vivo

 

, based on the large recruit-
ment of neutrophils. This neutrophil influx was associated
with an increase in the concentration of the pro-inflamma-
tory cytokine IL-6 and the chemokine CXCL2/MIP-2, two
molecules important in the recruitment and activation of
neutrophils.

 

Materials and methods

 

Chemicals, agonists and antibodies

 

Recombinant human (rh) and recombinant murine (rm) IL-
15 were purchased from PeproTech Inc. (Rocky Hill, NJ,
USA). Recombinant human IL-21 was kindly provided by

Donald C. Foster from ZymoGenetics Inc. (Seattle, WA,
USA). Recombinant human TNF-

 

a

 

 was purchased from R &
D Systems (Minneapolis, MN, USA). The FITC-rat anti-
mouse F4/80 antigen (rat IgG2b), the FITC-rat anti-mouse
neutrophils clone 7/4 (rat IgG2a) and the FITC-rat IgG2a
negative control were from Serotec Inc. (Raleigh, NC, USA).
Pure murine isotypic control antibodies IgG1 and IgG2a
were purchased from BD Biosciences (Mississauga, Ontario,
Canada). The mouse monoclonal anti-human CD11b clone
44 (mouse IgG1) was purchased from Sigma Chemical Com-
pany (Saint-Louis, MO, USA). The mouse IgG2a anti-
human CD11a clone 38, the mouse IgG1 anti-human CD11c
clone 3·9, and the mouse IgG2a anti-human CD18 clone IB4
were  from  Calbiochem  (La  Jolla,  CA,  USA).  The  mouse
anti-human CD50 clone ICAM3·3, the mouse anti-human
CD54 clone 15·2, and the mouse anti-human CD106 clone
1.G11B1 were purchased from Serotec. The mouse IgG1
anti-human CD25 (IL-2R

 

a

 

), the mouse IgG2a anti-human
CD122 (IL-2/15R

 

b

 

) and the rat IgG2b anti-human CD132
(

 

g

 

c) were from BD Biosciences/Pharmingen (San Diego, CA,
USA). The mouse anti-human IL-15R

 

a

 

 clone M162 was a
gift from GenMab (Utrecht, the Netherlands). Fluorescein
(FITC)-conjugated goat anti-mouse IgG, F(ab

 

¢

 

)2 fragment
specific and FITC-conjugated donkey anti-rat were pur-
chased from Jackson ImmunoResearch Laboratories Inc.
(West Grove, PA, USA). Lipopolysaccharide (LPS) was
purchased from Sigma.

 

Human neutrophil isolation

 

Neutrophils were isolated from venous blood of healthy
volunteers by centrifugation over Ficoll-Paque (Amersham
Pharmacia Biotech Inc., Baie d’Urfé, Québec, Canada) as
previously described [20,22,23]. Blood donations were
obtained from informed and consenting individuals accord-
ing to institutionally approved procedures. Cell viability was
monitored by trypan blue exclusion, and the purity (

 

>

 

 98%)
was verified by cytology from cytocentrifuged preparations
coloured by Hema-Stain staining kit.

 

Cell surface expression of CD11a, CD11b, CD11c, and 
CD18

 

Freshly isolated neutrophils were stimulated with rhIL-15
for 30 min. Following the incubation period, cells were sus-
pended at 1·5 

 

¥

 

 10

 

6

 

 cells/ml, washed, and preincubated for
30 min at 4 

 

∞

 

C with 20% autologous serum to prevent non-
specific binding via Fc receptors. Cells were then washed and
incubated with the different antibodies (1 

 

m

 

g/ml) for 1 h at
4 

 

∞

 

C. After two additional washes, cells were incubated with
FITC-conjugated secondary antibody (1 

 

m

 

g/ml) for 1 h
(4

 

∞

 

C, light protected). Cells were then washed and fixed with
paraformaldehyde (0·5%). Flow cytometric analysis (10 000
events) was performed using a FACScan (Becton
Dickinson).
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Epithelial cell culture

 

The  human  lung  epithelial  A549  cell  line,  known  to  be
an excellent cell substrate for studying neutrophil adhesion
onto respiratory epithelial cells [24–26] was purchased from
the American Type Culture Collection (Rockville, MD, USA)
and was grown in RPMI-1640 supplemented with 10% fetal
calf serum and antibiotics. Cell viability was systematically
evaluated before and after each treatment, and mortality
never exceeded 5%.

