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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
was proposed to be an asthma candidate gene and play a role in regulating lung inflammation, however its precise function in the airways
remains obscure. In this investigation, we used a mouse model of allergic airway inflammation to establish a relationship between UGRP 1
and IL-5 in airway inflammation. Ovalbumin (OVA) challenged mice demonstrate eosinophilia in airway tissues and high levels of IL-5 in
bronchoalveolar lavage (BAL) fluid analogous to that found in bronchial asthma. Interestingly, these “OVA-challenged” mice show down-
regulation ofUgrplexpression as compared with the control group. Regression analysis further demonstrates a significant negative correlation
betweerlJgrp1 mRNA expression in the lung and IL-5 levels in BAL fluid witkr 0.948 and® < 0.0001 when IL-5 levels were normalized by
log transformation. Intranasal instillation of IL-5 to mice revealed an inhibitory effect of IL-5 on the expresdilgmm MRNA. Together,
these results indicate an involvement of IL-5 in the down-regulatiodgfl expression in airway inflammation such as allergic asthma
disease.

Published by Elsevier B.V.

Keywords: Uteroglobin-related protein 1 (UGRP 1); Interleukin-5 (IL-5); Airway inflammation; Allergic asthma

1. Introduction and specific leukocyte cell types such as eosinophils have
been shown to be critical events in the pathogenesis of asthma
The underlying pathogenesis of bronchial asthma is and its clinical symptom§,3]. Additionally, complex pat-
airway inflammation, which involves several types of terns of genetic predispositions were found to be involved
inflammatory cells and mediators that are responsible for in the pathogenesis of the disease. Both genome-wide and
a cascade of signal transduction linking the initial stimulus candidate gene approaches have been used in genetic studies
to the abnormality in airway inflammatigi]. Expression of asthma in an attempt to reveal the molecular mechanisms.
of localized cytokine and chemokines, secretion of pro- The most notable asthma candidate susceptibility genes are
inflammatory mediators, and the recruitment of lymphocytes located within the human chromosome region 5931-34, in
which many genes involved in inflammation reside including
Abbreviations: UGRP, Uteroglobin-related protein; CCSP, Clara cell  IL-4, IL-5, IL-9, IL-13, and 32-adrenergic receptd4—9].
secretory protein; OVA, ovalbumin; BAL, bronchoalveolar lavage; IL, Interleukin-5 (IL-5) is produced by a number of cell types,
Interleukin; BHR, bronchial hyperresponsivgness; SCGB, secretoglobin; including lymphocytes, mast cells, eosinophils, and airway
MARCO, macrophage scavenger receptor with collagenous structure smooth muscle and epithelial ceJl0-12} It is responsible
* Corresponding author. Tel.: +1 301 496 0958; fax: +1 301 496 8419. . A o . ; .
E-mail addressshioko@helix.nih.gov (S. Kimura). for orchestrating eosinophilic inflammation; differentiation
1 Contributed equally to this work. and activation of eosinophil precursors to mature eosinophils
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and prolongation of their survival in the allergic site of in- suggest an involvement of IL-5 in decreased expression of
flammation in the airway$13-16] IL-5 has an effect on  Ugrplgene in inflamed mouse airways.
enhancing eosinophil degranulation to release several pro-
teins such as major basic protein (MBP), eosinophil cationic
protein (ECP) and eosinophil peroxidase, and activating ad-2. Materials and methods
hesion molecules on the vascular endothelium, leading to
tissue damages in airway epithelial cgll§—21] IL-5 was 2.1. Animals
shown to be important in the pathogenesis of allergic in-
flammation in the lung. Thus, mice injected together with Female 129Sv mice were used in the present study. All
Nippostrongylusorganisms and anti-IL-5 antibodies failed animals were housed in rooms with a 12 h day/12 h night di-
to develop eosinophilif22], and the administration of mon-  urnal cycle and were given food and water ad libitum. The
oclonal anti-IL-5 antibodies to an animal model of asthma animal studies were carried out in accordance with the Us-
abrogated airway eosinophilic response and bronchial hy-ing Animals in Intramural Research Guidelines (NIH Animal
perresponsiveness (BHR) associated with antigen challengeResearch Advisory Committee, NIH, Bethesda, MD) and ap-
[23]. Overproduction of IL-5 in transgenic mice led to persis- proved by the Institutional Animal Care and Use Committee.
tent eosinophila and airway inflammatiga4], whereas IL-5
knockout mice failed to develop pulmonary eosinophilia and 2.2. Aeroallergen treatment of mice
airway hyperresponsiveness after antigen chall¢2gE In
human asthmatics, IL-5 administrated in lung airways acted  Six-week-old mice were sensitized by i.p. injection of
directly as a chemoattractant for eosinophils recruitment and mixture of 10wg ovalbumin (OVA; Sigma Chemical Co.,
as an activator of infiltrating eosinoph(6]. St. Louis, MO) and aluminum hydroxide gel (ImjectAlum,

