
Background: Recent studies have provided evidence for
increased IL-4 expression in the airways of atopic and
nonatopic asthmatic subjects. IL-4 is believed to perform
important regulatory roles in asthma; however, the expression
of the IL-4 receptor has not been investigated. In this study we
examined the mRNA and protein expression of the specific α-
subunit of the IL-4 receptor (αIL-4R) in bronchial biopsy
specimens obtained from atopic and nonatopic asthmatic sub-
jects.
Methods: Asthmatic subjects and nonasthmatic control sub-
jects were recruited, and lung function measurements were
performed before bronchoscopy. Endobronchial biopsy speci-
mens were examined for the presence of αIL-4R mRNA and
immunoreactivity by using in situ hybridization and immuno-
cytochemistry, respectively.
Results: αIL-4R mRNA-positive and immunoreactive cells
were detected in the epithelium and subepithelium in biopsy
specimens from all subjects. Expression of αIL-4R mRNA and
protein was significantly increased in the epithelium and
subepithelium of biopsy specimens from atopic asthmatic sub-
jects compared with atopic control subjects (P < .05 and P <
.001, respectively). Epithelial αIL-4R mRNA expression and
immunoreactivity did not differ significantly between
nonatopic asthmatic subjects and nonatopic control subjects.
Although the numbers of αIL-4R mRNA–positive cells were
augmented in the submucosa of intrinsic asthmatic subjects
compared with nonatopic control subjects (P < .05), αIL-4R

immunoreactivity did not differ significantly between these
groups. Increased αIL-4R immunoreactive signals were also
detected in the endothelial cell layer in both atopic and intrin-
sic asthmatic subjects compared with atopic and nonatopic
control subjects, respectively (P < .05). Combined in situ
hybridization immunocytochemistry performed on biopsy sec-
tions from asthmatic and control subjects demonstrated αIL-
4R mRNA expression in CD3-positive T cells and tryptase-
positive mast cells, with T cells comprising the larger propor-
tion of αIL-4R mRNA–positive cells. Numbers of αIL-4R
mRNA–positive or immunoreactive cells did not correlate with
CD3-positive cell numbers, numbers of IL-4 mRNA-positive
cells, or indices of pulmonary function.
Conclusion: These results demonstrate constitutive αIL-4R
expression in normal airways and enhanced expression in air-
way tissue from asthmatic individuals. (J Allergy Clin
Immunol 1998;102:859-66.)
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Bronchial asthma is associated with persistent infiltra-
tion of the airways with activated CD4+ T lymphocytes
exhibiting a TH2-like cytokine profile.1-3 Recent studies
have demonstrated an increased expression of IL-4 and
IL-5 in bronchial biopsy specimens from atopic and
nonatopic (intrinsic) asthmatic subjects.4 These results
suggest that a common pathophysiologic mechanism
underlies both variants of the disease. From in vitro stud-
ies, it is possible to ascribe several actions of IL-4 to
events occurring within asthmatic airways, notably the
switching of antigen-specific CD4+ cells to a phenotype
of TH2-type cytokine expression.5,6 In B cells IL-4 induces
immunoglobulin heavy chain gene rearrangement to favor
IgE production.7 IL-4 also upregulates vascular cell adhe-
sion molecule (VCAM)-I expression on endothelial cells
to facilitate eosinophil and lymphocyte recruitment8 and
induces the expression of eosinophil-associated cytokines
and chemokines by epithelial cells.9,10

In atopic asthma and allergen-induced rhinitis, a key
role for IL-4 is supported by investigations showing that
corticosteroid-related improvement of symptoms is con-
comitant with the attenuation of local increases in IL-4
expression.11,12 Although these and other pharmacologic
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studies13 suggest that IL-4–mediated activities are
prominent within asthmatic airways, the evidence impli-
cating IL-4 in the disease pathogenesis remains circum-
stantial. In particular, studies examining the presence of
IL-4 receptor–bearing target cells in the bronchial
mucosa are lacking. Our recent investigations of IL-514

and GM-CSF15 receptors have demonstrated that the
expression of cytokine receptors can represent potential-
ly important sites of variance between atopic asthmatic
subjects, intrinsic asthmatic subjects, and nonasthmatic
control subjects.

