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Abstract
Background—The role of CD8 T lymphocytes in the pathogenesis of asthma is not well
understood. We investigated whether a subset of IL-13-producing BLT1-positive CD8 T
lymphocytes is present in asthmatic airways and is associated with impaired lung function.

Methods—Bronchoalveolar lavage (BAL) cells were obtained from asthmatic (n=39) and
healthy control (n=28) subjects. Cells were stimulated with phorbol ester and ionomycin in the
presence of brefeldin A and stained for CD8, BLT1 and intracellular IL-13. The frequency of
IL-13-producing BLT1-positive CD8 T lymphocytes was compared between the two groups and
related to lung function, serum IgE levels and reticular basement membrane (RBM) thickness.

Results—A subset of CD8 T lymphocytes expressing BLT1 and producing IL-13 was detected
in the airways of all asthmatic subjects. The frequency of this subset among recovered
lymphocytes was significantly higher in the airways of asthmatic subjects compared to controls
(mean ± SEM: 16.2 ± 1.4 vs. 5.3 ± 0.5, respectively, p < 0.001), and correlated positively with
serum IgE levels and RBM thickness. More importantly, the frequency of CD8 T lymphocytes co-
expressing BLT1 and IL-13 was inversely related to FEV1 and FEF[25-75] percent predicted values
(p<0.001).

Conclusions—A subset of CD8 T lymphocytes expressing BLT1 and producing IL-13 is
present in the airways of asthmatics. The accumulation of these cells is associated with airway
obstruction, suggesting that they may play a significant pathogenic role in bronchial asthma.
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Introduction
Asthma is characterised by reversible airflow obstruction, persistent airway inflammation,
tissue remodeling and bronchial hyperresponsiveness (1). Airway inflammation is thought to
be orchestrated mainly by CD4 T cells through type-2 cytokines that mediate bronchial
tissue inflammation, mucus hyperproduction and airway hyperresponsiveness (2). However,
CD8 T cells can also differentiate into type-2 cytokine producing cells similar to CD4 T
cells (3), but their role in the pathogenesis of asthma may be under-recognised. Previous
studies have shown evidence for local expression of type-2 cytokines (IL-4 and IL-5
mRNA) by CD8 T cells in asthmatic airways (4). In a short-term follow-up study, CD8 T
cells were associated with lung function decline in asthma (5), and patients who died during
a severe asthma attack had CD8 T cells outnumbering CD4 T cells in both proximal and
distal airways (6).

A potential role for CD8 T cells in asthma was initially supported in experimental animal
model studies of allergic airway disease (7), and antigen priming was shown to be important
for CD8 T cell-mediated allergic airway inflammation, mucus hyperproduction and airway
hyperresponsiveness (AHR) (8). Most importantly, it was a subset of antigen-specific
memory CD8 T cells, termed effector memory CD8 T cells, which expressed the high
affinity receptor for leukotriene B4 (BLT1) and produced IL-13. This subset of BLT1-
positive CD8 lymphocytes accumulated in the lung after allergen challenge and mediated
the asthma-like phenotype in an IL-13 dependent manner (9). The present study was carried
out to determine if a similar pathogenic subset of CD8 T cells expressing BLT1 and
producing IL-13 is present in human asthmatic airways and if these cells are associated with
airway obstruction.

Methods
Study Subjects

Thirty-nine subjects with mild to moderate asthma and 28 healthy controls were included in
the study. All subjects were non-smokers and none had symptoms suggestive of respiratory
infection or asthma exacerbation over the 4 weeks preceding the study. All subjects
underwent physical examination, skin testing for atopy, blood testing for IgE, spirometry,
and fiberoptic bronchoscopy (10). Methacholine (MCh) responsiveness was assessed at
enrollment, 1 week before bronchoscopy. MCh responsiveness was not tested for 5
asthmatic subjects due to lower baseline FEV1 (< 55% predicted) value. An informed signed
consent approved by the National Jewish Health Institutional Review Board was obtained
from all participating subjects.