Uterogloblin-related protein 1 (UGRP 1), also called Pierce, Rockford, IL; 2.25 mg/mouse) on days 0 and 5. On
SCGB3A2[27], is a small homodimeric secretory protein day 12, the “OVA-challenged” or “sensitized control” mice
(~10kDa), constitutively highly expressed in the lung, par- were exposed to an aerosol of OVA (5 mg/ml) in saline or
ticularly in the epithelial cells of trachea, bronchus and bron- saline alone, respectively under conscious state for 30 min.
chioles[28]. UGRP 1 possesses significant amino acid se- The aerosol was generated by a jet nebulizer (PARI LC Plus;
guence similarity to the Uteroglobin/Clara cell secretory pro- PARI Respiratory Equipment, Inc., Monterey, CA) driven by
tein (UG/CCSP)28] that exhibits several immunomudula- an air compressor (PRONEB Ultra; PARI Respiratory Equip-
tory and anti-inflammatory effects in the lurjg7,29,30] ment, Inc.) in a plexiglass chamber (22@230 mm, height:
Mouse and human UGRP 1 share 81% amino acid sequencd 40 mm). Twenty-four hours later, mice were euthanized and
identity [28]. By using fluorescence in situ hybridization bronchoalveolar lavage fluid was collected for determination
(FISH), the humarUGRP1gene was assigned to chromo- of IL-5 levels and whole lungs were processed to determine
some 5¢g31-331], one of the most extensively investigated Ugrpl expression.
chromosomal regions in the pathogenesis of asthma, and an
area that contains a cluster of genes encoding numerous T2.3. Collection of bronchoalveolar lavage (BAL) fluid
helper type (Th) 2 cytoking82]. The mRNA level olUgrpl and quantitation of IL-5 level
is down-regulated in inflamed mouse lungs, whereas the ex-
pression level returned to normal following dexamethasone  The chest of each animal was opened and a 20-gauge blunt
treatmeni28]. Further, a polymorphism (G/A) was identi- needle was introduced into the upper trachea. The lung was
fied at—112 bp of the humatuGRP1gene promoter that lavaged with 1 ml of phosphate-buffered saline (PBS; pH 7.5,
was associated with an increased risk of bronchial asthma inroom temperature) and bronchoalveolar lavage (BAL) fluid
a Japanese population of adult asthmatic patif3it Re- was collected. The lavage obtained from each animal was
cently, a macrophage scavenger receptor with collagenouspooled after re-infusing PBS twice before final collection.
structure (MARCO) was identified as a receptor for UGRP The collected BAL fluid was centrifuged at 580y for 5 min
1, which is expressed in lung alveolar macrophages and isat 4°C, and aliquots of the supernatant were frozen on dry
involved in pulmonary inflammatiof33]. These results sug-  ice and stored at-80°C for cytokine analysis. IL-5 levels
gest that UGRP 1 may play a role in regulating the local im- were measured using murine cytokine ELISA system (EN-
mune response in the lung. However, the precise functional DOGEN, EM-IL5) according to the manufacturer’s instruc-
role(s) of UGRP 1 in lung airway inflammation, particularly tions.
with respect to cytokine regulation remains obscure.