IL-4 binds with high affinity to the specific α chain of
the IL-4 receptor (αIL-4R). Recently it has been sug-
gested that depending on cell type, the αIL-4R subunit
can associate with either a γ chain, which is shared
among the receptors for IL-2, IL-7, IL-9, and IL-15, or
with the α subunit of the IL-13 receptor.16 In this study
we investigated the expression of αIL-4R in bronchial
biopsy specimens from atopic and intrinsic asthmatic
subjects compared with atopic and nonatopic control
subjects. In situ hybridization with radiolabeled anti-
sense riboprobes complementary to αIL-4R and immun-
ocytochemistry with an mAb against αIL-4R were used
to determine the presence of αIL-4R mRNA and
immunoreactivity, respectively. In addition, we examined
the correlation between αIL-4R expression and the
severity of asthma as measured by the FEV1 and airway
responsiveness to methacholine.

METHODS

Bronchial biopsies

The study was approved by the Ethics Committees of the Royal
Brompton Hospital, London, and the Hochgebirgsklinik, Davos.
Thirty subjects were included in this study (Table I), and informed
written consent was obtained. Atopic asthmatic, nonatopic asthmat-
ic, atopic nonasthmatic, and normal subjects were carefully defined
as described in detail previously.17 In brief, asthma was defined on
the basis of (1) a clear clinical history with current clinical symp-
toms and (2) a greater than 20% reversibility of FEV1 spontaneous-
ly or after β2-agonist inhalation and/or a histamine provocation test
result with a PC20 less than 8 mg/mL in the previous 2 weeks. Atopy

was defined by (1) a positive skin prick test response with extracts
of 1 or more common aeroallergens and (2) a positive RAST result
greater than 0.70 IU/mL to 1 or more of these allergens. Nonatopic
subjects had negative skin prick test responses to a wide range of
local aeroallergens in the presence of a positive histamine control.
The nonatopic control subjects also had negative RAST test results
to 25 common aeroallergens and a serum IgE concentration within
the normal range for our laboratory (<150 IU/mL). Atopic control
subjects were asymptomatic or had mild-to-moderate allergic rhini-
tis with no history of wheezing or chest tightness, normal baseline
lung function with less than 20% reversibility of FEV1 either spon-
taneously or after inhaled β2 agonists, and a histamine provocation
result with a PC20 greater than 16 mg/mL. All subjects were non-
smokers and had not taken oral corticosteroids for the previous 2
months or inhaled corticosteroids for the previous 2 weeks. Exclu-
sion criteria included the following: age less than 18 years or greater
than 65 years, FEV1 less than 60% of the predicted value on the pro-
posed bronchoscopy day, and evidence of acute or chronic infec-
tion, pregnancy, breast feeding, or any chronic medical illness other
than asthma.

The technique of fiberoptic bronchoscopy with bronchial biopsy
specimens in asthmatic and normal volunteers has been previously
described.2 For each subject, baseline spirometry was recorded, and
a methacholine inhalation test was performed. Bronchial biopsy
specimens were obtained from the subsegmental airways as previ-
ously described.2 Nebulized salbutamol was given to all subjects
(asthmatic and control) before the bronchoscopy procedure. The
biopsy specimens were immediately fixed in 4% paraformaldehyde,
washed, and frozen in isopentane cooled in liquid nitrogen and
stored at –70°C. They were subsequently shipped in dry ice to the
Meakins-Christie Laboratories, Montreal, Canada, for processing
for in situ hybridization and immunocytochemistry.

In situ hybridization

In situ hybridization was performed as previously described.18

Briefly, riboprobes (both anti-sense and sense) were prepared from
complementary DNA and linearized with appropriate enzymes
before transcription. The αIL-4R riboprobe (830 bp; a gift from
Immunex Corp, Seattle, Wash) contained the sequence complemen-
tary to the exon coding for the transmembrane region of the αIL-
4R, thus ensuring specificity for the membrane-anchored isoform of
this receptor.19 Sense and anti-sense riboprobes were also prepared
from cDNA coding for IL-4.4 Transcription was performed in the
presence of 35S-labeled uridine triphosphate and the appropriate T7
or SP6 RNA polymerases. Cryostat sections were permeabilized
and subsequently treated to prevent nonspecific binding of the 35S-
labeled RNA probes. Prehybrization was carried out with 50% for-
mamide and 2× standard saline citrate for 15 minutes at 40°C.
Dithiothreitol was included in the hybridization mixture to ensure
blockage of nonspecific binding of the probes. Posthybridization
washing was performed in decreasing concentrations of standard
sodium citrate at 45°C. Unhybridized single stranded RNAs were
removed by RNase A. Hybridization signals were visualized by

