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Background: Previous studies used indirect methods to identi-
fy basophilsin the bronchi in asthma, and the numberswere
not compared with eosinophils and mast cells. Furthermore,
differencesin basophil numbers between atopic and nonatopic
asthma at baseline and between late-phase skin and asthmatic
reactions have not been previously documented.

Objective: The basophil granule-specific mAb BB1 was used
to identify basophilsin (1) bronchial biopsy specimens from
atopic asthmatic subjects and nonatopic asthmatic subjects
and control subjects, (2) biopsy specimens from atopic asth-
matic subjects before and after inhalational allergen challenge,
and (3) late-phase skin reactions. Basophil numbers were com-
pared with EG2* eosinophils and tryptaset mast cells.
Methods: Cells were enumerated in bronchial and skin biopsy
specimens by means of immunohistochemistry with the alka-
line phosphatase-antialkaline phosphatase method.

Results: There were elevated numbers of basophilsin basdline
biopsy specimensin atopic asthmatic subjects compared with
atopic control subjects or normal control subjects, although
eosinophils and mast cells were 10-fold higher. There was an
intermediate number of basophilsin nonatopic asthmatic sub-
jects. Basophilsincreased after allergen inhalation, but again
basophils were less than 10% of eosinophils. In contrast,
basophilsin cutaneous late-phase reactions wer e approximate-
ly 40% of infiltrating eosinophils. The peak of basophil accu-
mulation was at 24 hours, whereas maximal eosinophil infiltra-
tion occurred at 6 hours. One third of cutaneous basophils had
mor phologic appear ances suggestive of degranulation.
Conclusion: Numerous basophilsinfiltrated cutaneous late-
phase reactionsin atopic subjects. However, this cell was not
prominent in bronchial biopsy specimens of asthmatic sub-
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jects, either at baseline or after allergen challenge. (J Allergy
Clin Immunol 1999;99-107.)

Key words: Basophil, eosinophil, mast cell, skin, bronchial provo-
cation

Basophils express the high-affinity IgE receptor FceRl
together with membrane-bound surface IgE.! IgE-depen-
dent and IgE-independent activation of basophils results
in the release of a range of potent mediators, including
histamine, leukotrienes, proteoglycans, and a variety of
cytokines, including I1L-4 and 1L-13.2-7 Basophils and
eosinophils arise from similar CD34* precursor cells of
myeloid origin and circulate within the blood stream.8
Although basophils are not usually detected within
healthy human tissues, this cell type has been identified
in a variety of inflammatory tissue reactions by using a
range of indirect techniques.9-13

It is difficult to distinguish mast cells from basophils
in tissues because both cell types have metachromatic
granules and are FceRI*. Earlier attempts to distinguish
these cell types were based on morphology, mediator
profiles, and/or markers in flow cytometry, which were
recognized by basophils rather than mast cells.14-17
Attempts were also made to enumerate metachromatic
cells with multilobular nuclei, tryptase/metachromatic
cells or IgE*/tryptase- cells (ie, putative basophils) with-
in the airways!819 of symptomatic asthmatic subjects
and in the lungs of asthmatic subjects dying of fatal asth-
ma.20 Increased metachromatic cells with the nuclear
morphology of basophils and increases in mediators sug-
gestive of basophil activation have been demonstrated in
sputum?1.22 and in bronchoalveolar lavage fluid after the
late asthmatic reaction.23 However, the lack of a sensitive
and specific marker for basophils has hampered confi-
dent identification of basophils within the tissues.

A murine mAb, 2D7, directed against granule deter-
minants and of a molecular size of approximately 72 and
76 kd was described in 1995.24 No immunostaining was
observed in normal human lung, skin, or bowel tissue.2s
2D7+ cellswereidentified at the sites of allergen-induced
cutaneous late-phase reactions (LPRs), with peak infil-
tration occurring at 6 hours after challenge.25

