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Background: Basophils represent an important source of
inflammatory mediators and cytokines after IgE-dependent
activation in human beings.

Objective: To assess the role of basophils in allergic asthma,
we measured the number of basophils in the bronchial mucosa
and their capacity to express IL-4 mRNA and protein during
allergen-induced late asthmatic responses.

Methods: Fiberoptic bronchoscopic bronchial biopsies were
obtained at 24 hours from sites of segmental bronchial allergen
challenge and control sites in 19 patients with atopic asthma
and 6 nonatopic healthy volunteers. Basophil numbers were
assessed by immunohistochemistry through use of mAb 2D7.
IL-4 mRNA-positive cells were detected through use of in situ
hybridization and colocalized to basophils through use of
sequential immunohistochemistry/in situ hybridization. IL-4
protein was detected and colocalized to basophils through use
of dual immunohistochemistry.

Results: After allergen challenge, there was an increase in the
median number of 2D7-positive basophils per square millime-
ter in the bronchial mucosa in patients with asthma (0.9
cells/mm? at baseline to 8.8 cells/mm? after challenge; P =
.002), which also was significantly higher than what was seen
in nonasthmatic controls (P = .01). Similarly, IL-4 mRNA-
positive cells were increased at 24 hours in patients with
asthma (1.4 to 14) in comparison with controls (0 to 0; P =
.02). Colocalization studies revealed that 15% and 41% of the
basophil population in patients with asthma after allergen-
challenge expressed, respectively, IL-4 mRNA and protein.
Conversely, 19% of IL-4 mRNA—positive cells and 72% of IL-4
protein—positive cells were accounted for by basophils.
Conclusion: After allergen provocation in sensitive patients
with atopic asthma, basophils are recruited to the bronchial
mucosa and express IL-4 mRNA and protein, which might con-
tribute to local IgE synthesis and/or tissue eosinophilia or other
aspects of allergic inflammation during late responses and
ongoing asthma. (J Allergy Clin Immunol 2001;108:205-11.)

From athe Department of Upper Respiratory Medicine, Imperial College at
National Heart & Lung Institute and Royal Brompton Hospital, London,
United Kingdom, and the Departments of bPediatrics and ¢Internal Medi-
cine, Divisions of Rheumatology, Allergy and Immunology, Virginia Com-
monwealth University, Richmond, Va.

Supported by the National Asthma Campaign and Medical Research Council
(United Kingdom) and the National Institutes of Health (AR45441).

Received for publication December 6, 2000; revised May 9, 2001; accepted
for publication May 9, 2001.

Reprint requests: Stephen R. Durham, MD, Upper Respiratory Medicine,
Imperial College School of Medicine at National Heart & Lung Institute,
Dovehouse Street, London SW3 6LY, United Kingdom.

Copyright © 2001 by Mosby, Inc.

0091-6749/2001 $35.00 + 0  1/83/117175

doi:10.1067/mai.2001.117175

Key words: Asthma, late asthmatic responses, basophils, IL-4

Basophils express high-affinity IgE receptors and repre-
sent a potential major source of inflammatory mediators
(eg, histamine, lipid mediators) and cytokines such as IL-41
after allergen-induced IgE-dependent activation. Previous
studies have demonstrated infiltration by basophils of
human allergen-induced late responses occurring in the
skin, nose, and bronchi.2-¢6 Howeyver, these studies relied on
morphologic criteria, metachromatic staining, and surface
IgE expression. Differentiation from mast cells was
achieved by the presence/absence of tryptase-positive stain-
ing. However, basophils also produce low levels of tryptase,
and monocytes, eosinophils, and dendritic cells also express
surface Fce receptor I (FceRI) and consequently might carry
IgE on their cell surfaces. In 1995, through use of immuno-
histochemistry and immunogold electron microscopy, a
murine IgGlx mAb, 2D7, was identified that recognizes a
specific determinant contained in the cytoplasmic granules
of human basophils.” Immunohistochemistry using 2D7 on
microscopic sections of cutaneous biopsies obtained after
intradermal allergen-challenge confirmed increases in
basophil numbers during human late skin responses.3
Increases in basophils were also detected in sputum at 7
hours and 24 hours after allergen inhalation challenge
through use of 2D7.9 An alternative basophil-specific mark-
er, mAb BBI1, has been used to detect basophil infiltration
during late responses in the skin and bronchi.10-12