In the current study, we demonstrate that mouse chal- 2.4. Histological analysis and immunohistochemistry
lenged with ovalbumin (OVA) show high levels of IL-5 in
bronchoalveolar lavage (BAL) fluid and these levels are in-  Lung tissues below the main bronchi were inflated with
versely correlated with the levelsdfirplexpressioninlung.  an intratracheal injection of 10% formaldehyde solution
Furthermore, lungygrplexpression decreased following in-  (Fisher Scientific, Pittsburgh, PA) to preserve pulmonary
tranasal instillation of IL-5 to ri®#e mouse. These studies architecture. After dehydration, the fixed lung samples were



Y. Chiba et al. / Immunology Letters 97 (2005) 123-129 125

embedded in Paraplast Plus paraffin (Fisher HealthCare,was determined with ImageQuant software (Amersham Bio-
Houston, TX) and serial sections ofun thickness were  sciences, Piscataway, NJ).
prepared. Both hematoxylin-eosin (HE) and Diff-Quik (DQ;
Baxter Healthcare, Miami, FL) staining were performed for 2.7. Data analysis
the identification of eosinophils based on the manufacturer’s
descriptions with slight modification. For immunohisto- All group data are represented as the meaSskE. The
chemical staining, sections were treated with 0.33@4lin difference between control and treated groups was tested by
methanol to block endogenous peroxidase activity and thenunpaired Studentistest. Differences were considered statis-
5% skim milk in PBS. Sections were incubated with a rabbit tically significant atP <0.05. Correlation between the levels
polyclonal antibody to mouse UGRF28] (1:500 dilution) of Ugrpl mRNA expression in airways and IL-5 in BAL flu-
for 1 h at room temperature, followed by biotinylated goat ids was analyzed by Fisher’s regression analysis.
anti-rabbit 1gG (1:50 dilution) for 30 min at room temper-
ature. Bound antibody was visualized with the Vectastain
ABC staining kit (Vector Laboratory Inc., Burlingame, 3. Results
CA) using 3,3-diaminobenzidine as a peroxidase substrate.
Sections were rinsed with PBS, counterstained with Hema- 3.1. Characterization of allergic airways inflammation
toxylin QS (Vector Laboratories Inc., Burlingame, CA) and in mice
mounted in permanent mounting medium.
Aerosol challenge of mice with OVA induced a signif-
2.5. Intranasal instillation of IL-5 icant increase in eosinophils in the lung, in comparison to
mice given aerosol saline alone. Histological examination
Seven-week-old micenE 3-5 in each group) were anes-  of lung sections stained with hematoxylin and eosin demon-
thetized with i.p. administration of 2.5% Avertin and allowed strated that “OVA-challenged” mouse lung tissues have char-
to breathe spontaneously. Sterile PBS 20control) or re- acteristic eosinophilic inflammation in widespread areas of
combinant mouse IL-5 (20 and 60 ng in 2DPBS; R&D airway walls of bronchi and broncheolrig. 1A, left pan-
systems, Minneapolis, MN) was intranasally instilled into els). The structural integrity determined by Diff-Quik stain-
the trachea of each animal. After 24 h, each mouse was eu-ding further indicated that eosinophils are the most infil-
thanized, and lung tissues were harvested and immediatelptrated cells Fig. 1A, right panels). Airway epithelial cells

frozen in liquid nitrogen for later mMRNA analysis. were further examined for the expression of UGRP1 by im-
munostaining sections with anti-UGRP 1 antibody. Ugrpl
2.6. RNA isolation and Northern blot analysis expression was rarely detected in airway epithelial cells of

