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BALB/c mice were sensitized and challenged with ovalbumin. We hypothesized that Kidins220/ARMS
influences airway inflammation and hyper-responsiveness during allergic airway challenge, and assessed
it by intranasal administration of anti-NGF antibody or anti-ARMS antibody to mice. Airway resistance

l<<_?yw0rd55 was measured using a sealed whole-body plethysmograph. Total cell numbers and the percentage of
Kidins220/ARMS different inflammatory cells in BALF were counted. Expression of IL-1(3, IL-4 and TNF-a were deter-
gfg;]rilamin mined by ELISA, and NF-kB activation determined by EMSA. Kidins220/ARMS expression was observed

in ovalbumin-sensitized mice by immunofluorescence or western blotting. IL-1f3, IL-4, and TNF-a were
overexpressed and NF-kB activation increased after allergen challenge compared with controls. After
treatment with anti-ARMS or anti-NGF, levels of IL-1(3, IL-4 and TNF-a and NF-kB activation were reduced
in comparison with those of ovalbumin-sensitized mice. These results suggest that NGF-mediated
Kidins220/ARMS signaling participates in the pathogenesis of asthma, and contributes to airway inflam-

Airway inflammation
Airway hyper-responsiveness
NF-«kB

mation and hyper-responsiveness in ovalbumin-sensitized mice.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Asthma is a complex disease characterized by reversible airway
obstruction, airway hyper-responsiveness and chronic inflamma-
tion of the airways. Many cell types and cytokines contribute to
this inflammation, which enhances bronchial sensitivity to vari-
ous stimuli (Ying et al., 2006). Nerve growth factor (NGF) has been
specifically implicated in the pathogenesis of asthma because it
can promote sensory neuron hyper-reactivity and induce airway
inflammation (El-Banna et al., 2006; Obermeier et al., 1994). The
diverse actions of NGF are mediated by its binding to a specific
high-affinity receptor: tyrosine kinase receptor A (TrkA) (De Vries
et al., 2006; Freund and Frossard, 2004). In addition, ankyrin-rich
membrane-spanning (ARMS) protein/substrate for protein kinase
D (Kidins220), a novel transmembrane protein substrate of Trk
receptors, is directly involved in the downstream signaling events
for neurotrophins (Kong et al., 2001). ARMS has been identified as
an important molecule in the signaling pathway through binding
with NGF-TrkA for activating downstream enzymes (Edwards et
al., 2009). In PC12 cells treated with NGF for brief intervals, tyro-
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sine phosphorylation of ARMS occurred simultaneously with the
detection of phosphorylated TrkA receptors. Moreover, ARMS plays
a critical part in the branching of cortical and hippocampal den-
drites, and in the turnover of cortical spines (Wu et al., 2009). ARMS
may promote nuclear factor kappa-B (NF-kB) signaling via acti-
vation of mitogen-activated kinase (MAPK) and IkB kinase (IKK),
thereby facilitating phosphorylation of RelA (major NF-kB subunit)
at an IKK-sensitive site. ARMS is a major factor that links neu-
rotrophin signaling to NF-kB (Sniderhan et al., 2008). Interleukin
(IL)-1B and tumor necrosis factor (TNF)-a have been shown to
have a prominent role in the development of airway responsive-
ness and airway inflammation in bronchial asthma (Gosset et al.,
1991; Wills-Karp et al., 1993). IL-4 is a Th2 cytokine that has impor-
tant roles in allergic inflammation and airway remodeling (Jie et
al., 2009; Yoshinaka et al., 2002). Together, these studies suggest
that ARMS plays a fundamental part as a signaling molecule in
the NGF pathway. NGF and TrkA participate in the pathogenesis
of asthma.

Based on the information detailed above, we hypothesized
that upregulation of ARMS may contribute to: (i) the pathogen-
esis of NGF-mediated asthma, and (ii) airway inflammation and
hyper-responsiveness in asthma. To test this hypothesis, the role
of ARMS/Kidins220 in the pathogenesis of asthma and in airway
inflammation and airway hyper-responsiveness was investigated.
The findings indicated that Kidins220/ARMS signaling was acti-
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Fig. 1. (a) Airway inspiratory resistance (IR) and (b) airway expiratory resistance (ER) of five groups with regard to MCH dose-response were analyzed using animal lung
function apparatus. The dose-response curves showed that the airway response to MCH was increased in the OVA group and VEH group compared with that in the control
group. Treatment of OVA-sensitized mice with anti-NGF and anti-ARMS prevented this increase in airway reactivity. *P<0.01 vs control group; **P<0.01 vs OVA group and

VEH group.

vated in ovalbumin (OVA)-sensitized mice and may contribute to
airway inflammation and hyper-responsiveness.

