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Effect of inhaled corticosteroid on an immunoreactive thymus

and activation-regulated chemokine expression in the bronchial

biopsies from asthmatics

Bronchial asthma is a chronic inflammation of the
airways, particularly because of infiltration of eosinophils
and T cells (1). CD4+ Th2 cells produce cytokines such as
interleukin (IL)-4, IL-5 and IL-13, which induce immu-
noglobulin (Ig)E production and eosinophil activation
(2). However, the mechanism controlling recruitment of
T cells into sites of allergic inflammation and subsequent
events including eosinophil infiltration remains largely
unknown.
Thymus and activation-regulated chemokine (TARC)

and macrophage-derived chemokine (MDC) have been
identified as specific ligands for CCR4 (3, 4) and were
shown to induce chemotaxis of CD4+ T cells (5, 6). We
have previously demonstrated that TARC expression is
increased in the bronchial epithelium, but not MDC
expression, asthmatic patients (7). In vitro studies of
bronchial TARC production have shown that overlap-
ping, but different, effector profiles are induced by
combined stimulation with IL-4 and tumor necrosis

factor (TNF)-a, as well as IL-13 and TNF-a (7, 8). The
IL-4 and IL-13 share a common receptor chain, IL-4
receptor alpha (IL-4Ra), and activate the signal trans-
duction mechanism (9). Furthermore, overexpression of
IL-4Ra has been reported in asthmatic bronchial epithe-
lial cells (10). The fact that TARC production is induced
by stimulation with these cytokines suggests IL-4Ra plays
a major role in the amplification of recruitment of CD4+

Th2 cell recruitment.
Inhaled corticosteroids (ICS) are currently the recom-

mended first line of treatment for asthma. However,
clinical studies investigating the effects of corticosteroids
on local TARC production in patients with asthma have
not yet been performed. We have hypothesized that the
beneficial effect of ICS may be due to inhibition of TARC
generation by epithelial cells. The purpose of this study
was to examine the effect of treatment with ICS on TARC
expression in asthmatic patients. As regulation of TARC
generation has therapeutic potential in the treatment of
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asthma, we evaluated the infiltration of inflammatory
cells into airway mucosa and also the immunoreactivity
of IL-4Ra.

Material and methods

Subjects

Twenty-seven nonsmoking subjects with asthma were recruited for
this study. Asthma was defined on the basis of (1) a clear history
with current clinical symptoms and (2) a >20% reversibility of
forced expiratory volume in 1 s (FEV1) spontaneously or after
b2-agonist inhalation and airway hyperresponsiveness to metha-
choline. The severity of asthma was classified according to a com-
bination of symptoms, the amount of b2-agonist use to treat
symptoms, and lung function (11). Four subjects had mild asthma,
23 had moderate asthma, and none had severe asthma. Atopy was
defined as a positive skin prick test (wheal >3 mm in diameter in
the presence of positive histamine and negative diluent controls) to
one or more common aeroallergen extracts. None of the subjects
received inhaled or oral corticosteroids or any other anti-inflam-
matory drugs in the previous 3 months and an inhaled b2-agonist
was the only bronchodilator used. No subjects had any upper or
lower respiratory infections for at least 2 weeks before entering the
study. This study was approved by the ethics committee of our
hospital, and written informed consent was obtained from each
subject.

Study design

We conducted a double-blind, placebo-controlled, parallel-group
study. Each patient received a 3-month course of either 400 lg
budesonide (BUD) (AstraZeneca, Osaka, Japan) administered twice
daily or a matched placebo. Spirometry was performed and airway
methacholine responsiveness measured using an Astograph device
(TCK-6000CV, Chest MI. Co, Tokyo, Japan), according to the
method of Takishima et al. (12). Subjects returned 7 days later and
underwent fibreoptic bronchoscopy. At the end of the course,
patients� spirometric values, airway responsiveness were measured
and fibreoptic bronchoscopy was repeated.