 

Cell surface expression of CD50, CD54, CD106, and IL-
15 receptor components on A549 cells

 

For these experiments, A549 cells were harvested from tissue
culture flasks with the use of a rubber policeman and then
transferred to 5 ml (75 

 

¥

 

 12 mm) polypropylene tubes. Fol-
lowing the incubation period with PBS or rhIL-15, cells were
suspended at 1·5 

 

¥

 

 10

 

6

 

 cells/ml, washed, and incubated with
the different antibodies (1 

 

m

 

g/ml) for 1 h (4 

 

∞

 

C, light pro-
tected). TNF-

 

a

 

 was used as a positive control, as it was pre-
viously found to induce CD54 expression on A549 cells [26].
After two additional washes, cells were incubated with FITC-
conjugated secondary antibody (1 

 

m

 

g/ml) for 1 h and were
then washed. Flow cytometric analysis (10 000 events) was
performed using a FACScan (Becton Dickinson). Expression
of the IL-15R components on A549 cells was performed as
above, but cells were not activated.

 

Neutrophil adherence assay

 

Neutrophils (treated or not with rhIL-15 for 2 h, previously
found to be optimal) were labelled for 30 min with 5 

 

m

 

M
calcein-AM (Molecular Probes, Inc., Eugene, OR, USA) and
adhesion onto A549 cells was measured essentially as we
have previously published [27]. The number of adherent
neutrophils was calculated by counting the number of fluo-
rescent cells from five randomly selected high-power fields
(

 

¥

 

 400) observed with a photomicroscope Leica DMRE
equipped with an ebq 100 dc epifluorescent condenser.
Images were taken with a Cooke Sensicam High perfor-
mance camera coupled to the Image Pro-plus® (version 4·0)
program. In other experiments, the neutrophil adhesion
assay was performed with A549 cells activated with rhIL-15
for 24 h.

 

Air pouch experiments

 

Air pouches were created in CD

 

-

 

1 mice as previously pub-
lished [23]. On day 6, 1 ml of rmIL-15 or the diluent (PBS)
was injected into the air pouches of mice 6 h before the mice
were killed by CO

 

2

 

 asphyxiation The air pouches were
washed once with 1 ml and then twice with 2 ml of HBSS
containing 10 mM EDTA, and the exudates were centrifuged
at 100

 

¥

 

 

 

g

 

 for 10 min at room temperature. Supernatants

were collected and stored at 

 

-

 

20 

 

∞

 

C for further analysis. The
cells were resuspended in 1 ml of HBSS-EDTA and counted.
The cells (2 

 

¥

 

 10

 

5

 

) were centrifuged, spread onto microscope
slides and stained with Hema-Stain to allow quantification
of granulocytic and mononuclear populations. To further
characterize the leucocyte subpopulations, the cells were sus-
pended in PBS containing 5 

 

m

 

g/ml human IgG for 30 min at
4 

 

∞

 

C to block Fc receptors and then stained for 30 min at
4 

 

∞

 

C with purified rat anti-mouse 7/4 mAb directed against
murine neutrophils or rat anti-mouse F4/80 antigen anti-
body directed against murine monocyte/macrophages [23].
Analysis was performed with a FACScan (Becton Dickinson,
San Jose, CA, USA).

