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SUMMARY

Jun N-terminal kinase (JNK) has been implicated in the pathogenesis of inflammatory diseases

including asthma. We examined the effect of SP600125 (anthra [1,9-cd] pyrazol-6 (2H)-one), a

novel inhibitor of JNK in a model of asthma. Brown-Norway rats were sensitized to ovalbumin

and treated with SP600125 intraperitoneally (90 mg/kg in total). SP600125 inhibited allergen-

induced, increased activity of phosphorylated c-jun but not of phosphorylated-MAPKAPK2,

indicative of activation of p38 MAPK, in the lung. SP600125 inhibited macrophage (P<0Æ04),
lymphocyte (P<0Æ05), eosinophil (P<0Æ04) and neutrophil (P<0Æ005) numbers in broncho-

alveolar lavage. Eosinophil and T-cell accumulation in the airways, mRNA expression for

interleukin-1b, tumour necrosis factor-b, interleukin-3, interleukin-4 and interleukin-5, serum

levels of allergen-specific immunoglobulin E and bronchial hyperresponsiveness were not

affected by SP600125. Selective inhibition of JNK reduced inflammatory cell egress into the

airway lumen after single allergen exposure. The role of JNK mitogen-activated protein kinase

activation may be limited in the pathogenesis of bronchial hyperresponsiveness after single

allergen exposure.
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INTRODUCTION

Asthma is a chronic inflammatory airway disease charac-

terized by variable airflow obstruction and non-specific
bronchial hyperresponsiveness.1 An imbalance between
CD4+ T helper type 1 (Th1) and 2 (Th2) immune responses

has been postulated as underlying the pathogenesis of
asthma and bronchial hyperresponsiveness. Expression of
the Th2-derived cytokines, particularly interleukin-4 (IL-4)

and IL-5, is increased in the airways of patients with
asthma, expressed by CD4+ T cells, while the expression of
the Th1-derived cytokine interferon-c is unchanged.2 In
animal models, suppression or genetic deletion of Th2
cytokines, such as IL-4 and IL-5, prevents the development

of airway inflammation and bronchial hyperresponsive-
ness;3,4 In addition, transfer of allergen-specific CD4+ Th2

cells into naı̈ve recipient rats induces bronchial hyper-
responsiveness and allergic inflammation, an effect reversed
by allergen-specific Th1 cells partly through interferon-c.5

Three major mitogen-activated protein kinase (MAPK)
families that differ in their substrate specificity have been
identified in vertebrates and have been implicated in the

pathogenesis of inflammatory diseases such as asthma: Jun
N-terminal kinase (JNK), extracellular regulating kinase
(ERK) and p38 kinase.6 MAPKs phosphorylate selected

intracellular proteins, including transcription factors, which
subsequently regulate gene expression via transcriptional
and post-transcriptional mechanisms. The JNK group
MAPKs is activated by exposure of cells to a variety of

stimuli, including cytokines, reactive oxygen species and
environmental stress.7 JNK isoforms, encoded by three
genes, phosphorylate specific sites (serine 63 and serine 73)

on the amino-transactivation domain of c-jun follow-
ing exposure to ultraviolet irradiation, growth factors or
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cytokines.6 JNK-1 and JNK-2 have been identified in the
lungs, whilst JNK-3 has been localized to the brain.8 JNKs
enhance the transcriptional activity of activator protein-1,
which in turn activates a wide range of immunomodulatory

genes9 including those implicated in the pathogenesis of
asthma.10

There are several lines of evidence that implicate JNK in

the pathogenesis of allergic inflammation. JNK is activated
during costimulation of T cells11 and may contribute to the
secretion of IL-2 and the proliferation of thymocytes.12 In

addition, JNK is also activated during the polarization of
CD4+ T cells into effector Th1 and Th2 cell populations.13