TABLE I. Clinical characteristics of subjects

Median age Median FEV1 Median PC20

and range and range and range

N (y) (% predicted) (mg/mL)

Nonatopic control subjects 6 22 (19-39) 107.5 (90-119) >16
Atopic control subjects 7 24.5 (21-42) 107 (81-125) >16
Atopic asthmatic subjects 8 26 (23-42) 85 (56-104) 1.63 (0.02-3.7)
Intrinsic asthmatic subjects 9 53.5 (39-62) 75.5 (58-96) 0.75 (0.12-6.0)

Abbreviations used
BM: Basement membrane

αIL-4R: α-subunit of the IL-4 receptor
VCAM-1: Vascular cell adhesion molecule-1
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autoradiography, and the tissue sections were counterstained with
hematoxylin. For negative controls, specimens were hybridized
with sense probes. In addition, sections were treated with RNase
solution before the prehybrization step with antisense probes. Posi-
tive cells were only observed when the antisense probes were used;
preparations treated with the sense probes and those pretreated with
RNase were negative.

Immunocytochemistry

To determine the presence of αIL-4R immunoreactivity or CD3
immunoreactivity in bronchial biopsy specimens from asthmatic
and normal subjects, cryostat sections were immunostained with a
mouse mAb for the transmembrane region of the α subunit of the
human IL-4 receptor (huIL-4R-M57; a gift from Immunex Corp) or
mouse anti-human CD3 (Becton Dickinson, Mississauga, Ontario,
Canada), respectively. Immunocytochemistry was performed by
using the modified alkaline phosphatase anti-alkaline phosphatase
technique as previously described,2 and slides were developed with
Fast Red (Sigma Chemical Co, Mississauga, Canada). Negative

controls involved the replacement of the primary antibody with tris-
buffered saline or an irrelevant mouse isotype-matched antibody,
and none exhibited positive staining.

Combined immunocytochemistry–in situ

hybridization

To identify the percentage of αIL-4R mRNA–positive cells
coexpressing the T-cell marker CD3 or the mast cell marker
tryptase, colocalization studies were performed on sections pre-
pared from bronchial biopsy specimens obtained from 3 atopic asth-
matic subjects, 3 intrinsic asthmatic subjects, and 3 nonatopic con-
trol subjects. This technique has been described elsewhere.20 The
specimens were first hybridized with the radiolabeled αIL-4R anti-
sense probe as described above. To preserve the immunoreactivity
of CD3 or tryptase, dextran sulphate was omitted from the
hybridization buffer. Immunocytochemistry (APAAP technique)
was performed immediately after the standard sodium citrate wash
by using an mAb directed against human T-cell receptor (anti-CD3;
Becton Dickinson, Mississauga, Ontario, Canada) or an mAb

FIG 1. In situ hybridization of bronchial biopsy specimens showing the number of αIL-4R
mRNA–positive cells in the subepithelium of atopic (n = 8) and nonatopic (n = 9) asthmatic sub-
jects compared with atopic (n = 7) and nonatopic (n = 6) control subjects, respectively. Individual
data points (filled circles) are indicated with mean (open circles) and SEM (bars). There were sta-
tistically significant differences in the numbers of αIL-4R mRNA–positive cells between atopic
asthmatic and atopic control subjects (P < .01) and between intrinsic asthmatic and nonatopic
control subjects (P < .01). Numbers of αIL-4R mRNA–positive cells were also increased in atopic
asthmatic subjects compared with intrinsic asthmatic subjects (P < .01).
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directed against human mast cell tryptase (anti-tryptase; Chemicon
International Inc, Temecula, Calif). Cell counts were expressed as
the mean percentage ± SEM of αIL-4R mRNA cells that coex-
pressed immunoreactivity for CD3 or tryptase and the mean per-
centage ± SEM of CD3– or tryptase-positive cells coexpressing
αIL-4R mRNA.

