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The p38 mitogen-activated protein (MAP) kinase is activated
in various cells by proinflammatory cytokines and environ-
mental stresses. However, little is known about the role of
p38 MAP kinase in proinflammatory cytokine– and chemical
mediator–induced cytokine expression in human bronchial
epithelial cells (BECs). In this study we examined the role of
p38 MAP kinase in IL-8 expression in BECs to clarify the
signal transduction pathway regulating IL-8 expression in
BECs stimulated with tumor necrosis factor-a (TNF-a), IL-
1a, and platelet-activating factor (PAF). We used TNF-a,
IL-1a, and PAF as inducers for the analysis of the signal
transduction pathway and determined IL-8 expression in
BECs because TNF-a, IL-1a, and PAF are known to induce
cytokine expression in BECs, and these proinflammatory cy-
tokines and PAF are described to have a role in the produc-
tion of allergic inflammation. The results showed that
TNF-a, IL-1a, and PAF induced tyrosine phosphorylation of
p38 MAP kinase in a dose- and time-dependent manner. The
specific p38 MAP kinase inhibitor, SB 203580, completely
inhibited TNF-a–, IL-1a–, or PAF-induced IL-8 protein and
mRNA expression in BECs. These results indicated that p38
MAP kinase plays an important role in TNF-a–, IL-1a–, or
PAF-activated signaling pathway, which regulates IL-8 ex-
pression in BECs. In addition, these results provide new evi-
dence on a strategy for treatment of airway inflammation
with the specific p38 MAP kinase inhibitor. (J Allergy Clin
Immunol 1998;101:825-31.)

Key words: Tumor necrosis factor-a, IL-1a, platelet-activating
factor, p38 mitogen-activated protein kinase, bronchial epithelial
cells

Bronchial asthma is a disease that is characterized by
episodic reversible airway obstruction, airway hyperre-
sponsiveness, and allergic inflammation in the airway.1

The pathogenesis of allergic inflammation is complex
and involves multiple inflammatory cells and media-
tors.2, 3 The involvement of macrophage-derived cyto-
kines such as tumor necrosis factor (TNF)-a and IL-1 in
the production of allergic inflammation has been de-
scribed,4-8 and TNF-a and IL-1 have been described to

stimulate airway epithelial cells to produce a variety of
cytokines that initiate and/or amplify allergic inflamma-
tion.9-13 Of these cytokines, IL-8, which is well known to
be produced by bronchial epithelial cells (BECs),11-13

has been suggested to have a role in the pathogenesis of
allergic inflammation.4, 14-17

The mitogen-activated protein (MAP) kinases are
important mediators of signal transduction from the cell
membrane to the nucleus. Several subgroups of mam-
malian MAP kinases have been molecularly character-
ized, including extracellular signal–regulated kinase, c-
Jun NH2-terminal kinase, and p38 MAP kinase.18 The
p38 MAP kinase, which is a mammalian homologue of
the HOG-1 of Saccharomyces cerevisiae,18-20 is activated
in various cells by proinflammatory cytokines, environ-
mental stresses, DNA-damaging agents, and hematopoi-
etic growth factor.18-27 However, little is known about
the role of p38 MAP kinase in proinflammatory cyto-
kine– and chemical mediator–induced cytokine expres-
sion in human BECs. As mentioned, IL-8 produced in
BECs play an important role in the production of airway
inflammation. Therefore clarification of the signal trans-
duction pathway in IL-8 expression and regulation of
IL-8 expression in BECs are thought to be important
strategies for the treatment of airway inflammatory
diseases.

In this study we examined the role of p38 MAP kinase
in the induction of IL-8 expression in human BECs to
clarify the signal transduction pathway in the IL-8 ex-
pression in BECs stimulated with proinflammatory cy-
tokines such as TNF-a and IL-1a and chemical media-
tors such as platelet-activating factor (PAF).

METHODS

Reagents

Human recombinant IL-1a and TNF-a were kindly provided
by Ohtsuka Pharmaceutical Co. Ltd. (Tokushima, Japan) and
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Dainippon Pharmaceutical Co. Ltd. (Osaka, Japan), respec-
tively. PAF was obtained from Sigma Chemicals Co. (St. Louis,
Mo.). The pyridinyl imidazole SB 203580, the specific p38 MAP
kinase inhibitor,28 was kindly provided by SmithKline Beecham
and was dissolved in dimethyl sulfoxide.