Cross-linking of the immunoglobulin E (IgE) receptor or

ultraviolet irradiation, heat shock and hyperosmotic sti-
mulation of the high-affinity IgE receptor (Fc"RI) results in
activation of JNK in mast cells.14 JNK may also play a role
in the expression of pro-inflammatory cytokines such as

tumour necrosis factor-a (TNF-a)15 and in the transcription
of E-selectin, essential for leucocyte adhesion and infiltra-
tion.16 These processes may be central to the development

of bronchial inflammation and the expression of bronchial
hyperresponsiveness.
We determined the role played by JNK activation in

allergic inflammation induced by single exposure to oval-
bumin in ovalbumin-sensitized Brown-Norway rats17 by
using SP600125, an anthrapyrazolone reversible ATP-
competitive inhibitor of JNK.18

MATERIALS AND METHODS

Animals, sensitization procedures and allergen-exposure

Pathogen-free inbred male Brown-Norway rats (Harlan
Olac Ltd. Bicester, UK) (200–250 g, 9–13 weeks old) were
injected with 1 ml of 1 mg ovalbumin in 100 mg Al(OH)3
suspension in 0Æ9% (wt ⁄vol) saline intraperitoneally on
three consecutive days. Ovalbumin aerosol exposure
(15 min; 1% ovalbumin) of rats was performed in a 6Æ5-L
Plexiglas chamber connected to a DeVilbiss PulmonSonic
nebulizer (model no. 2512, DeVilbiss Health Care, UK Ltd,
Middlesex, UK) that generated an aerosol mist pumped
into the exposure chamber by the airflow supplied by a

small animal ventilator (Harvard Apparatus Ltd, Eden-
bridge, Kent, UK) set at 60 strokes ⁄min with a pumping
volume of 10 ml.

Protocol
Three groups of rats actively sensitized with ovalbumin

(Grade V, salt-free) and Al(OH)3 were studied. Group 1
were sham-treated and saline-exposed animals (Saline
group, n ¼ 10): sensitized animals received vehicle for

SP600125 (1Æ6 ml ⁄dose of 10% ethanol, 15% Cremophor-
EL, 30% PEG-400, 20% propylene glycol in sterile saline)
by intraperitoneal injection 2 hr prior to saline aerosol

(15 min) and 8 and 16–22 hr after (2 hr prior to measure-
ments). Group 2 were sham-treated and ovalbumin-
exposed animals (Ovalbumin group, n ¼ 10). The proce-
dures were the same as for group Saline above, except the
aerosol exposure was with 1% ovalbumin aerosol. Group 3
were SP600125-treated and ovalbumin-exposed animals

(SP600125 group, n ¼ 10): The procedures were the same as
for group ovalbumin, except that the compound SP600125
was used to treat animals (30 mg ⁄kg in 1Æ6 ml vehicle, three
doses over 2 days).

Sp600125

SP600125 (anthra [1,9-cd] pyrazole-6 (2H)-one) is a novel
JNK inhibitor synthesized by the Signal Research Division
of Celgene, Inc., San Diego, CA. SP600125 is active against
JNK-1, -2 and -3 with a 50% activity inhibitory con-

centration (IC50) of 0Æ04–0Æ09 lm.18 SP600125 is selective
for JNK over several related MAPKs such as ERK and
p38, the IC50 is >10 lm. According to the findings of a

previous study in rats19 we used the dose of 30 mg ⁄kg.

Measurement of bronchial responsiveness
Bronchial responsiveness was measured 18–24 hr after the
final allergen challenge as previously described.20 Briefly,
rats were monitored for airflow by whole body plethysmo-

graphy with a pneumotachograph (Infodisp, Bordon,
Hants, UK) connected to a transducer (Infodisp), trans-
pulmonary pressure was measured via an oesophageal

catheter and blood pressure was recorded via carotid artery
catheterization (Infodisp). The signals from the transducers
were analysed with infodisp software, which is pro-

grammed to calculate instantaneously pulmonary resistance
(RL). Increasing half-log10 concentrations of acetylcholine
were administered by inhalation for 45 breaths and lung
resistance was measured. The concentration of acetylcho-

line required to increase baseline resistance to 200% (PC200)
was determined by linear interpolation of log concentra-
tion–lung resistance curves.

