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Abstract

Airway inflammation is thought to play a major role in the pathogenesis of bronchial asthma. The precise role of individual inflammatory
cells, mediator and asthma related genes in allergic lung diseases is not completely understood. The uteroglobin-related protein (UGRP) 1
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as proposed to be an asthma candidate gene and play a role in regulating lung inflammation, however its precise function in
emains obscure. In this investigation, we used a mouse model of allergic airway inflammation to establish a relationship betwee
nd IL-5 in airway inflammation. Ovalbumin (OVA) challenged mice demonstrate eosinophilia in airway tissues and high levels o
ronchoalveolar lavage (BAL) fluid analogous to that found in bronchial asthma. Interestingly, these “OVA-challenged” mice sho
egulation ofUgrp1expression as compared with the control group. Regression analysis further demonstrates a significant negative
etweenUgrp1mRNA expression in the lung and IL-5 levels in BAL fluid withr = 0.948 andP< 0.0001 when IL-5 levels were normalized

og transformation. Intranasal instillation of IL-5 to mice revealed an inhibitory effect of IL-5 on the expression ofUgrp1mRNA. Together
hese results indicate an involvement of IL-5 in the down-regulation ofUgrp1 expression in airway inflammation such as allergic ast
isease.
ublished by Elsevier B.V.
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. Introduction

The underlying pathogenesis of bronchial asthma is
irway inflammation, which involves several types of

nflammatory cells and mediators that are responsible for
cascade of signal transduction linking the initial stimulus

o the abnormality in airway inflammation[1]. Expression
f localized cytokine and chemokines, secretion of pro-

nflammatory mediators, and the recruitment of lymphocytes

Abbreviations: UGRP, Uteroglobin-related protein; CCSP, Clara cell
ecretory protein; OVA, ovalbumin; BAL, bronchoalveolar lavage; IL,
nterleukin; BHR, bronchial hyperresponsiveness; SCGB, secretoglobin;
ARCO, macrophage scavenger receptor with collagenous structure
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and specific leukocyte cell types such as eosinophils
been shown to be critical events in the pathogenesis of as
and its clinical symptoms[2,3]. Additionally, complex pat
terns of genetic predispositions were found to be invo
in the pathogenesis of the disease. Both genome-wid
candidate gene approaches have been used in genetic
of asthma in an attempt to reveal the molecular mechan
The most notable asthma candidate susceptibility gene
located within the human chromosome region 5q31–3
which many genes involved in inflammation reside includ
IL-4, IL-5, IL-9, IL-13, and�2-adrenergic receptor[4–9].

Interleukin-5 (IL-5) is produced by a number of cell typ
including lymphocytes, mast cells, eosinophils, and air
smooth muscle and epithelial cells[10–12]. It is responsibl
for orchestrating eosinophilic inflammation; differentiat
and activation of eosinophil precursors to mature eosino

165-2478/$ – see front matter. Published by Elsevier B.V.
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and prolongation of their survival in the allergic site of in-
flammation in the airways[13–16]. IL-5 has an effect on
enhancing eosinophil degranulation to release several pro-
teins such as major basic protein (MBP), eosinophil cationic
protein (ECP) and eosinophil peroxidase, and activating ad-
hesion molecules on the vascular endothelium, leading to
tissue damages in airway epithelial cells[17–21]. IL-5 was
shown to be important in the pathogenesis of allergic in-
flammation in the lung. Thus, mice injected together with
Nippostrongylusorganisms and anti-IL-5 antibodies failed
to develop eosinophilia[22], and the administration of mon-
oclonal anti-IL-5 antibodies to an animal model of asthma
abrogated airway eosinophilic response and bronchial hy-
perresponsiveness (BHR) associated with antigen challenge
[23]. Overproduction of IL-5 in transgenic mice led to persis-
tent eosinophila and airway inflammation[24], whereas IL-5
knockout mice failed to develop pulmonary eosinophilia and
airway hyperresponsiveness after antigen challenge[25]. In
human asthmatics, IL-5 administrated in lung airways acted
directly as a chemoattractant for eosinophils recruitment and
as an activator of infiltrating eosinophils[26].