Cell culture

Transformed human BEC line (BET-1A) was kindly pro-
vided by Dr. Hajime Nakamura (Yamagata University School
of Medicine). The cells (1 3 104 cells/ml) were placed onto
collagen-coated 24-well flat-bottom tissue-culture plates (Iwaki,
Tokyo, Japan) for determination of cytokine production and
collagen-coated tissue-culture dishes (Iwaki) for western blot
and northern blot analysis with Ham’s F12 medium. The
medium contained 1% penicillin-streptomycin, 5 mg/ml insulin
(GIBCO, Grand Island, N.Y.), 5 mg/ml transferrin (GIBCO),
25 ng/ml epidermal growth factor (Collaborative Research,
Lexington, Mass.), 15 mg/ml endothelial cell growth supplement
(Collaborative Research), 2 3 10–10 mol/L triiodothyronine
(GIBCO), and 10–7 mol/L hydrocortisone (GIBCO). The cells
were grown until they were subconfluent and the medium was
changed. To examine the effect of proinflammatory cytokines
and chemical mediators on tyrosine phosphorylation of p38
MAP kinase in BECs, the cells that had been pretreated with
Ham’s F12 medium without insulin, transferrin, epithelial
growth factor, endothelial cell growth supplement, triiodothy-
ronine, and hydrocortisone (growth factor–free medium) for 1
hour were stimulated with various concentrations of IL-1a,
TNF-a, or PAF and incubated for the desired times. To
examine proinflammatory cytokine– and chemical mediator–
induced IL-8 expression in BECs and the effect of SB 203580 as
the p38-specific inhibitor, the cells that had been preincubated
with growth factor–free medium (with or without SB 203580)
for 1 hour were stimulated with TNF-a, IL-1a, or PAF and
cultured for the desired times at 37° C in humidified 5% CO2

atmosphere. At the end of the culture periods, the culture
supernatants for determination of IL-8 protein were harvested
and centrifuged, and the supernatants were collected, filtrated
with a millipore filter, and stored at –80° C until assayed. The
cells for analysis of IL-8 mRNA expression were collected and
stored at –80° C until analysis of mRNA expression.

Measurement of IL-8

The concentration of IL-8 in the culture supernatants from
BECs were measured by commercially available ELISA kits
(Amersham International, Aylesbuty, U.K.). ELISA was per-
formed according to the manufacturer’s instruction. All sam-
ples were assayed in duplicate.

Western blot analysis of p38 MAP kinase

The tyrosine phosphorylation of p38 MAP kinase was ana-
lyzed by commercially available kits (PhosphoPlus p38 MAPK
Antibody Kit; New England Biolabs, Inc., Beverly, Mass.).
Analysis of tyrosine phosphorylation of p38 MAP kinase was
performed according to the manufacturer’s instruction. Briefly,
the cells that had been washed with cold Tris-buffered saline
were lysed in sodium dodecylsulfate (SDS) buffer (62.5 mmol/L
Tris-HCl [pH 6.8], 2% wt/vol SDS, 10% glycerol, 50 mmol/L
dithiothreitol, and 0.1% wt/vol bromphenol blue) for 15 min-
utes on ice and sonicated for 2 seconds to shear DNA. The
samples were heated in a boiling water bath for 5 minutes to
fully denature the proteins before electrophoresis and then
centrifuged at 12,000 g for 5 minutes to remove insoluble debris.
After separating proteins from cell lysate by 15% sodium

dodecylsulfate–polyacrylamide gel electrophoresis, proteins
were electrophoretically transferred to a nitrocellulose mem-
brane, and the membrane was washed with 0.1% Tween-20
supplemented with Tris-buffered saline (washing buffer). To
block nonspecific protein binding, the membrane was incubated
with 0.1% Tween-20 supplemented with Tris-buffered saline
containing 5% wt/vol nonfat dry milk for 3 hours at room
temperature. It was then incubated with specific antibody to
phosphorylated tyrosine of p38 MAP kinase (affinity-purified
rabbit polyclonal IgG) at 1:1000 dilution in 0.1% Tween-20
supplemented with Tris-buffered saline containing 5% bovine
serum albumin at 4° C overnight with gentle shaking. After
washing with washing buffer three times, it was incubated for 1
hour with gentle shaking at room temperature with the horse-
radish peroxidase–conjugated anti-rabbit antibody (1:2000) and
horseradish peroxidase–conjugated anti-biotin antibody
(1:1000) to detect biotinylated protein markers. It was then
washed three times with washing buffer. Blots were incubated
with enhanced chemiluminescence solution (LumiGLO) for 1
minute at room temperature and exposed on KODAK XAR
film. To show the amounts of p38 MAP kinase precipitated,
blots were stripped and reprobed with phosphorylation state–
independent p38 MAP kinase–specific antibody to determine
total p38 MAP kinase levels (affinity-purified rabbit polyclonal
IgG).

