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IL-17-induced cytokine release in human bronchial epithelial cells
in vitro: role of mitogen-activated protein (MAP) kinases
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1 Recent data indicate that interleukin (IL)-17 may contribute to neutrophilic airway inflammation
by inducing the release of neutrophil-mobilizing cytokines from airway cells. The aim of this study
was to evaluate the role of mitogen activated protein kinases in IL-17 induced release of IL-8 and
IL-6 in bronchial epithelial cells.

2 Transformed human bronchial epithelial cells (16HBE) were stimulated with either I1L-17 or
vehicle. Both groups were treated either with SB202190 (inhibitor of p38 MAP kinase), PD98059
(inhibitor of extracellular-signal-regulated kinase [ERK] pathway), Ro-31-7549 (protein kinase C
[PKC] inhibitor), LY 294002 (a phosphatidylinositol 3-kinase [PI 3-kinase] inhibitor) or vehicle. IL-6
and IL-8 levels were measured in conditioned media by ELISA.

3 The IL-17-induced release of IL-6 and IL-8 was concentration-dependently inhibited by
SB202190 and by PD98059 in bronchial epithelial cells without affecting cell proliferation or
survival.

4 Ro0-31-7549 and LY294002 had no significant effect on IL-17-induced IL-6 or IL-8 release in
bronchial epithelial cells.

5 Taken together, these data indicate a role for p38 and ERK kinase pathways in IL-17-induced
release of neutrophil-mobilizing cytokines in human bronchial epithelial cells. These mechanisms
constitute potential pharmacotherapeutical targets for inhibition of the IL-17-mediated airway

neutrophilia.
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Introduction

Airway neutrophilia is a characteristic of several chronic
airway diseases such as chronic bronchitis, chronic ob-
structive pulmonary disease (COPD), bronchial asthma and
cystic fibrosis (Balbi er al., 1997, Lamblin et al., 1998;
Meyer & Zimmerman, 1993). By releasing proteolytic
enzymes and free oxygen radicals, the increased number of
neutrophils may contribute to the main features of these
diseases such as airway obstruction, hypersecretion and
remodelling (Schuster et al., 1992; Venaille et al., 1995;
Weinberg & Hayes, 1982). As indicated in murine airways in
vivo, the recruitment of neutrophils into the airways can be
controlled by activated T-lymphocytes (Gavett et al., 1994;
Nakajima et al., 1992). However, the precise mechanisms by
which T-lymphocytes achieve this control are not fully
understood.

Interleukin-17 is a recently characterized proinflammatory
cytokine produced exclusively by activated T-lymphocytes
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(Yao et al., 1995). The IL-17 receptor (R) however, is widely
distributed and is expressed in several tissues, including the
lung, and on several cell types, including bronchial epithelial
cells (Yao et al., 1997). We have recently shown that
exogenous IL-17, given intratracheally, causes a selective
increase of the neutrophil number paralleled by an increase in
the activity of elastase and myeloperoxidase in murine
airways (Hoshino et al, 2000; Laan et al., 1999).
Hypothetically, IL-17 could thus link the activation of T-
lymphocytes to the recruitment and activation of airway
neutrophils. This is further supported by the recent
observation that inhalation of endotoxin in mice causes
increased IL-17 mRNA expression, followed by neutrophil
airways (Larsson et al., 2000). In human bronchial cells in
vitro, 1L-17 induces the production of neutrophil-mobilizing
cytokines such as IL-6 and IL-8 (Fossiez et al., 1996; Laan et
al., 1999; Yao et al., 1995). Since these cytokines are known
to modulate the recruitment, activation and survival of
neutrophils (Bank et al., 1995; Richman-Eisenstat et al.,
1993), the induced production of these cytokines in airway
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cells is likely to explain the effect of IL-17 on neutrophils in
the airways. However, the intracellular signalling mechanisms
mediating these effects of IL-17 in airway cells have not been
elucidated.