Clinical assessments
Skin prick testing (SPT) with a standard allergen panel was performed at baseline (Multi-
Test II device, preparations from Greer Laboratories, Lenoir, NC) and was considered
positive if the mean length at 20 minutes was ≥3 mm larger than the size of the negative
control. IgE was measured in the National Jewish Health clinical laboratory via enzyme
immunoassay. Spirometry was performed before and after albuterol, according to
standardized techniques recommended by ATS/ERS (11,12). Bronchial reactivity testing to
MCh was performed and interpreted according to standard procedures (13). The
concentration of MCh (mg/mL) inducing a 20% fall in FEV1 was calculated and reported as
the PC20 FEV1. Asthma control and quality of life were assessed using the Juniper Asthma
Control Questionnaire (ACQ) (14), and Asthma Quality of Life Questionnaire (AQLQ) (15).
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Bronchoalveolar lavage and sample processing
Bronchoalveolar lavage (BAL) was performed under fiberoptic bronchoscopy. A total of
180 to 300 ml, depending on subject tolerance, of pre-warmed non-pyrogenic sterile saline
was instilled in 60-ml aliquots into the right middle lobe. After each instillation, BAL fluid
was gently recovered by aspiration and placed on ice in 50-ml centrifugation tubes. The
recovered fluids were centrifuged to sediment cells at 4°C for 10 min at 480× g. Cells in the
pellets were pooled and resuspended in 5 ml of Hank's balanced salt solution. Total cell
counts were determined by counting in a hemacytometer. Differential cell counts were
determined by counting numbers of macrophages, lymphocytes, eosinophils, and neutrophils
on cytospin preparations stained with Diff Quick®. A total of 500 cells was counted on
cytospin slides to determine the proportion of each cell population in the BAL.

Detection of CD8, BLT1, and IL-13 by Immunofluorescence
With limited numbers of cells available, immunofluorescence was used instead of flow
cytometry due to experienced loss of lymphocytes after fixation of cells and
permeabilisation in suspension with Triton X-100. CD8, BLT1 and IL-13 were detected
simultaneously on cytospin slides by immunofluorescence staining using a monoclonal
mouse anti-human CD8 antibody (clone C8/144B; Dako, Carpinteria, CA), a polyclonal
rabbit anti-human BLT1 antibody directed against an epitope in the cytoplasmic domain of
this receptor (Cayman Chemical, Ann Arbor, MI), and a monoclonal rat anti-human IL-13
antibody (clone JES10-5A2, Biolegend, San Diego, CA), respectively. Briefly, BAL cells
were stimulated for 5 h in culture with phorbol 12-myristate 13-acetate (PMA, 5 ng/ml) and
ionomycin (500 ng/ml), in the presence of brefeldin A (10 μg/ml). After washing, the cells
were spun onto slides, fixed in ice-cold acetone, air-dried and rehydrated in TBS. Cells were
incubated with anti-CD8 antibody for 1 h, washed with TBS followed by 15-min fixation
with paraformaldehyde (4% in PBS), and permeabilised for 15 min with Triton X-100 (0.5%
in TBS). This was followed by 1-h incubation with anti-BLT1 and anti-IL-13 antibodies,
added simultaneously. Control staining was performed in the same way but using the
following control isotype-matched primary antibodies: mouse IgG1 (clone MOPC-21,
Biolegend), rat IgG1 (clone RTK 2071, Biolegend), and normal rabbit IgG (Jackson
Immunoresearch, catalog# 011-000-002). After washing with TBS, the cells were incubated
for 15 min with normal goat serum (5% in TBS), followed by a 30-min incubation with the
following affinity purified secondary antibodies, selected based on their suitability for
multiple staining with no cross-reaction between species (all from Jackson ImmunoResearch
Laboratories, West Grove, PA): rhodamine-labeled goat anti-mouse IgG (catalog#
115-025-166), FITC-labeled goat anti-rabbit IgG (catalog# 111-095-144), and biotin-labeled
goat anti-rat IgG (catalog# 112-065-167). After washing with TBS, cells were further
incubated for 30 min with Cychrome 5-conjugated streptavidin (Biolegend), washed again,
and mounted on slides with FluoroGel (Electron Microscopy Sciences, Hatfield, PA).