 

Detection of murine IL-6 and CXCL2

 

Fluids were harvested from air pouches after 6 h of treatment
with buffer or IL-15. IL-6 and CXCL2 were quantified
using the following commercially available enzyme-linked
immunosorbent assay (ELISA) kits according to the manu-
facturer’s recommendations:  Murine  IL-6:  (sensitivity  of

 

<

 

 3 pg/ml, Biosource International, Camarillo, CA), Murine
CXCL2 (sensitivity of 

 

<

 

 1·5 pg/ml, R & D Systems). All sam-
ples were tested at least in duplicate.

 

Statistical analysis

 

Statistical analysis was performed with SigmaStat for
Windows Version 2·03 with a one-way analysis of variance
(

 

anova

 

). Statistical significance was established at 

 

P

 

 

 

<

 

 0·05.

 

Results

 

IL-15 up-regulates cell surface expression of CD11b/
CD18 on human neutrophils

 

Because of the importance of IL-15 and other CD132-depen-
dent cytokines in inflammation, and since elevated concen-
trations of IL-15 are associated with various inflammatory
disorders, including pulmonary diseases [8,27–29], we
decided to investigate the role of IL-15 on the cell surface
expression of CD11a, CD11b, CD11c and CD18 in human
neutrophils. As illustrated in Fig. 1, IL-15 was found to sig-
nificantly increase cell surface expression of CD11b and
CD18 but not of CD11a and CD11c. Only the results
obtained after 30 min are illustrated, since there were no sig-
nificant increases after 60 and 120 min. As expected, LPS was
found to increase neutrophil cell surface expression of both
CD11b and CD18. In contrast to IL-15, IL-21, a pro-inflam-
matory cytokine that is not a human neutrophil agonist [23],
did not increase cell surface expression of the tested mole-
cules. In addition, IL-21 did not alter the ability of IL-15 to
increase cell surface expression of CD11b and CD18 in neu-
trophils when incubated simultaneously with IL-15. The
geometric mean values for antibody binding to unstimulated
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cells varied from donor to donor: IgG1 (3·4–15·6); IgG2a
(3·2–14·8); CD11a (53–88); CD11b (116–254); CD11c (6·3–
52); CD18 (144–295).

 

IL-15 increases surface expression of CD54 on human 
respiratory epithelial A549 cells

 

Because IL-15 up-regulated adhesion molecules expression
in neutrophils, we decided to study the role of IL-15 on the
expression of CD50 (ICAM-3), CD54 (ICAM-1) and
VCAM-1 (CD106) in A549 cells,  knowing the importance
of epithelial–neutrophil interaction in airway inflammation
and chronic obstructive pulmonary diseases [30]. As illus-
trated in Fig. 2, IL-15 increased CD54 expression in A549
cells, but had no effect on CD50 and CD106 cell surface
expression after 24 h of treatment. We have also verified such
expression after 1, 2 and 15 h, but the level of cell surface
expression of the tested molecules was not increased after 1
and 2 h and was similar after 15 or 24 h. The geometric mean
values for antibody binding to unstimulated cells varied
slightly between experiments: IgG1 (3·3–6·8); CD50 (2·8–
6·2); CD54 (2·9–7·7); CD106 (3·1–6·5). As expected, TNF-

 

a

 

increased CD54 and CD106 cell surface expression [31]. Our
results suggest that, unlike human neutrophils [32], A549

cells do not strongly express CD50 on their surface, and we
failed to increase its expression after stimulation with EGF,
PMA, LPS, or INF-

 

g

 

 (data not shown).

 

A549 cells expression IL-15 receptor components

 

Because A549 cells respond to IL-15, and because one study
reported that these cells expressed one component of the IL-
15R, CD122 (IL-2/15R

 

b

 

) and weakly CD25 (IL-2R

 

a

 

) [33],
we next investigated cell surface expression of all IL-15R
components by flow cytometry. As illustrated in Fig. 3, A549
cells express IL-15R

 

a

 

, CD122 and CD132. As expected,
CD25 was weakly or not expressed on these cells [33].