The mitogen-activated protein (MAP) kinase family is
central in mediating several changes in cell function such as
cytokine expression, proliferation and apoptosis (Puddicombe
& Davies, 2000; Robinson & Cobb, 1997). To date, three
MAP kinase cascades have been identified and characterized
from a molecular standpoint. These comprise the p38 MAP
kinase, extracellular signal-regulated kinase (ERK) and c-Jun
amino-terminal kinase (JNK). Once activated by their
upstream regulators, the MAP kinases translocate to the cell
nucleus where they modulate the activity of nuclear
transcription factors and kinases which, in turn, cause the
changes in cell function such as production of cytokines.
Recently, specific cell permeable inhibitors have been
developed for two of these MAP kinase pathways.
SB203580 and analogues such as SB202190 specifically inhibit
the p38 MAP kinase (Badger er al., 1996; Kramer et al.,
1996) whereas PD98059 inhibits the upstream activator of
ERK kinases, MEKs, resulting in a blockade of ERK
mediated signalling (Alessi et al., 1995). Although there is
no specific inhibitor available for the JNK MAP kinase
pathway, two major upstream activators of JNK, the protein
kinase C (PKC) and phosphatidylinositol 3-kinase (PI 3-
kinase), can be inhibited by specific inhibitors such as Ro-31-
7549 and LY 294002, respectively, resulting in downstream
inhibition of JNK-mediated signalling (Kawakami et al.,
1998; Vlahos et al., 1995; Yano et al., 1995; Zhang et al.,
1997).

The aim of this study was to characterize the involvement
of MAP kinases in IL-17-induced release of two neutrophil-
mobilizing cytokines, IL-6 and IL-8, in human bronchial
epithelial cells, thereby identifying potential targets for
pharmacotherapeutical inhibition of IL-17 mediated airway
neutrophilia.

Methods
Materials

Transformed human bronchial epithelial (16HBE14,_, ab-
breviated as 16HBE) cells (Cozens et al., 1994) were kindly
donated by Associate Professor Dieter C. Gruenert (Gene
Therapy Center, Cardiovascular Research Institute, Depart-
ment of Laboratory Medicine, University of CA, U.S.A.) and
were utilized because of their ability to respond to
inflammatory stimuli similarly to the primary human
bronchial epithelial cells (Massion etz al., 1994). Trypsin-
ethylendiaminetetraacetic acid (EDTA) solution, trypsin
neutralizing solution, and HEPES buffered saline solution
(HBSS) were used for subculture and were obtained from
Clonetics (San Diego, DA, U.S.A.). Recombinant human IL-
17 protein as well as human IL-6 and human IL-8 ELISA
kits were obtained from R&D Systems Europe (Abington,
U.K.). Penicillin-streptomycin, L-glutamine, amphotericin B
and bovine serum albumin (BSA), were purchased from
Sigma (St. Louis, MO, U.S.A.). Fibronectin (human) and
collagen (bovine, type I) were obtained from Becton
Dickinson Labware (Bedford, MA, U.S.A.), and MEM

Earle-Eagle was from Life Technologies (Inchinnan, Scot-
land, U.K.).

Cell culture conditions

16HBE cells were grown in MEM Earle-Eagle medium with
10% of foetal calf serum (FCS), 2mM L-glutamine,
100 U ml~" penicillin, 100 ug ml~' streptomycin  and
5 mg ml~' amphotericin B on collagen and fibronectin-coated
dishes (Gruenert et al., 1990) using trypsin-EDTA solution,
Trypsin neutralizing solution and HBSS for subculture. The
cells were grown to confluence in 12-well plastic plates
(Becton Dickinson, Mountain View, CA, U.S.A.) and at 18 h
before the experiments, the concentration of FCS was
reduced to 1% in order to minimize the basal (inherent)
cytokine release. Before the addition of stimuli, the cells were
washed twice with phosphate buffered saline (PBS) solution
and placed in fresh medium with 1% of FCS. PBS
supplemented with 0.1% BSA was used to deliver IL-17
and was also used as a vehicle. The utilized concentration of
IL-17 was chosen based on previous concentration-response
experiments, in which treatment with 100 ng ml~' of IL-17
resulted in submaximal IL-8 release in 16HBE cells (Laan et
al., 1999).