Quantification

Slides were coded, and positive cells were counted blindly by
using 200× magnification with an eyepiece graticule. In the airways
subepithelium, cells staining positive were counted to a depth of
115 µm below the basement membrane, and the individual results

were expressed as the mean number of positive cells per millimeter
of basement membrane (BM) ± SEM. αIL-4 mRNA–positive
and/or immunoreactive cells in the epithelium and endothelium
were assessed by using a semiquantitative score (0 to 4) based on
the percentage of epithelial or endothelial cells exhibiting a positive
signal per total epithelium or endothelium.

Statistics

The numbers of cells expressing αIL-4R mRNA, αIL-4R pro-
tein, CD3 protein, and mRNA in atopic and intrinsic asthmatic air-
ways and atopic and nonatopic normal control subjects was com-
pared by using a nonparametric Wilcoxon rank-sum test (Systat
v5.0; Systat Inc, Evanston, Ill). The coefficients of determination
(r2) and significance values were calculated by using Pearson’s
product-moment correlation and Bartlett’s test. Results were con-
sidered statistically significant for P values less than or equal to .05.

RESULTS

Expression of αIL-4R mRNA in bronchial

biopsy specimens

Positive signals for αIL-4R mRNA were detected in
all biopsy specimens from asthmatic and normal control
subjects and were mainly associated with inflammatory
cells infiltrating the mucosa. αIL-4R mRNA was also
expressed in the epithelium, particularly in biopsy speci-

FIG 2. Immunocytochemistry of bronchial biopsy specimens showing the number of αIL-4R-
immunoreactive cells in the bronchial mucosa of atopic (n = 8) and nonatopic asthmatic subjects (n
= 7) compared with atopic (n = 5) and nonatopic (n = 5) control subjects, respectively. Individual data
points (filled circles) are given with mean (open circles) and SEM (bars). There was a statistically
significant difference in the numbers of αIL-4R-immunoreactive cells between atopic asthmatic and
atopic control subjects (P < .01).

TABLE II. Colocalization of αIL-4R mRNA to CD3- and
tryptase-positive cells

Percent of αIL-4R

mRNA–positive cells

CD3-positive Tryptase-positive

cells cells

Atopic asthma 70.0 ± 2.9 19.7 ± 2.4
Intrinsic asthma 33.0 ± 3.8 7.0 ± 1.5
Nonatopic control subjects 72.3 ± 5.4 5.0 ± 0.6
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mens obtained from atopic asthmatic subjects. There was
a significantly increased proportion of cells in the airway
epithelium expressing αIL-4 mRNA in atopic asthmatic
subjects compared with atopic control subjects (P < .05).
However, increased expression of αIL-4R mRNA was
not observed in the epithelium of intrinsic asthmatic sub-
jects compared with nonatopic control subjects. Epithe-
lial αIL-4R mRNA expression did not differ significant-
ly between atopic and nonatopic control subjects. The
numbers of αIL-4R mRNA–positive cells in the subep-
ithelium were significantly higher in both atopic (mean ±
SEM, 7.76 ± 0.77 cells/mm BM) and intrinsic (mean ±
SEM, 4.85 ± 0.61 cells/mm BM) asthmatic subjects com-
pared with atopic (mean ± SEM, 3.45 ± 0.32 cells/mm
BM) and nonatopic (mean ± SEM, 2.29 ± 0.32 cells/mm
BM) control subjects, respectively (P < .01; Fig 1).
Subepithelial αIL-4R mRNA–positive cells were also
significantly higher in atopic asthmatic subjects com-
pared with nonatopic asthmatic subjects (P < .01) but did
not differ significantly when atopic and nonatopic con-
trol subjects were compared.