Detection of CD8 by immunocytochemistry
CD8 lymphocytes were detected on cytospin preparations by immunocytochemistry using
the alkaline phosphatase method with a chromogenic substrate. Briefly, after 15 min
incubation with normal goat serum, the cells were incubated with the mouse anti-CD8
antibody for 2 h, washed with TBS, and further incubated for 1 h with a biotinylated goat
anti-mouse IgG (Vector laboratories, Burlingame, CA). After washing, the cells were
incubated for 30 min with avidin biotinylated alkaline phosphatase complex (Vectastain
ABC-AP standard kit, Vector laboratories) and washed again. The phosphatase reaction was
developed by incubation with permanent red substrate (Scyteck laboratories, Logan, UT),
the cells were counterstained with Mayer's hematoxylin, and the slides were mounted with
aqueous mounting media (Scytek laboratories).
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Analysis of CD8, BLT1 and IL-13
Staining for CD8, BLT1 and IL-13 was analysed under a Leica DMRXA fluorescent
microscope (Leica, Wetzlar, Germany) examining multiple fields on the slides and capturing
fluorescent images under a 25X objective. Three single-channel fluorescence images (one
for each of CD8, BLT1 and IL-13) were taken from every field examined, covering the same
cells. Each marker (CD8, BLT1, or IL-13) was identified individually on single-channel
fluorescence. The unmerged individual single-channel fluorescence images (as in Fig. 1)
were displayed on the computer and cells expressing all three markers (CD8, BLT1, and
IL-13) were identified as such and counted among CD8-positive cells. Using these criteria,
the cells were reliably identified with less than 8% variability between two observers
blinded to the origin of the samples. A total of 200 CD8-positive cells were counted, in a
blinded manner, for each BAL sample analyzed.

The proportion of CD8 cells co-expressing BLT1 and IL-13 was determined as percent of
CD8+ cells counted on the cytospin slides stained by immunofluorescence. In parallel, the
proportion of lymphocytes expressing CD8 was determined on separate cytospin slides
stained for CD8 by immunocytochemistry using the alkaline phosphatase method, where
lymphocytes can be identified morphologically (Fig. E1, Supplement). The frequency of
BLT1+IL-13+ CD8 lymphocytes was determined by dividing the proportion of CD8 cells
co-expressing BLT1 and IL-13 by the proportion of lymphocytes expressing CD8. Absolute
numbers of these cells were calculated by relating their frequency to the total numbers of
lymphocytes recovered in the BAL fluid.

Reticular basement membrane thickness
Reticular basement membrane (RBM) thickness was determined morphometrically on
formalin-fixed, paraffin-embedded endobronchial biopsy tissue sections stained with
hematoxylin and eosin. RBM thickness was measured on total length of basal lamina present
in the biopsy and covered at least by basal cells. The measurements were performed in
cross-sectional planes; areas with tangential planes were not included in the measurements.

Data analysis
Data are presented as means ± SEM. Statistical analysis of data was performed using
GraphPad Prism version 5.0 for Mac OS X (GraphPad Software, San Diego, CA). Normally
distributed data were analysed for statistical differences between the groups using unpaired
t-test. Non-parametric two-tailed Mann-Whitney U test was used to determine statistical
differences when the variance was different between the groups. Pearson's correlation tests
were used to determine relationships between measured parameters. A p value of < 0.05 was
considered statistically significant.

Results
Study Subjects

Patients with asthma had significantly lower pulmonary function values including forced
expiratory volume in 1 second (FEV1), forced vital capacity (FVC), FEV1/FVC ratio, and
forced mid-expiratory flow (FEF[25-75])(p<0.001), and increased methacholine reactivity (p
< 0.001), when compared to healthy control subjects (Table 1). Most asthmatics enrolled in
the study had positive skin prick test (SPT) reactions to at least 3 common aeroallergens,
with a median skin positivity of 6 (25% percentile = 3; 75% percentile = 9). In the control
group, 6 of 28 subjects had a positive skin reaction to 1 common allergen only, while all
other subjects (22 of 28) had negative skin reactions. Total serum IgE levels were
significantly elevated in asthmatics (211.7 ± 43.6 U/ml) compared to controls (44.3 ± 14.2
U/ml) (p<0.001). Asthmatics had a significantly higher proportion of eosinophils in the BAL
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fluid compared to controls (p<0.001), but no significant differences were seen between the
two groups in the percentage of macrophages, neutrophils or lymphocytes (Table 2).

BAL Cell Evaluation
Figure 1 shows representative staining results for CD8, BLT1 and IL-13. IL-13 was detected
in some but not all CD8 lymphocytes. No fluorescence staining was detected using control
isotype-matched primary antibodies (not shown). As mentioned above, there was no
significant difference between asthmatics and controls in total numbers of lymphocytes
recovered in the BAL fluid. Nevertheless, the proportion of lymphocytes stained positive for
CD8 was significantly higher in the BAL of asthmatics compared to controls (31.82 ±
1.68% vs. 17.46 ± 1.10%, p<0.0001) (Fig. E2, Supplement). However, the difference in
absolute numbers did not reach statistical significance (numbers × 103/ml return: 2.58 ± 1.38
for asthmatics vs. 0.99 ± 0.32 for controls, p=0.442), suggesting that the increased
proportion of CD8 cells was restricted to the lymphocyte population in the BAL of
asthmatics.