IL-4 is an archetypal “Ty2-type” cytokine that has
been detected at the mRNA and protein level in bron-
choalveolar lavage fluid and bronchial biopsies from
patients with atopic asthma and during late asthmatic
responses.!3 IL-4 (as well as IL-13) is an important cofac-
tor involved in the initiation of switching of B lympho-
cytes in favor of IgE production.14 IL-4 induces bronchial
mucus production and upregulates the expression of vas-
cular cell adhesion molecule 1 (VCAM-1) on vascular
endothelium.!5 For these reasons, it is likely that 1L.-4
plays an important role in the tissue eosinophilia and IgE
production that characterize late responses and ongoing
atopic asthma. Whereas a major cell source of mRNA for
IL-4 during these responses has been identified as the T
lymphocyte, it is clear from studies of human basophils
derived from peripheral blood that the basophil represents
an alternative source of IL-4 protein secretion.!

In this study, we obtained bronchial biopsies 24 hours
after bronchial segmental allergen provocation in
patients with atopic asthma. Through use of immunohis-
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Abbreviations used
FceRI: Fce receptor I
PC,: Provocation concentration that caused a 20%
decrease in FEV
PEFR: Peak expiratory flow rate
TBS: Tris-buffered saline solution
VCAM-1: Vascular cell adhesion molecule 1

tochemistry and in situ hybridization, we tested the
hypothesis that basophils are recruited to the bronchi
after allergen challenge and have the potential to express
IL-4 mRNA and protein and contribute to the develop-
ment of late asthmatic responses.

METHODS
Study design

The study was performed with the approval of the Royal Bromp-
ton Hospital Ethics Committee, and all patients gave written
informed consent. Each subject attended on a screening day when a
history was taken, an examination and skin prick tests were per-
formed, and a venous blood sample was taken for measurement of
serum IgE antibody concentrations. Patients and normal volunteers
returned to the hospital for overnight admission for the performance
of fiberoptic bronchoscopy, segmental bronchial allergen provoca-
tion, and a repeat bronchoscopy after an interval of 24 hours.

Patients

Each of the 19 patients with asthma gave a history of asthma
symptoms on relevant allergen exposure and was clinically stable.
Baseline FEV, was greater than 80% predicted. Patients with asth-
ma had increased bronchial responsiveness to inhaled methacholine
(PCy, <16 mg/mL, PC,, being the provocation concentration of
methacholine required to decrease FEV; by 20% from baseline).
Their allergen sensitivity was confirmed by a positive skin prick test
result (>5-mm skin weal) to either house dust mite (Der-
matophagoides pteronyssinus) or grass pollen (Phleum pratense;
Soluprick; ALK, Horsholm, Denmark) as well as increased serum
allergen-specific IgE for the same allergen (CAP system, Pharma-
cia Diagnostics, Uppsala, Sweden). Inhaled glucocorticoid therapy
had not been taken for at least 2 weeks, none of the subjects had
received oral glucocorticoids for at least 6 months before bron-
choscopy, and none had received immunotherapy during the previ-
ous 5 years. Smokers and exsmokers who had smoked more than 5
pack-years were specifically excluded. As a control group, we
included 6 nonatopic healthy volunteers who had no symptoms sug-
gestive of asthma or allergic disease, had normal methacholine
bronchial reactivity (methacholine PC,(,>32 mg/mL), and had neg-
ative skin prick test results to a panel of 11 common aeroallergens,
including pollens (tree, grass), molds (Aspergillus, Alternaria, Cla-
dosporium), weeds (mugwort), animal extracts (cat, dog, horse),
and house dust mite.