“OVA-challenged” mice whereas “sensitized control” mice
Frozen tissues were transferred to a mortar containing lig- showed high levels of UGRP1 expression in the airways
uid nitrogen and were pulverized using pestle to disrupt tis- (Fig. 1B), demonstrating that antigen challenge has caused
sues. The powdered tissues (100 mg) were transferred to a hodown-regulation of UGRP 1 in mouse airways.
mogenizer containing 1 ml TRIZBteagent (Invitrogen Life
Technologies, Carlsbad, CA) and total RNAs were prepared 3.2. Relationship between IL-5 and the expression of
according to the manufacturer’s instruction. The quality and Ugrp1l mRNA in antigen challenged mice
quantity of purified RNAs were spectrophotometrically eval-
uated. IL-5 is a pro-inflammatory cytokine involved in inflam-
Total RNAs were electrophoresed on a 1% agarose gelmatory processes, and in particular, it is known to be re-
containing 0.22M formaldehyde and blotted onto Gene sponsible for eosinophilic inflammatidt3—-16] Thus, the
Screen Plus nylon membranes (Perkin-Elmer Life Sciences,level of IL-5 in BAL fluids obtained from control and “OVA-
Boston, MA). Filters were hybridized in PerfectHyb Plus challenged” mice was assessed by using ELISA. The IL-5
hybridization buffer (Sigma, St. Louis, MO) with a mouse levels in BAL fluids of “OVA-challenged” mice were dramat-
Ugrpl full-length cDNA as a probe, that was labeled with ically elevated as compared with “sensitized control” mice
[«-32P]dCTP (3000 Ci/mmol; Perkin-Elmer Life Sciences (Fig. 2). The level ofUgrpl expression was next examined
Inc., Boston, MA) using Ready-To-Go DNA labeling beads by Northern blot analysis using lung mRNAs prepared from
(Amersham Biosciences, Piscataway, NJ). Hybridization was “OVA-challenged” and “sensitized” mice, The expression of
performed at 65C overnight. The filter was washed twice Ugrp1mRNA in the airways of “OVA-challenged” mice was
with 2x SSC containing 0.5% SDS at 66 for 20 min and significantly reduced as compared with that of “sensitized
was re-hybridized with mousg-actin or Gapdh cDNA as  control” mice P£<0.05) Fig. 3). The correlation between
a loading control. Gene expression was determined usinglL-5 levels in BAL fluids and the levels ofJgrpl mRNA
a Storm phosphorimager (Molecular Dynamics, Sunnyvale, expression in the lungs was further analyzed by regression
CA) after overnight exposure to an intensifying screen and analysis. A significant inverse correlation between the levels
the intensity of thé&JgrplandB-actin orGapdhmRNA bands of IL-5 and Ugrpl mRNA expression was obtained with a
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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 pan&l400;

right panels x600. Marked eosinophils infiltration was observed in “OVA-
challenged” mice. (B) Immunohistochemical staining for UGRP 1 using
rabbitanti-mouse UGRP 1 antibody in lungs obtained from sensitized control
(Control; upper panels) or OVA-challenged (Challenged; lower panels) mice.
Magnifications:x 100 (left panels) anc400 (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) of 0.948 withP < 0.0001 when IL-5
levels were normalized by log transformatidfid. 4). These
results indicate the involvement of IL-5 in the inhibitory ef-
fects ofUgrpl expression in inflamed mouse airways.

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

In order to confirm the direct correlation between the lev-
els of IL-5 and the expression &fgrpl in lung, intranasal
instillation of IL-5 was performed into fige mice. Northern
blot analysis demonstrated that lung tissues obtained from
mice intranasally treated with IL-5 had lower leveldigrpl
MRNA expression as compared with control mice, with a
dose of 60 ng reaching statistical significanEmgy(5). These
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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 Controlif=7) and Challengecdh(= 6) mice, respectively, and a
bar represents the me#arS.E. Significantly elevated levels of IL-5 in BAL
fluids were observed in the Challenged grolifP« 0.01).
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Fig. 3. Levels ofugrpl mRNA 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
mouseUgrpl andB-actin (loading control) probes. The representative re-
sult from three separate experiments are shown. (B) Bar graph showing the
relative Ugrpl mRNA levels. Data represent the meas.E from Control
(n=7) and Challengedh(= 6) mice, respectively. Thegrp1 mRNA expres-

sion is significantly decreased in lungs of Challenged group as compared
with Control mice {' P<0.01).

results suggestthat IL-5 may, at least in part, directly suppress
Ugrplexpression in mouse lungs.

4. Discussion

In the present study, by using mouse model we demon-
strated that IL-5 is involved in reduced expressiotgfpl
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 lowérgrpl
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Fig. 4. Correlation between the levelsldgrpl mRNA expression in lungs
and IL-5 levels in bronchoalveolar lavage fluids (BALF). Relative airway
Ugrpl mRNA levels after normalization tB-actin were regressed against
IL-5 levels in BALF after normalization by log transformation. A significant
correlation between the two parameters was obsened.948,P <0.0001

by Fisher's regression analysis).