Expression of αIL-4R immunoreactivity in

bronchial biopsy specimens

αIL-4R immunoreactivity was significantly increased
in the airway epithelium of atopic asthmatic subjects
compared with atopic control subjects (P < .01). This
increase was not observed in intrinsic asthmatic subjects
when compared with nonatopic control subjects. The
numbers of cells expressing αIL-4R immunoreactivity in
the subepithelium of bronchial biopsy specimens from
atopic asthmatic subjects (mean ± SEM, 8.94 ± 0.97
cells/mm BM) were significantly increased compared
with atopic control subjects (mean ± SEM, 3.80 ± 0.68
cells/mm BM; P < .05) (Fig 2). Although subepithelial
αIL-4R–immunoreactive cells were detected in intrinsic
asthma (mean ± SEM, 6.41 ± 1.90 cells/mm BM), the
expression was not significantly different in these
patients compared with the atopic asthmatic subjects or
the nonatopic control subjects (mean ± SEM, 3.30 ± 0.70
cells/mm BM). Immunoreactivity for αIL-4R was also
detected in the endothelium in bronchial biopsy speci-
mens and was significantly higher in atopic and intrinsic
asthmatic subjects compared with atopic (P < .05) and
nonatopic control subjects (P < .05), respectively. αIL-
4R immunoreactivity did not differ significantly between
atopic and nonatopic control subjects in the epithelium,
subepithelium, or endothelium.

Colocalization of αIL-4R mRNA to T lympho-

cytes and mast cells

Combined in situ hybridization–immunocytochemistry
was used on biopsy sections from randomly selected
atopic asthmatic subjects, intrinsic asthmatic subjects, and
nonatopic control subjects to identify the phenotype of
αIL-4R mRNA–positive cells. As shown in Table II, CD3-
positive T cells comprised the larger proportion of αIL-4R
mRNA–positive cells in the airway wall of atopic asth-
matic subjects, intrinsic asthmatic subjects, and nonatopic

control subjects. In each group tryptase-positive mast cells
constituted a smaller percentage of αIL-4R mRNA–posi-
tive cells. The proportion of CD3-positive cells coexpress-
ing αIL-4R mRNA was 44.0% ± 4.9% in atopic asthmat-
ic subjects, 26.3% ± 2.3% in intrinsic asthmatic subjects,
and 8.3% ± 2.7% in nonatopic control subjects. Similarly,
differences were found between the groups in the propor-
tion of tryptase-positive cells coexpressing αIL-4R
mRNA; 38.0% ± 4.4% in atopic asthmatic subjects, 7.3%
± 1.5% in intrinsic asthmatic subjects, and 9.0% ± 1.5% in
nonatopic control subjects. To examine whether differ-
ences in T-cell numbers in the bronchial mucosa of atopic
asthmatic subjects, intrinsic asthmatic subjects, atopic
control subjects, and nonatopic control subjects might
contribute to differences in the numbers of αIL-4R
mRNA–positive cells, immunocytochemistry was per-
formed with an anti-CD3 mAb. Numbers of CD3-positive
cells did not differ significantly in the bronchial mucosa of
atopic asthmatic subjects, intrinsic asthmatic subjects,
atopic control subjects, and nonatopic control subjects. In
addition, numbers of CD3-immunoreactive cells did not
correlate with numbers of αIL-4R mRNA–positive or
immunoreactive cells (P > .05).

Expression of IL-4 mRNA in bronchial biopsy

specimens

IL-4 mRNA expression was examined in bronchial
biopsy specimens from all patients and control subjects
by in situ hybridization. Numbers of IL-4 mRNA–posi-
tive cells were significantly higher in the bronchial
mucosa of atopic and intrinsic asthmatic subjects com-
pared with atopic (P < .01) and nonatopic control sub-
jects (P < .01), respectively. Numbers of IL-4
mRNA–positive cells did not differ significantly in
atopic asthmatic subjects compared with intrinsic asth-
matic subjects or in atopic control subjects compared
with nonatopic control subjects. The numbers of cells
expressing αIL-4R mRNA or immunoreactivity did not
correlate with the numbers of IL-4 mRNA–positive cells
in asthmatic or control subjects (P > .05).

αIL-4R expression and clinical indices of pul-

monary function

There were no significant correlations between cells
expressing αIL-4R mRNA or αIL-4R immunoreactivity
when examining αIL-4R expression and clinical indices
of pulmonary function in both atopic and nonatopic asth-
ma (FEV1 or PC20 to histamine; P > .05).