Bronchoalveolar lavage and cell counting

This is described in detail elsewhere.21 Briefly, after an
overdose of anaesthetic, rats were lavaged with a total of
20 ml 0Æ9% sterile saline via the endotracheal tube. Total
cell counts, viability and differential cell counts from cyto-

spin preparations stained by May–Grünwald–Giemsa stain
were determined under an optical microscope (Olympus
BH2, Olympus Optical Company Ltd, Tokyo, Japan). At

least 500 cells were counted and identified as macrophages,
eosinophils, lymphocytes and neutrophils according to
standard morphology under · 400 magnification.

Collection of lung tissues
Rats were killed using an overdose of sodium pentobarbi-

tone (500 mg ⁄kg; intraperitoneally). The lungs were rapidly
removed and insufflated with O.C.T. Tissue Tek� mount-
ing medium (Raymond A Lamb, London, UK) diluted

1 : 1 with phosphate-buffered saline. Regions of the left and
right lung lobes were mounted on cork blocks with the
main bronchi uppermost, snap-frozen in melting isopentane
and stored at )25�.

Eosinophil major basic protein (MBP) and

T-cell immunohistochemistry
Detailed methods have previously been described.17

Briefly, for the detection of eosinophils, cryostat sections
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were incubated with an IgG1 monoclonal antibody
against human MBP, clone BMK-13 (Monosan, Uden,
the Netherlands). After labelling with a biotinylated horse
anti-mouse monoclonal secondary antibody, positively

stained cells were visualized using the alkaline phospha-
tase–anti-alkaline phosphatase method. For staining of
CD2+, CD4+, CD8+ T lymphocytes in tissue sections,

sections were incubated with either mouse anti-rat CD2,
CD4, or CD8 monoclonal antibody (pan T-cell markers,
Pharmingen, Cambridge Bioscience, Cambridge, UK).

After labelling with a biotinylated goat anti-mouse
monoclonal secondary antibody, positively stained cells
were visualized using the alkaline phosphatase–anti-alka-

line phosphatase method. All sections were counterstained
with Harris hamatoxylin (BDH, Poole, Dorset, UK) and
mounted in Glycergel (Dako, Ely, Cambridgeshire, UK).
Cellular influx around the five largest airways in each

lung section was assessed as the number of positively
stained cells in the bronchial submucosa expressed per
mm of basement membrane.

Detection of ovalbumin-specific IgE by enzyme-linked
immunosorbent assay (ELISA)

Blood (2–3 ml) was left to clot for 1–2 hr at room tem-
perature and centrifuged for 15 min at 1000 g. Serum was
aspirated, aliquoted into Eppendorf tubes, and stored fro-

zen at )20�. The assay was modified from that of Nonaka
et al.22 Briefly, 96-well plates were coated overnight with
MARE-1 mouse anti-rat IgE (mouse anti-rat IgE heavy

chain, 1 mg ⁄ml, 1 ⁄2000 dilution) in 0Æ5 lg ⁄ml in carbonate
bicarbonate buffer (ovalbumin buffer). A standard curve
was constructed using doubling dilutions of standards (rat

serum identified to be of high IgE titre) and samples were
added and incubated for 2 hr. Biotinylated-ovalbumin
(prepared using a EZ-Link Sulfo-NHS-LC-Biotinylation
Kit; Pierce & Warriner, Chester, UK) was added at opti-

mized concentration (�10 lg ⁄ml) and incubated for
90 min, followed by incubation for 45 min with 1 lg ⁄ml
streptavidin-alkaline phosphatase. Colour development

was with 0Æ1 m substrate (p-nitro-phenyl phosphate
enzyme) for up to 10 min. Antibody binding was deter-
mined from the absorbance at 405 nm. Titres were

expressed as optical density (OD). A naı̈ve control group of
animals (n ¼ 4) was also studied.

