
healed relative to the control (30.88 ± 4.13%, n = 8)18 h post-
wound. Similarly N/OFQ significantly promoted HASM wound
closure (p < 0.01). Our findings showed that SCF-stimulated IL-
8 release (4.43 ± 0.69 fold over control, p < 0.01,n = 7) was
significantly inhibited by N/OFQ (3.32 ± 0.56 fold over control,
p < 0.01, n = 7). Ex vivo human studies demonstrate signifi-
cantly (p < 0.01) increased endogenous N/OFQ in asthmatic air-
ways relative (sputum N/OFQ:59.02 ± 2.57 pg/ml,n = 26) to
healthy airways (sputum N/OFQ:44.69 ± 0.43,n = 10) and
identifies eosinophils as a potential source for these. Pre-treat-
ment with N/OFQ was shown to significantly reduce agonist-
induced bronchial hyper-responsiveness using in vitro (p < 0.01)
and in vivo models (p < 0.001). Ex vivo animal studies show
that N/OFQ significantly inhibits release of inflammatory media-
tors including IL4, IL5, IL12, IL13 and inflammatory cell
recruitment including mast cells and eosinophils within the air-
ways. Further mucus hyper-secretion was also reduced following
N/OFQ pre-treatment in these models.

This is the first study to perform a comprehensive and com-
plementary in vivo and in vitro study of the expression and
actions of the N/OFQ-NOP system in the airways and provide
evidence for a role of NOP activation in the management of
asthma.

S19 INCREASED CRTH2 EXPRESSION IN ASTHMATIC
BRONCHIAL EPITHELIUM

K Johal, T Southworth, J Plumb, D Singh; Institute of Inflammation and Repair,
Manchester, UK

10.1136/thoraxjnl-2013-204457.26

Introduction and Objectives Prostaglandin-D2 (PGD2) mediates
chemotaxis of Th2 cells, basophils and eosinophils through the
chemoattractant receptor homologous-molecule expressed on T-
helper-type-2 cells (CRTh2). Pulmonary PGD2 levels are
increased in patients with more severe asthma and higher levels
of Th2 inflammation. CRTh2 antagonists, designed to block
PDG2 signalling, are in clinical development for the treatment
of asthma. We investigated whether pulmonary CRTh2 expres-
sion is upregulated in patients with asthma compared to con-
trols; we focused on the bronchial epithelium and cells within
the submucosa.
Methods Bronchial biopsies were obtained from asthmatic
patients (n = 20) and healthy subjects (n = 10). Sections were
probed with an anti-human CRTh2 antibody, a secondary bioti-
nylated goat anti-rabbit antibody and the position of the CRTh2
receptors were visualised with 3,3'-Diaminobenzidine (DAB) and
counter-staining with haemotoxylin. Digital micrographs were
taken and analysed using the ImageProPlus 6.0 software. The
percentage positive area of epithelium was calculated along with
the intensity of staining. These values were multiplied together
to give an overall immunohistochemical (IHC) score for each
subject. The number of positive cells/mm2 within the submucosa
was also counted.
Results CRTh2 expression was predominantly within the epithe-
lium rather than the submucosa. There was a statistically signifi-
cant (p = 0.04) increase the immunohistochemical score in the
epithelium of asthmatics (74.7) compared to healthy non-smok-
ers (38.8). There was no significant difference (p = 0.64) in the
number of positive cells expressing CRTh2 within the submu-
cosa between asthma patients (473/mm2) and healthy controls
(353/mm2).

Conclusion CRTh2 expression is upregulated in the epithelium
of asthmatic patients compared to healthy controls. This is a
novel finding, suggesting that CRTh2 antagonists may exert ther-
apeutic effects on the bronchial epithelium as well as blocking
inflammatory cell chemotaxis in asthma.

Abstract S19 Table 1.
% +ve Area of

Epithelium

Intensity of

Epithelial Staining

Overall IHC

Score

% Positive Cells in

Submucosa/mm2

Asthma 30.3* (12.6) 2.3 (4.4) 74.7* (45.9) 473.1 (509.0)

Healthy 16.6 (16.3) 1.7 (4.1) 38.8 (47.7) 353.3 (296.0

Statistical analysis by unpaired T-test between Asthma and Healthy controls *p<0.05.

