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Abstract

Background: Asthma and chronic obstructive pulmonary
disease (COPD) display features of overlap in airway physiol-
ogy and airway inflammation. Whether inflammatory phe-
notypes in airway disease describe similar mediator expres-
sion is unknown. Objectives: To explore the relationship of
airway inflammation and cytokine and chemokine expres-
sion in asthma and COPD. Methods: Subjects with asthma
and COPD (n = 54 and n = 49) were studied. Clinical charac-
teristics and sputum were collected at entry into the study.
A 2-step sputum processing method was performed for su-
pernatant and cytospin preparation. Meso Scale Discovery
and Luminex platforms were used to measure cytokines,
chemokines and matrix metalloproteinase levels. Results:
Analytes sensitive to dithiothreitol (DTT) that had increased
recovery in the 2-step sputum process were IL-183, 4, 5, 10, 13,
IFN-v, TNFRI, GM-CSF, CCL2, 3,4, 5, 13 and 17. There was a dif-
ferential expression in IL-8, TNFRI and TNFRII between asth-
ma and COPD [mean fold difference (95% Cl): IL-8, 2.6 (1.3-
5.4),p=0.0T; TNFRI, 2.1 (1.3-5.4), p=0.03; TNFRII, 2.6 (1.2-5.6),
p = 0.02]. In neutrophilic and eosinophilic airway inflamma-

tion, TNFa, TNFRI, TNFRII, IL-6, IL-8 and IL-5 could differenti-
ate between these phenotypes. However, these phenotypes
were unrelated to the diagnosis of asthma or COPD. Conclu-
sion: Recovery of sputum mediators sensitive to DTT can be
improved using the described sputum processing tech-
nique. Within airway inflammatory sub-phenotypes there is
a differential pattern of mediator expression that is indepen-
dent of disease. Whether these inflammatory phenotypes in
asthma and COPD confer distinct pathogeneses, therapeutic
responses and clinical phenotypes needs to be further eval-
uated. Copyright © 2011 S. Karger AG, Basel

Introduction

Chronic obstructive pulmonary disease (COPD) and
asthma represent a significant challenge to the respiratory
physician in their management and diagnosis, with sig-
nificant overlap in their clinical features, physiological
parameters and airway inflammation [1, 2]. COPD is
characterised by chronic irreversible airflow obstruction,
structural changes such as small airway destruction, fi-
brosis and neutrophilic airway inflammation [3-6]. How-
ever, up to 40% of COPD subjects display eosinophilic air-
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way inflammation [7] which is associated with elevated
levels of interleukin (IL)-5. Treatment with corticosteroid
therapy reduces eosinophilic inflammation and IL-5 lev-
els [8]. In contrast, asthma is characterised by variable air-
flow obstruction, airway hyper-responsiveness, a thick-
ened basement membrane and eosinophilic airway in-
flammation [4]. Both non-eosinophilic and neutrophilic
asthma have been described and these are hypothesised
to confer steroid resistance [9, 10]. The use of induced spu-
tum has led to further insights into the pulmonary in-
flammation of asthma and COPD [11, 12], allowing char-
acterisations of pro-inflammatory cytokines and chemo-
kines. Importantly, COPD and asthma have often been
studied independently using limited mediator panels [8,
13]. In light of the increasing recognition of the heteroge-
neity of asthma and COPD and their potential overlap [2,
14], it is important to investigate whether there are differ-
ent pulmonary mediator responses and whether airway
inflammatory phenotypes confer similar cytokine and
chemokine expression in both asthma and COPD.

In this study we sought to investigate the sputum cy-
tokine and chemokine pattern in subjects with asthma
and COPD using a novel sputum processing method and
to compare the inflammatory response within and be-
tween diseases and in relation to sputum phenotypes.

Methods

Design

This was a prospective study examining sputum mediators of
subjects with asthma and COPD. The study was approved by the
Leicestershire, Rutland and Northamptonshire ethics committee,
and all subjects gave informed written consent (REC 08/
H0401/88).

Subjects

Subjects with a physician diagnosis of asthma or COPD at-
tending the respiratory clinics at Glenfield Hospital, Leicester,
UK, were invited to take part in the study. Subjects with a diag-
nosis of active pulmonary tuberculosis, other clinically relevant
lung or medical illnesses or the inability to produce sputum fol-
lowing the induced sputum procedure were excluded.

All COPD subjects had airflow obstruction with a post-bron-
chodilator forced expiratory volume in 1 s (FEV)/forced vital ca-
pacity (FVC) ratio (FEV/FVC) of less than 0.7, with which sever-
ity was classified according to Global Initiative for Obstructive
Lung Disease (GOLD) criteria [6]. COPD subjects that demon-
strated bronchodilator reversibility were not excluded from the
study. A diagnosis of asthma was made by a respiratory physician
with consistent symptomatology. Asthma severity was classified
according to the Global Initiative for Asthma (GINA) treatment
steps and described as mild (GINA I-II) or moderate to severe
(GINA III-V) [15].
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Measurements

All subjects had complete demographic data including age,
duration of symptoms and full smoking history recorded. Spi-
rometry and bronchodilator reversibility was performed on all
subjects according to ATS/European Respiratory Society (ERS)
guidelines [16]. Asthma subjects had atopy assessment with skin
prick testing for Dermatophagoides pteronyssinus, dog, cat, Asper-
gillus fumigatus, tree and grass pollen and measurements of air-
way hyper-responsiveness using methacholine (Pc20) and ex-
haled nitric oxide (measured at 50 ml/s; NIOX; Aerocrine, Stock-
holm, Sweden).