Bronchial biopsy and immunocytochemistry

A bronchoscope (BF type 1T-30; Olympus Co., Tokyo, Japan) and
biopsy forceps (FB-15C, Olympus Co.) were used to take biopsy
specimens from the subcarina. Biopsy specimens were mounted in
optimal cutting temperature (OCT) compound, snap frozen in
liquid nitrogen-cooled isopentane, and stored at )70�C until use.
Cryostat serial sections (4 lm) were cut from the frozen biopsy
specimens, air-dried for 1 h, fixed in acetone/methanol solution, and
stained using the alkaline phosphatase antialkaline phosphatase
(APAAP) (Dako, Glostrup, Denmark) method as previously des-
cribed (13), and slides were developed in fast red. For negative
controls, the primary antibody was replaced by nonspecific mouse
IgG or by a tris-buffered saline solution.

Antibodies

Sections were incubated with the following primary mouse mono-
clonal antibody (mAb), anti-major basic protein (MBP) (dilution
1 : 20; MAS529; Harlan Sera-Lab, Crawly Down, UK) to detect
eosinophils, anti-CD3 (No.7340; Becton Dickinson, San Jose, CA,

USA) to detect total T cells, anti-CD4 (No. 6320; Becton Dickinson)
and anti-CD8 (No. 6310; Becton Dickinson) to detect helper T cells
and cytotoxic T cells, respectively (dilution 1 : 30). Immunolocali-
zation of TARC and IL-4Ra were examined with an anti-TARC
mAb (dilution 1 : 100; a gift from A. Morita, Shionogi Institute
Medical Science, Osaka, Japan) (14) and an anti-IL-4Ra mAb
(dilution 1 : 200; huIL-4R-M57; Immunex, Seattle, WA, USA).

Quantitation

All slides were coded before analysis by one observer and read
blindly. Airway epithelial expression of immunoreactive TARC and
IL-4Ra in cryosections was quantitated using computerized colour
image analysis (Win ROOF; Mitani Corp., Fukui, Japan) (15). The
epithelium staining in each section was assessed by viewing several
high-magnification fields covering the entire section, and the results
are expressed as the percentage of the total epithelial area staining
for either TARC or IL-4Ra. As the bronchial epithelium, either
intact or focally stripped, was present in all biopsy specimens, epi-
thelial integrity was also assessed. The length of damaged epithe-
lium was expressed as a percentage of the total length of epithelium
measured along the basement membrane in each section. The
number of inflammatory cells was counted for the entire lamina
propria, excluding mucosal glands and vessels. Results are
expressed as the number of positive cells per square millimetre of
lamina propria.

Statistical analysis

Clinical values are expressed as mean values (ranges). Results for
clinical data were analysed using the Student’s t-test for within-
group comparisons and the two-sample t-test for between-group
comparisons. The percentages of TARC and IL-4Ra expression and
the number of positive cells are expressed as median values (ranges).
Paired biopsy data were analysed using the Wilcoxon matched pairs
signed rank test. For between-group comparisons, the Mann–
Whitney U-test was performed on the delta values (before ) after)
for the two treatment groups. Intraobserver reproducibility was
assessed by the coefficient of variation, and the same observer
performed at least three replicate measurements of morphometric
parameters. The mean coefficient of variation for repeated meas-
urements ranged from 4 to 9% for percentage expression, and
5–14% for number of each cell type. There was no statistically
significant difference in the proportion of damaged epithelium
between the subjects treated with BUD and with a placebo.
Correlation coefficients were obtained using Spearman’s rank order
method. A P < 0.05 was considered statistically significant.

Results

There were no significant differences between the two
groups in terms of age, sex, asthma severity, FEV1%,
airway responsiveness, or IgE value. In addition, all
asthmatic patients were atopic.

Clinical data

There were significant improvements in FEV1%
(P < 0.01) and Dmin (P < 0.01) in BUD-treated, but
not placebo-treated, patients. Compared with the
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placebo-treated group, there were significant improve-
ments in FEV1% and Dmin (P < 0.01, for each) in the
BUD-treated group (Table 1).

Bronchial biopsy

At baseline, there were no significant differences in TARC
or IL-4Ra expression, or number of inflammatory
phenotypic cells, between subjects who were assigned to
the BUD- or placebo-treatment group. The percentage of
epithelial cells expressing TARC significantly decreased
from 16.6 (9.7–25.4) to 9.1% (4.7–15.4) in the BUD-
treated group (P < 0.01). However, TARC expression
remained unchanged after placebo treatment between
15.0 (9.8–26.0) and 17.0% (10.4–26.2). The difference
between BUD and placebo treatment in TARC expres-
sion was statistically significant (P < 0.01, Fig. 1).
Within the BUD-treated group, there were significant