Northern blot analysis

Total RNA was prepared with an RNA extraction kit
(RNA zol B.; Cinna Scientific, Friedswods, Tex.) by using the
acid guanidine thiocyanate-phenol-choloroform extraction
methods. Total RNA (10 mg) was denatured in a solution
containing formaldehyde and folmamide and electropho-
resed in a 1% agarose gel containing formaldehyde.29 Then it
was capillary transferred onto a nylon membrane (Hybond N,
Amersham). The membrane was prehybridized with rapid
hybribuffer (Amersham) and then hybridized with 32P-la-
beled probes for 2 hours at 65° C. The probes used in this
study were the PstI-PstI fragments of cDNA for b-actin and
the full length of cDNA for IL-8,30 which was kindly provided
by Dr. Koji Matsushima (Tokyo University School of Medi-
cine, Department of Hygiene). After hybridization, the mem-
brane was washed with standard saline citrate containing
SDS and then autoradiographed with Kodax XAR film at
–70° C.

Statistical analysis

Statistical significance was analyzed by using analysis of
variance. A probability (p) value less than 0.05 was considered
significant.

RESULTS

TNF-a, IL-1a, and PAF induce IL-8 production

First, we examined the dose-dependent induction of
IL-8 production by BECs. To this end, the culture
supernatants from BECs stimulated with various con-
centrations of TNF-a, IL-1a, or PAF were harvested at
24 hours after cultivation (Fig. 1). The concentrations of
IL-8 in the culture supernatants from TNF-a–stimulated
culture increased in a dose-dependent manner. Simi-
larly, the concentrations of IL-8 in the culture superna-
tants from IL-1a– or PAF-stimulated culture increased
in a dose-dependent manner.
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TNF-a, IL-1a, and PAF cause tyrosine

phosphorylation of p38 MAP kinase

To determine whether TNF-a, IL-1a, and PAF induce
tyrosine phosphorylation of p38 MAP kinase, BECs
were stimulated for the desired times and p38 MAP
kinase was immunoblotted. An immunoblot study of
lysate of BECs with a specific antibody to phosphory-
lated tyrosine of p38 MAP kinase antibody showed that
stimulation of the cells with TNF-a caused an increase in
tyrosine phosphorylation of p38 MAP kinase in a dose-
dependent manner (Fig. 2, A, upper panel). To deter-
mine the time course of tyrosine phosphorylation of p38
MAP kinase, BECs were stimulated with 100 ng/ml of
TNF-a for the desired times as indicated. Amounts of
phosphorylated tyrosine of p38 MAP kinase increased at
5 minutes and returned to near basal levels at 15
minutes, indicating that tyrosine phosphorylation of p38
MAP kinase was transient (Fig. 2, B, upper panel).
IL-1a– or PAF-induced tyrosine phosphorylation of p38
MAP kinase was in a dose-dependent manner (Fig. 3, A,
upper panel and Fig. 4, A, upper panel). Amounts of
IL-1a–induced tyrosine phosphorylation of p38 MAP
kinase increased at 5 minutes and returned to near basal
levels at 30 minutes (Fig. 3, B, upper panel). Amounts of
PAF-induced tyrosine phosphorylation of p38 MAP
kinase increased at 10 minutes and returned to near
basal levels at 60 minutes (Fig. 4, B, upper panel). Equal
amounts of p38 MAP kinase protein were immunoblot-

ted with p38 MAP kinase–specific antibody regardless of
dose of TNF-a, IL-1a, and PAF and time of culture
periods, indicating that TNF-a, IL-1a, or PAF stimula-
tion–induced increases in tyrosine phosphorylation of
p38 MAP kinase occurred in the absence of changes in
p38 MAP kinase protein levels (Figs. 2, A, 2, B, 3, A, 3,
B, 4, A, and 4, B, lower panels). When BECs were
cultured with growth factor–free F12 medium in the
absence of TNF-a, IL-1a, and PAF, an increase in
amounts of tyrosine phosphorylation of p38 MAP kinase
was not observed at any point during the culture periods
(data not shown).