2. Materials and methods
2.1. Ethical approval of the study protocol

All animal experiments as well as procedures involving animal
manipulation were approved by the Ethics Committee for Animal
Use and Care at the Institute of Education of China Medical Univer-
sity (Shenyang, China).

2.2. Animals

Specific pathogen-free female BALB/c mice (age, 6-8 weeks;
18-20¢g) were provided by the Laboratory Animal Research Center
in Beijing, China. These mice were housed in cages and maintained
in aroom with a 12-h/12-h light/dark cycle with free access to food
and water.

2.3. Sensitization, challenge and experimental protocol

Sixty-four BALB/c mice were randomized into five groups: con-
trol, ovalbumin (OVA), vehicle (VEH), anti-NGF, and anti-ARMS.
All groups contained 12 mice except the OVA group, which had
16 mice. Sensitization and challenge protocols were carried out
according to the methods of Elwood et al. (1991) and Vanacker et
al. (2001) with some modifications (as described below). On days
0,7,14 and 21, all mice except the control group were actively sen-
sitized with OVA (1 mg, i.p.; Sigma-Aldrich, St Louis, MO, USA) and
100 mg aluminum hydroxide in 0.5 mL phosphate-buffered saline
(PBS). Mice in the control group were injected with 0.5 mL PBS
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only. Control-group mice were then exposed to aerosolized PBS for
30 min/day from days 22 to 31. Meanwhile, OVA-sensitized mice
were exposed to 40 mg/mL aerosolized OVA (4g OVA in 100 mL
sterile PBS in a nebulizer) for 30 min/day from days 22 to 31. Anti-
NGF group mice underwent intranasal application of 50 p.L (diluted
1:50 in PBS) polyclonal goat anti-mouse NGF antibody (biological
activity: 1:4000 dilution blocks bioactivity of 5 ng/mL NGF) (Santa
Cruz Biotechnology, Santa Cruz, CA, USA). Intranasal treatment of
mice using anti-NGF antibody was undertaken according to the
method of Braun et al. (1998), Glaab et al. (2003) and Nagai et
al. (2004) with minor modification. Mice in the anti-ARMS group
underwent intranasal application of goat polyclonal anti-ARMS
antibody (diluted 1:25 in PBS) (Santa Cruz Biotechnology). VEH-
group mice underwent intranasal application of PBS. Intranasal
treatment was 3 h before allergen aerosol challenge on days 27,
28 29, 30 and 31. All mice were killed within 24 h after the last
exposure to OVA or PBS.

2.4. Determination of airway hypersensitivity

Twenty-four hours after the final challenge, mice were anaes-
thetized with pentobarbital sodium (80 mg/kg, i.p.). If sensitivity
of the tail to pain was disesthesia or anesthesia, the trachea was
cannulated and airway resistance measured using an AniRes 2005
Animal Lung Function Analysis machine (Peking Biolab Tech Com-
pany, Beijing, China). As described by Liu et al. (2010), Xu et al.
(2002) and Zhu et al. (2007), mice were anaesthetized, a tra-
cheotomy was carried out, a cannula connected to a mechanical
ventilator, and a signal conditioning unit connected to a sealed
whole-body plethysmograph. Mice were then placed in a sealed
whole-body plethysmograph and connected to a rodent venti-
lator at 90 breaths/min. Transducers (ML-AMP II, Peking SYNOL
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Fig. 2. Counts of total numbers of cells and different cells in BALF of the different groups. Data are mean +S.D. (n=6). (a) Total cell counts. *P<0.01 vs control group; **P<0.01
vs OVA group and VEH group; (b) Differential cell counts. MAC, macrophages; LYM, lymphocytes and EOS, eosinophils. *P<0.01 vs control group; **P<0.01 or ¥P<0.05 vs

OVA group and VEH group.
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Fig. 3. Localization of ARMS in BALF cells from (a) control, (b) OVA, (c) VEH and (d) anti-NGF group by immunofluorescence. Representative images (n=4 experiments) are
shown of ARMS staining (green). The green fluorescence was clearly more intense in BALF cells from the OVA and VEH group mice than that from control mice and anti-NGF
treatment mice (original magnification, fluorescence microscopy, x400). (For interpretation of the references to color in this figure legend, the reader is referred to the web

version of the article.)