S20 CRTH2 IS EXPRESSED BY THE BRONCHIAL EPITHELIUM
AND ITS ACTIVATION DRIVES EPITHELIAL
DIFFERENTIATION

1SE Stinson, 1Y Amrani, 2M Carlsson, 1C Brightling; 1Institute of Lung Health, Department
of Infection, Inflammation and Immunity, University of Leicester, Leicester, UK;
2AstraZeneca R&D, Mölndal, Sweden

10.1136/thoraxjnl-2013-204457.27

Background The chemoattractant receptor-homologous mole-
cule expressed on Th2 cells (CRTh2) is implicated in the patho-
genesis of asthma, but its expression in the bronchial epithelium
and potential role in airway remodelling is unknown.
Methods CRTh2 protein expression was assessed in bronchial
biopsies (n = 24) and primary epithelial cells (n = 16) using
immunohistochemistry, and using flow cytometry, immunofluor-
escence, and quantitative RT-PCR (QT-PCR) respectively. The
effects of 13, 14-dihydro-15-keto Prostaglandin D2 (DK-PGD2)
on epithelial cell migration and differentiation was determined.
Results The number of submucosal CRTh2 positive inflamma-
tory cells was increased in asthma compared to healthy controls
27.57 per mm2 sub-mucosal area (9.82) versus 48.17 (14.04)
(p = 0.0049). CRTh2 expression was identified on normal and
asthmatic epithelial cells, but its expression was decreased in
bronchial biopsies from asthmatics 21.43 per 10mm2 epithelial
area (7.85) versus healthy controls 62.34 (36.41) (p = 0.0071)
and similar findings were observed in primary epithelial cells.
Squamous metaplasia of the bronchial epithelium was increased
in asthma and related to decreased CRTh2 expression. DK-
PGD2 promoted epithelial cell migration 12-fold increase
(p = <0.0001) and in air-liquid interface cultures increased the
number of MUC5AC+ and involucrin+ cells, which were
blocked with a CRTh2 specific antagonist.
Conclusions CRTh2 is expressed by the bronchial epithelium
and its activation drives epithelial differentiation suggesting that
in addition to its well characterised role on inflammatory cell
migration CRTh2 might contribute to airway remodelling in
asthma.

S21 TYPE-2 INNATE LYMPHOID CELLS INDUCE CD4 T HELPER
CELL TYPE-2 IMMUNE FUNCTIONS

AS Mirchandani, AG Besnard, E Yip, C Scott, C Bain, RJ Salmond, FY Liew; University of
Glasgow, Glasgow, UK

10.1136/thoraxjnl-2013-204457.28

Introduction Type-2 innate lymphoid cells (ILC2) are a novel
subset of immune cells characterised by their responsiveness to
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interleukin (IL)-33 and their production of type-2 cytokines
(including IL-5, IL-9, IL-13). ILC2 have a variety of roles in
lung inflammation and repair. Their interaction with innate
immune cells has been shown, however their influence on the
adaptive immune system remains unknown. Given the important
roles of CD4 T helper (Th) cells in the lung and in conditions
such as asthma, it is vital to determine whether ILC2 can influ-
ence their functions.
Aim To determine the interactions of lung-derived ILC2 cells on
naïve Th functions.
Method BALB/c mice were treated with IL-33 intranasally for 5
days and ILC2 cells were sorted using fluorescence-activated cell
sorting (FACS). Naïve Th cells were sorted by FACS from ST2
knockout mice (lacking the IL-33 receptor). Cells were co-cul-
tured in the presence of anti-CD3 and anti-CD28 antibody for
72 hours. Intracellular cytokines were determined by FACS fol-
lowing phorbol 12-myristate 13-acetate (PMA) and ionomycin
stimulation. Th cells were differentiated from ILC2 by their
expression of CD4 and lack of ST2.
Results Naïve Th cells expression of type-2 cytokines increases
significantly when cultured with ILC2 cells (Fig.1). Th cell IL-4
expression increases 3-fold in co-culture, whilst IL-5 and IL-13
expression are enhanced 30- and nearly 20-fold, respectively.
This effect is completely abrogated when cells are separated with
a semi-porous membrane. Furthermore, ILC2 are able to
enhance T cell responses in vivo in the lungs of BALB/c mice.
Discussion These data demonstrate that ILC2 are able to drive a
Th2-phenotype in naïve Th cells directly. Furthermore, this
effect is contact-dependent. These data demonstrate for the first
time that ILC2 are capable of driving type-2 immune responses
by influencing Th cell responses and hence provide an important
link between lung innate and adaptive immune responses and a
possible novel mechanism for their role in asthma.