Kinase inhibitors

A selective p38 inhibitor — SB202190 (4-(4-Fluorophenyl)-2-
(4-hydroxyphenyl)-5-(4-pyridyl)1H-imidazole); a selective
MEK inhibitor — PD 98059 (2’-Amino-3-methoxyflavone);
a selective protein kinase C (PKC) inhibitor — Ro-31-7549
(2-[1-(3-Aminopropyl)indol-3-yl]- 3-(1 -methylindol-3-yl)malei-
mide, acetate); and a selective phosphatidylinositol 3-kinase
(PI 3 kinase) inhibitor — LY 294002 (2-(4-Morpholinyl)-8-
phenyl-4H-1-benzopyran-4-one) were all purchased from
Calbiochem-Novabiochem, Nottingham, U.K.

All inhibitors were dissolved in dimethyl sulphoxide
(DMSO) as recommended by the manufacturer and
diluted further in PBS with 0.1% BSA before adding to
the cell culture. In each experiment, the vehicle contained
the same concentration of DMSO as was present in the
treatment group containing the maximal concentration of
DMSO. This maximal DMSO content did not exceed
0.05%.

Measurement of IL-6 and IL-8 protein

After 18 h of incubation, the conditioned media were
removed from cells and frozen at the end of each experiment.
Thawed samples were centrifuged (4000 r.p.m. for 10 min) to
pellet cells and cell debris. The supernatants were analysed
using ELISA kits for IL-8 and IL-6 according to the
manufacturer’s instructions.

Assessment of cell proliferation and viability

In order to detect whether the effect of SB202190 and
PD98059 on cytokine release is due to an effect on cell
proliferation or viability, 16HBE cells were grown to
confluence in 12-well plastic plates and subsequently treated
with SB202190, PD98059 or vehicle for 18 h. The cells were
detached from 12-well plates thereafter, using Trypsin/
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EDTA solution, and the cell number and viability detected in
Burker chamber using Trypan blue staining (Campbell ez al.,
1993).

Data analysis

In order to evaluate the effect of inhibitors on IL-17
induced cytokine release but not on basal (inherent)
cytokine release every concentration of inhibitor plus I1L-17
treatment had a parallel vehicle (0.1% BSA in PBS)
containing the same amount of respective inhibitor. The
effect of inhibitor on IL-17 induced cytokine release was
evaluated by subtracting the cytokine values after vehicle
plus inhibitor treatment from the one containing IL-17 plus
inhibitor.

For statistical analysis, the StatView® 4.01 software
(Abacus concepts, Berkeley, CA, U.S.A.) was used. Only
non-parametric tests were utilized. The Wilcoxon signed rank
test was used for comparisons between vehicle and IL-17
treated cells, and the Spearman rank correlation for
evaluating whether the IL-17 induced IL-6 or IL-8 release
was dependent upon the concentration of certain inhibitors
(Altman, 1997).

Results
1L-17 and cytokine release

At the concentration of 100 ng ml~!, IL-17 significantly
increased the release of IL-6 (vehicle: 306.4+25.3 pg ml~,
IL-17: 598.4447.9 pg ml~'; Wilcoxon signed rank test:
P<0.001, n=17) and IL-8 (vehicle: 716.04+69.9 pg ml~',
IL-17: 1668.8+137.6 pg ml~'; Wilcoxon signed rank test:
P<0.001, n=15) in 16HBE cells as compared with
vehicle.

p38 inhibition and IL-17-induced cytokine release

In the concentration range from 1x107%—1x10"°>M the
p38 MAP kinase inhibitor SB202190 concentration-
dependently inhibited the IL-17 induced release of IL-6
and IL-8 in 16HBE cells (Figure 1). In contrast,
SB202190 had no pronounced effect on 16HBE cell
proliferation (vehicle: 0.864+0.09 vs SB202190 1x 105 M:
0.8640.09 x 10° cells per well, n=3) or viability (vehicle:
94.7+0.6% vs SB202190 1x107°M: 95.4+1.2% viable,
n=>3).
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Figure 1 Effect of the p38 inhibitor, SB202190, on IL-17 induced release of IL-6 and IL-8 in transformed human bronchial
epithelial (16HBE) cells. In the range from 1x 10~%~1x 107> m, SB202190 concentration dependently inhibited the TL-17 induced
release of IL-6 (Spearman rank correlation: r=0.8, P<0.01) and IL-8 (r=0.7, P<0.01). Columns in the figure are mean with

s.e.mean of four separate experiments.
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MEK inhibition and IL-17-induced cytokine release