Because, as stated, previous attempts to identify
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Abbreviations used
AA: Atopic asthmatic subject
AC: Atopic control subject
APAAP:  Alkaline phosphatase-antialkaline phosphatase
EAR: Early asthmatic reaction
IHC:  Immunohistochemistry
LAR: Late asthmatic reaction
LPR: Late-phase reaction
NAA: Nonatopic asthmatic subject
NC: Normal control subjects
MBP: Major basic protein
MFI:  Mean fluorescence intensity
SMF:  Specific mean fluorescence

basophils in tissue from asthmatic subjects used indirect
methods, the aim of the present study was to re-evaluate
this issue by using BB1, another recently available
basophil-specific mAb.26 We have compared basophils,
eosinophils, and mast cell numbers in bronchia biopsy
specimens from atopic and nonatopic asthma at baseline
and after allergen challenge. We have also compared late
asthmatic and skin reactions to determine whether there
are differences between tissues in terms of allergen-
induced basophilia.

METHODS

Subjects were recruited from the Allergy Clinic, Roya Bromp-
ton Hospital, and the London Chest Hospital. The ethics committee
at each center approved the study, and all patients gave written con-
sent. All patients were nonsmokers, with no other intercurrent ill-
ness. Asthmatic patients were stable at the time of recruitment with
an FEV | grester than 70% of predicted value at each clinic visit. No
patient had been treated with inhaled, nasal, or oral corticosteroids
for at least 3 months before entry into the study. Patients were asked
to refrain from use of all medication, including short-acting 3,-ago-
nists for at least 8 hours before each visit.

Asthmawas defined as reversible airway obstruction, with adoc-
umented decrease in FEV; greater than 20% from baseline in
response to alergen (atopic asthmatic subjects) or histamine
(nonatopic asthmatic subjects). Nonatopic asthmatic subjects
demonstrated a histamine PC, of less than 2 mg/mL, whereas
nonasthmeatic volunteers demonstrated a histamine PC, of greater
than 16 mg/mL. Atopic and nonatopic status was described as pre-
viously.2?

For the bronchoscopy studies, patients were classified as atopic
asthmatic subjects (AAs), nonatopic asthmatic subjects (NAAS),
atopic nonasthmatic control subjects (ACs), or honatopic, nonasth-
matic normal control subjects (NCs). These subjects were carefully
documented, as described in previous studies.27-30

Bronchial biopsy studies

There were 2 asthmatic study populations. The first (baseline
study) consisted of 24 AAs (9 male and 15 female patients) with a
mean age of 28 + 1.4 years and a mean FEV; of 83.3% * 6.7% of
predicted value, 9 NAAs (5 male and 4 femal e patients) with amean
age of 54 = 2.3 years and a mean FEV, of 79.1% * 6.3% of pre-
dicted value, 8 ACs (4 male and 4 female patients) with amean age
of 23.8 + 1 years and amean FEV; of 104.8% * 2.8% of predicted
value, and 10 NCs (6 male and 4 female patients) with a mean age
of 24.2 + 0.5 years and amean FEV; of 106.7% * 4.0% of predict-
ed value. Baseline bronchial biopsy specimens were obtained from
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each patient. The second population of asthmatic subjects (inhala
tional alergen challenge study) consisted of 11 AAs (3 male and 8
female patients) with a mean age of 30.6 + 1.5 years and FEV of
94.2% + 2.2% of predicted value. They were selected on the basis
of a demonstrated late asthmatic reaction (LAR) with decrease in
FEV, of at least 15% occurring 2 to 8 hours after inhalational aller-
gen challenge. These patients were identified and recruited in a dou-
ble-blind, placebo-controlled intervention study for which they rep-
resent the placebo arm.31 A minimum of 3 weeks after their
screening alergen challenge, these patients attended for a baseline
bronchoscopy performed in accordance with established guide-
lines.32 They received a dose of placebo medication, and then, 24
hours later, the inhalational allergen challenge was repeated. FEV
was monitored for 8 hours after challenge, and 24 hours later, bron-
choscopy was again performed.

Inhalational allergen challenge

Inhalational allergen challenge was performed by using a stan-
dardized protocol based on that described by Chai et al33 by using a
breath-activated dosimeter (Mefar). AAs inhaled a dose of allergen
known from a screening, incremental allergen challenge to cause a
decreasein FEV, of at least 15% from baseline during the late asth-
matic response.