Bronchoscopy

All patients and controls were premedicated with nebulized
albuterol (2.5 mg) and intravenous atropine (0.6 mg) and midazo-
lam (5 to 10 mg) 10 minutes before the procedure. Oxygen was
delivered throughout the procedure via nasal cannulae, and oxygen
saturation was monitored by pulse oximetry. Topical anesthesia of
the upper airways was achieved through use of 2% to 4% lidocaine
solution. For subjects who underwent dual diluent/allergen chal-
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lenge, the bronchoscope (Olympus BFP20; Olympus Corp, Lon-
don, United Kingdom) was wedged in a lateral subsegment of the
right middle lobe to undertake a control challenge with 5 mL of
sterile saline solution prewarmed to 37°C. The bronchoscope was
then passed into a subsegment of the lingula of the left lung, and
allergen challenge was performed by instilling 5 mL of prewarmed
saline solution containing 100 biological units of either D
pteronyssinus or P pratense (Aquagen, ALK, Abello, Horsholm,
Denmark). The allergen-challenged site was observed for 5 min-
utes, and in the absence of excessive local bronchoconstriction, a
further 400 biological units of allergen was introduced in 5 mL of
warmed saline solution. The subjects were observed closely, and
peak flow values were recorded hourly throughout the day; the sub-
jects were admitted overnight. A second bronchoscopy was per-
formed with the same premedication at 24 hours after allergen chal-
lenge. Two bronchial biopsies were taken from each challenge site.
For the remaining subjects, 2 baseline endobronchial biopsies were
taken from either the carinae of the left lingular lobe or the right
middle lobe. Allergen challenge was performed in either the right
middle lobe or the lingula of the left lung—ie, in the site opposite
that from which the baseline biopsies had been taken. A second
bronchoscopy was performed 24 hours later, and 2 endobronchial
biopsies were taken from the allergen-challenged site.16:17

Bronchial biopsies

Bronchial biopsies were fixed in 4% paraformaldehyde/PBS
solution for 2 hours, washed in 15% sucrose/PBS twice, embedded
in OCT compound (BDH Merck, Lutterworth, United Kingdom),
and snap-frozen in isopentane precooled in liquid nitrogen. Cryostat
sections 6 um thick were cut on polysine microscope slides (BDH
Merck), dried overnight at 37°C, and stored at —80°C.18

Immunohistochemistry

Basophils were detected in bronchial biopsies through use of
mADb 2D7. Sections were immersed in 0.6% hydrogen peroxide and
methanol for 30 minutes to inhibit endogenous peroxidase activity.
They were then washed twice in Tris-buffered saline solution (TBS)
pH 7.6 before incubation with normal horse serum (Vectastain ABC
kit, Vector Laboratories, Peterborough, United Kingdom) for 1 hour
at room temperature. Sections were incubated at 4°C overnight with
mAb 2D7 (0.65 pug/mL) or with the isotype-matched negative con-
trol (MOPC-31C, Sigma Chemical Company, St Louis, Mo). Sec-
tions from a formalin-fixed, paraffin-embedded blood clot that con-
tained peripheral blood basophils were used as a positive control.
After several washes with Tween 20 TBS (Sigma-Aldrich, Dorset,
United Kingdom), sections were incubated with biotinylated horse
antimouse IgG (Vector ABC kit) for 1 hour at room temperature.
Slides were then incubated with Vectastain avidin biotin complex
for 30 minutes at room temperature. Sections were monitored
microscopically during incubation with the Vector diaminobenzi-
dine substrate kit. Finally, slides were washed and mounted in Glyc-
ergel (Dako Ltd, Cambridge, United Kingdom).