In the concentration range from 1x1077—1x 107> M, the
MEK inhibitor PD98059 concentration-dependently inhibited
the IL-17 induced release of I1L-6 and IL-8 in 16HBE cells
(Figure 2). In contrast, PD98059 had no pronounced effect
on 16HBE cell proliferation (vehicle: 0.86+0.09 vs PD98059
1x107°M: 0.784+0.06 x 10° cells per well, n=3) or viability
(vehicle: 94.7+0.6% vs PD98059 1x10° M: 96.0+0.6%
viable, n=23).

PKC inhibition and I1L-17-induced cytokine release

In the concentration range from 1x1075—1x107° M, the
PKC inhibitor Ro-31-7549 had no effect on IL-17 induced
IL-6 and IL-8 release in 16HBE cells (Figure 3).

PI 3-kinase inhibition and IL-17-induced cytokine release
In the concentration range from 1x10-*—1x 1075 M, the PI

3-kinase inhibitor LY294002 had no effect on IL-17 induced
IL-6 and IL-8 release (Figure 4).

[] Vehicle + inhibitor
IL-17 + inhibitor

Discussion

The present study examined the effect of kinase inhibitors on
IL-17 induced release of neutrophil-mobilizing cytokines 1L-6
and IL-8 in human bronchial epithelial cells. The results show
that the specific p38 inhibitor SB202190 concentration
dependently inhibits the release of IL-6 and IL-8, producing
its maximal effect at a concentration of 1x107°M without
affecting cell proliferation or viability. This indicates an
involvement of the p38 signalling pathway in IL-17 induced
release of neutrophil-mobilizing cytokines and is in line with
a previous study on the effect of IL-17 in chondrocytes
(Shalom-Barak et al., 1998). It also suggests that the IL-17-
induced signalling in bronchial epithelial cells is similar to
that in response to other stimuli such as heat or osmotic
shock as well as to the cytokines IL-1f and TNF-o (De
Cesaris et al., 1998; Matsumoto et al., 1998).

The present study also shows that the specific ERK
pathway inhibitor PD98059, although less potent and efficient
than SB202190, concentration-dependently inhibits the re-
lease of IL-6 as well as IL-8 in bronchial epithelial cells.
Similarly to SB202190, PD98059 has no pronounced effect on
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Figure 2 Effect of the MEK inhibitor, PD98059, on IL-17 induced release of IL-6 and IL-8 in 16HBE cells. In the range from
1x1077=1x 107> M, PD98059 concentration-dependently inhibited the IL-17 induced release of IL-6 (Spearman rank
correlation: r=0.7, P<0.01) and IL-8 (r=0.8, P<0.01). Columns in the figure are mean with s.e.mean of four separate

experiments.
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Figure 3 Effect of the PKC inhibitor, Ro-31-7549 on IL-17 induced release of IL-6 and IL-8 in 16HBE cells. In the range from
1x107%=1x107° M, Ro-31-7549 had no significant, concentration-dependent effect on IL-17 induced IL-6 or IL-8 release
(Spearman rank correlation: P>0.05). Columns in the figure are mean with s.e.mean of 3—4 separate experiments.

cell proliferation or viability. Thus, the IL-17-induced release
of IL-6 and IL-8 involves ERK, a mechanism known to be
involved in various proliferation and differentiation responses
as well as in the activation of important transcription factors
such as Elk-1 (Alessi et al., 1995; Samet et al., 1998).
Interestingly, it has been shown that IL-17 inhibits prolifera-
tion of intestinal epithelial cells (Awane ef al., 1999). Whether
this effect of 1L-17 is ERK mediated and whether it involves
the increased release of 1L-6, a cytokine with capability to
inhibit epithelial cell proliferation (Takizawa et al., 1993),
needs further evaluation.

The PKC inhibitor, Ro-31-7549, and the PI 3-kinase
inhibitor, LY 294002, had no substantial effect on IL-17
induced release of IL-6 or IL-8, suggesting that in bronchial
epithelial cells, the PKC dependent or the PI 3-kinase
dependent JNK are not involved in IL-17 mediated release
of these cytokines. However, recent data suggests the
possibility of PKC independent-IP 3-kinase independent
JNK activation (Kawakami et al, 1998). Therefore, the
involvement of JNK in IL-17 induced release of inflamma-
tory cytokines in bronchial epithelial cells can not be
excluded.

