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Understanding asthma pathogenesis
S109 PATHOGENIC BACTERIA IN INDUCED SPUTUM IN SEVERE
ASTHMA
1

B Green, 1 V Kehagia, 1 D Sammut, 2 S Wiriyachaiporn, 1 M Carroll, 2 K Bruce, 1 P
Howarth. 1 Southampton University Hospitals NHS Trust, Southampton, UK; 2 King’s
College London, London, UK

Introduction: The role of bacterial airway colonisation in chronic
stable asthma is unclear. However, there is increasing evidence for
the role of bacterial pathogen-associated molecular patterns such as
lipopolysaccharide in the activation of the innate immune system,
which may lead to the expression of a neutrophilic asthma
phenotype.
Aims: We aimed to use terminal restriction fragment length
polymorphism (T-RFLP) profiling to identify pathogenic bacteria in induced sputum from severe asthmatic patients and
correlate findings with clinical characteristics and differential
cell counts.
Methods: Induced sputa were obtained from chronic, stable,
severe asthmatic patients (N = 21). All patients were at BTS
asthma treatment step 4 or 5 with a minimum of 6 weeks since
last exacerbation. All patients were on high-dose inhaled
corticosteroids and nine were on long-term maintenance oral
prednisolone treatment. Sputa obtained were split for differential
cell counts and 16S ribosomal DNA T-RFLP. Using this process
bacterial nucleic acids are extracted from the sputum, 16S
ribosomal RNA gene PCR products, specific to domain bacteria,
are amplified then digested using a specific endonuclease.
Ribosomal gene fragments are produced and separated by gel
electrophoresis, forming a T-RFLP profile of the diversity of the
colonising bacterial community.
Results: 18 out of 21 specimens contained at least one of
either Haemophilus sp, Moraxella catarrhalis or Streptococcus
pneumoniae. The presence of at least one of these species was
associated with the earlier onset of disease (p = 0.039), duration
of disease (p = 0.030) and increased peak flow variability over a
2-week period (p = 0.022). There was no significant association
between inhaled corticosteroid dose, maintence oral prednisolone treatment, atopy, asthma symptom scores, exhaled nitric
oxide or degree of airways obstruction and colonisation with
these species. Colonisation with at least one of these species
was associated with significantly increased neutrophil differential cell counts (median neutrophil count 76.0% vs 38.5%,
p = 0.043).
Conclusion: Airway colonisation with potentially pathogenic
bacteria is a common feature of severe asthma and is associated
with a neutrophilic phenotype of airways inflammation.
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S110 EP2 PROSTANOID RECEPTOR-MEDIATED SUPPRESSION OF
KCa3.1 AND MIGRATION IN HUMAN LUNG MAST CELLS
SM Duffy, G Cruse, P Bradding. University of Leicester, Leicester, UK