Western blot analysis
Immunoblot analysis was performed according to Lae-
mmli.23 Frozen lung tissue samples were thawed in cold

lysis buffer (1% Triton X-100, 1% sodium dodecyl sulphate
(SDS), 1Æ5% deoxycholate, 20 mm Tris-base pH 7Æ4,
150 mm NaCl, 20 mm ethylene diaminetetraacetic acid,
2 mm phenylmethyl sulphonyl fluoride, 2 mm sodium

orthovanadate, 20 lg ⁄ml leupeptin, 200 lg ⁄ml aprotinin,
10 mm sodium fluoride and 20 mm sodium pyrophosphate),
homogenized with an Ultra-turrex and centrifuged at

13 000 g for 30 min at 4�. Supernatant was removed and
centrifuged again. Lung supernatant lysates (50 lg protein)
were mixed with sample buffer (62Æ5 mm Tris–HCl, 20%

glycerol, 2% SDS, 10 mm 2-mercaptoethanol, 0Æ05%

bromophenol blue), boiled for 5 min and stored at )70�
until used for Western blot analysis.
Briefly, 50 lg of total lung protein per lane were sep-

arated through 8% denaturing-polyacrylamide gels and

transferred to nitrocellulose membranes. Membranes were
blocked with 5% non-fat dry milk in the following buffer
(Tris 20 mm, pH 7Æ6, NaCl 140 mm and 0Æ1% Tween) and

then incubated for 1 hr with monoclonal antibodies
anti-non-phosphorylated c-jun (c-jun) (Cell Signalling
Technology, Beverly, MA) and anti-phosphorylated c-jun

(p-c-jun) (Cell Signalling Technology) as markers of JNK
activity or polyclonal antibodies anti-phosphorylated-
MAPKAPK2 (p-c-MAPKAPK2) (Cell Signalling Tech-

nology), a marker of p38 MAPK activity. The secondary
antibody was horseradish peroxidase-conjugated sheep
anti-mouse or anti-rabbit (diluted to 1: 10 000) and ECL
reagent was used for detection. Positive controls were used

to visualize the presence of potentially relevant differences
in ovalbumin-exposed lungs. Each filter was reprobed with
an anti-human a-actin (control for p-MAPKAPK-2) (Santa
Cruz biotechnology, UK). The bands, which were visual-
ized by autoradiography, were quantified using a densi-
tometer with grab-it and gelworks software (UVP,

Cambridge, UK).

RNase protection assays

Total RNA was isolated from approximately 100 mg of
fresh lung tissue after homogenization in 1 ml of Ultraspec
RNA solution (Biotecx, Houston, TX, USA) according to

the manufacturer’s instructions. 32P-labelled riboprobes
(dUTP) were generated using an in vitro transcription kit
and the rat cytokine multiprobe template set, which consists

of probes for IL-1b, TNF-a, TNF-b, IL-2, IL-3, IL-4, IL-5,
IL-10 and interferon-c, according to the manufacturer’s
specifications. These antisense probes were hybridized with
total RNA, then treated with a mixture containing RNase

A +T1 from an RNase protection kit. The resulting
hybrids were resolved on a 6% polyacrylamide-urea gel and
analysed by autoradiography and quantified using a den-

sitometer with grab-it and gelworks software (UVP).

Data analysis

Data are presented as the mean ±SEM. For comparisons
of different groups, Kruskall–Wallis test for analysis of
variance was used. If the Kruskall–Wallis test for analysis

of variance was significant, we applied Mann–Whitney
U-test for comparison between two individual groups. The
data were analysed using the graphpad� for windows

statistical package. A P-value of less than 0Æ05 was con-
sidered significant.

