
spectrophotometrically following the reaction between 2,4-dinitro-
phenylhydrazine (DNP) and protein carbonyls. Global metabolic
response was evaluated by nuclear magnetic resonance (NMR)
spectroscopy, followed by individual assessment of .200 spectral
regions.
Results EA alone had no influence on intracellular energy status, yet
induced a significant concentration-dependent decrease in NAD/
ADPR ratios (53.8¡18.2 and 11.2¡4.2% of control) after 1 h
exposure with 0.2 and 0.3 mM EA, respectively. H2O2 exposure
alone significantly reduced intracellular ATP/ADP and NAD/ADPR
ratios (29.4¡8.8 and 36.5¡10.5% of control, respectively); how-
ever, these responses were unaffected by EA. In contrast, EA
potentiated the H2O2-induced increase in protein carbonyls (from
two- to fourfold) and substantially enhanced the stress-induced
increase/decrease of a number of important metabolites. Among
these, the most prominent changes were in oxidised glutathione,
phenylalanine, glutamine, lactate and pyruvate (1.8- to 7.7-fold
changes).
Conclusion We have demonstrated that EA is unlikely to compro-
mise cellular energy state, but significantly reduces cellular redox
status. Furthermore, our findings suggest that the presence of EA
may enhance H2O2-induced cell injury via potentiation of protein
carbonylation and by metabolic derangements. These observations
highlight the importance of GST in the cellular response to
oxidative stress and may help to understand the metabolic
determinants of oxidative lung cell injury and adaptation.

Systemic aspects of COPD

S72 QUADRICEPS MUSCLE EXPRESSION OF MYOSTATIN IN
PATIENTS WITH COPD

1WD Man, 2SA Sathyapala, 2J Riddoch-Contreras, 2A Lewis, 1G Marsh, 1MI Polkey,
2PR Kemp. 1Royal Brompton & Harefield NHS Foundation Trust, London, UK; 2Molecular
Medicine, Imperial College, London, UK

doi:10.1136/thx.2009.127076t

Introduction and Objectives Quadriceps muscle weakness is well
recognised in chronic obstructive pulmonary disease (COPD), and is
associated with reduced exercise capacity, impaired health status
and increased mortality. The cause of quadriceps weakness in
COPD is multifactorial, but chronic daily inactivity is a likely major
contributor. Myostatin is a negative regulator of muscle mass as
demonstrated in naturally occurring human and animal genetic
mutations, and genetic rodent models. A recent cross-sectional
study showed increased expression of vastus lateralis myostatin
mRNA in cachexic patients with COPD compared with healthy
controls (Plant et al 2009). We hypothesised that vastus lateralis
expression of myostatin would negatively correlate with quadriceps
strength.
Methods 18 patients with COPD were clinically phenotyped with
measurements of lung function, quadriceps muscle strength
(quadriceps maximum voluntary contraction normalised to body
mass index: QMVC/BMI) and endurance (time for quadriceps force
to fall to 80%: T80), exercise capacity (6 minute walk distance:
6MWD), daily physical activity (locomotion time measured by tri-
axial accelerometry: Lo) and health status (St George’s Respiratory
Questionnaire: SGRQ). Biopsy of the vastus lateralis muscle was
performed using a Bergstrom needle. Real-time PCR for expression
levels of transcripts for myostatin was performed in duplicate wells,
and normalised to a housekeeping gene. The relationship between
clinical variables and quadriceps myostatin expression was deter-
mined by Spearman rank correlation.
Results Baseline clinical characteristics are outlined in table 1.
Quadriceps muscle myostatin mRNA expression was negatively

correlated with QMVC/BMI (r = 20.50, p,0.04), T80 (r = 20.53,
p,0.03), 6MWD (r = 20.62, p,0.01) and Lo (r = 20.54, p,0.04).
Conclusions Myostatin may play a role in the development of
quadriceps muscle dysfunction in COPD.
Acknowledgements WDM is an NIHR Clinician Scientist, SAS is a
Wellcome Trust Clinical Research Training Fellow.

WDM and SAS contributed equally to the study.

MIP and PRK were joint senior investigators.