Mast cells play an important role in the pathogenesis of asthma.
Human lung mast cells (HLMC) express the Ca2+-activated K+
channel KCa3.1, which is opened following IgE-dependent activation, and which promotes Ca2+ influx, secretion and migration.
KCa3.1 in HLMC is closed by the b2-adrenoceptor and the adenosine
A2A receptor via a Gs-coupled mechanism independent of cyclic
AMP. Prostaglandin E2 (PGE2) promotes degranulation and migration of mouse bone marrow-derived mast cells through the Gicoupled EP3 prostanoid receptor, and induces LTC4 and cytokine
secretion from human cord blood-derived mast cells. However,
PGE2 binding to the Gs-coupled EP2 receptor on HLMC inhibits
their degranulation. In this study we have used the patch-clamp
technique to measure ion channel function in isolated HLMC in
response to PGE2. KCa3.1 was opened using the specific opener, 1EBIO. Following KCa3.1 activation by 1-EBIO, the addition of 1028
to 1025 mol PGE2 produced rapid, dose-dependent and partly
reversible channel suppression in 90% of HLMC. The addition of
1025 mol PGE2 reduced KCa3.1 membrane current at +40 mV from
155.4 ¡ 20.9 to 92.6 ¡ 13.7 pA (p = 0.001, n = 22 cells), with a
corresponding shift in reversal potential (Vm) from 269.5 ¡ 2.8 to
–56.3 ¡ 3.9 mV. The selective EP2 prostanoid receptor agonist
butaprost also suppressed KCa3.1 (146.0 ¡ 18.3 pA to
61.2 ¡ 6.1 pA by 1025 PGE2, p = 0.001, n = 20). Half maximal
suppression (IC50) of KCa3.1 by PGE2 and butaprost occurred at
4.0 6 1027 mol and 2.1 6 1027 mol, respectively. Conversely, the
competitive EP1 and EP2 receptor antagonist AH6809 antagonised
the suppression of KCa3.1 by PGE2 and butaprost. HLMC migration
induced by chemokine-rich airway smooth muscle conditioned
media was suppressed by the EP2 agonist butaprost (p,0.05,
n = 4). PGE2 alone was chemotactic in high concentrations
(1026 mol, p,0.05 compared with control, n = 4). Also PGE2dependent chemotaxis was enhanced in the presence of the EP1/2
receptor antagonist 1025 mol AH6809 (p,0.05 compared with
control, n = 4). In summary, the Gs-coupled EP2 receptor closes
KCa3.1 in HLMC and attenuates both chemokine and PGE2dependent HLMC migration. EP2 receptor agonists with KCa3.1
modulating function may be useful for the treatment of mast cellmediated disease.

S111 CHEMOKINE RELEASE IN RESPONSE TO DERMATOPHAGOIDES
PTERONYSSINUS ALLERGEN 1, BY PRIMARY RESPIRATORY
BASAL CELLS OF PATIENTS WITH SEVERE ASTHMA AND
HEALTHY CONTROLS
B Thomas, RA Hirst, G Williams, J Bankart, P Haldar, A Wardlaw, CE Brightling, C
O’Callaghan. University of Leicester, Leicester, UK

Introduction: Sensitisation and allergy to the house dust mite
Dermatophagoides pteronyssinus is common among patients with
asthma. Injury and disruption of airway epithelium that may occur
in patients with asthma potentially exposes the airway basal cells
to inhaled allergens.
Aim: To determine the chemokine release by primary respiratory
basal cells of patients with severe asthma and healthy controls, in
response to Der p 1.
Methods: Eight adult patients with severe asthma and six healthy
adult control subjects were studied. Bronchoscopic brush biopsies
were obtained from the bronchus intermedius. From the brushing,
basal cells were cultured to confluency in collagen coated glass
chamber slides (Nunc) in bronchial epithelial growth medium. The
cells were exposed to LoTox Der p 1 (Indoor Biotechnologies) at
concentrations of 1 mg/ml and 5 mg/ml in the presence of
dithiothreitol and supernatants harvested at 8 h and 24 h following
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control assessed. The primary outcome measure was toxicity and
safety profile.
Results: Dose was limited by toxicity at 3000 mg single dose
(systemic inflammatory reaction requiring hospital admission).
Therapeutic dose was 750–1500 mg with only mild and inconsistent
side effects at this dose. Pleural fluid production decreased
significantly after intrapleural LTA-T compared with saline alone
(fig), and this was due to a reduction in those receiving 750 mg or
more LTA-T (saline control week 1244 ml, SD 933, LTA-T week
394 ml, SD 375, diff 850 ml, SD 699, 95% CI 204 to 1497, p = 0.018,
fig). 86% of patients treated with LTA-T achieved pleural fluid
control for at least one month.
Conclusion: A single dose of intrapleural LTA-T has a mild and
favourable toxicity profile when compared with standard
pleurodesis agents and may induce effective pleurodesis in
MPE. Further larger scale studies are now required using this
agent.
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exposure. Chemokines in the supernatant were measured using a
multiplex ELISA-based protein array (SECTOR Imager 2400, Meso
Scale Discovery).
Results: Chemokine release by primary respiratory basal cells of
patients with severe asthma and healthy controls in response to Der p 1
was time and dose dependent. The magnitude of release of chemokines
CXCL8 (IL 8) (fig), CCL4 (MIP 1b), CCL5 (RANTES), CCL11 (Eotaxin),
CCL13 (MCP 4), CCL17 (TARC), CCL22 (MDC) and CCL26 (Eotaxin3) by basal cells from patients with severe asthma, was significantly
higher compared with that from healthy controls.
Conclusions: Primary respiratory basal cells of patients with severe
asthma and healthy controls released chemokines in response to
Der p 1, in a time and dose-dependent manner. The magnitude of
chemokine release from basal cells of patients with severe asthma
was significantly higher compared with that from healthy controls.