Analysis of BLT1 expression indicated that the majority of recovered BAL CD8
lymphocytes expressed this receptor at a frequency that was similar in both groups (88.60 ±
3.13% for asthmatics vs. 92.76 ± 1.68% for controls, p=0.664). By contrast, when IL-13
expression was analysed, the frequency of IL-13-producing BLT1-positive CD8
lymphocytes was 3-fold higher in the BAL of asthmatic subjects compared with controls
(16.15 ± 1.41% vs. 5.27 ± 0.53%, p<0.0001) (Fig. E3, Supplement). This increase was also
paralleled by a significant increase in absolute numbers of these cells in the BAL fluid of
asthmatics compared to controls (numbers/ml return: 1,170 ± 630 vs. 270 ± 100, p=0.026,
respectively). Interestingly, the frequency of these cells correlated positively with serum IgE
levels (Fig. 2A) as well as RBM thickness (Fig. 2B).

Lung Function Outcomes
To determine if IL-13-producing BLT1-positive CD8 lymphocytes were associated with
asthmatic airway obstruction, we examined the relationship between the frequency of these
cells and measured lung function parameters. A significant inverse relationship was
observed between the frequency of these cells and both FEV1 and FEF[25-75] % predicted
values (Fig. 3). Interestingly, when absolute numbers were considered, only the IL-13-
producing BLT1-positive subset of CD8 (Fig. 4A), not total CD8 (Fig. 4B) lymphocytes was
inversely correlated to FEV1 and FEF[25-75].

No significant correlation was seen between IL-13-producing BLT1-positive CD8 or just
CD8 and PC20 values in asthmatics (Fig. E4, Supplement), and inhaled corticosteroid did
not appear to alter the percentage of these cells in asthmatic airways (Fig. E5, Supplement).
However, when related to asthma severity, a correlation approaching significance was
detected between the frequency of IL-13-producing BLT1-positive CD8 subset, but not total
CD8, and AQLQ scores (r = -289, p = 0.075) as well as ACQ scores (r = 0.274, p = 0.091)
(Fig. E6, Supplement).

Discussion
The present study demonstrates that a subset of CD8 lymphocytes expressing the high
affinity receptor for LTB4 (BLT1) and producing IL-13 is present in significantly increased
numbers in the airways of patients with asthma compared to healthy subjects. The frequency
of these cells was inversely related to airflow obstruction determined by measurements of
FEV1 and FEF[25-75] percent predicted values, suggesting a potential pathogenic role in
asthmatic airway obstruction. These findings extend observations from recent experimental

Dakhama et al. Page 5

Allergy. Author manuscript; available in PMC 2014 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



studies that established an important pathogenic role for effector memory CD8 T cells in the
development of AHR and allergic airway inflammation (8,9), and preliminary findings of a
similar subset of CD8 cells in asthmatic airways (16). Expression of BLT1 was shown to be
required for the accumulation of these cells in the lung (17), and IL-13 was central to their
effector function mediating AHR and mucus production (8).

Few studies have reported increased CD8 lymphocyte numbers in asthmatic airways
(18-21), and after segmental allergen challenge (22). However, the role of these cells in the
pathogenesis of asthma remained somewhat controversial. Early studies speculated that CD8
lymphocytes might play a suppressive role in asthma (19,23). In other studies, asthmatics
with higher percentages of BAL CD8 lymphocytes had relatively lower FEV1 and PC20
values compared to asthmatics with lower percentages of CD8 lymphocytes (24), suggesting
that the abundance of these cells in asthmatic airways might be associated with worse lung
function outcomes. Furthermore, the abundance of CD8 lymphocytes in the airways could
predict the annual decline of FEV1 in asthmatics (5). Recent transcriptome analyses showed
that severe asthma is indeed associated with activation of circulating CD8 not CD4 T cells
(25).