In addition to their inhibiting effect on IL-17 induced IL-6
and IL-8 release the MAP kinase inhibitors SB202190 and

PD98059 also tended to reduce the basal release of these
cytokines. Also, the maximal concentration of Ro-31-7549
tended to increase the basal release of IL-6 and IL-8 without
modulating the IL-17 induced cytokine release. Although the
precise mechanisms behind the basal release of cytokines in
bronchial epithelial cells are not fully understood, it has been
shown that the content of FCS as well as the disruption and
isolation of cells may cause the activation of inducible genes
under in vitro conditions (Aitken et al., 1996; Shibata et al.,
1996). The modulating effect of inhibitors could thus be due to
the inhibition of mechanisms triggered by in vitro conditions
per se. In situ, however, virtually no IL-8 mRNA is detected in
human airway epithelium without inflammatory stimulation
(Inoue et al., 1994), suggesting that the basal release of
cytokines is an in vitro artifact. Thus, the physiological
relevance of the changes in the basal production of IL-6 and
IL-8 is questionable. The exact mechanism as well as the
biological significance of the effects of the inhibitors on basal
cytokine release remain to be determined in future studies.
In conclusion, this study shows that the IL-17 induced
release of IL-6 and IL-8 is inhibited by the specific MAP
kinase inhibitors SB202190 and PD98059 in human bronchial
epithelial cells, indicating a role for the p38 and ERK MAP
kinase pathways in IL-17 induced release of neutrophil-
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Figure 4 Effect of the PI 3-kinase inhibitor, LY294002, on IL-17 induced release of IL-6 and IL-8 in 16HBE cells. In the range
from 1x1078-1x 107> M, LY294002 had no significant, concentration-dependent effect on IL-17 induced IL-6 or IL-8 in 16HBE
cells (Spearman rank correlation: P>0.05). Columns in the figure are mean with s.e.mean of 3—5 separate experiments.

mobilizing cytokines. These intracellular pathways constitute
potential pharmacotherapeutical targets for inhibition IL-17-
mediated airway neutrophilia.

References

AITKEN, M.L., PIER, M.V., MARTIN, T.R. & SKERRETT, S.J. (1996).
Corticosteroids inhibit serum induced interleukin-8 release by
nasal epithelial cells in a dose dependent manner. Am. J. Resp.
Crit. Care Med., 153, A337.

ALESSI, D.R., CUENDA, A., COHEN, P., DUDLEY, D.T. & SALTIEL,
A.R. (1995). PD 098059 is a specific inhibitor of the activation of
mitogen-activated protein kinase kinase in vitro and in vivo.
J. Biol. Chem., 270, 27489 —27494.

ALTMAN, D.G. (1997). In Practical Statistics for Medical Research.
pp- 295-7. Chapman & Hall: CRC.

AWANE, M., ANDRES, P.G., LI, D.J. & REINECKER, H.C. (1999). NF-
kappa B-inducing kinase is a common mediator of IL-17-, TNF-
alpha-, and IL-1 beta-induced chemokine promoter activation in
intestinal epithelial cells. J. Immunol., 162, 5337 —5344.

BADGER, A.M., BRADBEER, J.N., VOTTA, B, LEE, J.C., ADAMS, J.L.
& GRISWOLD, D.E. (1996). Pharmacological profile of SB 203580,
a selective inhibitor of cytokine suppressive binding protein/p38
kinase, in animal models of arthritis, bone resorption, endotoxin
shock and immune function. J. Pharmacol. Exp. Ther., 279,
1453 -1461.

This work was supported by: Goéteborg University, The Swedish
Heart Lung Foundation, The Swedish Medical Research Council
(K2000-71X-09048-11A), and The Vardal Foundation.

BALBI, B., BASON, C., BALLEARI E., FIASELLA, F., PESCI, A., GHIO,
R. & FABIANO, F. (1997). Increased bronchoalveolar granulo-
cytes and granulocyte/macrophage colony-stimulating factor
during exacerbations of chronic bronchitis. Eur. Respir. J., 10,
846-850.