S112 HUMAN LUNG MAST CELLS IN CO-CULTURE WITH AIRWAY
SMOOTH MUSCLE DEMONSTRATE INCREASED CONSTITUTIVE
HISTAMINE RELEASE AND DECREASED HISTAMINE CONTENT
F Hollins, G Cruse, D Kaur, CE Brightling, P Bradding. University of Leicester, Leicester,
UK

A defining feature of asthma is the presence of mast cells within the
airway smooth muscle (ASM). These microlocalised asthmatic
human lung mast cells (HLMC) demonstrate morphological
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S113 HUMAN LUNG MAST CELL AND AIRWAY SMOOTH MUSCLE
CELL INTERACTIONS ARE FACILITATED BY CELL ADHESION
MOLECULE 1 AND CD117 CO-LOCALISATION
F Hollins, D Kaur, W Yang, R Saunders, CE Brightling, P Bradding. University of
Leicester, Leicester, UK

Mast cell microlocalisation within the airway smooth muscle
(ASM) bundle is a feature of asthma. We have previously shown
that co-culture of human lung mast cells (HLMC) with ASM cells
promotes mast cell survival and proliferation and that adhesion of
HLMC to ASM is partly mediated by cell adhesion molecule 1
(CADM1).
We hypothesised that ASM express stem cell factor (SCF) and
that CADM1/CD117 is co-localised on HLMC; augmenting CD117
activation by its ligand SCF.
HLMC were derived from subjects undergoing lung resection and
purified using immunomagnetic purification. ASM cultures were
obtained from lung resection for non-asthmatic subjects (n = 3)
and from bronchial biopsies for subjects with asthma (n = 4). We
investigated the expression of SCF on the surface of ASM cells by
flow cytometry and immunofluorescence. The expression of
CADM1 and CD117 was investigated by confocal microscopy and
immunofluorescence on HLMC co-cultured with confluent ASM at
a ratio of 1 : 4 in serum-free media over 3 days.
ASM cells expressed surface SCF by flow cytometry
(560.6 ¡ 89.79). There was no difference in the expression of
SCF in non-asthmatic verses asthmatic ASM cells (p = 0.415).
This was also supported by immunofluorescence (n = 4). HLMC
Thorax 2008;63(Suppl VII):A4–A73
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Abstract S111 Figure CXCL8 release by primary respiratory basal cells in response
to Der p 1. (A) Response of basal cells of patients with severe asthma and (B)
healthy controls. Data expressed as median (IQR)
*Signficantly raised compared to control at same time point
{Significantly raised compared to corresponding values at 8 hours
#Significantly raised compared to corresponding values for Der p 1 at
concentration of 1 mg/ml. Threshold for significance = p,0.05