 

IL-15 increased neutrophil adhesion onto respiratory 
epithelial A549 cells

 

Because adhesion of neutrophils to airway epithelial cells is
an important step in the inflammatory process [30], we next
investigated whether or not IL-15 could increase the ability
of neutrophils to adhere onto human epithelial lung A549
cells. As illustrated in Fig. 4a, the adhesion of IL-15-induced
neutrophils onto A549 cells was significantly, and dose-
dependently, increased when compared with untreated neu-

 

Fig. 1.

 

IL-15 up-regulates cell surface expression of CD11b and CD18 in human neutrophils. Neutrophils were treated with buffer (Ctrl), LPS (1 

 

m

 

g/

ml), IL-15, IL-21 or IL-15 

 

+

 

 IL-21 and cell surface expression of (a) CD11a, (b) CD11b, (c) CD11c and (d) CD18 was monitored by flow cytometry 

as described in Methods. Results are means 

 

±

 

 SEM (

 

n

 

 

 

=

 

 5). *

 

P

 

 

 

<

 

 0·05 

 

versus

 

 control by 

 

anova

 

.
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trophils, reaching an increase of 380% at 250 ng/ml IL-15.
Also, treatment of A549 cells with 100 or 250 ng/ml IL-15
was found to increase the adhesion of untreated neutrophils
(Fig. 4b).

 

IL-15 induces a neutrophilic inflammation 

 

in vivo

 

We decided to use the murine air pouch model in order to
evaluate the potential pro-inflammatory effects of IL-15 

 

in
vivo

 

, which we have recently used to establish that IL-21 is a
pro-inflammatory cytokine [23]. As illustrated in Fig. 5a, IL-
15 induces leucocyte accumulation into the air pouch, with a
maximum of cells attracted (2·9 

 

±

 

 1·1 

 

¥

 

 10

 

6

 

 cells/pouch) at
100 ng/ml rmIL-15. Leukocyte accumulation decreased at a
concentrations of 250 ng/ml (2·3 

 

±

 

 0·8 

 

¥

 

 10

 

6

 

 cells/pouch) or
500 ng/ml rmIL-15 (1·8 

 

±

 

 0·4 

 

¥

 

 10

 

6

 

 cells/pouch), but the
number of cells was still significantly higher than in control
mice (0·7 

 

±

 

 0·1 

 

¥

 

 10

 

6 cells/pouch). Cytocentrifuged prepara-
tions were performed in order to characterize the leucocyte
subpopulations migrating into the air pouch. As illustrated
in Fig. 5b, low levels of neutrophils, eosinophils, and mono-
nucleated cells were attracted in control mice as well as in
mice treated with 10 ng/ml rmIL-15. Administration of 100,
250 or 500 ng/ml rmIL-15 resulted mainly in the recruit-
ment of neutrophils. The number of eosinophils and mono-
nucleated cells was also slightly increased after the injection
of 100 ng/ml rmIL-15.

We then evaluated the percentage of each cell type
attracted in the pouch. As illustrated in Fig. 6a, the injection
of rmIL-15 increased the percentage of neutrophils in a
concentration-dependent manner, with a maximum of
~70% at 250 ng/ml (68·7 ± 3·6%) versus 66·0 ± 4·6% at
500 ng/ml even if the the total leucocyte number decreased
when compared with 100 ng/ml. Flow cytometry analysis
confirmed that the percentage of neutrophils attracted by
IL-15 increased, whereas the percentage of mononucleated
cells decreased in a concentration-dependent manner
(Fig. 6b).