S73 SKELETAL MUSCLE GENE EXPRESSION IN PATIENTS WITH
COPD WITH NORMAL AND LOW FFMI AND HEALTHY
CONTROLS. A MICROARRAY GENE EXPRESSION ANALYSIS

1RA Rabinovich, 1EM Drost, 2D Dunbar, 2J Manning, 3R Bastos, 1W MacNee. 1ELEGI/
Colt laboratory, UoE/MRC Centre for Inflammation Research, The Queen’s Medical
Research Institute, University of Edinburgh, Edinburgh, UK; 2Bioinformatics Team, UoE/
MRC Centre for Inflammation Research, The Queen’s Medical Research Institute,
University of Edinburgh, Edinburgh, UK; 3Department of Pulmonary Medicine (IDIBAPS),
Hospital Clı́nic University of Barcelona, Barcelona, Spain

doi:10.1136/thx.2009.127076u

Skeletal dysfunction is one of the most important systemic effects
of chronic obstructive pulmonary disease (COPD), leading to
disability and poor prognosis; however, its underlying mechanisms
are not fully understood. To gain insight into the molecular basis of
this phenomenon we have undertaken a microarray gene expression
analysis. 30 Agilent Human Whole Genome 4x44K Microarrays
were hybridised following Agilent standard protocols with total
RNA isolated from vastus lateralis of 20 patients with COPD (10
low (FFML) and 10 normal (FFMIN) fat-free mass index) and 10
matched healthy controls (C).

Expression measures were normalised using rma methodology from
the Affy package of the Bioconductor project. Data analysis was
performed using Rank Products method. Our ongoing work indicates
that 542 well characterised genes were differentially expressed
between COPD and C. Statistically significant gene ontology terms
associate with relevant biological processes such as oxygen transport,
muscle morphogenesis and contraction, inflammatory response and
response to reactive oxygen species, among others.

165 differentially expressed genes between FFML and FFMIN

associate with muscle contraction, organ development, muscle
morphogenesis, cell differentiation and blood vessel remodelling.

In conclusion, our results identified a set of differentially expressed
genes in both comparisons COPD vs C and FFML vs FFMIN that are
relevant to muscle dysfunction/wasting. They also highlight the
relevance of gene expression analysis in human tissue samples to
identify molecular pathways involved in clinical abnormalities.

Funding: Supported by Chief Scientist Office, Scotland 06/S1103/5 and FIS PIO80320.

Abstract S72 Table 1

Age 65 (7)

Gender (M:F) 11:7

FEV1, litres 0.93 (0.40)

FEV1 % predicted 34.5 (15.0)

BMI, kg/m2 24.5 (4.7)

Fat-free mass, kg 44.8 (10.9)

SGRQ 56.8 (11.0)

6MWD, m 362 (145)

Locomotion time, min 48.0 (44.8)

QMVC/BMI 1.22 (0.29)

T80, s 91.5 (46.6)

F, female; FEV1, forced expiratory volume in 1 s; M, male; 6MWD, 6 minute walk distance;
QMVC/BMI, quadriceps maximum voluntary contraction normalised to body mass index;
SGRQ, St George’s Respiratory Questionnaire.
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S74 LOWER LIMB FUNCTION AND EXERCISE PERFORMANCE IN
DIFFERENT MRC DYSPNOEA SCALE CATEGORIES OF COPD

MK Menon, L Houchen, SJ Singh, MD Morgan, MC Steiner. Pulmonary Rehabilitation
Research Group, Glenfield Hospital, Leicester, UK

doi:10.1136/thx.2009.127076v

Background Wasting and weakness of the lower limb muscles,
especially the quadriceps, is a clinically relevant systemic manifesta-
tion of chronic obstructive pulmonary disease (COPD). Although
inactivity is believed to be an important aetiological factor, the level
of disability at which lower limb dysfunction occurs is not clear.
The Medical Research Council (MRC) dyspnoea scale is a simple
and valid method of assessing disability due to breathlessness in
COPD; increased scores are associated with worsening exercise
capacity and health status. Our aim was to compare thigh muscle
mass, quadriceps strength and whole-body exercise performance in
patients with COPD and healthy controls, after they were assigned
into groups based on the MRC dyspnoea scale.
Methods 61 patients with COPD and 18 age-matched healthy
controls were included in this study (table 1). Subjects were asked
to grade their level of perceived breathlessness according to the
MRC dyspnoea scale. While controls graded themselves in MRC 1,
patients were in grades 3, 4 or 5. Subjects underwent a dual energy x
ray absorptiometry (DEXA) scan to measure whole-body (Tlean)
and thigh (Qlean) lean mass (Lunar Prodigy Advance). Quadriceps
strength was measured on an isokinetic dynamometer (Cybex II
Norm) during a maximal static contraction with the knee at 70u. A
symptom-limited incremental cycle ergometry test was also
performed by all participants. For data analysis, patients in MRC
grades 4 and 5 were grouped together as there were only four
patients in MRC grade 5. Comparisons were made between
controls, patients in MRC grade 3, and those in grades 4 and 5
combined.
Results When compared with healthy controls, Qlean and quadriceps
strength were significantly lower in patients with MRC grade 4 and
5 dyspnoea, but not in MRC grade 3 (table 1). However, whole-
body exercise performance was impaired in all patients with COPD
irrespective of the MRC dyspnoea grade.
Conclusion Our data suggest that lower limb function in COPD is
preserved in patients who are less disabled by breathlessness,
despite having lower maximal whole-body exercise capacity.