127

together, these results support the inhibitory effect of IL-5 on
the expression ofJgrplin 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 eosinophilig26]. 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 eosinophili@2,23]and bronchial hyperre-
sponsiveness (BHR) associated with antigen chall§2gje

expression at both the protein and mRNA levels than those On the other hand, overproduction of IL-5 in transgenic mice

from control mice when examined using immunohistochem-
istry and northern blot analysis, respectively. Moreover,
down-regulation ofugrpl mRNA expression occurred in
mice intranasally instilled with IL-5. Since, UGRP1 is ex-

led to persistent eosinophila and airway inflammafi@4),
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-

pressed only in the epithelial cells of the airways and prob- SUbunit was shown to be resistant to airway eosinophilic
ably due to quality of the antibody used, western blotting Inflammation and bronchial hyperresponsiveness after OVA

using a whole lung did not produce a clear band that can beSensitization and repeated inhalation of antigen even though

guantitated for protein expression levels. Further, although 'L-> levels in BALF of this mouse was increased to similar

northern blotting is not quantitative, it clearly demonstrated
that the level ofJgrp1mRNA 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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Fig. 5. Effect of intranasally administered IL-5 on tdgrp1 mRNA levels

in lungs. (A) A representative autoradiograph from Northern blot analysis
using lung RNAs isolated from mice that received intranasal instillation of
20 and 60 ng of recombinant mouse IL-5. The membrane was serially hy-
bridized with radiolabeledgrplandGapdhprobes. (B) Bar graph showing
the relativeUgrpl mRNA levels that is plotted against the amount of IL-5
administered. Quantitation bfgrplor GapdhmRNA bands was performed
using a Storm phosphoimager and ImageQuant software. The value of eac
group is the mean of those obtained from 3-5 mic®.E. A statistically

significant difference was observed between 0 and 60 ng lIRS (.05).

levels found in wild-type micg36]. These results indicate
that IL-5Rx plays an important role in IL-5 mediated air-
way eosinophia and hyperresponsiveness. In this respect, it
is interesting to note that an increase in number of IlebR
subunits was observed in endobronchial biopsies of asthmatic
subjects as compared to control subj¢8F.

UGRP 1 may have an anti-inflammatory function in
the airways with respect to bronchial asthma based on
several lines of evidence. Firstly, humBiGRP1gene was
localized on human chromosome 5q31-32, where one of
the asthma susceptibility genes has been assifgid2]
Secondly, amino acid sequence of UGRP 1 is similar to
the Uteroglobin/Clara cell secretory protein (UG/CCSP)
[28] that is believed to play a role in immunomodulatory
and anti-inflammatory activities in the lufg7,29] In this
regard, a recent paper elegantly demonstrated that when
treated with recombinant UG before challenge, UG inhibited
Th2 cytokine expression and eosinophil infiltration in lungs
of OVA-sensitized and challenged UG knockout mice that
otherwise manifest exaggerated allergic response, through
blockage of prostaglandii, receptor-mediated nuclear
factor«B activation and suppression of cyclooxygenase-2
expressionf30]. The third evidence is that reducétyrpl
expression in inflamed mouse lungs returned to normal level
after dexamethasone treatmg®]. In forth, a G/A polymor-
phism was identified in the humdGRP1gene promoter
that is associated with an increased risk of bronchial asthma

{n a Japanese population of adult asthmatic patig3ts

The presence of a G/A polymorphism in humdiGRP1
gene promoter, however, is currently controversial due to
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other papers that report no association between a G/A poly- [3] O'Byrne PM. Allergen-induced airway hyperresponsiveness. J Al-

morphism and an increased risk of bronchial astf88z39] lergy Clin Immunol 1988;81:119-27.

And IastIy MARCO was identified as a possible UGRP 1 [4] Cookson WO, Moffatt MF. Genetics of asthma and allergic disease.
L . . . Hum Mol Genet 2000;9:2359-64.

receptor that is involved in pulmonary inflammati{ss].

: . . . [5] Marsh DG, Neely JD, Breazeale DR, Ghosh B, Freidhoff LR,
In spite of these suggestive evidences, the exact function of * * gniich-kautzky E, Schou C, Krishnaswamy G, Beaty TH. Link-

UGRP 1 in airway inflammation is still unknown, and thus age analysis of IL4 and other chromosome 5g31.1 markers and
further studies are required to address the question. total serum immunoglobulin E concentrations. Science 1994;264:
1152-6.