High-Tech Company, Beijing, China) were connected to the ven-
tilatory circuit. This provided voltage signals for pressure and flow,
which were amplified and recorded for subsequent analyses. A
microcomputer running AniRes 2005 software was used to con-
tinuously calculate the inspiratory resistance (IR) and expiratory
resistance (ER) of the respiratory system from the digitized signals
of pressure and flow. After stabilization of respiratory param-
eters, mice were given methacholine (MCH) dissolved in 0.9%
sodium chloride; i.v.; Sigma-Aldrich) in gradient doses (0.025, 0.05,
0.075, 0.1 mg/kg) via a 22-G catheter inserted into the external
jugular vein. Injections were at 5-min intervals. The MCH vol-
ume was 50 L delivered over 3-4s based on the criterion that
the resistance curves must return to the pre-MCH level before
the next MCH injection. The response was measured as the peak
increased above the baseline immediately after MCH administra-
tion.

2.5. Bronchoalveolar lavage fluid (BALF)

Mice were killed 24 h after the final OVA challenge, followed by
BALF collection using a previously described method (Kim et al.,
2007). Three aliquots of 1-mL PBS were injected and withdrawn
through the tracheal cannula (recovery rate >75-80%). After cen-
trifugation at 500 x g, the supernatant was stored at —80°C for
further measurement of concentrations of IL-1f3, IL-4 and TNF-a
using an enzyme-linked immunosorbent assay (ELISA). Total cell
numbers were counted with a hemacytometer. Cytospin slides of
BALF cells were prepared using Cytospin II (Shandon, Runcorn,

UK) and stained with Wright-Giemsa. Differential cell counts were
determined by light microscopy (Olympus, Japan) from a count of
<200 cells. All slides were counted twice by different observers
blinded to the study protocol.

2.6. ELISA for measurement of the concentration of IL-18, IL-4
and TNF-« in BALF

ELISA was used to measure the concentrations of IL-1[3, IL-4
and TNF-« in BALF in the five groups. All ELISA procedures were
undertaken according to manufacturer’s instructions (Bionewtrans
Pharmaceutical Biotechnology Company Limited, Franklin, MA,
USA). The sensitivity of these assays to IL-1f3, IL-4, and TNF-a was
1, 1, and 7.8 pg/mL, respectively.

2.7. Immunolocalization of Kidins220/ARMS

Smears of BALF cells from the control, OVA, VEH and anti-
NGF group were fixed with cold acetone for 10 min and washed
thrice with PBS for 5min. They were then incubated with 0.2%
Triton X-100 at 37°C for 30 min. After being washed thrice with
PBS for 5min, slides were blocked with cow serum at 37°C
for 30min and then incubated with 1:50 goat polyclonal anti-
ARMS antibody (Santa Cruz Biotechnology) at 4 °C overnight. After
being washed thrice with PBS, slides were incubated with 1:200
cow anti-goat IgG conjugated to fluorescein isothiocyanate (Santa
Cruz Biotechnology) at 37°C for 30 min in the dark. Slides were
then mounted with glycerol and images captured using an Olym-
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Fig. 4. Effect of anti-ARMS treatment on levels of IL-1(3, IL-4 and TNF-a. Levels of (a) IL-1(3, (b) IL-4 and (c) TNF-« in the supernatant of BALF were measured by ELISA. Data
are mean +S.D. (n=6). *P<0.01 vs control group; **P<0.01 or ¥P<0.05 vs OVA group and VEH group.

pus BX 60 Upright Fluorescence Microscope (Olympus, Tokyo,
Japan).

2.8. Western blot analyses

Protein homogenates of samples of lung tissue were prepared
by rapid homogenization in 10 volumes of ice-cold RIPA Lysis
Buffer (Beyotime, Shanghai, China). Samples were centrifuged at
17,000 x g for 1h. The protein concentration of the soluble mate-
rial was determined using an Enhanced Bicinchoninic Acid (BCA)
Protein Assay Kit (Beyotime, Shanghai China). Ten micrograms of
proteins from each sample were then loaded onto a 7.5% sodium
dodecyl sulfate-polyacrylamide gel. Electroblotted proteins were
transferred from the gel to polyvinylidene difluoride membrane
(Amersham Pharmacia Biotech, Buckinghamshire, UK). After block-
ing, blots were incubated with 1:1000 goat polyclonal anti-ARMS
antibody (Santa Cruz Biotechnology) overnight at 4 °C and further
incubated for 1h with horseradish peroxidase (HRP)-conjugated
secondary antibody (Santa Cruz Biotechnology). The ARMS band
was visualized using an Enhanced Chemiluminescence Kit (Santa
Cruz Biotechnology). Integrated density values (IDV) were analyzed
using a computerized image analysis system (Fluor Chen 2.0) and
normalized to those of (3-actin.