S75 PULMONARY REHABILITATION IMPROVES CARDIOVASCULAR
RISK FACTORS IN PATIENTS WITH COPD

1NS Gale, 2JM Duckers, 3D Proud, 3T Lines, 1S Enright, 4JR Cockcroft, 2DJ Shale,
2CE Bolton. 1School of Healthcare Studies, Cardiff University, Cardiff, UK; 2Department
of Respiratory Medicine, University Hospital Llandough, Cardiff, UK; 3University Hospital
Llandough, Cardiff, UK; 4Welsh Heart Research Institute, Cardiff University, Cardiff, UK

doi:10.1136/thx.2009.127076w

Background Cardiovascular disease (CVD) contributes significantly
to the morbidity and mortality of patients with chronic obstructive
pulmonary disease (COPD).1 We have previously identified
increased arterial stiffness as determined by aortic pulse wave
velocity (aPWV), an independent predictor of CVD in these
patients.2 Pulmonary rehabilitation (rehab) includes exercise,
education and nutritional therapy, which are also key in the
prevention and treatment of CVD. We hypothesised that rehab
would improve aPWV.
Methods Thirty-two patients with COPD (11 male) were recruited
and commenced rehab. Blood pressure (BP), aPWV, fasting lipids,
body mass index (BMI) and the inflammatory mediator interleukin-
6 (IL-6) were measured in addition to standard outcome measures
before and after rehab. The multidisciplinary rehab programme has
previously been described. Twenty-two representative patients
completed study assessments before and after rehab. Age- and
gender-matched controls, n = 20, were also studied at baseline.
Results In the patients commencing rehab, median age (range) was
65 (49–80) years, mean (SD) forced expiratory volume in 1 s (FEV1)
% predicted 42.5% (14.7%). The aPWV in patients (9.8 (2.7) m/s)
was greater than in controls (8.5 (1.4) m/s), as was IL-6, both
p,0.05. Mean metabolic parameters (BMI, BP and cholesterol) were
similar (p.0.05); however 5 patients (0 controls) had low BMI and
8 patients (3 controls) had a BMI .30 kg/m2. More patients had
hypercholesterolaemia (patients 69%, controls 35%) (p,0.05) and
there was a trend of more patients (44%) meeting the criteria for
hypertension than controls (25%). In the 22 patients completing
rehab, aPWV, BP and cholesterol were all reduced along with an
increase in incremental shuttle walk/ing test (ISWT) (p,0.05),
(table 1). Using multiple regression, the change in aPWV was
explained by the reduction in BP.
Conclusions Pulmonary rehabilitation has haemodynamic benefits
for patients with COPD, in addition to improvements in function
and quality of life which have already been established.
1. Huiart L, et al. Chest 2005;128:2640–2646.
2. Sabit R et al. Am J Respir Crit Care Med 2007;175:1259–1265.

Abstract S74 Table 1

Controls MRC
1 (n = 18)

COPD MRC 3
(n = 36)

COPD MRC 4
and 5 (n = 25)

Age (years) 67.5 (4.6) 66.0 (8.4) 73.4 (7.7)

Gender (M:F) 10:8 27:9 15:10

Body weight (kg) 75.2 (7.5) 76.6 (15.6) 68.9 (15.7)

BMI (kg/m2) 27.3 (2.6) 27.5 (5.4) 25.6 (4.5)