BANK, U., REINHOLD, D., KUNZ, D., SCHULZ, H.U., SCHNEE-
MILCH, C., BRANDT, W. & ANSORGE, S. (1995). Effects of
interleukin-6 (IL-6) and transforming growth factor-beta (TGF-
beta) on neutrophil elastase release. Inflammation, 19, 83—99.

CAMPBELL, A.M., CHANEZ, P., VIGNOLA, A.M., BOUSQUET, J.,
COURET, 1., MICHEL, F.B. & GODARD, P. (1993). Functional
characteristics of bronchial epithelium obtained by brushing
from asthmatic and normal subjects. Am. Rev. Respir. Dis., 147,
529-534.

COZENS, A.L.,, YEZZI,M.J., KUNZELMANN, K., OHRUI, T., CHIN, L.,
ENG, K., FINKBEINER, W.E., WIDDICOMBE, J.H. & GRUENERT,
D.C.(1994). CFTR expression and chloride secretion in polarized
immortal human bronchial epithelial cells. Am. J. Respir. Cell.
Mol. Biol., 10, 38—47.

British Journal of Pharmacology vol 133 (1)



206 M. Laan et al

IL-17 and MAP kinases

DE CESARIS, P., STARACE, D., RICCIOLI, A., PADULA, F.,
FILIPPINI, A. & ZIPARO, E. (1998). Tumor necrosis factor-alpha
induces interleukin-6 production and integrin ligand expression
by distinct transduction pathways. J. Biol. Chem., 273, 7566 —
7571.

FOSSIEZ, F., DJOSSOU, O., CHOMARAT, P., FLORES-ROMO, L., AIT-
YAHIA, S., MAAT, C., PIN, J.J., GARRONE, P., GARCIA, E.,
SAELAND, S., BLANCHARD, D., GAILLARD, C., DAS MAHAPA-
TRA, B., ROUVIER, E., GOLSTEIN, P., BANCHEREAU, J. &
LEBECQUE, S. (1996). T cell interleukin-17 induces stromal cells
to produce proinflammatory and hematopoietic cytokines. J.
Exp. Med., 183, 2593 -2603.

GAVETT, S.H., CHEN, X., FINKELMAN, F. & WILLIS-KARP, M.
(1994). Depletion of murine CD4+ T lymphocytes prevents
antigen-induced airway hyperreactivity and pulmonary eosino-
philia. Am. J. Respir. Cell. Mol. Biol., 10, 587—593.

GRUENERT, D.C., BASBAUM, C.B. & WIDDICOMBE, J.H. (1990).
Long-term culture of normal and cystic fibrosis epithelial cells
grown under serum-free conditions. In Vitro Cell Dev. Biol., 26,
411-418.

HOSHINO, H., LAAN, M., SIOSTRAND, M., LOTVALL, J., SKOOGH,
B.E. & LINDEN, A. (2000). Increased elastase and myeloperox-
idase activity associated with neutrophil recruitment by IL-17 in
airways in vivo. J. Allergy Clin. Immunol., 105, 143 —149.

INOUE, H., MASSION, P.P., UEKI, ILF., GRATTAN, K.M., HARA, M.,
DOHRMAN, A.F., CHAN, B., LAUSIER, J.A., GOLDEN, J.A. &
NADEL, J.A. (1994). Pseudomonas stimulates interleukin-8
mRNA expression selectively in airway epithelium, in gland
ducts, and in recruited neutrophils. Am. J. Respir. Cell Mol. Biol.,
11, 651-663.

KAWAKAMI, Y., HARTMAN, S.E., HOLLAND, P.M., COOPER, J.A. &
KAWAKAMI, T. (1998). Multiple signaling pathways for the
activation of JNK in mast cells: involvement of Bruton’s tyrosine
kinase, protein kinase C, and JNK kinases, SEK1 and MKK7.
J. Immunol., 161, 1795-1802.