2.9. Electrophoretic mobility shift assay (EMSA)

Preparation of nuclear extracts and gel mobility shift assays
were carried out according to previously described methods (Yin et
al., 2008). NF-kB DNA binding activity was measured by EMSA using
nuclear extracts from lung tissues. The biotin 5’ end-labeled duplex
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Fig. 5. Expression of ARMS protein in lung tissue by western blotting. (a) Expression
of ARMS and 3-actin in the control, OVA, VEH and anti-NGF group; (b) optical density
values for ARMS relative to B-actin. Data are mean +S.D. (n=6). *P<0.01 vs control
group; **P<0.01 vs OVA group and VEH group.

NF-kB oligonucleotide (5-AGTTGAGGGGACTTTCCCAGGC-3') was
used as the probe, according to the LightShift Chemiluminescent
EMSA Kit (Pierce Biotechnology Incorporated, Rockford, IL, USA).
Incubations were done in a buffer containing 10 mM Tris (pH 7.6),
2.5% glycerol, 0.05% Nonidet P-40, and 50 ng/wL of poly (dI-dC).
This reaction was then subjected to gel electrophoresis on a native
(6%) polyacrylamide gel and transferred to a nylon membrane.
The biotin end-labeled DNA was detected using the peroxidase-
conjugated streptavidin system. For the cold competition assay,
unlabeled probe was added in 500-fold molar excess. The mem-
brane was exposed to X-ray film at room temperature for 3-5 min.
NF-kB activity was examined by the optical density (OD) of the
band.

2.10. Statistical analyses

Data were analyzed using SPSS 15.0 software (SPSS, Chicago,
IL, USA). Data are means =+ S.D. Differences between groups were
analyzed using the Student’s t-test and one-way analysis of vari-
ance (ANOVA) followed by Fisher’s least significant difference test,
whereas two-way ANOVA was used to assess differences in airway
resistance. P<0.05 was considered significant.

3. Results
3.1. Measurement of airway resistance

All experimental mice exhibited dose-dependent augmenta-
tion of IR and ER in response to increasing doses of intravenously
administered MCH. There was no statistically significant differ-
ence in baseline values of IR and ER among all experimental
groups. The airway response to MCH was increased in the
OVA group compared with that in the control group (P<0.01).
Treatment of OVA-sensitized mice with intranasal anti-NGF and
anti-ARMS before OVA challenge prevented this increase in air-
way reactivity, reflected by a shift in the dose-response curves
(Fig. 1a and b) and significantly decreased reactivity compared
with the untreated OVA-sensitized mice and VEH-group mice
(P<0.01).

3.2. Total cell numbers and differential cell percentages in BALF

The total cell numbers (Fig. 2a) and the percentage of
macrophages, lymphocytes and eosinophils (Fig. 2b) in BALF in
mice of the OVA group were significantly increased compared
with the numbers in mice of the control group (P<0.01). The
increased numbers of inflammatory cells (including eosinophils)
were significantly reduced by the administration of anti-NGF, anti-
ARMS antibodies, as compared with the OVA group and VEH
group (P<0.01 and P<0.05). However, there were no significant
differences among the two groups when treated with different
antibodies (P>0.05).



X. Ni et al. / Respiratory Physiology & Neurobiology 175 (2011) 97-103

Negative CON

OVA VEH anti-NGF anti-ARMS

NF-kB

NS

Free probe

b

0D of EMSA

101

250 | @ Control
* mOVA
200 | O VEH
O Anti-NGF
150 + B Anti-ARMS
ek
100 | L3
50
0

Fig. 6. Identification of activated NF-KB in the DNA-protein complex by EMSA. Nuclear extracts (7 png) from lung in each group were incubated with Binding Reaction. The
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3.3. Immunofluorescence detection of ARMS in BALF

The green fluorescence emitted by the FITC-labeled ARMS
antibody indicated the expression of ARMS in cells of BALF. Flu-
orescence was not detected in the negative control slides (in which
anti-ARMS was replaced with PBS), demonstrating the absence of
non-specific staining. In cells of BALF in the control group, weak flu-
orescence was observed mainly on the cell membrane and in the
cytoplasm, and occasionally in cell nuclei (Fig. 3a). The cells of BALF
from the OVA group and VEH group exhibited distinct fluorescence
in the same cellular regions as those in the control group, but with a
much greater intensity (Fig. 3b and c). The overexpression of ARMS
protein at the site stated above was reduced in the anti-NGF group
(Fig. 3d). These findings demonstrated ARMS expression in cells of
BALF from the OVA group, which may be relevant to NGF.