In this study, no significant correlation was seen between IL-13-producing BLT1-positive
CD8 T cells or just CD8 T cells and PC20 values in asthmatics. However, when related to
asthma severity, a correlation approaching significance was detected between frequency of
IL-13-producing BLT1-positive CD8 subset, but not total CD8 T cells, and AQLQ scores as
well as ACQ scores. A larger study population may be necessary to establish significant
correlations.

CD8 T cells recognise antigen presented by major histocompatibility complex (MHC) class-
I molecules, and play a major role in host defense against intracellular pathogens such as
viruses. However, exogenous allergen that gains access to the MHC class-I processing
pathway can also lead to the development of allergen-specific CD8 T cells (26). Since
respiratory viruses and allergens are common triggers of asthma exacerbations, both virus-
specific and allergen-specific CD8 T cells are expected to contribute to the worsening and
decline of lung function in asthmatic subjects. Whether CD8 T cells play a protective or a
pathogenic role is likely determined by conditions in the local environment, the signaling
events leading to functional activation, timing of recruitment, and persistence of these cells
in the airways.

CD8 lymphocytes have previously been implicated in virus-mediated dysfunction of M2
muscarinic acetylcholine receptor and AHR but only in sensitised animals (27), suggesting
that an atopic/allergic phenotype is responsible for CD8 T cell-mediated altered airway
dysfunction. In our study, the positive correlation observed between serum IgE levels and
IL-13-producing BLT1-positive CD8 lymphocytes might suggest a role for mast cells in the
recruitment of these cells into the airways. Indeed, mast cells are a potent source of LTB4
that can be released following cell activation by crosslinking of IgE receptors, and mast cell-
derived LTB4 appears to be essential for the recruitment of BLT1-positive effector CD8
lymphocytes to the lungs of allergen-exposed mice (28).

How CD8 lymphocytes contribute to the pathogenesis of asthma is not completely
understood. CD8 lymphocytes can produce cytolytic factors to clear infected cells, but these
factors may also damage the airway epithelium, which would then expose sub-mucosal
nerve endings to noxious stimuli that trigger AHR. Alternatively, in a Th2 cytokine-rich
environment such as the asthmatic lung, CD8 lymphocytes may differentiate into a
pathogenic phenotype that can promote immunopathology via Th2 cytokine production.
Experimental studies have shown that CD8 T cells can convert to a Tc2 phenotype and
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mediate airway eosinophilia in the lungs of allergen-sensitised and challenged mice, a
plasticity that could be induced in vitro by culture of these cells with IL-4 (29). Other studies
have demonstrated that CD4 T cells are essential as a source of IL-4 that is necessary to the
development of IL-13-producing CD8 T cells that mediate AHR in allergen-sensitised and
challenged mice (30). In humans, airway CD8 lymphocytes recovered in sputum of atopic
asthmatics produced more IL-4 and IL-5 compared to airway CD8 lymphocytes from non-
atopic control subjects or to their respective peripheral blood CD8 lymphocytes (31),
suggesting that this aberrant response may be compartmentalised to the airways in asthma.
The observation of increased IL-4-expressing CD8 lymphocyte numbers in the lungs of
subjects who died during an acute asthma attack compared to non-asthma death controls
further strengthens the notion that an aberrant response by CD8 lymphocytes may be an
important underlying cause for increased and uncontrolled disease severity (32).

In summary, this study established that a subset of CD8 lymphocytes, similar to effector
memory CD8 T cells in the mouse model (9), expressing BLT1 and producing IL-13
populates the airways of asthmatic subjects. In asthmatics, numbers of these cells correlated
with lower lung function and reticular basement membrane thickening and although the
relationship between these cells and severity of asthma did not reach statistical significance,
most likely due to the small size of the population studied, the data identified a potentially
important role for these cells in dictating the severity of asthma. IL-13 is a critical mediator
of AHR and mucus hyperproduction (33) and CD8 T lymphocytes are potentially less
sensitive than CD4 lymphocytes to conventional anti-inflammatory corticosteroid therapy
(34,35). Further studies targeting this subset of effector CD8 lymphocytes or the pathway
responsible for their accumulation and effector function in the lung are necessary to
establish a causative role in asthma. If confirmed, such strategies offer the potential to
achieve better control of the disease and to prevent the accelerated decline of lung function.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

ACQ Asthma Control Questionnaire

AHR Airway Hyperresponsiveness

AQLQ Asthma Quality of Life Questionnaire

BAL Broncho-Alveolar Lavage

BLT1 Leukotriene B4 receptor 1

FEF[25-75] Forced Expiratory Flow between 25% and 75% of FVC (mid-expiratory
flow)