FEV1 (% predicted) 103.4 (15.8) 43.8 (14.7)* 46.5 (17.2){

Tlean (kg) 46.4 (7.6) 48.5 (7.9) 43.4 (10.1){

Qlean (kg) 4.3 (0.7) 4.2 (0.8) 3.7 (1.0){,{

Isometric quadriceps strength (Nm) 139.5 (40.4) 129.6 (50.4) 89.1 (28.9){,{

Peak VO2 (ml/kg/min) 22.5 (5.3) 15.1 (6.1)* 14.2 (4.7){

Peak work (W) 118.2 (28.8) 57.9 (25.4)* 40.2 (15.8){,{

Values presented as means (SD)
*p,0.0001 unpaired t test; COPD (MRC 3) vs controls.
{p(0.05 unpaired t test; COPD (MRC 4 and 5) vs controls.
{p,0.05 unpaired t test; COPD (MRC 4 and 5) vs COPD (MRC 3).
BMI, body mass index; COPD, chronic obstructive pulmonary disease; F, female; FEV1,
forced expiratory volume in 1 s; M, male; MRC, Medical Research Council; Qlean, thigh lean
mass; Tlean, whole-body lean mass.

Abstract S75 Table 1

Mean (SD) COPD before rehab (n = 22)
COPD after rehab
(n = 22)

aPWV (m/s) 9.8 (3.0) 9.3 (2.7)*

SBP (mm Hg){ 137.6 (20.0) 127.9 (23.6)**

DBP (mm Hg){ 82.8 (9.5) 78.4 (11.8)**

MAP (m mHg){ 100.9 (11.9) 94.9 (14.1)**

Heart rate (bpm) 76.1 (12.1) 75.9 (14.1)

Cholesterol (mmol/L) 5.6 (1.2) 5.4 (1.2)*

IL-6 (mmol/L){ 3.6 (2.2) 4.0 (2.3)

ISWT (m) 190.4 (69.8) 273.6 (75.5)**

*p,0.05 **p,0.001 difference.
{Peripheral pressures;
{Geometric mean.
aPWV, aortic pulse wave velocity; DBP, diastolic blood pressure; IL-6, interleukin-6; ISWT,
incremental shuttle walk/ing test; MAP, mean arterial pressure; rehab, pulmonary
rehabilitation; SBP, systolic blood pressure.
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S76 EXTRAPULMONARY POLYPHARMACY AND CARDIOVASCULAR
MEDICATIONS IN COPD

ARC Patel, S Karmali, JJP Goldring, GC Donaldson, JK Quint, JR Hurst, JA Wedzicha.
Academic Unit of Respiratory Medicine, UCL Medical School, Royal Free Campus,
London, UK

doi:10.1136/thx.2009.127076x

Introduction Cardiovascular co-morbidities requiring pharmacologi-
cal treatment are common in chronic obstructive pulmonary disease
(COPD). However, there are no COPD-specific guidelines and this
may lead to suboptimal drug prescribing. We investigated the
prevalence and pattern of extrapulmonary medications in COPD
and in control subjects.
Methods We retrospectively analysed the recruitment records of 353
patients with COPD and 44 controls (current and ex-smokers with
normal lung function) enrolled into the London COPD Cohort.
Self-reported co-morbid diagnoses, medication, age, gender and
forced expiratory volume in 1 s (FEV1) % predicted were recorded,
and comparisons were made using x2 and Mann–Whitney U tests
where appropriate.
Results Patients with COPD were prescribed more classes of
extrapulmonary medication than controls: median (interquartile
range) 3 (1–5) vs 1 (0–3) p = 0.009. 20% of COPD patients were
prescribed >5 classes of extrapulmonary medication, fulfilling a
definition of polypharmacy, vs 7% of controls (p = 0.037). The use
of angiotensin-converting enzyme (ACE) inhibitors, calcium chan-
nel antagonists, loop diuretics and nitrates was significantly more
common in patients with COPD (see table 1), in keeping with a
higher prevalence of cardiovascular disease in this group. Almost
half of the patients with COPD reported taking at least one class of
blood pressure-lowering medication compared with fewer than a
third in the controls. Despite the difference in cardiovascular
disease, there was a significantly lower use of b-blockers in patients

with COPD compared with controls (4.5% vs 13.6%, p = 0.013).
Aspirin and statins were commonly prescribed in both groups (see
table 1). Analgesics, antidiabetic, antidepressant and anxiolytic
medications were not significantly different in the COPD and
control groups.
Conclusions Extrapulmonary polypharmacy is approximately three
times more common in patients with COPD than in controls. There
are clinically important differences in the pharmacological treat-
ment of cardiovascular disease in COPD compared with controls. In
particular, cardioselective b-blockers are significantly underpre-
scribed despite good evidence of their safety and benefit in COPD.