RESULTS

Bronchial responsiveness to ACh

There was no significant difference in baseline lung resist-
ance between the groups (data not shown). There was a
leftward shift of the concentration–response curve of sen-

sitized, ovalbumin-exposed rats compared to sensitized,
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saline-exposed rats, and SP600125-treated rats continued
to show a similar leftward shift after allergen exposure
(Fig. 1a). Sensitized, sham-treated and ovalbumin-exposed
rats had a significant increase in mean )logPC200 compared
to sensitized saline-exposed rats (P<0Æ05, Fig. 1b). The
drug SP600125 showed no effect on allergen-induced
bronchial hyperresponsiveness, as reflected by the persistent

leftward shift of acetylcholine concentration–lung resist-
ance response curve and elevated PC200 compared to saline-
exposed rats. In addition, in preliminary studies, we found

that SP600125 had no effect on baseline responsiveness to
acetylcholine in sensitized unexposed rats (data not shown).

Inflammatory cell responses

There was a significant increase in the numbers of total
cells (P<0Æ001), eosinophils (P<0Æ001), macrophages
(P<0Æ01), lymphocytes (P<0Æ01) and neutrophils

(P<0Æ01) recovered in the bronchoalveolar lavage fluid

of sensitized rats exposed to ovalbumin compared to

sensitized rats exposed to saline (Fig. 2). SP600125
significantly reduced the ovalbumin-induced increase in
eosinophil (P<0Æ05), macrophage (P<0Æ05), lymphocyte
(P<0Æ05) and neutrophil counts (P<0Æ005, Fig. 2).
Allergen exposure of sensitized rats caused a signifi-

cant increase in the airway submucosal infiltration of
MBP+ eosinophils (P<0Æ001) and CD2+ T lymphocytes
(P<0Æ05, Fig. 3). SP600125 did not alter the number
of MBP+ eosinophils and T lymphocytes in the airway
submucosa.

Ovalbumin sensitization and serum-specific IgE

Intraperitoneal administration of ovalbumin and adjuvant

resulted in a significant increase in serum ovalbumin-
specific IgE in all groups when compared to naı̈ve animals
(P<0Æ01 and P<0Æ05). Pre-treatment with SP600125 did
not inhibit the allergen-induced increase in ovalbumin-
specific IgE (Table 1).

Cytokine expression in lungs

In sensitized rats, ovalbumin exposure induced a significant
increase in mRNA expression for IL-1b (P<0Æ01), TNF-b
(P £ 0Æ05), IL-2 (P<0Æ05, n ¼ 3, Fig. 4). SP600125 did not
suppress the ovalbumin-induced increase in mRNA
expression for IL-1b, TNF-b, IL-2, IL-3, IL-4 and IL-5.

Protein kinase activation

Increased expression of phosphorylated-c-jun (p-c-jun)
was detected in lung tissue isolated from ovalbumin-

stimulated sensitized animals as shown by Western blot
analysis (P<0Æ05, Fig. 5a). Pre-treatment with SP600125
(30 mg ⁄kg) abolished p-c-jun expression in ovalbumin-
stimulated sensitized animals (P<0Æ05). Western blot

analyses of phosphorylated MAPKAPK2 (p-MAP
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KAPK2) showed increased expression in lung tissue
isolated from ovalbumin-stimulated sensitized animals

(P<0Æ01, Fig. 5b). SP600125 did not alter the expression
of p-MAPKAPK2 indicative of the selectivity of SP600125
for JNK over the p38 protein kinase pathway.

DISCUSSION

Using a novel inhibitor of JNK, SP600125, we evaluated
the role of JNK in a rat model of allergic asthma.