features of activation with loss of granule contents; so-called
piecemeal degranulation. We have previously shown that co-culture
of HLMC with ASM results in the increase of mast cell numbers
above control.
We hypothesised that co-culture of HLMC with ASM would
result in the activation and subsequent degranulation of mast cells,
which could then be quantified using a histamine assay.
HLMC were derived from subjects undergoing lung resection and
isolated using immunomagnetic purification. ASM cultures were
obtained from lung resection for non-asthmatic subjects (n = 4)
and from bronchial biopsies for subjects with asthma (n = 4). We
collected co-culture supernatants and harvested the cells for
analysis of total histamine content and activation in the presence
of IgE/anti-IgE. These were compared with fresh HLMC at day 0
and parallel HLMC cultured in SCF, IL-6 and FCS.
HLMC co-cultured with ASM released significantly more
histamine into the culture supernatant over 10 days
(1198 ¡ 182 ng/106 cells at day 10) when compared with HLMC
cultured alone with SCF/IL-6/FCS (35 ¡ 24 ng/106 cells at day 10,
p,0.001). In keeping with the increased histamine content in the
co-culture supernatant, the histamine content of HLMC in the coculture was reduced to approximately half that of the control cells
and the cells at baseline (1491 ¡ 253 ng/106 cells in co-culture,
7101 ¡ 1214 ng/106 cells at baseline, 4029 ¡ 398 ng/106 cells in
SCF/IL-6/FCS, both p,0.001). Although the 10-day co-cultured
HLMC contained less histamine than the day 0 controls, when they
were activated with IgE/anti-IgE, the total amount of histamine
released was similar to that at day 0.
In addition to HLMC proliferation in co-culture with ASM,
HLMC are also activated. There was increased basal histamine
release, which was mirrored by a decrease in HLMC histamine
content. Our data suggest that this can occur as a result of the
interaction of HLMC with ASM independently of allergen and/or
monomeric IgE. These activated, histamine-depleted HLMC are still
able to release equivalent amounts of histamine following IgEdependent activation indicating that they can still respond to
allergen inhalation.
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S114 MAST CELLS PROMOTE AIRWAY SMOOTH MUSCLE CELL
DIFFERENTIATION VIA AUTOCRINE UPREGULATION OF
TRANSFORMING GROWTH FACTOR BETA 1
L Woodman, S Siddiqui, G Cruse, A Sutcliffe, R Saunders, D Kaur, P Bradding, C
Brightling. University of Leicester, Leicester, UK

Asthma is a major cause of morbidity and mortality worldwide. It is
characterised by airway dysfunction and inflammation. A key
determinant of the asthma phenotype is infiltration of airway
smooth muscle bundles by activated mast cells. We hypothesised
that interactions between these cells promotes airway smooth
muscle differentiation into a more contractile phenotype.
In vitro co-culture of human airway smooth muscle cells with btryptase, or mast cells with or without IgE/anti-IgE activation,
increased airway smooth muscle-derived transforming growth
factor beta (TGF-b) 1 secretion, a-smooth muscle actin expression
and agonist-provoked contraction. This promotion to a more
contractile phenotype was inhibited by both the serine protease
inhibitor leupeptin and TGF-b1 neutralisation, suggesting that the
observed airway smooth muscle differentiation was driven by the
autocrine release of TGF-b1 in response to activation by mast cell btryptase. Importantly, in vivo we found that in bronchial mucosal
biopsies from asthmatic individuals the intensity of a-smooth
muscle actin expression was strongly related to the number of mast
cells within or adjacent to an airway smooth muscle bundle.
These findings suggest that mast cell localisation in the airway
smooth muscle bundle promotes airway smooth muscle cell
differentiation into a more contractile phenotype, thus contributing
to the disordered airway physiology that characterises asthma.
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Abstract S115 Figure Receiver operator characteristic curves for prediction of
complicated parapneumonic effusion or empyema.