reductions in the number of MBP+ eosinophils, CD3+

T cells, and CD4+ T cells before vs after treatment
(P < 0.01, each). Within the placebo-treated group, there
were no significant changes in any of the cell counts
before vs after treatment. A comparison between the two
groups showed that the differences in MBP+ eosinophils
(P < 0.01), CD3+ T cells (P < 0.05), and CD4+ T cells
(P < 0.01) were significant (Table 2).
The percentage of epithelial cells exhibiting IL-4Ra was

significantly decreased from 20.6 (11.7–28.8) to 9.5%
(5.2–16.4) in the BUD-treated group (P < 0.01). No
significant change was observed in expression of IL-4Ra,
from 20.5 (11.7–29.4) to 20.6% (10.8–31.1), in the
placebo-treated group. The difference in IL-4Ra expres-
sion between the two groups was statistically significant
(P < 0.05, Fig. 2). An example of positive staining for
TARC and IL-4Ra in biopsy specimens before and after
treatment with BUD is shown in Fig. 3.
There were significant correlations between changes in

TARC expression and changes in the number of MBP+

eosinophils (rs ¼ 0.62, P < 0.05), CD3+ T cells
(rs ¼ 0.55, P < 0.05), and CD4+ T cells (rs ¼ 0.97,

P < 0.001). Moreover, a significant correlation was
found between changes in expression of TARC and in
IL-4Ra (rs ¼ 0.66, P < 0.01).

Discussion

In this study, we demonstrated that (i) BUD decreases
bronchial epithelial TARC expression and this change is
associated with a reduction in eosinophils and CD3+

Table 1. Clinical data before and after treatment with budesonide (BUD) or placebo

BUD Placebo

Before After Before After

n (male : female) 14 (9 : 5) 13 (9 : 4)
Age (years) 34 (18–46) 32 (21–44)
Severity (mild/moderate/severe) 2/12/0 2/11/0
FEV1 (% predicted) 70.7 (62.8–82.0) 80.8 (71.2–91.6)*,** 71.7 (63.2–82.4) 70.9 (60.4–82.6)
Dmin (unit) 1.01 (0.24–1.89) 1.98 (0.78–2.73)*,** 1.00 (0.25–1.73) 0.90 (0.19–1.62)
Positive skin test 14/14 13/13
Serum immunoglobulin (Ig)E (IU/ml) 743 (172–2289) 611 (204–2370)

Values are mean (range).
Dmin ¼ minimum dose of methacholine required to reduce airway responsiveness unit equal to 1 min of 1.0 mg/ml aerosol inhalation of methacholine.
*P < 0.01: for comparison between values before and after treatment (within-group).
**P < 0.01: for comparison treatment effects on values (before ) after treatment) for BUD vs placebo.
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Figure 1. Effect of treatment for 3 months with 400 lg budes-
onide (BUD) twice a day or placebo on the percentage expres-
sion of thymus and activation-regulated chemokine (TARC) in
the bronchial epithelium. Bars represent median values.
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T cells, and CD4+ T cells infiltration into the airway;
(ii) there is a significant correlation between changes
in TARC and in IL-4Ra immunoreactivity.
The TARC and MDC are key chemokines in the

migration of Th2 cells to sites of inflammation (5, 6).

Using immunocytochemistry we showed that the bron-
chial epithelium of asthmatics expresses higher levels of
TARC than controls. In contrast, expression of MDC
was only weakly detected in asthmatics (7). The TARC
levels in both serum and sputum of asthmatics were
increased compared with control subjects (16, 17), and
plasma TARC concentration is a useful marker for the
monitoring of asthmatics exacerbation (18). These find-
ings suggest that TARC is a pivotal chemokine in the
development of allergic airway inflammation. Higher
TARC expression was observed in the nasal epithelium of
allergic rhinitis patients (8). Furthermore, skin biopsies
also implicated TARC in atopic dermatitis (19).