KRAMER, R.M., ROBERTS, E.F., UM, S.L., BORSCH-HAUBOLD, A.G.,
WATSON, S.P., FISHER, M.J. & JAKUBOWSKI, J.A. (1996). p38
mitogen-activated protein kinase phosphorylates cytosolic phos-
pholipase A2 (cPLA2) in thrombin-stimulated platelets. Evi-
dence that proline-directed phosphorylation is not required for
mobilization of arachidonic acid by cPLA2. J. Biol. Chem., 271,
27723-27729.

LAAN, M., CUL, Z.H., HOSHINO, H., LOTVALL, J., SIOSTRAND, M.,
GRUENERT, D.C., SKOOGH, B.E. & LINDEN, A. (1999). Neu-
trophil recruitment by human IL-17 via C-X-C chemokine
release in the airways. J. Immunol., 162, 2347 -2352.

LAMBLIN, C., GOSSET, P., TILLIE-LEBLOND, I., SAULNIER, F.,
MARQUETTE, C.H., WALLAERT, B. & TONNEL, A.B. (1998).
Bronchial neutrophilia in patients with noninfectious status
asthmaticus. Am. J. Respir. Crit. Care Med., 157, 394—402.

LARSSON, R., ROCKSEN, D., LILLIEHOOK, B., JONSSON, A. &
BUCHT, A. (2000). Dose-dependent activation of lymphocytes
in endotoxin-induced airway inflammation. Infect. Immun., 68,
6962 —6969.

MASSION, P.P., INOUE, H., RICHMAN-EISENSTAT, J., GRUNBER-
GER, D., JORENS, P.G., HOUSSET, B., PITTET, J.F., WIENER-
KRONISH, J.P. & NADEL, J.A. (1994). Novel pseudomonas
product stimulates interleukin-8 production in airway epithelial
cells in vitro. J. Clin. Invest., 93, 26 —32.

MATSUMOTO, K., HASHIMOTO, S., GON, Y., NAKAYAMA, T. &
HORIE, T. (1998). Proinflammatory cytokine-induced and
chemical mediator-induced IL-8 expression in human bronchial
epithelial cells through p38 mitogen-activated protein kinase-
dependent pathway. J. Allergy Clin. Immunol., 101, 825—831.

MEYER, K.C. & ZIMMERMAN, J. (1993). Neutrophil mediators,
Pseudomonas, and pulmonary dysfunction in cystic fibrosis.
J. Lab. Clin. Med., 121, 654—661.

NAKAJIMA, H., IWAMOTO, I, TOMOE, S., MATSUMURA, R,
TOMIOKA, H., TAKATSU, K. & YOSHIDA, S. (1992). CD4+ T-
lymphocytes and interleukin-5 mediate antigen-induced eosino-
phil infiltration into the mouse trachea. Am. Rev. Respir. Dis.,
146, 374-377.

PUDDICOMBE, S.M. & DAVIES, D.E. (2000). The role of MAP kinases
in intracellular signal transduction in bronchial epithelium. Clin.
Exp. Allergy, 30, 7—11.

RICHMAN-EISENSTAT, J.B., JORENS, P.G., HEBERT, C.A., UEKI, I. &
NADEL, J.A. (1993). Interleukin-8: an important chemoattractant
in sputum of patients with chronic inflammatory airway diseases.
Am. J. Physiol., 264, 1L.413 - 1418.

ROBINSON, M.J. & COBB, M.H. (1997). Mitogen-activated protein
kinase pathways. Curr. Opin. Cell. Biol., 9, 180—186.

SAMET, J.M., GRAVES, L.M., QUAY, J., DAILEY, L.A., DEVLIN, R.B.,
GHIO, AJ., WU, W., BROMBERG, P.A. & REED, W. (1998).
Activation of MAPKs in human bronchial epithelial cells
exposed to metals. Am. J. Physiol., 275, L551 - L558.

SCHUSTER, A., UEKI, 1. & NADEL, J.A. (1992). Neutrophil elastase
stimulates tracheal submucosal gland secretion that is inhibited
by ICI 200,355. Am. J. Physiol., 262, L86—191.

SHALOM-BARAK, T., QUACH, J. & LOTZ, M. (1998). Interleukin-17-
induced gene expression in articular chondrocytes is associated
with activation of mitogen-activated protein kinases and NF-
kappaB. J. Biol. Chem., 273, 27467—27473.