Pretreatment with SP600125 attenuated bronchoalveolar
lavage eosinophil, neutrophil, macrophage and lymphocyte
accumulation induced by single allergen challenge. Eosi-

nophil and T-cell accumulation in the airways, mRNA
expression for IL-1b, TNF-b, IL-2, IL-3, IL-4 and IL-5,
allergen-specific IgE levels and bronchial hyperresponsive-

ness were not affected by SP600125. We detected increased

phospho-c-jun expression and phospho-MAPKAPK2
expression in the lungs of allergen-exposed animals, and

SP600125 abolished phospho-c-jun expression and not
phospho-MAPKAPK2 expression, indicating that this
compound inhibited JNK activity selectively over p38

activity.
SP600125 is a reversible ATP-competitive inhibitor with

>20-fold selectivity over a range of kinases and enzymes,
and has been shown to dose-dependently inhibit the phos-

phorylation of c-jun, the expression of inflammatory genes
and prevent the activation and differentiation of primary
human CD4 cell cultures.18 In an in vivo adjuvant arthritis

model in the rat, inhibition of metalloproteinase expression
and joint destruction was observed at doses of 30 mg ⁄kg,
with evidence of suppression of JNK activation in the

synovium.19 Based on this previous study in the rat, we
chose a dose of 30 mg ⁄kg for our current study, and
showed that at this dose in the rat, there was inhibition of

phospho-c-jun protein levels in the lungs following allergen
exposure of sensitized rats.
Enhanced expression of mRNA expression of the Th2

cytokines, IL-3, IL-4, and IL-5 together with IL-2 following

single allergen challenge has been demonstrated. SP600125
treatment resulted in a nonsignificant inhibition of these
cytokines. Inhibition of IL-2 production from Th1 and Th2

cells has been observed in vitro at an IC50 of 5 lm which is
two-log-fold higher than that observed for the inhibition of
JNK.18 The shift in IC50 between biochemical (JNK) and

cell assays is the result of the increase in ATP concentration
in the cell. The lack of significant suppression of IL-4
and IL-5 particularly by SP600125 is consistent with the
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Table 1. Effect of ovalbumin sensitization and exposure, and

treatment with SP600125 on serum ovalbumin-specific IgE levels

Naı̈ve

(n ¼ 4)

Saline+

ovalbumin

(n ¼ 10)
Ovalbumin

(n ¼ 10)

Ovalbumin+

SP600125

(n ¼ 10),

0Æ28±0Æ07 0Æ57±0Æ03
(**)

0Æ48±0Æ04
(*)

0Æ51±0Æ06
(*)

Units: Optical Density (OD) at 405 nm. Saline ¼ ovalbumin-sensitized,
vehicle-treated, saline-challenged; Ovalbumin ¼ ovalbumin-sensitized, vehi-
cle treated, Ovalbumin-challenged; SP600125 ¼ ovalbumin-sensitized,
SP600125- treated, Ovalbumin-challenged. Data are presented as mean ±

SEM. *P < 0Æ05, **P<0Æ01 vs. naı̈ve.
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expression was increased in sensitized and ovalbumin-exposed rats and was not inhibited in SP600125-treated rats. b-actin was
included as a control. A representative example of two out of three experiments for each group is shown (labelled 1 or 2). The

mean density of bands from three rats in each group is shown on the right-hand side of the panel. *P<0Æ05, **P<0Æ01 as
compared to group saline. #P<0Æ05 as compared to group Ovalbumin. Data are shown as mean ± SEM.
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persistence of airway eosinophilia and of the elevated serum
levels of ovalbumin-specific IgE. IL-5 is important in the
terminal differentiation and prolonged survival of eosin-
ophils24 and the administration of anti-IL-5 monoclonal

antibody prevents allergen-induced airway eosinophilia in
animal models25 while IL-5 gene knock-out mice fail to
recruit eosinophils in response to allergen.4 IL-4 is

important in the isotype switch of IgG to IgE production in
B cells.26 Ligation of CD40, also involved in B-cell activa-
tion and differentiation, by soluble gp39 (CD40 ligand)

leads to the activation of the JNK pathway in B cells.27

However, inhibition of JNK alone was insufficient in
altering CD40-mediated IgE production,27 indicating that