Cutaneous LPRs

L ate-phase skin reactions were performed on 10 atopic subjects
(4 female and 6 male subjects) with amean age of 31.8 + 2.4 years,
and the sites underwent biopsy at time intervals, as previously
described.28.34

Immunohistochemistry

Bronchial and skin biopsy specimens were prepared, as previ-
ously described.27:35 The alkaline phosphatase-antialkaline phos-
phatase (APAAP) method was used to enumerate cells binding to
mADbs against human activated eosinophils (EG2; Pharmacia, Mil-
ton Keynes, UK) and mast cells (anti-tryptase; Dako, High
Wycombe, UK).27.35 Basophils were detected by using the murine
mAb BB1. The APAAP technique was performed as previously
described.27:35 Optimal concentrations of all antibodies used were
determined in pilot experiments. Briefly, the sections were incubat-
ed with the mAbs against phenotypic marker for 30 minutes,
washed in PBS, and incubated with rabbit anti-mouse immunoglob-
ulin (Dako) for 30 minutes. After washing in PBS, the sections were
incubated with soluble complexes of APAAP (Dako) for a further
30 minutes and developed with Fast Red (Sigma Chemicals Co,
Poole, UK) as chromogen for signal visuadization. For immunos-
taining of BB1* basophils, the slides were pretreated with 0.1%
saponin (Sigma)-PBS for 30 minutes, incubated overnight with
BB1 (1:10 in 0.1% saponin-PBS), and then processed as described
above by using 0.1% saponin-PBS as the buffer for all stages.

Positive cells stained red after development with Fast Red.
Omission or substitution of the primary antibody with isotype-
matched murine antibodies were included as negative controls.

Quantification of immunostaining

Two sections per biopsy specimen were counted for each cellular
marker in a blinded fashion by using an Olympus microscope
equipped with an eyepiece graticule (Olympus Corp, Lake Success,
NY). For bronchia biopsy specimens, the area immediately below
the intact basement membrane was counted to a depth of 220 um
(one graticule at x400 magnification). Results are expressed as
immunopositive cells per millimeter of basement membrane. The
epithelial cell layer was not intact on all bronchial biopsy specimens,
and therefore no counts were made on the epithelial side of the base-



J ALLERGY CLIN IMMUNOL
VOLUME 105, NUMBER 1, PART 1

Macfarlane et al 101

TABLE I. Intracellular staining of permeabilized, peripheral blood leukocytes with BB1 and BMK13 (anti-MBP) and phy-
coerythrin-labeled F(ab’), goat anti-mouse IgG (heavy- and light-chain specific)

Peripheral blood leukocytes

Basophils Eosinophils Neutrophils Lymphocytes Monocytes
MBP 10.6 (2.3-23.1) 20.9 (8.89-57.82) ND <0.1(0.0-0.2) <0.1(0.0-0.2)
BB1 48.6 (18.7-116.3) 0.6 (0.0-3.2) <0.1(0.0-0.2) <0.1(0.0-0.1) <0.1(0.0-0.1)

Results are expressed as median values and ranges (n = 8) of the specific mean fluorescence.

ment membrane. Skin biopsy specimens were counted for the whole
area of the biopsy. Results are therefore expressed as immunoposi-
tive cells per square millimeter of skin biopsy specimen. In addition,
the pattern of granules around BB1+ cells was counted either as dis-
crete intact basophils or as dispersed degranulated basophils.

Flow cytometry

The specificity of BB1 for basophil granules was further con-
firmed by comparing permeabilized basophils, eosinophils, neu-
trophils, lymphocytes, and monocytes. We al so wished to determine
whether al basophils stained with BB1 and whether there were dif-
ferences between atopic and nonatopic subjects. Mononuclear cells
(including basophils) were isolated from the peripheral blood of
both atopic (n = 7) and nonatopic subjects (n = 4). The cells were
prepared by a combination of dextran sedimentation and density-
gradient centrifugation on Histopaque (SigmaAldrich, Poole, UK).
Eosinophils were further purified to greater than 97% purity by
using CD16- selection by MACS (Miltenyi Biotec Ltd, Bisley, UK).
The cells were fixed, permeabilized with saponin, and stained as
previously described.36 Briefly, 100 puL of PBMCs (20 x 106 mL-1)
or eosinophils (5 x 106 mL-1) were incubated for 30 minutes at
room temperature with either 5 pL of BB1, 10 pL of BMK-13
(directed against major basic protein [MBP]),37 or 10 uL of 100 pg
mL-1 of either mouse IgG1 or gG2aisotype control antibodies and
subsequently stained as previously described.