Immunoreactive IL-4 protein was detected through use of a
biotinylated rat antihuman IL-4 mAb (Pharmingen, BD, Cowley,
Oxford, United Kingdom). Sections were permeabilized by wash-
ing in freshly prepared 0.1% saponin in PBS for 30 minutes. Sec-
tions were then treated with an avidin/biotin blocking kit (Vector
Laboratories) to block nonspecific binding of biotin/avidin system
reagents. Slides were incubated with avidin D blocking solution for
15 minutes, rinsed briefly in saponin/PBS, and then incubated for
15 minutes with the biotin blocking solution. Sections were incu-
bated overnight at room temperature with biotinylated rat antihu-
man IL-4 mAb or biotinylated isotype-matched mAb of irrelevant
specificity (Pharmingen) diluted in saponin/PBS containing 150 uL
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rabbit serum per 10 mL PBS. Nasal biopsy sections (6 hours after
allergen challenge) known to contain IL-4-expressing cells were
used as a positive control.!9 Slides were then washed with
saponin/PBS and incubated for 30 minutes with biotinylated rabbit
antirat IgG (Vector Laboratories) in saponin/PBS/rabbit serum.!®
The sections were washed with saponin/PBS and incubated for 30
minutes with Vectastain ABC-AP (Vector Laboratories); next, they
were washed and incubated for 20 minutes with fast blue BB salt or
fast red TR salt (Sigma Aldrich). The slides were then washed in
water and mounted in Glycergel. Double immunohistochemistry to
detect the numbers of 2D7-positive cells expressing IL-4
immunoreactive protein was performed through use of mAb 2D7
followed by immunostaining for IL-4 protein, as described above.
Mouse IgGl1 isotype-matched negative control (for 2D7) (anti—
Aspergillus niger glucose oxidase; Dako Ltd) and biotinylated rat
IgG1 isotype-matched negative control (for IL-4) (Pharmingen)
were included at the appropriate stages of double-staining.

In situ hybridization

Riboprobes, antisense and sense, were prepared from cDNA
encoding human IL-4. cDNA was inserted into different pGEM
vectors and linearized with appropriate enzymes before transcrip-
tion. Transcription was performed in the presence of 35S-uridine
triphosphate and the appropriate T7 or SP6 RNA polymerase. For
in situ hybridization, 6-um sections were permeabilized with Tri-
ton X-100 (Sigma-Aldrich) and then digested with proteinase K
(Sigma). To inhibit nonspecific binding of 35S probes, sections
were pretreated with iodoacetamide and N-ethylmaleimide fol-
lowed by acetic anhydride/triethanolamine.20 Sections were then
hybridized with either antisense cytokine probes or (control) sense
probes (with an identical sequence to mRNA), as described.20 As
a negative control, sections were treated with ribonuclease-A solu-
tion before the hybridization with antisense probes. For simulta-
neous in situ hybridization and immunohistology, sections were
first immunostained through use of the 2D7 basophil marker, as
described above; this was followed by in situ hybridization to
detect IL-4 mRNA.

Quantification

2D7-positive basophils were detectable by a discrete intracellu-
lar granular staining pattern of cells. For in situ hybridization,
hybridized signals for IL-4 mRNA were localized as a dense accu-
mulation of silver grains in photographic emulsion overlying indi-
vidual cells. Slides were counted blind in a random coded fashion
through use of a Zeiss Axiolab microscope (Jena, Germany) fitted
with an eyepiece graticule (0.202 mm? at a magnification of x200).
Subepithelial counts were expressed in numbers per square mil-
limeter. The mean intraobserver coefficient of variation for repeat
counts was 8%.

Statistical analysis

The Wilcoxon matched-pairs signed-rank test was used for with-
in-group comparisons. Between-group comparisons were obtained
through use of the 2-tailed Mann-Whitney U test. P values less than
.05 were considered statistically significant. Statistical tests were
performed through use of a standard computer package (Minitab
Inc, State College, Pa).

RESULTS
Clinical data

Clinical data for the 19 atopic patients with asthma
and the 6 nonatopic normal volunteers studied are shown
in Table I. Twelve of the patients with asthma demon-
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TABLE I. Clinical data for participants

Patients with Normal
asthma (n =19) controls (n = 6)

Age* (y) 30 (24,38) 22 (20,25)
Gender (male:female) 8:11 5:1
Total IgE* (IU/mL) 264 (120,470) 46 (12,177)
Allergen specific IgE* (IU/mL) 45 (28,101) <0.35
Late-phase response® 24.5 (19,33) 8

(% decrease in peak

expiratory flow rate)
Methacholine PC, (mg/mL) 3.4(1.3,14.2) >32

*Data are expressed as medians (interquartile ranges).

strated a greater than 20% fall in peak expiratory flow
rate (PEFR) during the late period (3-24 hours) after
allergen challenge, whereas none of the normal controls
showed a decrease in peak flow rate greater than 10%.