CD40 signalling may involve more than the activation of
JNK sequential protein kinase pathways. In addition, in
our model, we administered the JNK inhibitor following
sensitization procedures, and therefore this would be

unlikely to affect the increase in ovalbumin-specific serum
IgE following sensitization.
We also found an increased expression of the pro-

inflammatory cytokines IL-1b, TNF-b and to a lesser ex-
tent, TNF-a, after allergen challenge. It is interesting that
JNK activation in sensitized, unexposed rats showed some

background level of JNK activity. In preliminary studies,
we found that SP600125 in these rats had no effect on
bronchial responsiveness and on bronchoalveolar lavage
cells, but the background expression of IL-1b and TNF-b
may be the resultant effect of the background JNK activity.
After SP600125 administration in sensitized and ovalbu-
min-exposed rats, there was a trend towards a reduction in

the expression of these cytokines, particularly the activator
protein-1-dependent cytokines interleukin-1a and TNF-a.
Inhibition of TNF-a from lipopolysaccharide-activated

monocytes in vitro was achieved at a higher IC50 of 10 lm
18

indicating that a higher dose of SP600125 may be needed
in vivo to achieve inhibition of pro-inflammatory cytokine

expression. Alternatively, the transcriptional regulation of
these cytokines may be dependent on other transcription
factors such as NFjB28 in addition to activator protein-1.
Huang et al. have previously shown that a joint activator

protein-1 and nuclear factor-kB inhibitor, SP100030
inhibited the mRNA expression of IL-2, IL-5 and IL-10
in the lungs of allergen-exposed rats.20 These differences

observed with SP100030 compared to SP600125, may result
from the ability of SP100030 to inhibit NFjB, in addition
to activator protein-1.

SP600125 inhibited the recruitment of inflammatory
cells into the bronchoalveolar lavage fluid without affecting
the number of cells in the airway submucosa. One explan-
ation for this effect could be through the inhibition of

epithelial expression of adhesion molecules. Inflammatory
cells adhere to airway epithelium in their egress into the
airway lumen. In human endothelial cell lines, TNF-

induced E-selectin transcription was dependent on the
activation of JNK.16,29 Other adhesion molecules such as
a4-integrin and VCAM-1 may also be regulated by JNK
and these may have important roles in the antigen-induced
recruitment of T cells and eosinophils during ovalbumin-
induced airway inflammation.30 However, because tissue

eosinophilia was not affected by SP600125, we presume that
the inhibitory effect of SP600125 was selective for epithelial
and not for the airway endothelial expression of adhesion
molecules. Our data highlight the fact that migration

through the epithelium is JNK-dependent, while migration
through the endothelium is not.
The lack of effect of JNK inhibition on bronchial

hyperresponsiveness induced by single allergen exposure
to ovalbumin raises the issue as to whether other MAPK
pathways are involved. There are very few in vivo data.

An inhibitor of p38 MAPK, SB203580, was shown to be
ineffective in inhibiting eosinophil or neutrophil recruit-
ment in bronchoalveolar lavage fluid in rats.31 However,

in vitro studies indicate that both p38 and ERK MAPK
play an important role in eosinophil differentiation, cyto-
kine production, and deganulation.32 More recently, we
have shown that SP600125 was able to inhibit bronchial

hyperresponsiveness and tissue eosinophilia in the chronic
exposure rat model;33 this is likely to be the result of the
inhibitory effect of SP600125 on the structural remodel-

ling changes in the airways induced by chronic exposure,
such as the airway smooth muscle proliferation. The
current study is more in line with the increasing concept

that eosinophils may not be important in the pathogen-
esis of bronchial hyperresponsiveness. In summary,
selective inhibition of JNK with SP600125 had no effect
on mucosal inflammation and bronchial hyperrespon-

siveness, but reduced inflammatory cell egress into the
airway lumen after single allergen exposure. JNK
MAPK activation plays a very limited role in the

pathogenesis of allergic inflammation following single
allergen exposure.
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