CXCL2 and IL-6 levels are increased in IL-15-induced air 
pouch

As we have recently documented, IL-21, unlike LPS,
attracted neutrophils in vivo by a mechanism independent of
IL-6, CCL3, CCL5 and CXCL2 production [23]. Because of
this, we decided to measure the levels of IL-6 and CXCL2 in
the IL-15-induced air pouch. We selected CXCL2, a func-
tional equivalent of the important chemotactic factor for
human CXCL8/IL-8, and the pro-inflammatory cytokine IL-
6. As illustrated in Fig. 7, IL-15 increased both CXCL2 and
IL-6 levels and these levels paralleled the number of total leu-
cocytes attracted, but not the number of neutrophils that
increased in a concentration-dependent response. These
results strongly suggest that the production of CXCL2 and
IL-6 is not performed by neutrophils. Also, these results indi-
cate that the presence of neutrophils in IL-15-induced mice
may be related to the local production of CXCL2 and IL-6
and that CXCL2 and/or IL-6 may enhance the response to
IL-15 by increasing the total number of leucocytes, including
neutrophils.

Fig. 2. IL-15 up-regulates cell surface expression of CD54 in human 

respiratory epithelial A549 cells. Cells were incubated for 24 h with 

buffer (Ctrl), 100 ng/ml TNF-a (A), 1000 ng/ml TNF-a (C), or IL-15. 

Cell surface expression of (a) CD50, (b) CD54 and (c) CD106 was 

monitored by flow cytometry as described in Methods. Results are 

means ± SEM (n = 3). *P < 0·05 versus control (Ctrl) by anova.
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Discussion

This is the first study providing evidence that IL-15 may par-
ticipate in inflammatory pulmonary diseases by modulating
cell surface expression of adhesion molecules, increasing
neutrophil adhesion onto respiratory pulmonary cells and
attracting neutrophils in vivo. Moreover, this is the first time
that IL-15 has been demonstrated to induce a neutrophilic
inflammation in vivo, despite the fact that this cytokine has
been characterized as a neutrophil agonist and a pro-inflam-
matory cytokine [6,14,18].

The observations that IL-15 up-regulates adhesion
between neutrophils and A549 respiratory epithelial cells
and increases CD11b/CD18 expression in neutrophils and
CD54 (ICAM-1) A549 cells, fit well with the participation of
IL-15 in pulmonary diseases, especially knowing that ele-
vated concentrations of IL-15 have been reported in such sit-
uations. Interestingly, activation of A549 cells by TNF-a or
IL-1b was found to induce the expression of IL-15 at mRNA
and protein levels [24]. However, the production of IL-15
protein was detected in the cytosol and not in the extracel-
lular milieu. Confluent cultures of A549 cells were treated
with IL-1b or IFN-g for 72 h or TNF-a for up to 168 h and
the concentration of IL-15 in the cellular supernatants never
exceeded the limit of detection (~5 pg/ml) of the ELISA kit

used [24]. In another study, the serum levels of IL-15 were
measured in the serum of 60 patients with systemic lupus
erythematosus and 20 healthy subjects, and the levels were
very low in both conditions (median 2·9 pg/ml and 1·6 pg/
ml, respectively) [34]. Production and release of IL-15 is
known to be under tight control suggesting that this cytokine
must not be released into the external milieu [1–4]. Post-
transcriptional regulation of IL-15 occurs via the 5¢ untrans-
lated region AUG triplets, 3¢ regulatory elements and a puta-
tive C-terminus region regulatory site. Of interest, the
existence of two isoforms of IL-15 with altered glycosylation
have been reported:

• an abnormally long signalling peptide of 48 amino acids
representing the secreted form;

• a short signalling peptide of 21 amino acids remaining
inside the cell and localized to nonendoplasmic regions in
both cytoplasmic and nuclear compartments [3].

Taken together, the above observations can easily explain
the difficulty in detecting soluble IL-15 in biological systems
and indicate why IL-15 is an important component of
inflammatory disorders.