Abstract S21 Figure 1. Th cells express type-2 cytokines when co-

cultured with ILC2. Naı̈ve Th cells (CD4+CD44lo) were sorted by

FACS from ST2 knockout mice and were cultured alone (A) or with

ILC2 (Lin*CD45+ICOS+ST2+) sorted from the lungs of IL-33-

treated mice (B) for 72 hours in the presence of anti-CD3/CD28. Th

cells intracellular cytokines were determined by FACS following 4

hours stimulation with PMA/ionomycin. CD4 cells were identified

by presence of CD4 and lack of ST2.

S22 ANALYSIS OF THE LUNG MICROBIOME IN HUMAN
ASTHMA USING WHOLE GENOME SHOT-GUN
METAGENOMICS

1TSC Hinks, 2S Handley, 2B Keller, 2L Droit, 1KJ Staples, 3C Smith, 3PH Howarth,
2HW Virgin, 1SD Gadola, 3R Djukanovic; 1Academic Unit of Clinical and Experimental
Sciences, University of Southampton Faculty of Medicine, Sir Henry Wellcome
Laboratories, University Hospital Southampton, Southampton, UK; 2Department of
Pathology and Immunology, Washington University School of Medicine, St. Louis,
Missouri, USA; 3Southampton NIHR Respiratory Biomedical Research Unit, University
Hospital Southampton, Southampton, UK

10.1136/thoraxjnl-2013-204457.29

Introduction and Objectives Evidence is accumulating for the
presence of bacteria in the airways and the existence of a com-
mensal airway microbiome. Molecular techniques reveal com-
plex microbial assemblages in bronchiectasis and COPD, but
little is known about the airway microbiome in asthma or in
health. Immunopathology in asthma may be driven by bacteria
or fungi or even by chronic viral persistence.

We undertook an analysis of the entire respiratory microbial
metagenome in airway samples from carefully phenotyped sub-
jects across a spectrum of asthma and health.
Methods 55 subjects (9 mild asthmatics, 16 moderate asth-
matics, 15 with severe neutrophilic asthma without bronchiecta-
sis and 15 healthy controls) underwent detailed clinical and
immunological phenotyping, sputum induction, and broncho-
scopy during periods of clinical stability. Protected bronchoalveo-
lar lavage (BAL) and induced sputum were analysed by whole
genome shot-gun sequencing for RNA and DNA from bacterial,
viral and fungal genomes. Data were analysed using the Virus-
Hunter analysis pipeline.
Results We found no evidence of novel viral species or of persis-
tent viral infection. Protected BAL samples typically contained
500–5000 bacterial reads for organisms typical of the oral cavity
or upper respiratory tract, consistent with microaspiration rather
than a distinct airway microbiome. Bacterial abundance was not
increased in asthma. Hierarchical cluster analysis revealed no
general association between disease and the presence of bacteria,
with the exception of two individuals with severe neutrophilic
asthma in whom single pathogenic species were detected with
high abundance. In the first subject, chronic Haemophilus influ-
enzae infection was present, correlating with standard culture
and a striking Th17 cell response in BAL. Specific antibiotic
treatment resulted in a dramatic clinical improvement. In the
second individual Tropheryma whipplei was present, and corre-
lated with the presence of foamy macrophages and a deficiency
of BAL Th17 cells.
Conclusions: The data from this study argue against the existence
of a distinct airway microbiome in health or in asthma, but rather
that lung microbes are a result of microaspiration. Conversely, in
specific cases chronic low grade infection may drive immunopa-
thology in asthma. It remains to be seen whether very severe
forms of asthma have a more prominent microbiome.

S23 MULTIDIMENSIONAL PHENOTYPES OF ASTHMA
1TSC Hinks, 1XY Zhou, 2P Lum, 1KJ Staples, 3B Dimitrov, 3C Smith, 3J Ward, 1PH Howarth,
1AF Walls, 1SD Gadola, 3R Djukanovic; 1Academic Unit of Clinical and Experimental
Sciences, University of Southampton Faculty of Medicine, Sir HenryWellcome
Laboratories, University Hospital Southampton, Southampton, UK; 2Ayasdi Inc., 636
Ramona Street, Palo Alto, USA; 3Southampton NIHR Respiratory Biomedical Research
Unit, University Hospital Southampton, Southampton, UK

10.1136/thoraxjnl-2013-204457.30
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