FIG. 1. TNF-a, IL-1a, and PAF induce IL-8 production by BECs.
BECs were cultured either with medium or various concentrations
of TNF-a, IL-1a, or PAF, and concentrations of IL-8 in culture
supernatants were determined at 24 hours after cultivation as
described in Methods section. Results are expressed as means 6
SD in three different experiments. *p , 0.01 compared with IL-8
concentration in BECs cultured with medium.

FIG. 2. TNF-a causes tyrosine phosphorylation of p38 MAP ki-
nase in BECs. BECs were stimulated with various concentrations
of TNF-a for 5 minutes (A) and were stimulated with TNF-a (100
ng/ml) for desired times as indicated (B). Lysates from BECs were
separated by 10% SDS-polyacrylamide gel, transferred to mem-
branes, and blotted with specific antibody to phosphorylated
tyrosine of p38 MAP kinase (p38 MAPK-P; upper panels). Blots
shown in upper panels were stripped and reprobed with p38 MAP
kinase–specific antibody to show amounts of p38 MAP kinase
blotted (p38 MAPK; lower panels). Lane P represents positive
protein prepared from C-6 glioma cells stimulated with anisomy-
cin for phosphorylated tyrosine of p38 MAP kinase, and lane N
represents negative protein prepared from C-6 glioma cells un-
stimulated with anisomycin. Amounts of p38 MAP kinase phos-
phorylation were quantitated by NIH image analyzer and are
presented as amounts of p38 MAP kinase phosphorylation rela-
tive to control cells treated without agonist (1.0). Three identical
experiments independently performed showed similar results.
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SB 203580 as the specific inhibitor of p38 MAP

kinase inhibits TNF-a–, IL-1a–, and PAF-induced

IL-8 production

TNF-a, IL-1a, and PAF induced IL-8 production and
tyrosine phosphorylation of p38 MAP kinase in BECs.
These results suggested that TNF-a, IL-1a, or PAF
stimulation–induced IL-8 production might be mediated
through p38 MAP kinase–dependent pathway. To test
this possibility, BECs that had been preincubated with or

without SB 203580 were cultured either with TNF-a,
IL-1a, or PAF, and the concentrations of IL-8 in the
culture supernatants were determined at 24 hours after
cultivation. As shown in Fig. 5, the concentrations of
IL-8 in the culture supernatants from the cells cultured
with TNF-a in the presence of SB 203580 were lower
than those from the cells cultured with TNF-a in the
absence of SB 203580, indicating that SB 203580 inhib-
ited TNF-a–induced IL-8 production. Similarly, SB
203580 inhibited IL-1a– or PAF-induced IL-8 produc-
tion.

FIG. 3. IL-1a causes tyrosine phosphorylation of p38 MAP kinase
in BECs. BECs were stimulated with various concentrations of
IL-1a for 5 minutes (A) and were stimulated with IL-1a (100 ng/ml)
for desired times as indicated (B). Lysates from BECs were
separated by 10% SDS-polyacrylamide gel, transferred to mem-
branes, and blotted with specific antibody to phosphorylated
tyrosine of p38 MAP kinase (p38 MAPK-P; upper panels). Blots
shown in upper panels were stripped and reprobed with p38 MAP
kinase–specific antibody to show amounts of p38 MAP kinase
blotted (p38 MAPK; lower panel). Lane P represents positive
protein for phosphorylated tyrosine of p38 MAP kinase, and lane
N represents negative protein. Amounts of p38 MAP kinase
phosphorylation were quantitated by NIH image analyzer and are
presented as amounts of p38 MAP kinase phosphorylation rela-
tive to control cells treated without agonist (1.0). Three identical
experiments independently performed showed similar results.