SHIBATA, Y., NAKAMURA, H., KATO, S. & TOMOIKE, H. (1996).
Cellular detachment and deformation induce IL-8 gene expres-
sion in human bronchial epithelial cells. J. Immunol., 156, 772 —
777.

TAKIZAWA, H., OHTOSHI, T., OHTA, K., YAMASHITA, N., HIR-
OHATA, S., HIRAIL K., HIRAMATSU, K. & ITO, K. (1993). Growth
inhibition of human lung cancer cell lines by interleukin 6 in
vitro: a possible role in tumor growth via an autocrine
mechanism. Cancer Res., 53, 4175—-4181.

VENAILLE, T.J., MENDIS, A.H., PHILLIPS, M.J., THOMPSON, P.J. &
ROBINSON, B.W. (1995). Role of neutrophils in mediating human
epithelial cell detachment from native basement membrane.
J. Allergy Clin. Immunol., 95, 597 - 606.

VLAHOS, C.J., MATTER, W.F., BROWN, R.F., TRAYNOR-KAPLAN,
A.E., HEYWORTH, P.G., PROSSNITZ, E.R., YE, R.D., MARDER, P.,
SCHELM, J.A., ROTHFUSS, K.J., SERLIN, B.S. & SIMPSON, P.J.
(1995). Investigation of neutrophil signal tranduction using a
specific inhibitor of phosphatidylinositol 3-kinase. J. Immunol.,
154, 2413-2422.

WEINBERG, K.S. & HAYES, J.A. (1982). Elastase-induced emphyse-
ma: asynchronous bronchial, alveolar and endothelial cell
proliferation during the acute response to injury. J. Pathol.,
136, 253 -264.

YANO, H., AGATSUMA, T., NAKANISHI, S., SAITOH, Y., FUKUL Y.,
NONOMURA, Y. & MATSUDA, Y. (1995). Biochemical and
pharmacological studies with KT7692 and LY294002 on the role
of phosphatidylinositol 3-kinase in Fc epsilon RI-mediated signal
transduction. Biochem. J., 312, 145—150.

YAO, Z., PAINTER, S.L., FANSLOW, W.C., ULRICH, D., MACDUFF,
B.M., SPRIGGS, M.K. & ARMITAGE, R.J. (1995). Human IL-17: a
novel cytokine derived from T cells. J. Immunol., 155, 5483 —
5486.

YAO, Z., SPRIGGS, M.K., DERRY, J.M., STROCKBINE, L., PARK, L.S.,
VANDENBOS, T., ZAPPONE, J.D., PAINTER, S.L. & ARMITAGE,
R.J. (1997). Molecular characterization of the human interleukin
(IL)-17 receptor. Cytokine, 9, 794 —-800.

ZHANG, C., HIRASAWA, N. & BEAVEN, M.A. (1997). Antigen
activation of mitogen-activated protein kinase in mast cells
through protein kinase C-dependent and independent pathways.
J. Immunol., 158, 4968 —4975.

(Received September 1, 2000
Revised December 18, 2000
Accepted February 28, 2001)

British Journal of Pharmacology vol 133 (1)



	fig_xref1
	fig_xref2
	fig_xref3
	fig_xref
	fig_xref4
	bib_xrefR1
	bib_xrefR2
	bib_xrefR3
	bib_xrefR4
	bib_xrefR5
	bib_xrefR6
	bib_xrefR7
	bib_xrefR8
	bib_xrefR9
	bib_xref
	bib_xrefR10
	bib_xrefR11
	bib_xrefR12
	bib_xrefR13
	bib_xrefR14
	bib_xrefR15
	bib_xrefR16
	bib_xrefR17
	bib_xrefR18
	bib_xrefR19
	bib_xrefR20
	bib_xrefR21
	bib_xrefR22
	bib_xrefR23
	bib_xrefR24
	bib_xrefR25
	bib_xrefR26
	bib_xrefR27
	bib_xrefR28
	bib_xrefR29
	bib_xrefR30
	bib_xrefR31
	bib_xrefR32
	bib_xrefR33
	bib_xrefR34
	bib_xrefR35
	bib_xrefR36
	bib_xrefR37
	bib_xrefR38
	bib_xrefR39