In the current workJgrpl expression was significantly )

. . . .. Marsh DG, Neely JD, Breazeale DR, Ghosh B, Freidhoff LR, Schou
re,duced by intranasal administration of 60 ng IL-5 tcoyaa C, Beaty TH. Genetic basis of IgE responsiveness: relevance to the
mice. The result suggests that IL-5 may act, at least in part, atopic diseases. Int Arch Allerg Immunol 1995;107:25-8.
directly on lung epithelial cells to suppresgrpl gene ex- [7] Levitt RC, Eleff SM, Zhang LY, Kleeberger SR, Ewart SL. Linkage
pression. The intranasal administration of 60 ng IL-5 may be homology for bronchial hyperresponsiveness between DNA markers
sufficient to reducdJgrpl mRNA since no further reduc- ‘é” hiwa” ng’gr‘;ozssorge 5?321‘513333”" mouse chromosome 13. Clin
. . X er ) u ol—o.
tion of theUgrpl expression was observed Whe_n bTO,O.nQ of [8] Pogtma lgé Bleeckér Isg A)\melung PJ, Holroyd KJ, Xu J, Pan-
IL-5 was used (data not shown). However, the inhibition of huysen CI, Meyers DA, Levitt RC. Genetic susceptibility to
Ugrpl gene expression by OVA challenge appeared to be asthma-bronchial hyperresponsiveness coinherited with a major gene
more efficient. Thus, other inflammatory mediators may also for atopy. N Engl J Med 1995;333:894-900. o
be involved in the reduction adgrp1 expression induced by [9] Renauld JC. New insights into the role of cytokines in asthma. J

antigen inhalation. In fact, we have found the higher levels of Clin Pathol 2001;54:577-89.
9 : ! 9 [10] Bressler RB, Lesko J, Jones ML, Wasserman M, Dickason RR, Hus-

[6

—

—

IL-9in BAL fluids of an a!lgrgic i_nﬂammation mOde'l mouse ton MM, Cook SW, Huston DP. Production of IL-5 and granulocyte-
and that intranasal administration of IL-9 toima mice re- macrophage colony-stimulating factor by naive human mast cells ac-
ducesUgrpl gene expression, similar to that obtained with tivated by high-affinity IgE receptor ligation. J Allerg Clin Immunol

IL-5 in the current study40]. This suggests that the level of 1997;99:508-14. _
[11] Takatsu K. Interleukin-5. Curr Opin Immunol 1992;4:299-306.

Ugrplexpression m_ay be reduced _as a res?"t O_f increased I(37\/'[12] Yokota T, Coffman RL, Hagiwara H, Rennick DM, Takebe Y, Yokota
els of any Th2 cytokines, alone or in combination, as seenin K, Gemmell L, Shrader B, Yang G, Meyerson P, et al. Isolation
inflamed lungs. However, the effects of Th2 cytokines other and characterization of lymphokine cDNA clones encoding mouse
than IL-5 and IL-9 orlUgrpl expression levels and whether and human IgA-enhancing factor and eosinophil colony-stimulating
UGRP 1 levels return to baseline levels as inflammation re- factor activities: relationship to interleukin 5. Proc Natl Acad Sci U

solves and IL-5/9 levels decline needs to be examined S A 1987,84:7388-52 . :
: [13] Clutterbuck EJ, Hirst EM, Sanderson CJ. Human interleukin-5 (IL-5)

In summary, we demonstrated that expressiobgifpl regulates the production of eosinophils in human bone marrow cul-
is reduced in antigen induced airway inflammation in mice. tures: comparison and interaction with IL-1, IL-3, IL-6, and GMCSF.
The increased IL-5 level in airways may be, at least in part, Blood 1989;73:1504-12. _ _
involved in the decreased expressiorugfrplin airway ep- 14] Yamaguchi Y, Suda T, Suda J, Eguchi M, Miura Y, Harada N, Tom-
ithelial cells. inaga A_, '!'akatsu K. Purlflfed |nterlegk|n 5 _suppo_r_ts the terminal
it differentiation and proliferation of murine eosinophilic precursors. J

Exp Med 1988;167:43-56.
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