FIG. 4. PAF causes tyrosine phosphorylation of p38 MAP kinase
in BECs. BECs were stimulated with various concentrations of PAF
for 5 minutes (A) and were stimulated with PAF (10–5 mol/L) for
desired times as indicated (B). Lysates from BECs were separated
by 10% SDS-polyacrylamide gel, transferred to membranes, and
blotted with specific antibody to phosphorylated tyrosine of p38
MAP kinase (p38 MAPK-P; upper panels). Blots shown in upper
panels were stripped and reprobed with p38 MAP kinase–specific
antibody to show amounts of p38 MAP kinase blotted (p38 MAPK;
lower panels). Lane P represents positive protein for phosphory-
lated tyrosine of p38 MAP kinase, and Lane N represents negative
protein. Amounts of p38 MAP kinase phosphorylation were quan-
titated by NIH image analyzer and are presented as amounts of
p38 MAP kinase phosphorylation relative to control cells treated
without agonist (1.0). Three identical experiments independently
performed showed similar results.
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SB 203580 as the specific inhibitor of p38 MAP

kinase inhibits TNF-a–, IL-1a–, and PAF-induced

IL-8 mRNA expression

An inhibitory effect of the specific p38 MAP kinase
inhibitor on TNF-a–, IL-1a–, or PAF-induced IL-8
protein production by BECs suggested that this action
may have resulted from an inhibitory effect of this
inhibitor on IL-8 gene expression. To test this possibility,
BECs that had been preincubated with or without SB
203580 were cultured either with TNF-a, IL-1a, or PAF,
and IL-8 mRNA expression was analyzed at 6 hours
after cultivation. As shown in Fig. 6, IL-8 mRNA
expression was upregulated when BECs were stimulated
with TNF-a (lane 3), IL-1a (lane 5), or PAF (lane 7),
whereas SB 203580 inhibited TNF-a–, IL-1a–, or PAF-
induced upregulation of IL-8 mRNA expression (lane 4,
TNF-a plus SB 203580; lane 6, IL-1a plus SB 203580;
and lane 8, PAF plus SB 203580). The levels of b-actin
mRNA expression did not vary significantly with culture
conditions.

The total number of cells and cell viability at the end
of the culture period of each experiment determined by
trypan blue exclusion assay did not differ with culture

conditions. Figs. 1, 5, and 6 suggest that TNF-a, IL-1a,
or PAF induced IL-8 expression, and the inhibition by
p38 MAP kinase inhibitor of IL-8 expression did not
result from cell cytotoxicity.

DISCUSSION

In this study we examined the signal transduction
pathway in TNF-a–, IL-1a–, and PAF-induced IL-8
expression in human BECs. The results showed that
TNF-a, IL-1a, and PAF induced IL-8 expression and
tyrosine phosphorylation of p38 MAP kinase in BECs.
The specific p38 MAP kinase inhibitor SB 203580 com-
pletely inhibited TNF-a–, IL-1a–, and PAF-induced
IL-8 expression in BECs, indicating that p38 MAP
kinase plays an important role in TNF-a–, IL-1a–, and
PAF-activated signaling pathway, which regulates IL-8
expression in BECs.

In this study we used TNF-a, IL-1a, and PAF as
inducers for examination of signal transduction pathway
in cytokine expression in BECs because TNF-a, IL-1a,
and PAF are known to induce cytokine expression in
BECs.9-13 Furthermore, the involvement of TNF-a and
IL-1 in the production of allergic inflammation and the
development of late asthmatic responses have been
shown.4-8 PAF is known to contribute to producing
allergic inflammation through activation of eosinophils
and inducing airway smooth muscle contraction.4, 31, 32

TNF-a and IL-1a have been shown to activate p38
MAP kinase in various cells. However, little is known
about the effect of these cytokines on p38 MAP kinase
activation in BECs. Furthermore, it has not been deter-
mined whether PAF activates p38 MAP kinase. In this
study we showed that PAF, as well as TNF-a and IL-1a,
induced tyrosine phosphorylation of p38 MAP kinase in
BECs. Other subgroups of MAP kinase, extracellular
signal–regulated kinase and c-Jun NH2-terminal kinase,

FIG. 5. Specific MAP kinase inhibitor SB 203580 inhibits TNF-a–,
IL-1a–, and PAF-induced IL-8 production by BECs. BECs that had
been preincubated with or without SB 203580 (10 mmol/L) for 1
hour were cultured either with medium, TNF-a (100 ng/ml), IL-1a
(100 ng/ml), or PAF (10–5 mol/L), and concentrations of IL-8 in
culture supernatants were determined at 24 hours after cultivation
as described in Methods section. Concentration of dimethyl sul-
foxide used in this study was 0.01%, which had no effect. Results
are expressed as means 6 SD in five different experiments. *p ,
0.01 compared with IL-8 concentration in BECs cultured without
SB 203580.