Our findings regarding the effect of BUD show that
inhibition of TARC expression in the bronchial epithe-
lium is associated with decreased airway inflammation.
Significant correlations were found among the changes in
TARC expression and in eosinophils, CD3+ T cells, and
CD4+ T cells. Anti-inflammatory effects of ICS were
established in bronchial asthma. Recently, Kawasaki
et al. (20) reported that pretreatment of ovalbumin-
sensitized mice with an anti-TARC antibody prevented
airway infiltration by eosinophils and CD4+ T cells,
while production of Th2 cytokines (IL-4 and IL-13),
further reduced eosinophilic chemokine expression of
eotaxin and RANTES mRNA. As BUD reduces the
expression of TARC, we assume that there were not only
positive relationships between TARC and CD4+ T cells,
but also eosinophils and CD3+ T cells. This is supported
by a previous report showing that plasma TARC
concentration was lower in corticosteroid-treated than
in steroid-naive asthmatic patients (21). Moreover, many
reports have indicated that treatment with topical corti-
costeroids and oral antihistamines decreased levels of
serum TARC and blood eosinophils in patients with
allergic dermatitis (19, 22).

Recent evidence indicates that IL-4 and IL-13, in
combination with TNF-a, can up-regulate TARC pro-
duction by epithelial cells (7, 8), suggesting the presence
of an amplification circuit of Th2 responses, based on
induction of TARC by IL-4/IL-13 and selective responses
to this chemokine by Th2 cells. The actions of IL-4 are
elicited through a cell surface receptor composed of an
a-chain – also a component of the IL-13 receptor – and
the common cc chain used by a number of other cyto-
kines (23). It was reported that expression of IL-4Ra was
significantly increased in biopsy specimens from asthmat-
ics compared with controls (10). As a significant corre-
lation was also found between the change in TARC and
in IL-4Ra immuoreactivity, one mechanism that has been
proposed is that TARC expression of the bronchial
epithelium, which is recognized as a major cellular source
of this chemokine, was inhibited by BUD. Many reports
suggested that steroid treatment reduced the Th2 type
cytokine gene expression in allergic inflammation (24–26).
The TARC expressing areas coincided with the
surface epithelial areas positively stained by IL-4Ra

Table 2. Number of inflammatory cells in bronchial biopsy specimens from BUD or
placebo group

MBP CD3 CD4 CD8

BUD
Before
treatment

77 (25–120) 165.5 (90–252) 136 (73–210) 48 (23–80)

After
treatment

41 (7–83)*,*** 126.5 (75–204)*,** 84.5 (52–140)*,*** 44 (20–74)

Placebo
Before
treatment

66 (20–108) 160 (102–243) 120 (74–213) 41 (24–75)

After
treatment

65 (28–114) 170 (90–255) 132 (68–215) 45 (20–80)

Data were expressed as medians (range) and represented number of cells per
square millimetre of lamina propria.
BUD, budesonide; MBP, eosinophilis; CD3, total T cells; CD4, helper/inducer T cells;
CD8, suppressor/cytotoxic T cells.
*P < 0.01: for comparison between values before and after treatment (within-
group).
**P < 0.05, ***P < 0.01: for comparison treatment effects on values
(before ) after treatment) for BUD vs placebo.
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Figure 2. Effect of treatment for 3 months with 400 lg budes-
onide (BUD) twice a day or placebo on the percentage expres-
sion of IL-4 receptor alpha (IL-4Ra) in the bronchial
epithelium. Bars represent median values.
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immunopositive cells. As IL-4 and IL-13 share one
common receptor subunit, IL-4Ra, it seemed to be
promising to inhibit both cytokines with one molecule
by blocking this receptor subunit. Therefore, our result
shows that a significant correlation was observed between
changes in epithelial TARC and IL-4Ra expression after
BUD. Transcription factors such as nuclear factor (NF)-
jB and signal transducer and activator of transcription 6
(STAT6) are important in allergic inflammation.
Although the signal transduction involved in TARC
regulation has yet to be clarified, Matsukura et al.
reported that the combination of TNF-a and IL-4 led
to activation of the eotaxin promoter, which contains
overlapping consensus-binding sites of NF-jB and
STAT6 (27). Considering that both NF-jB and STAT6
are expressed in airway epithelial cells (28, 29), it is

possible that BUD causes these transcription factors to
act negatively at a site on the TARC promoter containing
overlapping-binding sites.

The specific antibody against TARC attenuated airway
inflammation and decreased airway hyperresponsiveness
after allergen challenge in mice (20). Because regulation
of TARC generation has therapeutic potential for asthma
treatment, studies involving the anti-TARC antibodies in
human bronchial asthma are needed. Our findings
support the hypothesis that the anti-inflammatory effects
of BUD in asthma result in part from modulation of
TARC.