Uterogloblin-related protein 1 (UGRP 1), also called
SCGB3A2[27], is a small homodimeric secretory protein
(∼10 kDa), constitutively highly expressed in the lung, par-
ticularly in the epithelial cells of trachea, bronchus and bron-
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suggest an involvement of IL-5 in decreased expression of
Ugrp1gene in inflamed mouse airways.

2. Materials and methods

2.1. Animals

Female 129Sv mice were used in the present study. All
animals were housed in rooms with a 12 h day/12 h night di-
urnal cycle and were given food and water ad libitum. The
animal studies were carried out in accordance with the Us-
ing Animals in Intramural Research Guidelines (NIH Animal
Research Advisory Committee, NIH, Bethesda, MD) and ap-
proved by the Institutional Animal Care and Use Committee.

2.2. Aeroallergen treatment of mice

Six-week-old mice were sensitized by i.p. injection of
mixture of 10�g ovalbumin (OVA; Sigma Chemical Co.,
St. Louis, MO) and aluminum hydroxide gel (ImjectAlum,
Pierce, Rockford, IL; 2.25 mg/mouse) on days 0 and 5. On
day 12, the “OVA-challenged” or “sensitized control” mice
were exposed to an aerosol of OVA (5 mg/ml) in saline or
saline alone, respectively under conscious state for 30 min.
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hioles[28]. UGRP 1 possesses significant amino acid
uence similarity to the Uteroglobin/Clara cell secretory

ein (UG/CCSP)[28] that exhibits several immunomudu
ory and anti-inflammatory effects in the lung[27,29,30].
ouse and human UGRP 1 share 81% amino acid seq

dentity [28]. By using fluorescence in situ hybridizati
FISH), the humanUGRP1gene was assigned to chrom
ome 5q31–32[31], one of the most extensively investiga
hromosomal regions in the pathogenesis of asthma, a
rea that contains a cluster of genes encoding numer
elper type (Th) 2 cytokines[32]. The mRNA level ofUgrp1

s down-regulated in inflamed mouse lungs, whereas th
ression level returned to normal following dexametha

reatment[28]. Further, a polymorphism (G/A) was iden
ed at−112 bp of the humanUGRP1gene promoter tha
as associated with an increased risk of bronchial asthm
Japanese population of adult asthmatic patients[31]. Re-

ently, a macrophage scavenger receptor with collage
tructure (MARCO) was identified as a receptor for UG
, which is expressed in lung alveolar macrophages a

nvolved in pulmonary inflammation[33]. These results su
est that UGRP 1 may play a role in regulating the local
une response in the lung. However, the precise funct

ole(s) of UGRP 1 in lung airway inflammation, particula
ith respect to cytokine regulation remains obscure.
In the current study, we demonstrate that mouse

enged with ovalbumin (OVA) show high levels of IL-5
ronchoalveolar lavage (BAL) fluid and these levels are
ersely correlated with the levels ofUgrp1expression in lung
urthermore, lungUgrp1expression decreased following

ranasal instillation of IL-5 to näıve mouse. These stud
he aerosol was generated by a jet nebulizer (PARI LC
ARI Respiratory Equipment, Inc., Monterey, CA) driven
n air compressor (PRONEB Ultra; PARI Respiratory Eq
ent, Inc.) in a plexiglass chamber (220× 230 mm, height
40 mm). Twenty-four hours later, mice were euthanized
ronchoalveolar lavage fluid was collected for determina
f IL-5 levels and whole lungs were processed to deter
grp1expression.

.3. Collection of bronchoalveolar lavage (BAL) fluid
nd quantitation of IL-5 level

The chest of each animal was opened and a 20-gauge
eedle was introduced into the upper trachea. The lung

avaged with 1 ml of phosphate-buffered saline (PBS; pH
oom temperature) and bronchoalveolar lavage (BAL)
as collected. The lavage obtained from each animal
ooled after re-infusing PBS twice before final collect
he collected BAL fluid was centrifuged at 500×g for 5 min
t 4◦C, and aliquots of the supernatant were frozen on

ce and stored at−80◦C for cytokine analysis. IL-5 leve
ere measured using murine cytokine ELISA system (
OGEN, EM-IL5) according to the manufacturer’s instr

ions.