Cellswere analyzed by using a Coulter Epics Elite flow cytome-
ter (Beckman Coulter, High Wycombe, UK). Basophils (1000
events) and eosinophils (5000 events) were stained with BB1 and
BMK13 and compared with the 1gG2a and 1gG1 isotype-matched
antibodies, respectively. The voltage used to detect fluorescence of
phycoerythrin was altered according to the cell type being acquired,
and therefore the mean fluorescence intensity (MFI) of the
basophils and the eosinophils were equal (MFI of 5). Results are
expressed as specific mean fluorescence (SMF), which was calcu-
lated by subtracting the MFI of the respective isotype control anti-
body from the MFI of the test antibody.

We have previoudly identified the high staining FceRIla cell pop-
ulation in mononuclear cell preparations as basophils.38 The lym-
phocytes and monocytes were identified by their characteristic for-
ward and side-scatter profiles, which were confirmed by staining
with antibodies against CD3 and CD14, respectively. The
eosinophils were analyzed as purified popul ations and confirmed by
using an antibody against CD9. The antibody BMK 13 was used as
apositive control for both eosinophil and basophil staining because
it has previously been demonstrated that basophils, as well as
eosinophils, contain MBP.39

Statistical analysis

Statistical analyses were performed with the aid of a commer-
cialy available statistical package (Minitab for Windows, Minitab
Release 9.2; Minitab Inc, State College, Pa). Nonparametric statis-
tics were used throughout the study. All immunohistochemistry and
flow cytometry data are expressed as medians and interquartile
ranges. The Mann-Whitney U test was used for intergroup compar-

isons. The 2-tailed Wilcoxon signed-rank test was used to analyze
changes in inflammatory cell numbers in response to allergen chal-
lenge. Correlation coefficients were calculated by using the Spear-
man rank order method. A P value of less than .05 was accepted as
statistically significant.

RESULTS
Flow cytometry

Analysis of staining on permeabilized peripheral
blood leukocytes by flow cytometry confirmed that BB1
was specific for basophils. There was negligible SMFs
with eosinophils, neutrophils, lymphocytes, and mono-
cytes (n = 8) stained with BB1 (Table I). In contrast, the
total basophil population was BB1*+ because there was a
significant shift in the fluorescence of the whole popula-
tion of basophils (Fig 1). There was no significant differ-
ence in the intensity or profile of staining of BB1*
basophils from atopic subjects (median SMF, 48.6;
range, 18.7-116.3) compared with basophils from normal
nonatopic subjects (median SMF of BB1, 51.2; range,
22.9-144.9;n=7).

Baseline bronchial biopsy specimens

For all groups studied, the numbers of basophils in
bronchial biopsy specimens was approximately 10-fold
less than eosinophils and mast cells (Fig 2). The numbers
of BB1* basophilsin bronchial biopsy specimens of AAs
were significantly elevated compared with either ACs (P
=.0061) or NCs (P =.0037; Fig 2). In contrast, the medi-
an basophil count in the NAA bronchia biopsy speci-
mens was not significantly different from any of the other
groups. The mean numbers of BB1* cellsin al asthmat-
ic subjects (ie, AAs and NAAS) was significantly elevat-
ed compared with those of ACs and NCs (P = .003).

EG2*+ eosinophils were significantly elevated in AAs
compared with NCs (P = .02) and in NAAs compared
with NCs (P = .002). In ACs eosinophil numbers were
intermediate among NCs, AAs, and NAAs (Fig 2). There
were no significant differences in the numbers of
tryptase* cells between any of the 4 groups studied (Fig
2). There were no correlations between BB1* cells and
EG2* or tryptaset cells.