In conclusion, we have provided the first evidence that
inhaled BUD can significantly reduce not only inflam-
matory cells, but also epithelial TARC expression in
asthma patients.

A B

C D

Figure 3. Microphotograph showing immunostaining for thymus and activation-regulated chemokine (TARC) (upper) and IL-4
receptor alpha (IL-4Ra) (lower) expression in bronchial epithelium of a subject with asthma before (A, C) and after (B, D) treatment
with 400 lg budesonide (BUD) twice a day. Scale bar ¼ 50 lm.

References

1. Bousquet J, Jeffery PK, Busse WW,
Johnson M, Vignola AM. Asthma: from
bronchoconstriction to airways inflam-
mation and remodeling. Am J Respir
Crit Care Med 2000;161:1726–1745.

2. Larche M, Robinson DS, Kay AB. The
role of T lymphocytes in the pathogen-
esis of asthma. J Allergy Clin Immunol
2003;111:450–463.

3. Imai T, Baba M, Nishimura M,
Kakizaki M, Takagi S, Yoshie O. The
T cell-directed CC chemokine TARC is a
highly specific biological ligand for CC
chemokine receptor4. J Biol Chem
1997;272:15036–15042.

4. Imai Y, Chantry D, Raport CJ, Wood
CL, Nishimura M, Godiska R et al.
Macrophage-derived chemokine is a
functional ligand for the CC chemokine
receptor 4. J Biol Chem 1998;273:
1764–1768.

Corticosteroid decreases TARC expression in asthma

321



5. Bonecchi R, Bianchi G, Bordignon PP,
D’Ambrosio D, Lang R, Borsatti A
et al. Differential expression of chemo-
kine receptors and chemotactic respon-
siveness of type 1 T helper cells (Th1s)
and Th2s. J Exp Med 1998;187:129–134.

6. Sallusto F, Lenig D, Mackay CR, Lan-
zavecchia A. Flexible programs of
chemokine receptor expression on
human polarized T helper 1 and 2
lymphocytes. J Exp Med 1998;187:
875–883.

7. Sekiya T, Miyamasu M, Imanishi M,
Yamada H, Nakajima T, Yamaguchi M
et al. Inducible expression of a Th2-type
CC chemokine thymus- and activation-
regulated chemokine by human bron-
chial epithelial cells. J Immunol
2000;165:2205–2213.

8. Terada N, Nomura T, Kin WJ, Otsuka
Y, Takahashi R, Kishi H et al. Expres-
sion of C-C chemokine TARC in human
nasal mucosa and its regulation by
cytokines. Clin Exp Allergy
2001;31:1923–1931.

9. Shirakawa T, Deichmann K, Izuhara K,
Mao I, Adra CN, Hopkin JM. Atopy
and asthma: genetic variants of IL-4 and
IL-13 signaling. Immunol Today
2000;21:160–164.

10. Kotsimbos TC, Ghaffar O, Minshall
EM, Humbert M, Durham SR, Pfister R
et al. Expression of the IL-4 receptor
a-subunit is increased in bronchial
biopsy specimens from atopic and non-
atopic asthmatic subjects. J Alllergy Clin
Immunol 1998;102:859–866.

11. National Institute of Health. National
Asthma Education and Prevention
Program: guideline for the diagnosis and
management of asthma. NIH
Publication, 1997; No. 97-4051.

12. Takishima T, Hida W, Sasaki H, Suzuki
S, Sasaki T. Direct-writing recorder of
the dose-response curves of the airway to
methacholine. Chest 1981;80:600–606.

13. Cordell JL, Falini B, Erber WN, Ghosh
AK, Abdulaziz Z, Macdonald S et al.
Immunoenzymatic labeling of monoclo-
nal antibodies using immune complexes
of alkaline phosphatase and monoclonal
anti-alkaline phosphatase (APAAP
complexes). J Histochem Cytochem
1984;32:219–229.

14. Morita A, Kikuoka S, Horikawa T, Bito
T, Yamada H, Kanda M et al. Evalua-
tion of human thymus and activation-
regulated chemokine concentrations in
blood using a new sandwich ELISA
based on monoclonal antibodies. Clin
Chim Acta 2002;322:67–75.