DISCUSSION

Recent studies examining the expression of IL-5
receptor mRNA in asthmatic airways demonstrated a
close association between cells expressing isoforms of
this receptor and FEV1.14 In contrast, the correlation
between IL-5 mRNA and FEV1 was relatively weak,21

suggesting that receptor expression is more indicative of
cytokine action. The importance of αIL-4R has been sug-
gested with the recent identification of a novel αIL-4R
allele that is associated with enhanced function and is
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strongly related to atopy.22 By using riboprobes comple-
mentary to cellular mRNA encoding the transmembrane
region of αIL-4R and through the use of mAbs directed
against the same region of the translated protein, we
examined expression of the membrane-bound isoform of
αIL-4R in bronchial biopsy specimens from atopic and
nonatopic asthmatic subjects. Each group was compared
with healthy subjects matched for atopic status to control
for differences that may have been associated with atopy
per se rather than asthma. The results of this study pro-
vide evidence for the constitutive expression of αIL-4R
in airways of normal individuals and demonstrate that the
numbers of subepithelial cells expressing mRNA encod-
ing this receptor are increased in atopic and intrinsic
asthmatic subjects. Although subepithelial αIL-4R
expression was elevated at the protein level in atopic
asthmatic subjects, we were unable to demonstrate this in
the bronchial mucosa of patients with intrinsic asthma.

The putative effects elicited by IL-4 on target cells
include the switching of CD4+ T cells to a TH2 profile of
cytokine expressions,5,6 the upregulation of endothelial
VCAM-1 expression,8 and the induction of B-cell
immunoglobulin isotype switching to IgE.7 These actions
are mediated through the IL-4 receptor,23,24 a complex that
includes an IL-4–specific subunit (αIL-4R) and at least 1
other subunit, which may be shared between a number of
cytokine receptors.16 IL-13 has many functional similarities
to IL-4, including VCAM-1 upregulation and IgE switch-
ing. Unlike IL-4, however, T cells do not respond to IL-13.25

Functional studies and receptor blocking experiments have
suggested that IL-13 also uses αIL-4R in its receptor com-
plex.16 Using double in situ hybridization, we recently
reported that IL-4 and IL-13 mRNA are coexpressed, pre-
dominantly by T cells, in the airways of atopic asthmatic
subjects.26 It is therefore possible that both IL-4 and IL-13
act as ligands for αIL-4R investigated in this study.

Prior studies have shown increased expression of IL-4
and IL-5 in bronchial biopsy specimens from both atopic
and nonatopic asthmatic subjects,4 suggesting that the lat-
ter is not a distinct immunopathologic entity. The results
of our in situ hybridization analyses provide further sup-
port for the hypothesis that allergic and nonallergic vari-
ants of asthma share some similar pathophysiologic
mechanisms because both were found to be associated
with increased mRNA expression of αIL-4R. However,
αIL-4R mRNA expression was also elevated in the atopic
asthmatic subjects compared with the intrinsic asthmatic
subjects, possibly suggesting that IL-4–mediated actions
are more important in the pathophysiology of allergic
asthma. The immunocytochemical data is more difficult
to interpret but might be explained by the large variation
in αIL-4R immunoreactivity in the intrinsic asthmatic
subjects, which may be a reflection of the heterogeneity
of the disorder. Other factors that might have influenced
the expression of αIL-4R immunoreactivity in intrinsic
asthmatic subjects include posttranscriptional regulation
and differences in the kinetics of αIL-4R mRNA and pro-
tein expression. The precise influences that regulate αIL-
4R expression remain to be determined, however.

Various cell types were shown to express αIL-4R in
biopsy specimens, including epithelial and endothelial
cells, as well as cells within the airway submucosa.
Epithelial αIL-4R expression was found to be increased
in atopic asthma but not intrinsic asthma. Recent studies
have reported that IL-4 upregulates GM-CSF expression
by epithelial cells.9 In vitro epithelial production of GM-
CSF is capable of markedly prolonging the survival of
eosinophils.27 It is possible that IL-4/αIL-4R interactions
are involved in the induction of GM-CSF–mediated
eosinophil survival in atopic asthma. Activated epithelial
cells may also comprise a source of chemokines, such as
IL-8 and RANTES, which are chemotactic for T lym-
phocytes and eosinophils.28,29 Rothenburg et al30 demon-
strated that epithelial expression of eotaxin, a highly spe-
cific eosinophil chemoattractant, is induced locally in
response to IL-4 in mice. In intrinsic asthma, mecha-
nisms other than IL-4 may be involved in the production
of proinflammatory mediators by epithelial cells. IL-4
has also been suggested to promote the accumulation of
eosinophils and lymphocytes in asthmatic airways by
upregulating endothelial expression of VCAM-1.8