In a recent study, human apoptotic neutrophils undergo-
ing secondary necrosis, an event occurring when apoptotic
neutrophils are not eliminated by professional phagocytes

Fig. 3. A549 cells express IL-15R components. Cells were cultivated, harvested and cell surface expression of (a) IL-15Ra, (b) CD122, (c) CD132 and 

(d) CD25 was monitored by flow cytometry as described in Methods. Results are from one experiment out of three. Dashed lines represent appropriate 

isotypic control.
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like macrophages, were found to induce lung epithelial cell
detachment [35]. Of interest, A549 cells were among the cell
types studied. Although the molecular mechanism of A549
cell (and airway epithelial cells) detachment is complex and
not fully understood, the authors clearly demonstrated that
cell membrane integrity was disrupted in advance of cell
detachment. Knowing that IL-15 induced ICAM-1 on A549
cells and CD11b/CD18 on neutrophils (this report), it is
plausible that elevated levels of IL-15 in pulmonary diseases
favour interaction between neutrophils and pulmonary epi-
thelial cells. In addition, our results regarding the increased
adhesion of IL-15-induced neutrophils onto A549 cells attest
to the importance of IL-15 during pulmonary inflammation.
Moreover, expression of IL-15Ra, CD122 and CD132 on
A549 cell surface, as well as the fact that the adhesion of
untreated neutrophils onto IL-15-activated A549 cells was
increased, further support the importance of IL-15 during
pulmonary inflammation.

Other CD132-dependent cytokines, in particular IL-2 and
IL-4, are known to play important roles in inflammatory dis-
orders [36]. Since neutrophils express the CD132 compo-
nent on the cell surface, one can imagine that other cytokines
of this family may be able to up-regulate the expression of
CD11b/CD18. However, our preliminary data suggest that
IL-2, IL-4, IL-7 and IL-9 do not modulate cell surface expres-
sion of CD11a, CD11b, CD11c, and CD18, when tested in

the same experimental conditions as IL-15 (Martin Pelletier,
unpublished observations). In addition, we have demon-
strated in the present study that IL-21 does not modulate cell
surface expression of these molecules. This is in agreement
with our recent study which demonstrated that human neu-
trophils lack the IL-21Ra chain and that IL-21 is not a
human neutrophil agonist [23]. Moreover, in the present
study, a mixture of IL-15 and IL-21 did not alter the effect of
IL-15 in increasing CD11b/CD18 expression, suggesting a
lack of competition between the two cytokines, even if they
are known to share CD132 as a receptor component. Taken
together, the above observations suggest that IL-15 is the
only CD132-dependent cytokine that increases CD11b/
CD18 in human neutrophils.

CD11b/CD18 is located in the plasma membrane and sec-
ondary granules of neutrophils and, upon activation, these
proteins are translocated from the granules to the plasma
membrane. Different mechanisms have been suggested for
the translocation and binding cycle of CD11b/CD18.
Recently, BAP31, a protein regulating cellular anterograde
transport, was found to specifically bind CD11b/CD18 in
neutrophils [37]. In another study, Willeke et al. [38] pro-
posed a role for Syk kinase in the binding cycle of CD11b/
CD18 in neutrophils. Recently it has been suggested that
engagement of b2 integrins play a role in delaying neutrophil
apoptosis [39] and that b2 integrin aggregation is mediated

Fig. 4. IL-15 enhances adhesion of neutrophils 

onto A549 cells. (a) neutrophils were stimulated 

with buffer (Ctrl), LPS, or IL-15 for 2 h, labelled 

with calcein AM, incubated on confluent A549 

cells for 30 min and adhesion was measured as 

described in Methods. Results are means ± SEM 

(n = 4). (b) The adhesion assay was performed as 

in A, except that A549 cells were stimulated with 

buffer (Ctrl), TNF-a or IL-15 for 24 h. Results 

are means ± SEM (n = 3). Pictures on the right 

part of the figure illustrated typical data that 

were plotted for the graph. *P < 0·05 versus Ctrl 

by anova.
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through the IkB/NF-kB pathway. Interestingly, IL-15 was
found to induce NF-kB activation and IL-8 production in
human neutrophils [18] and to activate Syk kinase [22].
Whether these mechanisms or BAP31 are involved in IL-15-
induced up-regulation of CD11b/CD18 is still unknown,
and remain to be determined.