FIG. 6. Specific MAP kinase inhibitor SB 203580 inhibits TNF-a–,
IL-1a–, and PAF-induced IL-8 mRNA expression in BECs. BECs that
had been preincubated with or without SB 203580 (10 mmol/L) for
1 hour were cultured either with medium, TNF-a (100 ng/ml), IL-1a
(100 ng/ml), or PAF (10–5 mol/L) for 6 hours, and IL-8 mRNA
expression and b-actin mRNA expression were analyzed by north-
ern blotting analysis as described in Methods section. Lanes 1, 3,
5, and 7 represent cells cultured with medium, TNF-a (100 ng/ml),
IL-1a (100 ng/ml), and PAF (10–5 mol/L), respectively. Lanes 2, 4, 6,
and 8 represent cells cultured with SB 203580, TNF-a plus SB
203580, IL-1a plus SB 203580, and PAF plus SB 203580, respec-
tively. Concentration of dimethyl sulfoxide used in this study was
0.01%, which had no effect. Three identical experiments indepen-
dently performed showed similar results.
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are also activated in response to TNF-a and IL-1a.21, 34

Therefore we used SB 203580 as the specific p38 MAP
kinase inhibitor28, 35 to determine the signal transduction
pathway regulating IL-8 expression in TNF-a–, IL-1a–,
or PAF-stimulated BECs. As a result, SB 203580 com-
pletely inhibited IL-8 expression in TNF-a–, IL-1a–, or
PAF-stimulated BECs, indicating that p38 MAP kinase
plays an important role in TNF-a–, IL-1a–, and PAF-
activated signaling pathway, which regulates IL-8 expres-
sion in BECs.

To determine the level at which SB 203580 inhibited
IL-8 protein production, we performed northern blot
analysis. SB 203580 inhibited TNF-a–induced upregula-
tion of IL-8 mRNA expression in BECs. A similar
inhibitory effect by SB 203580 was also evident in IL-1a–
and PAF-induced IL-8 mRNA expression. These results
indicated that SB 203580 might inhibit TNF-a–, IL-1a–,
and PAF-induced IL-8 expression at the level of tran-
scription.

The promoter of the gene encoding IL-8 contains
sequences for binding several nuclear transcription fac-
tors, including NF-kB and AP-1.36, 37 These transcription
factors participate to various extents in the inducible
expression of the genes encoding IL-8. The p38 MAP
kinase has been implicated in the activation of multiple
transcription factors, including NF-kB, CHOP, and
ATF-2.21, 38, 39 In this study the transcription factor that
involves IL-8 expression has not been investigated.
Therefore further study should be done to clarify the
links between p38 MAP kinase activation and IL-8 gene
expression. Alternatively, it has been shown that p38
MAP kinase may regulate VCAM expression at the
posttranscriptional level.20 SB 203580 inhibited IL-8
mRNA expression and protein production in this study,
suggesting that p38 MAP kinase might not involve the
posttranscriptional regulation.

IL-8 exhibits a chemotactic activity for neutrophils
and T lymphocytes.14 In addition, a chemotactic activity
of IL-8 for eosinophils has been documented.41 These
cells have been described to play an important role in
the production of allergic inflammation.2-4 Therefore
IL-8 produced by BECs stimulated with TNF-a, IL-1a,
and PAF contribute to the production of allergic inflam-
mation through recruitment of these cells into the site of
inflammation. On the basis of the role of IL-8 in the
production of allergic inflammation, the inhibition of
IL-8 production is an important strategy for the treat-
ment of bronchial asthma. The specific p38 MAP kinase
inhibitor SB 203580 was originally discovered as an
inhibitor of lipopolysaccharide-induced production of
IL-1 and TNF-a in the human monocytic cell line,
THP-1.28 This drug has been thought to be useful in the
treatment of inflammatory diseases.28 In this study we
showed the inhibition of IL-8 production by SB 203580.
Therefore the specific p38 MAP kinase inhibitor SB
203580 may have a potential effect on controlling allergic
inflammation through inhibiting IL-8 production.

From the data presented here, we concluded that
TNF-a, IL-1a, and PAF induce IL-8 expression in BECs

through p38 MAP kinase–dependent pathway. These
results provide new evidence on the mechanism in
TNF-a–, IL-1a–, and PAF-induced IL-8 expression in
BECs and a strategy for treatment of airway inflamma-
tion with the specific p38 MAP kinase inhibitor.

We thank Ms. Ikuko Takesihta for her technical assistance.
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