Preallergen and postallergen challenge
bronchial biopsy specimens

The allergen-induced LAR was associated with an
increase in BB1* basophils (P = .007) and EG2*
eosinophils (P = .009; Fig 3) in bronchial biopsy speci-
mens taken at 24 hours after challenge. This followed a
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FIG 1. Representative flow cytometry profiles of peripheral blood basophils and purified peripheral blood
eosinophils showing BB1 and MBP binding compared with respective 1IgG2a and IgG1 isotypic controls.
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FIG 2. BB1+, EG2*, and tryptase* cells in baseline bronchial biopsy specimens from NAAs, AAs, ACs, and NCs.
Results expressed as immunoreactive cells per millimeter of intact basement membrane. Individual and
median values are shown. Statistics were performed by using the Mann-Whitney U test. Note the difference

in vertical scales.

median decrease in FEV; of 18% (11%-37%) during the
early asthmatic reaction and 19% (17%-47%) during the
LAR a&fter alergen inhalation. Eosinophil numbers were
approximately 10-fold higher than basophil numbers at
baseline and after challenge. There was no association in
individual patients between the increase in BB1* cells
and the increase in EG2* cells. Some of the basophils at

24 hours after challenge in biopsy specimens, but not at
baseline, were degranulated and represented 12% of the
total basophil infiltrate.

Cutaneous LPR biopsy specimens

All subjects exhibited a cutaneous LPR at the site of
alergen injection, which was maximal at 24 hours (Fig
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FIG 3. BB1+ and EG2* cells in bronchial biopsy specimens before and 24 hours after inhalational allergen chal-
lenge. Cell counts are expressed as in Fig 2. Statistics were performed by using the Wilcoxon signed-rank test.

Note the difference in vertical scales.

BBI™
Basophils

Late phase skin
reactions

100 — 100

80 - 80 - [JTotal BBI" Cells

.”degranulated"

60 |
40 ]
20
0 ) O——i é

Dil 6 24 48 Dil 6 24 48

Diameter mm
(=)
(=]
I

+ve cells / mm’
B
(=1
1

%)
=3
{

EG2" Tryptase”
Eosinophils Mast Cells
100 o 100 —
80 80
60 — 60
40 40
20 - 20 I
0 - — o
Dil 6 24 48 Dil 6 24 48

Time ( hours )

FIG 4. Time course study of the magnitude of the late-phase skin reaction and the numbers of infiltrating BB1+ (total
and degranulated), EG2+, and tryptase* cells. Results represent immunoreactive cells per square millimeter of skin
biopsy specimen, with mean values (+ SEM) shown. Dil, Diluent.

4). No changes were observed at the sites of diluent chal-
lenge. The cutaneous LPR was associated with an
increase in BB1* basophils, which was maximal at 24
hours after challenge and occurred later than the peak
infiltration of EG2* eosinophils (P < .01 at all time points
compared with diluent challenge for both markers; Fig
4). Tryptase* mast cell numbers were significantly
reduced at 6 hours after challenge (Fig 4) and remained
significantly lower than in diluent biopsy specimens at
al time points examined (P < .01 at all time points com-

pared with diluent). In general, basophil numbers were
about 40% of eosinophil numbers. There was no correla-
tion between eosinophil and basophil numbers or
between BB1*+ and tryptase* cell numbers at any time
point. About one third of the BB1* basophils at the 6-,
24-, and 48-hour time points had an appearance consis-
tent with degranulation (ie, a dispersed pattern of gran-
ules; Fig 4). At all time points, basophilswere evenly dis-
tributed throughout the dermis and often clustered
around blood vessels.
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FIG 5. Immunohistochemistry of BB1* cells in bronchial and skin biopsy specimens. A, Negative staining with
an irrelevant antibody (magnification x200); B, BB1* cells in bronchial biopsy specimens 24 hours after inhala-
tional allergen challenge (magnification x400); C, BB1* cells in skin biopsy specimen (magnification x200); and
D, BB1* cells in skin biopsy specimen (magnification x1000) taken 24 hours after cutaneous allergen challenge
(compact, intact granule pattern [filled arrow] and dispersed degranulated pattern [open arrow]).

Examples of immunostaining are shown in Fig 5,
including negative and BB1 staining in bronchial biopsy
specimens (Fig 5, A and B) and BB1 staining in the cuta-
neous LPR (Fig 5, C and D). BB1* basophils with intact
and dispersed granule patterns of staining are shown in
Fig 5, D.