Immunohistology: 2D7-positive basophils

Basophils were seen within the bronchial mucosa as
discreet cells with granular cytoplasmic brown staining.
In contrast, control sections stained with isotype control
antibody from the same species were entirely negative.
Positive control sections of blood clot that contained
peripheral blood basophils confirmed 2D7 reactivity with
basophils. In patients with asthma, median (interquartile
range) numbers of 2D7-positive basophils per square
millimeter within the bronchial mucosa were 0.9 (0 to
2.6) at baseline and 8.8 (2.5 to 12.9) 24 hours after seg-
mental bronchial allergen provocation (P = .002). Corre-
sponding numbers of basophils per square millimeter in
normal nonasthmatic controls were 0.51 (0 to 1.3) and 0
(0 to 1.6; P =.9). Basophil numbers after allergen chal-
lenge were significantly higher for patients with asthma
than normal controls (P = .01; Fig 1).

In situ hybridization

Specific hybridization signals were recognized as
clear, dense deposits of silver grains in the photographic
emulsion overlying cells expressing IL-4 mRNA. The
specificity of the results obtained during hybridization
with the antisense IL-4 Riboprobe was confirmed by the
complete absence of hybridization signals in the control
experiments using the IL-4 sense probe (with identical
nucleotide sequence to IL-4 mRNA). Median (interquar-
tile range) numbers of IL-4 mRNA—positive cells per
square millimeter for patients with asthma were 1.4 (0 to
10.6) before and 14.0 (0 to 33.0) after allergen challenge
(P = .02); corresponding values in normal subjects were
0 (0 to 2.7) before and 0 (0 to 0) after allergen challenge
(P = .4). A comparison of IL-4 mRNA—positive cells
after allergen challenge between patients with asthma
and normal subjects was also statistically significant (P =
.02; Fig 1).

Colocalization of IL-4 mRNA to basophils

Simultaneous immunohistology/in situ hybridization
was performed on 7 biopsies obtained from the patients
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FIG 1. Immunohistochemistry for basophils (2D7; A) and in situ hybridization for IL-4 mRNA-positive cells
(B) in the bronchial mucosa of asthmatic (®) and normal nonatopic control (O) subjects before and 24 hours
after segmental allergen (Ag) challenge. Median values are represented by the horizontal bars. Within-
group comparisons: Wilcoxon test. Between-group comparisons: Mann-Whitney U test.
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FIG 2. A, The percentages of basophils that express IL-4 mRNA
(striped bar) and protein (open bar). B, The percentages of IL-
4-positive cells (MRNA [striped bar] and protein [open bar]) that
are basophils (n = 7).

with asthma in whom the number of IL-4 mRNA—posi-
tive cells and 2D7-positive cells was greater than 10 per
square millimeter. This was carried out on biopsies taken
24 hours after allergen challenge to identify the propor-

tion of 2D7-positive basophils that expressed IL-4
mRNA (Fig 2, A) and, conversely, the contribution of
basophils (%) to the total number of cells that expressed
IL-4 mRNA during late responses (Fig 2, B). The mean
(= SEM) percentage number of 2D7-positive cells
expressing IL-4 mRNA was 15% (8.8%). Conversely,
19% (10%) of IL-4 mRNA—positive cells were identified
as basophils.

Colocalization of IL-4 protein

IL-4 protein staining demonstrated discreet cytoplas-
mic staining (red) of individual cells. Positive control
sections consistently provided IL-4—positive expressing
cells, whereas no staining was observed when isotype
control antibody (negative control) was used. Double
immunohistochemistry was performed through use of
mAb 2D7 to detect basophils and an anti—IL-4 antibody
to detect IL-4 protein product. The mean (+ SEM) per-
centage of 2D7-positive cells expressing IL-4 protein
was 41% (4%), whereas 72% (2%) of immune-reactive
IL-4 protein was colocalized to 2D7-positive basophils
(Fig 2). Examples of individual and dual immunohisto-
chemistry/in situ hybridization of bronchial mucosal sec-
tions for IL-4 mRNA and 2D7-positive specific staining
for basophils are shown in Fig 3.