.4. Histological analysis and immunohistochemistry

Lung tissues below the main bronchi were inflated w
n intratracheal injection of 10% formaldehyde solu
Fisher Scientific, Pittsburgh, PA) to preserve pulmon
rchitecture. After dehydration, the fixed lung samples w
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embedded in Paraplast Plus paraffin (Fisher HealthCare,
Houston, TX) and serial sections of 5�m thickness were
prepared. Both hematoxylin-eosin (HE) and Diff-Quik (DQ;
Baxter Healthcare, Miami, FL) staining were performed for
the identification of eosinophils based on the manufacturer’s
descriptions with slight modification. For immunohisto-
chemical staining, sections were treated with 0.3% H2O2 in
methanol to block endogenous peroxidase activity and then
5% skim milk in PBS. Sections were incubated with a rabbit
polyclonal antibody to mouse UGRP 1[28] (1:500 dilution)
for 1 h at room temperature, followed by biotinylated goat
anti-rabbit IgG (1:50 dilution) for 30 min at room temper-
ature. Bound antibody was visualized with the Vectastain
ABC staining kit (Vector Laboratory Inc., Burlingame,
CA) using 3,3′-diaminobenzidine as a peroxidase substrate.
Sections were rinsed with PBS, counterstained with Hema-
toxylin QS (Vector Laboratories Inc., Burlingame, CA) and
mounted in permanent mounting medium.

2.5. Intranasal instillation of IL-5

Seven-week-old mice (n= 3–5 in each group) were anes-
thetized with i.p. administration of 2.5% Avertin and allowed
to breathe spontaneously. Sterile PBS (20�l, control) or re-
combinant mouse IL-5 (20 and 60 ng in 20�l PBS; R&D
s nto
t s eu-
t iately
f

2

g liq-
u t tis-
s a ho
m e
T ared
a and
q val-
u

e gel
c ene
S ces,
B lus
h se
U ith
[ es
I ads
( was
p ice
w
w s
a sing
a vale,
C and
t

was determined with ImageQuant software (Amersham Bio-
sciences, Piscataway, NJ).

2.7. Data analysis

All group data are represented as the means± S.E. The
difference between control and treated groups was tested by
unpaired Student’st-test. Differences were considered statis-
tically significant atP< 0.05. Correlation between the levels
of Ugrp1mRNA expression in airways and IL-5 in BAL flu-
ids was analyzed by Fisher’s regression analysis.

3. Results

3.1. Characterization of allergic airways inflammation
in mice

Aerosol challenge of mice with OVA induced a signif-
icant increase in eosinophils in the lung, in comparison to
mice given aerosol saline alone. Histological examination
of lung sections stained with hematoxylin and eosin demon-
strated that “OVA-challenged” mouse lung tissues have char-
acteristic eosinophilic inflammation in widespread areas of
airway walls of bronchi and broncheoli (Fig. 1A, left pan-
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ystems, Minneapolis, MN) was intranasally instilled i
he trachea of each animal. After 24 h, each mouse wa
hanized, and lung tissues were harvested and immed
rozen in liquid nitrogen for later mRNA analysis.

.6. RNA isolation and Northern blot analysis

Frozen tissues were transferred to a mortar containin
id nitrogen and were pulverized using pestle to disrup
ues. The powdered tissues (100 mg) were transferred to
ogenizer containing 1 ml TRIzol®reagent (Invitrogen Lif

echnologies, Carlsbad, CA) and total RNAs were prep
ccording to the manufacturer’s instruction. The quality
uantity of purified RNAs were spectrophotometrically e
ated.