15. Hoshino M, Takahashi M, Takai Y, Sim
JJ. Inhaled corticosteroids decrease sub-
epithelial collagen deposition by modu-
lation of the balance between matrix
metalloproteinase-9 and tissue inhibitor
of metalloproteinase-1 expression in
asthma. J Allergy Clin Immunol
1999;104:356–363.

16. Sugawara N, Yamashita T, Ote Y,
Miura M, Terada N, Kurosawa M.
TARC in allergic disease. Allergy
2002;57:180–181.

17. Sekiya T, Yamada H, Yamaguchi M,
Yamamoto K, Ishii A, Yoshie O et al.
Increased levels of a TH2-type CC
chemokine thymus and activation-regu-
lated chemokine (TARC) in serum and
induced sputum of asthmatics. Allergy
2002;57:173–177.

18. Leung TF, Wong CK, Lam CW, Li AM,
Ip WK, Wong GWK et al. Plasma
TARC concentration may be a useful
marker for asthmatic exacerbation in
children. Eur Respir J 2003;21:616–620.

19. Kakinuma Y, Nakamura K, Wakugawa
M, Mitsui H, Tada Y, Saeki H et al.
Thymus and activation-regulated chemo-
kine in atopic dermatitis: serum thymus
and activation-regulated chemokine level
is closely related with diseases activity. J
Allergy Clin Immunol 2001;107:535–541.

20. Kawasaki S, Takizawa H, Yoneyama H,
Nakayama T, Fujisawa R, Izumizaki M
et al. Intervention of thymus and acti-
vation-regulated chemokine attenuates
the development of allergic airway
inflammation and hyperresponsiveness
in mice. J Immunol 2001;166:2055–2062.

21. Leung TF, Wong CK, Chan IHS, Mphil
WKI, Lam CWK, Wong GWK. Plasma
concentration of thymus and activation-
regulated chemokine is elevated in
childhood asthma. J Allergy Clin
Immunol 2002;110:404–409.

22. Fujusawa T, Fujisawa R, Kato Y,
Nakayama T, Morita A, Katsumata H
et al. Presence of high contents of thy-
mus and activation-regulated chemokine
in platelets and activation-regulated
chemokine and macrophage-derived
chemokine in patients with atopic der-
matitis. J Allergy Clin Immunol
2002;110:139–146.

23. Keegan AD, Nelms K, Wang LM, Pierce
JH, Paul WE. Interleukin-4 receptor:
signaling mechanism. Immunol Today
1994;15:423–432.

24. Bentley AM, Hamid Q, Robinson DS,
Schotman E, Meng Q, Assoufi B et al.
Prednisolone treatment in asthma:
reduction in the numbers of eosinophils,
T cells, tryptase-only positive mast cells,
and modulation of IL-4, IL-5, and
interferon-gamma cytokine gene expres-
sion within the bronchial mucosa. Am
J Respir Crit Care Med 1996;153:
551–556.

25. Nasser T, Minshall EM, Leung DYM,
Laberge S, Ernst P, Martin RI et al.
Expression of IL-12 and IL-13 mRNA in
asthma and their modulation in response
to steroid therapy. Am J Respir Crit
Care Med 1997;155:845–851.

26. Hamilos DL, Thawley SE, Kramper
MA, Kamil A, Hamid QA. Effect of
intranasal fluticasone on cellular infil-
tration, endothelial adhesion molecule
expression, and proinflammatory cyto-
kine mRNA in nasal polyp disease.
J Allergy Clin Immunol 1999;103:
79–87.

27. Matsukura S, Stellato C, Plitt JR, Bickel
C, Miura K, Georas SN et al. Activation
of eotaxin gene transcription by
NF-kappa B and STAT6 in human air-
way epithelial cells. J Immunol
1999;163:6876–6883.

28. Hart LA, Krishman VL, Adcock IM,
Barnes PJ, Chung KF. Activation and
localization of transcription factor, nuc-
lear factor-jB, in asthma. Am J Respir
Crit Care Med 1998;158:1585–1592.

29. Mullings RE, Wilson SJ, Puddicombe
SM, Lordan JL, Bucchieri F, Djuka-
novic R et al. Signal transducer and
activator of transcription 6 (STAT-6)
expression and function in asthmatic
bronchial epithelium. J Allergy Clin
Immunol 2001;108:832–838.

Hoshino et al.

322