Interrelationship between basoplhils, IL-4,
and the late response

Three of the 5 of 19 individuals who showed no
basophils were also among the 6 of 19 who showed no
IL-4 mRNA (Fig 1). Overall, there was no correlation
between the number of IL-4 mRNA-—positive cells and
the number of 2D7-positive basophils. There was, how-
ever, a weak correlation between the changes in numbers
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of IL-4 protein—positive cells and the changes in numbers
of 2D7-positive basophils recruited to the bronchial
mucosa during the late response (r =0.51, P> .05). There
was also no correlation between IL-4 mRNA—positive
cells (r = -0.05, P = not significant) or IL-4 protein pos-
itive cells (r =-0.4, P < .1) or basophil numbers (r = 0.2,
P = not significant) and the percent fall in PEFR during
late responses after challenge.

DISCUSSION

‘We have shown that human allergen-induced late asth-
matic responses are accompanied by increases in tissue
basophils, a proportion of which express IL-4 mRNA and
protein in the bronchial mucosa at 24 hours after chal-
lenge. Basophils recruited during late asthmatic respons-
es therefore have the potential to contribute to the tissue
eosinophilia—and possibly to the IgE synthesis—that
characterize late responses and ongoing allergic asthma.

Basophil numbers were not increased in normal con-
trols who also underwent allergen challenge. Had the
increase in basophils in the patients with asthma been
due to a nonspecific irritant effect of the provocation pro-
cedure itself or of the diluent, this would have been
detected after challenge with the diluent control in both
the patients with asthma and the normal nonatopic con-
trol subjects. The numbers of 2D7-positive basophils (9
per square millimeter) at the site of allergen challenge in
this study are comparable to those of Macfarlane et al,!2
who used the basophil granule—specific mAb BB1 (~7.5
per square millimeter, a correction factor of 5 being used
for the number of cells which in that study were
expressed per millimeter of basement membrane length).
Double immunohistochemistry and immunohistochem-
istry/in situ hybridization provided precise methods of
identifying double-positive cells in the same rather than
in serial sections. The discrepancy between the lower
proportion of 2D7-positive basophils expressing IL-4
mRNA and the higher proportion expressing immunore-
active IL-4 protein might be explained, at least in part, by
the ability of these cells to both synthesize IL-4 after
allergenic stimulation (detectable at mRNA level) and
store mature IL-4 protein, presumably within intracyto-
plasmic granules, before release on activation. In the pre-
sent study, 19% of IL-4 mRNA—expressing cells were
colocalized to 2D7-positive basophils. In a previous
study, we reported that T lymphocytes accounted for
70% to 80% of cells expressing IL-4 mRNA,2! which is
compatible with the present findings. In the former study,
no IL-4 protein staining was attributable to T cells.2! IL-
4 protein is synthesized and secreted, but not stored, by
T cells, whereas basophils store IL-4 within their intra-
cytoplasmic granules. Support for the latter assertion
comes from in vitro studies of human basophils in which
IL-4 mRNA expression by peripheral blood basophils
increased to its peak level within 30 minutes during cul-
ture with anti-IgE and returned to baseline at 18 hours; in
contrast, IL-4 protein remained at the peak level through-
out the 18-hour culture.?2 A time course of IL-4 mRNA
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FIG 3. Sections of bronchial mucosa. a, 2D7-positive basophils are
stained brown (background hematoxylin; x40). b, Cells positive
for IL-4 mRNA are represented by discrete clusters of silver grains
(x20). ¢, Cells positive for IL-4 protein are stained red (x100). d, IL-
4 protein—positive/2D7-positive basophils are detected after dou-
ble immunostaining for 2D7 (brown) and IL-4 protein (blue; x100).
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and protein expression in the bronchi after allergen chal-
lenge might have provided support in vivo for this possi-
bility, but this was not possible for ethical reasons.