Total RNAs were electrophoresed on a 1% agaros
ontaining 0.22 M formaldehyde and blotted onto G
creen Plus nylon membranes (Perkin-Elmer Life Scien
oston, MA). Filters were hybridized in PerfectHyb P
ybridization buffer (Sigma, St. Louis, MO) with a mou
grp1 full-length cDNA as a probe, that was labeled w

�-32P]dCTP (3000 Ci/mmol; Perkin-Elmer Life Scienc
nc., Boston, MA) using Ready-To-Go DNA labeling be
Amersham Biosciences, Piscataway, NJ). Hybridization
erformed at 65◦C overnight. The filter was washed tw
ith 2× SSC containing 0.5% SDS at 65◦C for 20 min and
as re-hybridized with mouse�-actin or Gapdh cDNA a
loading control. Gene expression was determined u
Storm phosphorimager (Molecular Dynamics, Sunny
A) after overnight exposure to an intensifying screen

he intensity of theUgrp1and�-actin orGapdhmRNA bands
-

ls). The structural integrity determined by Diff-Quik sta
ng further indicated that eosinophils are the most i
rated cells (Fig. 1A, right panels). Airway epithelial cel
ere further examined for the expression of UGRP1 by
unostaining sections with anti-UGRP 1 antibody. Ug

xpression was rarely detected in airway epithelial cel
OVA-challenged” mice whereas “sensitized control” m
howed high levels of UGRP1 expression in the airw
Fig. 1B), demonstrating that antigen challenge has ca
own-regulation of UGRP 1 in mouse airways.

.2. Relationship between IL-5 and the expression of
grp1 mRNA in antigen challenged mice

IL-5 is a pro-inflammatory cytokine involved in inflam
atory processes, and in particular, it is known to be

ponsible for eosinophilic inflammation[13–16]. Thus, the
evel of IL-5 in BAL fluids obtained from control and “OVA
hallenged” mice was assessed by using ELISA. The
evels in BAL fluids of “OVA-challenged” mice were drama
cally elevated as compared with “sensitized control” m
Fig. 2). The level ofUgrp1 expression was next examin
y Northern blot analysis using lung mRNAs prepared f
OVA-challenged” and “sensitized” mice, The expressio
grp1mRNA in the airways of “OVA-challenged” mice w
ignificantly reduced as compared with that of “sensit
ontrol” mice (P< 0.05) (Fig. 3). The correlation betwee
L-5 levels in BAL fluids and the levels ofUgrp1 mRNA
xpression in the lungs was further analyzed by regre
nalysis. A significant inverse correlation between the le
f IL-5 andUgrp1mRNA expression was obtained with
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Fig. 1. Histological analysis of eosinophils and UGRP1 expression in lung
tissues. (A) Histopathological pulmonary changes on lung tissues after saline
(Control; upper panels) or ovalbumin (OVA) inhalation (Challenged; lower
panels) in mice. Sections of formalin-fixed lung tissues were stained with
hematoxylin and eosin (HE; left panels) or Diff-Quik (DQ; right panels)
before examination by light microscopy. Magnification: left panels,×400;
right panels,×600. Marked eosinophils infiltration was observed in “OVA-
challenged” mice. (B) Immunohistochemical staining for UGRP 1 using
rabbit anti-mouse UGRP 1 antibody in lungs obtained from sensitized control
(Control; upper panels) or OVA-challenged (Challenged; lower panels) mice.
Magnifications:×100 (left panels) and×400 (right panels). The UGRP 1-
positive staining in the epithelial cells is observed in Control mice, but only
faint staining is found in Challenged group.

correlation coefficient (r) of 0.948 withP< 0.0001 when IL-5
levels were normalized by log transformation (Fig. 4). These
results indicate the involvement of IL-5 in the inhibitory ef-
fects ofUgrp1expression in inflamed mouse airways.