DISCUSSION

The novel findings in this study are (1) the identifica-
tion of basophils in bronchial biopsy specimens from
atopic and nonatopic asthmatic subjects by using a
basophil-specific mAb; (2) the observations that there
were approximately 10 times fewer basophilsin the biop-
sy specimens from late-phase asthmatic, as compared

with late-phase skin, reactions; (3) that the numbers of
eosinophils and mast cells were 10 times higher than
basophils in asthma biopsy specimens; and (4) the num-
bers of basophilsin cutaneous L PRs were approximately
40% of mast cells and infiltrating eosinophils. One third
of basophilsin cutaneous L PRs had morphologic appear-
ances suggestive of degranulation.

We aso further confirmed the specificity of BB1 by
using flow cytometric analysis of permeabilized periph-
eral blood leukocytes. This revealed that the antigen
bound by BB1 is expressed by basophils alone (Table I)
and that this antibody stains the total basophil population
(Fig 1). Theintensity and binding pattern of this antibody
was not related to atopic status, indicating that the
basophil population expresses the BB1 antigen in a uni-
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form fashion. Thus the low numbers of BB1* basophils
detected in baseline skin and bronchial biopsy specimens
from NCsand ACs are unlikely to be due to poor expres-
sion of the BB1 antigen but to the very low numbers of
these cells in normal tissues.

Using immunohistochemistry, we have confirmed that
BB1* basophils were undetectable within the normal,
nonasthmatic bronchial biopsy specimens from either
ACs or NCs, but that small, statistically significant num-
bers of basophils were detected in baseline bronchial
biopsy specimens from AAs (Fig 2). In addition, inhala-
tional allergen challenge induced an increase in BB1*
cell numbers in the bronchial biopsy specimens of sensi-
tized AAs at 24 hours after challenge (Fig 3). However,
BB1* basophils were less than 10% of EG2* eosinophils
in the bronchial biopsy specimens of AAs both at base-
line and after allergen challenge. In contrast, although
BB1* basophils were undetectable within the skin at
baseline, the cutaneous LPR was associated with an
increase in basophils detectable at 6 hours and peaking at
24 hours after alergen challenge (Fig 4). In the skin the
number of basophils was approximately 40% of the num-
ber of infiltrating eosinophils. Morphologically, up to
45% of basophils infiltrating the cutaneous L PR appeared
to have degranulated compared with only 12% of ba-
sophils in the LAR. The interpretation of this finding is
uncertain at present. BB1* cells were readily detectablein
cutaneous and bronchial biopsy specimens in both their
intact and degranul ated states (Fig 5) because there waslit-
tle background staining. Individua cells showed some
variation in intensity of staining, which may have been the
result of either different levels of sectioning of cells or dif-
ferent stages of degranulation. We did not observe diffu-
sion staining, as described by Irani et a.25 In our study
degranulated cells had BB1+* material clearly located
around the cellswith some BB1* granules remaining with-
in the cell. Even when the entire granul e contents appeared
to have been released, BB1* antigen remained around the
circumference of the cell. We cannot exclude the possibil-
ity that some basophils may have degranulated entirely
and that the antigen could have been destroyed by loca
enzyme digestion or other processes. Thus we may have
failed to detect some BB1- degranulated cells. The granule
constituent identified by BB1 is unknown. The exact
nature of its structure and function are currently under
investigation. Nevertheless, the basophil specificity of
BB1 is clearly established, and this mAb serves as a use-
ful tool to monitor basophil activation in inflammatory
reactions.

Bronchial biopsy studies from atopic and nonatopic
asthmatic subjects suggest that the intrinsic variant of
the disease is not a distinct pathologic entity.28 Thus in
AAs and NAAs, there were comparable increases in
eosinophils,#0 activated lymphocytes, and FceRI* cells
compared with ACs and NCs.41 Similar findings were
observed for IL-3, IL-4, IL-5,28:34 |L-13,29 RANTES,
and monocyte chemotactic protein-3.29 Given these find-
ings, one might expect the accumulation not only of
eosinophils but also of basophils within the bronchial