glucose ,2.2 mmol/l. Empyema was defined as frank pus aspirated
from the pleural space or positive Gram stain/culture for pathogenic
organisms.
Results: 1628 patients with respiratory infections were identified
and ultimately 1269 patients with CAP were included in the study.
92 patients (7.2%) met the criteria for CPE/empyema. CURB65
(AUC 0.54) CRB65 (0.52), PSI (0.55), APACHE II (0.41), SIRS (0.57)
and SEWS (0.53) had no value in CPE/empyema. Multivariate
logistic regression identified albumin ,30 g/l odds ratio (OR) 4.55
(2.45 to 8.45, p,0.001), sodium ,130 mmol/l OR 2.70 (1.55 to
4.70, p = 0.005), platelet count .400 OR 4.09 (2.21 to 7.54,
p,0.001), C-reactive protein .100 mg/l OR 15.7 (3.69 to 66.9,
p,0.001) and a history of alcohol abuse OR 4.28 (1.87 to 9.82,
p = 0.006) or intravenous drug use OR 2.82 (1.09 to 7.30, p = 0.03)
as independently associated with the development of CPE/
empyema. A history of chronic obstructive pulmonary disease
was protective OR 0.18 (0.06 to 0.53, p = 0.002). A six-point scoring
system using these combined variables was devised. In the presence
of two or more of these factors the derived score had a sensitivity of
87%, specificity of 68.3%, positive predictive value of 17.7% and
negative predictive value of 98.5%. The score had good discriminatory value AUC 0.84 (0.81 to 0.86, p,0.001). See fig.
Conclusion: This study has identified seven clinical factors
predicting the development of CPE/empyema. Independent validation studies are needed.

S115 RISK FACTORS FOR THE DEVELOPMENT OF COMPLICATED
PARAPNEUMONIC EFFUSIONS AND EMPYEMA IN
COMMUNITY-ACQUIRED PNEUMONIA
JD Chalmers, A Singanayagam, C Scally, A Fawzi, MP Murray, AT Hill. Royal Infirmary
of Edinburgh, Edinburgh, UK

Background: Complicated parapneumonic effusion and empyema
(CPE/empyema) are serious complications of community-acquired
pneumonia (CAP) associated with significant morbidity. The aim of
this study was to identify key factors on admission predicting the
development of CPE/empyema in patients admitted with CAP.
Methods: The authors conducted a prospective observational
study of patients admitted with CAP. Multivariate logistic
regression was used to evaluate admission factors that could predict
the development of CPE/empyema including admission demographics, clinical features and laboratory tests. Pneumonia specific
(PSI, CURB65 and CRB65) and generic sepsis scoring systems
(APACHE II, SEWS, SIRS) were compared using the area under the
receiver operator characteristic curve (AUC). Complicated parapneumonic effusion was defined according to the criteria described
by Light and colleagues as pleural fluid pH ,7.2, LDH .1000 iu/l,
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S116 EVIDENCE OF POLYMICROBIAL INFECTION IN NON-CYSTIC
FIBROSIS BRONCHIECTASIS
JEM Stach, Z Zhao, CV Lanyon, J Perry, A De Soyza. School of Biology, Newcastle
University, Newcastle upon Tyne, UK

Background: Data suggest that polymicrobial biofilms exist in the
cystic fibrosis lung that may contribute to the exaggeration of
illness or infection. It is unclear if polymicrobial biofilms are seen
with other causes of bronchiectasis. Limitations in standard culture
(overgrowth by other bacteria/resilience of microorganisms to
standard culture techniques) mean standard culture may not detect
the diversity of bacteria present in non-cystic fibrosis bronchiectasis. Current clinical culture techniques use an a priori decision on
which organisms are likely to be present/important as causative
infectious agents.
Hypothesis: Greater biodiversity will be found using non-culturebased techniques in bronchiectasis sputa compared with standard
culture. 16S ribosomal RNA analysis will allow for the detection of
bacteria that are resistant to culture.
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co-cultured with ASM cells demonstrated CADM1 and CD117 colocalisation by confocal microscopy. CADM1 and CD117 expression on HLMC was closely co-localised at direct points of adhesion
to ASM cells. In addition, immunoprecipitation of CADM1 resulted
in the co-immunoprecipitation of CD117, also indicating the
presence of a physical interaction.
In conclusion, our data support the view that adhesion of HLMC
on ASM via CADM1 facilitates the close proximity of HLMC
CD117 and ASM membrane-bound SCF and promotes mast cell
ASM interactions.