3.3. Effect of intranasal administration of IL-5 on lung
Ugrp1 mRNA expression

In order to confirm the direct correlation between the lev-
els of IL-5 and the expression ofUgrp1 in lung, intranasal
instillation of IL-5 was performed into naı̈ve mice. Northern
blot analysis demonstrated that lung tissues obtained from
mice intranasally treated with IL-5 had lower levels ofUgrp1
mRNA expression as compared with control mice, with a
dose of 60 ng reaching statistical significance (Fig. 5). These

Fig. 2. IL-5 levels in bronchoalveolar lavage fluids (BALF) obtained from
sensitized control (Control) and OVA-challenged (Challenged) mice. The
levels of IL-5 were determined by ELISA. A dot represents each value ob-
tained from Control (n= 7) and Challenged (n= 6) mice, respectively, and a
bar represents the mean± S.E. Significantly elevated levels of IL-5 in BAL
fluids were observed in the Challenged group (** P< 0.01).

Fig. 3. Levels ofUgrp1mRNA expression in the lungs of sensitized con-
trol (Control) and OVA-challenged (Challenged) mice. (A) Northern blot
analysis using RNAs extracted from individual whole lungs of Control and
Challenged mice. The membrane was serially hybridized with radiolabeled
mouseUgrp1 and�-actin (loading control) probes. The representative re-
sult from three separate experiments are shown. (B) Bar graph showing the
relativeUgrp1mRNA levels. Data represent the mean± S.E from Control
(n= 7) and Challenged (n= 6) mice, respectively. TheUgrp1mRNA expres-
sion is significantly decreased in lungs of Challenged group as compared
with Control mice (** P< 0.01).

results suggest that IL-5 may, at least in part, directly suppress
Ugrp1expression in mouse lungs.

4. Discussion

In the present study, by using mouse model we demon-
strated that IL-5 is involved in reduced expression ofUgrp1
in allergic airway inflammation. In this animal model, lung
eosinophilic inflammation and high levels of IL-5 in bron-
choalveolar lavage fluids (BALF) were observed after oval-
bumin (OVA) challenge. Interestingly, lung obtained from
“OVA-challenged” mice showed significantly lowerUgrp1
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Fig. 4. Correlation between the levels ofUgrp1mRNA expression in lungs
and IL-5 levels in bronchoalveolar lavage fluids (BALF). Relative airway
Ugrp1mRNA levels after normalization to�-actin were regressed against
IL-5 levels in BALF after normalization by log transformation. A significant
correlation between the two parameters was observed (r = 0.948,P< 0.0001
by Fisher’s regression analysis).

expression at both the protein and mRNA levels than those
from control mice when examined using immunohistochem-
istry and northern blot analysis, respectively. Moreover,
down-regulation ofUgrp1 mRNA expression occurred in
mice intranasally instilled with IL-5. Since, UGRP1 is ex-
pressed only in the epithelial cells of the airways and prob-
ably due to quality of the antibody used, western blotting
using a whole lung did not produce a clear band that can be
quantitated for protein expression levels. Further, although
northern blotting is not quantitative, it clearly demonstrated
that the level ofUgrp1mRNA was reduced by approximately
a half of the control levels in the lungs of “OVA-challenged”
mice and after 60 ng intranasal administration of IL-5. Taken
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together, these results support the inhibitory effect of IL-5 on
the expression ofUgrp1 in allergic airway inflammation in
mice.

The importance of IL-5 in airway inflammation and the
pathogenesis of bronchial asthma have been well documented
[22–26]. Shi et al. showed that IL-5 challenge of allergic asth-
matics significantly induced airway hyperactivity as well as
airway eosinophilia[26]. The involvement of IL-5 in air-
way inflammation was further suggested by studies using
animal models; airway eosinophilia and hyperresponsive-
ness were induced by i.p. injection of IL-5-producing CV-1
cells to guinea pigs, and the allergic response, that is also
induced by OVA challenge, was inhibited by the treatment
with anti-IL-5 antibody[34,35]. Similarly, several studies
showed an inhibitory effect of anti-IL-5 antibodies on the
development of eosinophilia[22,23]and bronchial hyperre-
sponsiveness (BHR) associated with antigen challenge[23].
On the other hand, overproduction of IL-5 in transgenic mice
led to persistent eosinophila and airway inflammation[24],
whereas IL-5 knockout mice failed to develop pulmonary
eosinophilia and airway hyperresponsiveness after antigen
challenge[25]. A mouse deficient in the IL-5 receptor�-
subunit was shown to be resistant to airway eosinophilic
inflammation and bronchial hyperresponsiveness after OVA
sensitization and repeated inhalation of antigen even though
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ig. 5. Effect of intranasally administered IL-5 on theUgrp1mRNA levels
n lungs. (A) A representative autoradiograph from Northern blot ana
sing lung RNAs isolated from mice that received intranasal instillatio
0 and 60 ng of recombinant mouse IL-5. The membrane was serial
ridized with radiolabeledUgrp1andGapdhprobes. (B) Bar graph showin