A recent study of allergen-induced late cutaneous
responses examined infiltrating basophils and other
inflammatory cells.!! Basophils were detected through
use of an alternative, recently characterized basophil-
specific marker, BB1. Basophil numbers were less
numerous than eosinophils. In agreement with our find-
ings pertaining to the bronchi, basophils were detectable
at 24 hours in the skin after allergen challenge.!2 In that
study, in which it was possible to examine a time course,
basophils peaked at 24 hours whereas eosinophils peaked
earlier, at 6 hours. In patients with atopic asthma, BB1-
positive basophil numbers in the bronchial mucosa were
10-fold less than associated eosinophil and mast cell
numbers.!2 Increases in BB1-positive basophils were
observed after allergen challenge, which, allowing for
the differences in expression of cell numbers, were com-
parable to those observed in the present study. Although
a proportion of IL-4 mRNA (19%) and protein (41%)
was colocalized to basophils, there was no significant
correlation between IL-4 expression and basophil num-
bers. Similarly, there was no correlation between
basophil numbers, IL-4 expression, and late falls in
PEFR. This is not surprising, because the allergen was
delivered into a local bronchial segment and local
changes in airway caliber would not be reflected in over-
all changes of lung function.

In addition to histamine and lipid mediators such as
leukotriene C4,23 human peripheral blood-derived
basophils have been shown to secrete the chemokine
macrophage inflammatory protein-1024 and the cyto-
kines IL-425-28 and IL-1329-3! after IgE-dependent stim-
ulation. By use of flow cytometry, intracellular IL-4 was
detected in unstimulated basophils from both atopic and
nonatopic subjects, which indicated constitutive expres-
sion of IL-4 by basophils.32 Presumably, these cells in
peripheral blood had not been stimulated by a specific
antigen, whereas it is likely that the increases in IL-4
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mRNA—positive basophils that we observed after aller-
gen provocation in the bronchi represent activation of
allergen-specific cells after allergen exposure.

IL-4 induces B-cell Ig switching in favor of IgE.33
Although IL-4 is sufficient to initiate IgE transcription
through the heavy chain (Ce) locus, with production of
“sterile” nontranscribable € germline transcripts, switch
recombination and the expression of mature Ce tran-
scripts (containing variable diversity joining sequences)
require a second signal—ie, CD40 ligand. CD40 ligand
is expressed on the surfaces of both activated T lympho-
cytes and basophils.34:35 Basophils cultured from umbil-
ical cord blood both secrete IL-4 and express detectable
levels of CD40L after cross-linking of FceRI. When
these activated basophils were added to normal human B
cells, significant levels of IgE, IgG,, and soluble CD23
were released. It seems likely that basophils represent a
prominent early cell source during human allergic
responses in providing both the IL-4 and the CD40L nec-
essary for ongoing IgE synthesis by B lymphocytes. In
addition, IL-4 might selectively increase VCAM-1
expression on the vascular endothelium. The cell surface
counter ligand for VCAM-1 is VLA-4, which is largely
confined to eosinophils and basophils.3¢ Upregulation of
VCAM-1 by IL-4 represents a mechanism for selective
recruitment of eosinophils to sites of allergic reactions.

In summary, we have confirmed that after allergen
exposure in sensitive patients with asthma there occurs a
marked infiltration of basophils into the bronchial
mucosa at 24 hours. Colocalization studies confirmed
that basophils express IL-4 at the mRNA and protein
level and thereby have the potential to contribute to local
IgE and tissue eosinophilia during late responses and
ongoing bronchial asthma.

Bronchial basophils and IL-4 expression represent
potential targets for asthma therapy. For example, in
patients with moderately severe asthma, nebulized solu-
ble human IL-4 receptor demonstrated a marked steroid-
sparing effect that persisted for 2 weeks after a single
inhaled dose.37 An alternative strategy might include the
targeting of basophils, an important source of IL-4.
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