3.4. Concentrations of IL-1p, IL-4 and TNF-« in BALF

Levels of IL-1(3, IL-4 and TNF-a in BALF were significantly
higher in the OVA group than in the control and anti-ARMS groups
(P<0.01). This was direct evidence that ARMS may affect the
expression of inflammatory cytokines, and suggested the possible
involvement of ARMS in inflammatory reactions. Levels of IL-1(3,
IL-4 and TNF-a in the anti-NGF and anti-ARMS group were signif-
icantly reduced compared with those in the OVA group and VEH
group (P<0.01 and P<0.05) (Fig. 4a—c).

3.5. Expression of ARMS protein

Western blot analyses were carried out to study levels of ARMS
protein (Fig. 5aand b) in each group. ARMS protein was expressed at
low levels in the control group. However, the levels were markedly
increased in the OVA group and were higher significantly than those
in the control mice (P<0.01). Expression of ARMS in the anti-NGF
group was significantly lower than that in the OVA group and VEH
group (P<0.01).

3.6. Activation of NF-kB

The activation of NF-kB was measured by EMSA. NF-kB DNA
binding activity was remarkably enhanced in lung tissue from
ovalbumim-sensitized mice compared with that in control mice
(P<0.01) (Fig. 6a and b). However, mice treated with anti-NGF
and anti-ARMS before OVA challenge exhibited less NF-kB DNA
binding activity compared with untreated OVA-sensitized mice

and VEH-group mice (P<0.01). However, there were no signifi-
cant differences among the two groups treated with anti-NGF and
anti-ARMS antibody (P> 0.05).

4. Discussion

Accumulating evidences show that NGF plays an important part
in bronchial hyper-responsiveness and inflammation (Frossard et
al., 2005; Nockher and Renz, 2006) in asthma. NGF levels are
increased in the serum and BALF from asthmatic patients compared
with those from control subjects (Bonini et al., 1996; Virchow et
al., 1998). Kidins220/ARMS was recently shown to be phospho-
rylated after neurotrophin treatment in PC12 cells and cortical
neurons, leading to a prolonged response of MAP kinase (Arevalo et
al., 2004). ARMS protein serves as an important downstream plat-
form for the association of ARMS with Trk receptors, through which
CrkL-C3G-Rap1 proteins are assembled. Prolonged activation of
MAP kinase is facilitated by the formation of this complex (Arevalo
et al, 2004). However, whether ARMS is involved in the pathogen-
esis of asthma and, if so, its mechanism of action, have not been
investigated.

In the present study, the expression of ARMS protein in lung
tissue as measured by western blot analyses in the OVA group
was increased compared with that in the control group. ARMS
expression in BALF cells detected using an immunofluorescent
assay was increased in the OVA group. Intervention with an anti-
NGF antibody resulted in significant reduction of ARMS expression
in BALF cells in the OVA group. ARMS blockade was also associ-
ated with reduced total cell numbers and numbers of inflammatory
cells, including lymphocytes and eosinophils in the BALF of OVA-
sensitized mice. This was presumably the result of depressed
expression of NGF due to the blocking of ARMS (which attenu-
ates the capacity of inflammatory cells such as lymphocytes and
eosinophils to migrate to the airways). These findings suggest that
ARMS expressed in BALB/c mice participates in the pathogenesis of
asthma through a NGF-mediated signaling pathway.