he relativeUgrp1mRNA levels that is plotted against the amount of I
dministered. Quantitation ofUgrp1orGapdhmRNA bands was performe
sing a Storm phosphoimager and ImageQuant software. The value o
roup is the mean of those obtained from 3–5 mice± S.E. A statistically
ignificant difference was observed between 0 and 60 ng IL-5 (*P< 0.05).
L-5 levels in BALF of this mouse was increased to sim
evels found in wild-type mice[36]. These results indica
hat IL-5R� plays an important role in IL-5 mediated a
ay eosinophia and hyperresponsiveness. In this resp

s interesting to note that an increase in number of IL-5�-
ubunits was observed in endobronchial biopsies of asth
ubjects as compared to control subjects[37].

UGRP 1 may have an anti-inflammatory function
he airways with respect to bronchial asthma based
everal lines of evidence. Firstly, humanUGRP1gene wa
ocalized on human chromosome 5q31–32, where on
he asthma susceptibility genes has been assigned[31,32].
econdly, amino acid sequence of UGRP 1 is simila

he Uteroglobin/Clara cell secretory protein (UG/CC
28] that is believed to play a role in immunomodulat
nd anti-inflammatory activities in the lung[27,29]. In this
egard, a recent paper elegantly demonstrated that
reated with recombinant UG before challenge, UG inhib
h2 cytokine expression and eosinophil infiltration in lu
f OVA-sensitized and challenged UG knockout mice
therwise manifest exaggerated allergic response, thr
lockage of prostaglandinD2 receptor-mediated nucle

actor-�B activation and suppression of cyclooxygenas
xpression[30]. The third evidence is that reducedUgrp1
xpression in inflamed mouse lungs returned to normal
fter dexamethasone treatment[28]. In forth, a G/A polymor
hism was identified in the humanUGRP1gene promote

hat is associated with an increased risk of bronchial as
n a Japanese population of adult asthmatic patients[31].
he presence of a G/A polymorphism in humanUGRP1
ene promoter, however, is currently controversial du
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other papers that report no association between a G/A poly-
morphism and an increased risk of bronchial asthma[38,39].
And lastly, MARCO was identified as a possible UGRP 1
receptor that is involved in pulmonary inflammation[33].
In spite of these suggestive evidences, the exact function of
UGRP 1 in airway inflammation is still unknown, and thus
further studies are required to address the question.

In the current work,Ugrp1 expression was significantly
reduced by intranasal administration of 60 ng IL-5 to naı̈ve
mice. The result suggests that IL-5 may act, at least in part,
directly on lung epithelial cells to suppressUgrp1 gene ex-
pression. The intranasal administration of 60 ng IL-5 may be
sufficient to reduceUgrp1 mRNA since no further reduc-
tion of theUgrp1 expression was observed when 600 ng of
IL-5 was used (data not shown). However, the inhibition of
Ugrp1 gene expression by OVA challenge appeared to be
more efficient. Thus, other inflammatory mediators may also
be involved in the reduction ofUgrp1expression induced by
antigen inhalation. In fact, we have found the higher levels of
IL-9 in BAL fluids of an allergic inflammation model mouse
and that intranasal administration of IL-9 to naı̈ve mice re-
ducesUgrp1 gene expression, similar to that obtained with
IL-5 in the current study[40]. This suggests that the level of
Ugrp1expression may be reduced as a result of increased lev-
els of any Th2 cytokines, alone or in combination, as seen in
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