Macfarlane et al 105

mucosain both AAsand NAAs. However, although EG2+
cells were increased in both AAs and NAAs compared
with NCs, BB1* cells were only increased in the biopsy
specimens from AAs, but not NAAs, compared with
either ACs or NCs. There are severa possible explana-
tionsfor this. First, our sample size (n = 9) may have been
too small to have sufficient power to detect a small
increase in BB1* cells in the NAAs. However, a similar
number of patients were used in previous studies compar-
ing the bronchia immunopathology of NAAs with AAs,
ACs, and NCs.28:30:34 Second, immunohistochemistry
may underestimate the numbers of basophils present
within the bronchial mucosa because of lower antigen
expression, athough our flow cytometry data show that,
at least in peripheral blood, al of the basophil population
can be detected by using BB1, and basophils from atopic
and nonatopic individuals stain with an equal intensity.
Third, there may be a genuine difference between AAs
and NAAs, with eosinophil and basophil recruitment
being controlled by separate factors that are expressed
differently in AAs and NAAs.

Our study of the L PRs suggests that basophils may play
amore prominent role in pathogenesis in the skin than in
the lung because higher numbers of basophils appear to
accumulate cutaneous LPRs. It is possible that during
recruitment, basophils may become activated, with resul-
tant reduced sensitivity to BB1. McEuen et a26 showed in
vitro release of the BB1 antigen after IgE-dependent and
IgE-independent mediated degranulation of basophils.
However, we were able to detect a sizeable increase in
BB1* cellswithin the cutaneous L PR involving both intact
and degranulated basophils and have counted both intact
and degranulated basophils within the lung.

The explanation as to why there were so few basophils
in the bronchi of asthmatic subjects at baseline or even
after alergen challenge is unclear. Basophils might per-
haps only remain for a short period of time in the tissues
and then move further to be localized in bronchoalveolar
lavage fluid!7 or in sputum.21.22

Irani et al25 demonstrated a peak of 2D7+ basophil
infiltration at 6 hours that remained elevated at 24 hours
after cutaneous allergen challenge. We have shown that
BB1* basophils were also elevated at 6 hours, although
in our study they were maximal at 24 hours, with
eosinophils being present in greater numbers at 6 hours.
In general basophil numbers were approximately 40% of
eosinophilsin the cutaneous L PR. Activation and degran-
ulation of basophils by means of FceRI by using anti-
FceRla mADs has been demonstrated to be associated
with reduced staining with 2D7. Thus loca activation of
incoming basophils may make it difficult to detect
basophils later in the development of LPR.

The pattern of tryptase*-staining mast cells detected in
the cutaneous L PR emphasizes the need for specific cel-
lular markers for basophils because tryptaset mast cell
numbers at the control skin sites were higher in all
patients than at any time point after allergen challenge.
This suggests that allergen-induced degranulation of mast
cellswith release of tryptase from the mast cellsresulted in
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aloss of tryptaset immunoreactivity. Thus IgE*/tryptase-
cells could be erroneously identified as basophils rather
than degranul ated tryptase- mast cells.20 Because the medi-
an reduction in tryptase* cells was approximately 40
cellsmm2 compared with the increase in BB1* cells of 35
cells’mm?, this may also explain why previous studies have
detected a more substantial increase in basophils in
bronchial biopsy specimens and lavage fluid after inhala-
tional alergen challenge. Increased levels of IgE*/tryptase-
cells detected within the lungsin patients after fatal asthma
attacks?0 may also be aresult of loss of mast cell tryptase
staining.

In summary, using a specific mAb (BB1), we detected
small but significantly raised numbers of basophils in the
bronchial mucosa of asthmatic subjects compared with
nonasthmatic subjects. Basophil numbers were significant-
ly higher in AAs than either ACs or NCs but were small
compared with eosinophil and mast cell numbers.
Although basophils accumulated in both the bronchi in the
LAR and the skin in the cutaneous LPR, they represented
less than 10% of infiltrating eosinophils within the
bronchial reaction but at least 30% in the skin. Basophils
may therefore play a more important role in the pathogen-
esis of the cutaneous LPR than the LAR. Eosinophil and
basophil recruitment appear to be controlled independent-
ly. The mechanisms contributing to the sel ective accumula-
tion of basophils within the skin remain to be established.

We thank Dr Philip W. Askenase, Yale University, for his critical
review of the manuscript.
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