FEV1 Forced expiratory volume in 1 second
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FVC Forced Vital Capacity

IL- Interleukin-

LTB4 Leukotriene B4

MCh Methacholine

PC20 Provocative Concentration of methacholine causing 20% fall in FEV1

RBM Reticular Basement Membrane

SEM Standard Error of Mean

SPT Skin Prick Test
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Figure 1.
Representative illustration of immunofluorescence staining of BAL cells for CD8 (red),
BLT1 (green) and IL-13 (blue). Note the co-localisation of IL-13 to BLT1-positive CD8 T
lymphocytes. Arrows indicate positive cells.
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Figure 2.
Relationship between the frequency of IL-13+ BLT1+ CD8 T lymphocytes and serum IgE
levels (A) and RBM thickness (B). The frequency of IL-13+ BLT1+ CD8 T lymphocytes
was positively correlated to total serum IgE levels and RBM thickness.
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Figure 3.
Relationship between the frequency of IL-13+ BLT1+ CD8 T lymphocytes and measured
lung function parameters. The frequency of IL-13+ BLT1+ CD8 T lymphocytes was
inversely correlated to both FEV1 (A) and FEF[25-75] (B) percent predicted values.
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Figure 4.
Relationship between lung function parameters and absolute numbers of IL-13+ BLT1+
CD8 T lymphocytes (A) or total CD8 T lymphocytes (B). Note that the inverse relationship
is significant with the IL-13+ BLT1+ CD8 subset (A) but not with total CD8 T lymphocytes.
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Table I

Subject Demographics.

Characteristic Controls (n= 28) Asthma (n=39)

Gender, F (M) 17 (11) 19 (20)

Age, years 34.2 (22 - 59) 35.4 (18 - 56)

FEV1, % predicted 99.0 (82 - 123)
70.2 (37 - 94)

*

FEV1/FVC ratio 0.81 (0.61 – 0.99)
0.65 (0.45 – 0.86)

*

FEF25-75, % predicted 93.5 (61 - 134)
42.1 (16 - 95)

*

MCh PC20, mg/ml >25
1.7 (0 - 5.7)

*
, 5 N/T

ICS use 0 16/39

LABA use 0 8/39

Reversibility, % 4.4 (-2.2 - 12.2)
23.3 (-7.4 - 78.4)

*

ACQ N/T 1.7 (0 - 2.8)

AQLQ N/T 5.1 (2.4 - 6.9)

Atopy 6/28
38/39

*

SPT reactivity 0.2 (0 - 1)
5.9 (0 - 12)

*

Serum IgE, U/ml 44.3 (2 - 377)
211.7 (25 - 1140)

*

Data are presented as mean (range) unless otherwise indicated. Reversibility to β-agonist was tested just prior to bronchoscopy. ACQ: asthma
control questionnaire, AQLQ: asthma quality of life questionnaire, F: female, ICS: inhaled corticosteroids, LABA: long-acting β agonist, M: male,
MCh: methacholine, N/T: not tested, PC20: provocative concentration of methacholine causing 20% fall in FEV1 value, SPT: skin prick test.

Atopy was assessed by positive skin reactivity (> 3 mm) to one on more allergens.

*
Denotes statistically significant difference between asthma and control groups (p < 0.001).
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Table 2

Bronchoalveolar lavage data.

Characteristic Controls (n= 28) Asthma (n=39)

Volume instilled, ml 270 (180 - 300) 251 (180 - 300)

Volume recovered, ml 156 (113 - 207) 125 (50 - 201)

Percent BAL recovery 58.5 (40 – 71) 48.8 (28 - 68)

Total cells recovered (×106) 9.8 (2.4 – 30.7) 6.6 (3.0 – 17.6)

Cells recovered/ml (×103) 66.3 (18.7 – 179.9) 59.4 (15.7 – 222.3)

Macrophages, % 91.6 (70.9 – 99.2) 89.6 (49.5 – 99.6)

Lymphocytes, % 6.9 (0.8 – 26.5) 8.5 (0.2 – 47.8)

Eosinophils, % 0.1 (0 – 0.6)
0.8 (0 – 5.8)

*

Neutrophils, % 1.4 (0.2 – 3.6) 1.1 (0 – 8.2)

Data are presented as mean (range).

*
Denotes statistically significant difference between asthma and control groups (p < 0.001).
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