The fact that IL-15 induces a neutrophilic inflammation
in vivo fits well with the proposed model that IL-15 partici-

pates in pulmonary inflammation. In the case of sarcoido-
sis, an increased number of neutrophils were found in the
bronchoalveolar lavage fluids from patients, reflecting the
severity of the disease and the ongoing inflammatory pro-
cess, resulting in progressive loss of lung parenchyma [40].
Herein, the increased number of neutrophils in response to
IL-15 corresponded with the expression of two pro-inflam-
matory mediators, IL-6 and CXCL2/MIP-2. Increased levels

Fig. 5. IL-15 induces a leucocyte influx in vivo. 

(a) air pouches were raised before injection of 

PBS or IL-15, exudates were harvested 6 h later 

and the number of leucocytes was calculated 

(means ± SEM (n ≥ 8)). C, representative prepa-

rations of cells harvested from concentrated 

PBS-injected mice and from non concentrated 

IL-15-injected mice. *P < 0·05 versus control by 

anova.
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Fig. 6. IL-15 induces a neutrophilic inflammation in vivo. (a) the percentage of each cell type attracted into PBS- or IL-15-induced pouch was evaluated 

(means ± SEM; n ≥ 8). (b) cells were stained with 7/4 or F4/80 antibody. Open histogram, appropriate isotypic controls. Exudates from PBS-treated 

mice were concentrated to obtain a good number of cells for identification. *P < 0·05 versus control by anova.

Neutrophils

Eosinophils

Mononucleated cells

100

75

50

25

0
PBS

C
el

ls
 (

%
 to

ta
l)

10 100

IL-15 (ng/ml)

Neutrophils(b)

(a)

PBS

IL-15
10 ng/ml

IL-15
100 ng/ml

IL-15
250 ng/ml

IL-15
500 ng/ml

Cells positive for 7/4 F4/80 positive cells

Mononucleated cells

100

0
25

6
E

ve
nt

s

101 102 103 104

250 500

100

0
25

6
E

ve
nt

s

101 102 103 104

100

0
25

6
E

ve
nt

s

101 102 103 104

100

0
25

6
E

ve
nt

s

101 102 103 104

100

0
25

6
E

ve
nt

s

101 102 103 104

100
0

25
6

E
ve

nt
s

101 102 103 104

100

0
25

6
E

ve
nt

s

101 102 103 104

100

0
25

6
E

ve
nt

s

101 102 103 104

100

0
25

6
E

ve
nt

s

101 102 103 104

100

0
25

6
E

ve
nt

s

101 102 103 104



M. Pelletier and D. Girard

324 © 2005 British Society for Immunology, Clinical and Experimental Immunology, 141: 315–325

of these two molecules have been found to be highly
expressed in endotoxin-challenged mouse airways, charac-
terized by an accumulation of neutrophils [41]. Thus, our
results suggest that IL-15 not only induces neutrophil
influx in vivo but also induces the local production of IL-6
and CXCL2/MIP-2, which can attract at least other neutro-
phils. As we have recently reported for IL-21 [23], although
IL-15 is known as a direct neutrophil agonist [14,15,17–
20,22], we propose that IL-15 can also attract neutrophils
in vivo indirectly via the production of chemokines. Since
we demonstrated in this study that IL-15 can induce
inflammation in vivo, it will be of great interest in future
experiments to determine whether or not pro-inflamma-
tory agents, including LPS, can increase IL-15 production
in the air pouch.

In summary, we propose that the participation of IL-15
in pulmonary diseases may be linked to the following
observations:

• its ability to increase cell surface adhesion molecules in
neutrophils and in respiratory epithelial cells;

• its ability to enhance adhesion between neutrophils and
respiratory cells;

• its ability to attract neutrophils in vivo;
• its ability to locally increase the production of at least two

potent pro-inflammatory agents, namely IL-6 and CXCL2
(MIP-2).
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