Some in vitro and in vivo studies (De Vries et al., 2006; Kerzel
et al., 2003; Nassenstein et al., 2006) have suggested that NGF,
through its TrkA and p75NTR receptors, might play a part in air-
way inflammation and in bronchial responsiveness, which are
important features observed in allergic diseases of the airway and
asthma. Increased NGF levels were found in the airways in animal
models of asthma (Virchow et al,, 1998) as well as in lympho-
cytes, macrophages, airway epithelial cells, pulmonary fibroblasts
and airway smooth muscle cells (Dinh et al., 2004; Freund and
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Frossard, 2004). NGF has pro-inflammatory properties, includ-
ing mediator release from inflammatory cells, infiltration of mast
cells, activation of eosinophils, and induction of fibroblast acti-
vation (Olgart Héglund et al., 2002). Kidins220/ARMS represents
the only membrane-associated protein known to interact with
Trk and p75 receptors (Chang et al,, 2004). ARMS facilitates the
interaction of Trk receptors with CrkL and Rap-1 proteins, thereby
promoting neurotrophin-dependent activation of MAPK (Arevalo
et al., 2004). ARMS might promote NF-kB through a MAPK mech-
anism (Sniderhan et al., 2008). We can therefore assume that the
NGF-TrkA-ARMS signaling pathway may play a part in the inflam-
mation and hyper-responsiveness seen in asthma by activating
NF-xB.

Specific cytokines have been associated with human asthma
through studies in blood, exhaled breath condensates, BALF cells
or sputum cells (Finkelman et al., 2010). The administration of
IL-1p and TNF-a can increase the airway responsiveness to metha-
choline and induce the accumulation of neutrophils and alveolar
macrophages (Broide et al., 1992; Tillie-Leblond et al., 1999).
These cytokines have been detected in increased amounts in BALF
(Tillie-Leblond et al., 1999) and in the culture supernatants of alve-
olar macrophages from asthmatic patients (Azevedo et al., 1997,
Gosset et al.,, 1991). Moreover, the level of the pro-inflammatory
cytokine IL-4 is increased in the lung tissues of asthmatic humans
(Zimmermann et al., 2003) and animals (Secor et al., 2008; Yin
et al., 2008). The cytokines IL-13, IL-4 and TNF-«a are key players
in airway inflammation and airway hyper-responsiveness in aller-
gic asthma. Activation of the transcription factor NF-kB is linked
to the expression of various proteins, including cytokines (Penido
et al., 2006; Yin et al., 2008). Th1-associated IL-1 and TNF-a as
well as Th2-associated IL-4 are believed to be the key cytokines
involved in the induction of airway hyper-responsiveness, infil-
tration of eosinophils into the lungs, and mucus secretion (Nakae
et al., 2007). In the present study, expression of IL-1f3, IL-4 and
TNF-a in BALF in OVA-sensitized mice was higher than that in con-
trol mice. We observed activation of NF-kB in the lung tissue of
OVA-sensitized mice, clearly indicating the nuclear translocation of
NF-kB. These results were similar to those of studies in asthmatic
patients (Tillie-Leblond et al., 1999; Wright and Christman, 2003;
Zimmermann et al., 2003). However, treatment with anti-ARMS
antibody resulted in downregulation of expression of NF-«B, IL-13,
IL-4, and TNF-a in OVA-sensitized mice. These results suggested
that a NGF-mediated ARMS-dependent signaling pathway acti-
vated by airway inflammation and airway hyper-responsiveness
in allergic asthma may be involved in the mechanism of patho-
genesis of asthma through upregulation of NF-«B, IL-1(3, IL-4 and
TNF-a. The present study suggests that an ARMS-blocked method
may be applicable for the treatment of airway inflammation
and airway hyper-responsiveness in allergic asthma. Furthermore,
MCH-induced airway response tests indicated that treatment with
anti-ARMS and anti-NGF markedly suppressed OVA-elicited air-
way hyper-reactivity. These results indicate that ARMS has a
role in the inflammatory response and that ARMS upregulation
is involved in the neuroimmunological pathogenesis of allergic
challenge in mice. These findings may pave the way for the devel-
opment of new therapeutic approaches to allergic diseases of the
airways.

In conclusion, this study demonstrated that NGF-mediated
Kidins220/ARMS signaling contributes to airway inflammation
and hyper-responsiveness in OVA-sensitized mice. Intranasal
administration of anti-NGF or anti-ARMS effectively blocked the
inflammatory cascade, suggesting that blocking NGF and ARMS
may be beneficial for asthma treatment. It is already known that
NGF activates various signaling molecules via TrkA, including phos-
pholipase C, PI3-K/Akt, the small G-protein Ras and MAPK, all of
which have been implicated in asthma. We investigated the role of

the NGF-ARMS pathway in allergic airway disease in mice, but it is
likely that other pathways are also involved and require investiga-
tion.
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