Clear guidelines on the treatment of cardiovascular co-morbid-
ities in COPD may help to reduce morbidity and mortality through
the rational use of appropriate medication classes.

Asthma: basic mechanisms

S77 ELISPOT EVALUATION OF PBMC RESPONSES TO
STAPHYLOCOCCUS AUREUS

J Perera, B Green, M Arden-Jones, P Howarth. University of Southampton,
Southampton, UK

doi:10.1136/thx.2009.127076y

Introduction and Objectives In treatment-resistant severe asthma
there is evidence of T cell dysregulation. The basis for this is poorly
understood, but bacterial superantigens may contribute, as stimula-
tion of T cells by these molecules is poorly regulated by
glucocorticosteroids and superantigens are appreciated to contri-
bute to disease severity in other inflammatory disorders, such as
atopic dermatitis and nasal polyposis. To investigate this, peripheral
blood mononuclear cells (PBMCs) have been stimulated with
Staphylococcus aureus enterotoxin B (SEB) along with phytohae-
magglutinin (PHA), as a positive control, with ELISPOT evaluation
of interferon c (IFNc) (T helper 1 (Th1)) and interleukin-4 (IL-4)
(Th2), to assess whether there is an altered response to these T cell
stimulants in severe asthma.
Methods Overnight ex vivo ELISPOTs were carried out on PBMCs
stimulated by SEB (0.004–2.5 mg/ml) and PHA (1.25–10 mg/ml)
from 20 subjects with severe asthma, 10 with mild asthma and 10
healthy controls. The number of IL-4- and IFNc-producing cells was
assessed and quantified as spot-forming units (SFU).
Results SEB and PHA both induced a dose-dependent increase in
SFU for IL-4 and IFNc in all subjects, with greater numbers of SFU
for IFNc than for IL-4. There was no difference in response between
those with mild asthma and healthy controls, but there was
evidence of increased sensitivity to stimulation in those with severe
asthma, as compared with both those with mild asthma and
healthy controls. This difference was most noticeable for SEB
stimulation, with significantly increased numbers of IFNc SFU in
severe asthma compared with mild asthma after stimulation with
SEB at 0.004 mg/ml (p,0.002), 0.02 mg/ml (p,0.0001) and 0.01 mg/
ml (p,0.004), and for IL-4 SFU at 0.004 mg/ml (p,0.03) and
0.02 mg/ml (p,0.01).
Conclusions These findings indicate that these treatment-resistant
subjects with severe asthma managed at step 4/5 of the BTS
guidelines have increased peripheral Th1 and Th2 responses to SEB
as compared with those with mild asthma and healthy controls,
suggestive of an altered T cell receptor (TCR) variable beta chain (V
Beta)-restricted T cell stimulatory profile. This is evident despite
their current asthma medication and is also consistent with severe
asthma having a significant and different systemic component from
that in mild disease.

Abstract S76 Table 1

COPD
n = 355

Controls
n = 44 p Value

Age (mean¡SD) 68.7¡8.9 68.8¡6.0 0.951

FEV1 % predicted (mean¡SD) 49.1¡19.0 92.6¡16.7 ,0.001

Median number of medication classes (IQR) 3 (1–5) 1 (0–3) 0.019

.5 Extrapulmonary classes of medication 19.8% 6.8% 0.037

Any antihypertensive 48.4% 31.8% 0.037

Statin 26.4% 22.7% 0.606

Aspirin 24.1% 20.5% 0.594

Calcium channel antagonist 21.8% 9.1% 0.048

ACE inhibitor 19.5% 6.8% 0.039

Loop diuretic 15.9% 4.5% 0.045

Thiazide diuretic 14.7% 6.8% 0.152

Proton pump inhibitor 11.0% 6.8% 0.390

Paracetamol 10.2% 13.6% 0.484

Weak opioid 9.9% 9.1% 0.996

Nitrate 8.2% 0% 0.048

Calcium/vitamin D supplement 7.4% 0% 0.063

Angiotensin II receptor antagonist 6.2% 4.5% 0.658

Benzodiazepine 4.8% 2.3% 0.445

b-Blocker 4.5% 13.6% 0.013

Bisphosphonate 4.2% 0% 0.163

NSAID 2.8% 2.3% 0.831

Potassium-sparing diuretic 3.7% 0% 0.196

ACE, angiotensin-converting enzyme; COPD, chronic obstructive pulmonary disease; IQR,
interquartile range; NSAID, non-steroidal anti-inflammatory drug.
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