Indeed, work in a mouse model of asthma has shown an
abrogation of airway eosinophilia in animals treated with
anti-IL-4 mAbs.31 Consistent with this, we detected the
increased expression of αIL-4R in the endothelium of
atopic and intrinsic asthmatic patients compared with
control subjects.

αIL-4R has been described in unstimulated T and B
lymphocytes, and its expression is strikingly upregulated
in vitro in response to IL-4.32,33 IL-4 mRNA expression
was found to be increased in the bronchial mucosa of
atopic and intrinsic asthmatic subjects; however, it did
not correlate with numbers of αIL-4R mRNA–positive or
immunoreactive cells. In this study the majority of cells
expressing αIL-4R immunoreactivity and mRNA in the
subepithelium exhibited a morphology consistent with
that of mononuclear cells, including lymphocytes.
Indeed, αIL-4R mRNA colocalized largely to T cells,
particularly in allergic asthma where IL-4 is believed to
perpetuate the TH2-predominated cytokine response. IL-4
also favors the development of mast cells and upregulates
the expression of IgE receptors on these and other cell
types.34 Consistent with these in vitro observations, a sig-
nificant proportion of αIL-4R mRNA–positive cells were
tryptase-positive mast cells in the bronchial mucosa, par-
ticularly in atopic asthma.

In atopic asthma CD3-positive T cells and tryptase-
positive mast cells accounted for approximately 90% of
the subepithelial αIL-4R mRNA–positive cells. The
remainder of the subepithelial αIL-4R mRNA–positive
cells in allergic asthma might be attributed to eosinophils
and B lymphocytes. In contrast to atopic asthmatic sub-
jects, αIL-4R mRNA expression in CD3-positive T cells
and tryptase-positive mast cells explained only 40% of
the subepithelial αIL-4R mRNA–positive cells in biopsy
specimens from intrinsic asthmatic subjects. It is possible
that macrophages comprise a distinct population of αIL-
4R mRNA–positive cells in intrinsic asthma. Indeed,
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macrophage numbers are significantly increased in the
bronchial mucosa of intrinsic asthmatic subjects but not
atopic asthmatic subjects or normal control subjects.15

Although the numbers of T cells do not differ signifi-
cantly between atopic asthmatic subjects, intrinsic asth-
matic subjects, and control subjects, the proportion of
these cells expressing αIL-4R mRNA varies between the
groups. This suggests that differences in αIL-4R expres-
sion between the groups cannot be attributed to differ-
ences in total T-cell numbers but may be related to other
factors such as cellular activation. Similarly, previous
studies have shown that numbers of tryptase-positive
mast cells do not differ significantly in the bronchial
mucosa of atopic and intrinsic asthmatic subjects35; how-
ever, the percentage of these cells expressing αIL-4R
mRNA was approximately 38% in atopic asthmatic sub-
jects compared with 7% in intrinsic asthmatic subjects.

When comparing clinical indices of pulmonary func-
tion with the expression of αIL-4R in asthma, we found
no significant correlations. This finding is in agreement
with previous studies in asthmatic subjects, which failed
to find any association with IL-4 expression and alter-
ations in lung function.4 This is possibly explained by the
multiple actions of IL-4 on various cell types and the
widespread expression of αIL-4R receptor.36

In summary, the results of this study demonstrate
increased mRNA expression of αIL-4R in bronchial
biopsy specimens from atopic and intrinsic asthmatic
individuals and increased αIL-4R immunoreactivity in
the former group of patients compared with control sub-
jects. The receptor mRNA and protein were expressed in
the airways epithelium, submucosa, and endothelial
cells. Although not correlated to indices of pulmonary
function, expression of αIL-4R may be important in the
pathogenesis of asthma irrespective of etiology.
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