Samples

Subjects provided spontaneous or induced sputum which was
processed using a 2-step method with a Dulbecco’s phosphate-
buffered saline (D-PBS) wash step followed by a dithiothreitol
(DTT) step and cytospins. In summary, selected and weighed
sputum plugs were incubated with an 8 X volume (sputum weight)
of D-PBS, vortexed for 15 s and placed on a bench rocker on ice
for 15 min. After centrifuging at 790 g for 10 min, the solute prep-
aration was split in two: 4 volumes of the supernatant were re-
moved (one half) and 300-p.] aliquots were prepared and stored
directly at -80°C; this was identified as the D-PBS supernatant.
The remainder of the solute was incubated with a 4X volume
(sputum weight) of 0.2% DTT for 15 min on a bench rocker on ice
to disperse the cells. This sample was then filtered through a 50-
pm nylon mesh filter and an aliquot removed for estimation of
the total cell count. The remainder of the filtered sputum was cen-
trifuged and the supernatant was removed and stored at -80°C
(DTT supernatant). The remaining cell, D-PBS and mucus pellets
were processed to form cytospins for sputum cell differential as
previously described [17]. Comparison and validation of the ef-
fects of the additional D-PBS step with that of currently used spu-
tum processing for cytospin preparation for the sputum total cell
count and differential cell count was performed in 20 subjects
with COPD and asthma. There were no significant differences in
the cell differential counts between the methods with or without
the additional D-PBS wash step [mean (SEM) neutrophil count
78% (5) vs. 80% (5); geometric mean (95% CI) eosinophil count
1.3% (0.7-2.7) vs. 1.0% (0.6-1.9), and total cell count 4.0 X 10°
cells/g sputum (1.7-9.8) vs. 3.8 X 10° cells/g sputum (1.6-9.0)].

Meso Scale Discovery and Luminex Platform

The D-PBS sputum supernatant was analysed using the Meso
Scale Discovery platform (MSD; USA) and Luminex platform
(R&D Systems) for measurement of cytokine and chemokine me-
diators and matrix metalloproteinases (MMPs), respectively. Re-
covery of cytokine and chemokine mediators and MMPs using
the MSD and Luminex platform was assessed by adding standard
chemokine, cytokine and MMP spike to the sputum plug and to
the buffer prior to processing. Following ERS recommendations
[17] further analysis was carried out on those mediators that gave
>80% recovery of spike from D-PBS-treated sputum compared to
buffer controls.

Statistical Analysis

Statistical analysis was performed using PRISM version 4
(GraphPad Software, San Diego, Calif., USA) and SPSS version 16
(SPSS, Inc., Chicago, Ill., USA). Parametric and nonparametric
data are presented as means (SEM) and medians (interquartile
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Table 1. Baseline demographics of asthma and COPD subjects

COPD (n =49) Asthma (n = 54) p value

Males, n (%) 36 (74) 21 (39) 0.07
Mean age (range), years 70 (42-87) 52 (24-88) <0.001
Mean age of onset (range), years 62 (35-79) 26 (5-87) <0.001
Non-smokers, n (%) 0(0) 36 (67) <0.001
Ex-smokers, n (%) 11 (22) 13 (24) 0.99
Current smokers, n (%) 38 (78) 5(9) <0.001
Pack year history 23(2) 4(1) <0.001
Body mass index 26.3(0.7) 27.0 (0.8) 0.57
Long acting beta agonist usage, % 80 83 0.80
Inhaled corticosteroid usage, % 82 89 0.40
Inhaled corticosteroid dose?, g 1,535 (99) 1,150 (85) 0.004
Maintenance prednisolone, % 8 15 0.37
Mean prednisolone dose (range), mg 8 (5-10) 8 (5-10) 0.65
Airway hyper-responsiveness (Pc20)b - 1.1 (0.6-2.1) -
FEV,/FVC (%)° 49 (2) 71 (1) <0.001
FEVS, litres 1.4(0.1) 2.6 (0.1) <0.001
Reversibility, ml 122 (31) 151 (29) 0.51
Reversibility, % 9(2) 6(1) 0.12
FEV, % predicted® 54 (4) 87 (4) <0.001
FEno?, ppb - 34 (26-44) -
Total sputum cell count®, X 10° cells/g 4.0 (3.0-5.4) 3.2(2.4-4.2) 0.24
Sputum eosinophil count®, % 1.2 (0.8-1.9) 2.6 (1.6-4.2) 0.02
Sputum neutrophil count, % 64 (4) 57 (4) 0.18
Airway inflammatory phenotypes [18], %

Pauci-granular 22 20 0.81

Eosinophilic 18 35 0.08

Neutrophilic 43 32 0.31

Mixed-granulocytic 16 13 0.78

Data are presented as means (SEM) unless otherwise stated.
2 BDP equivalent. b Geometric mean (95% CI). € Post-bronchodilator.

range) unless otherwise stated. Log-transformed data is presented
as geometric means (95% CI). For comparison of unpaired or
paired parametric or non-parametric groups, the Student t test,
paired t test, Mann-Whitney test and Wilcoxon matched pairs
test were used, respectively. For comparison of 3 groups or more
for parametric and non-parametric variables the one-way analy-
sis of variance (ANOVA) or Kruskal-Wallis test was used and the
x? test was used for proportions. Sputum eosinophilia was de-
fined as >2% eosinophils of non-squamous cells, and sputum
neutrophilia was classified as >61% neutrophils of non-squamous
cells [18]. p < 0.05 was considered statistically significant.

Results

One hundred and three subjects were recruited (asth-
ma, n = 54; COPD, n = 49). The baseline demographics
of all subjects are presented in table 1. Asthma severity
showed that 13, 24, 30 and 33% of subjects were GINA I,
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I, IIT and IV/V. The GOLD classification for COPD se-
verity identified 19, 33, 33 and 15% as having GOLD I,
II, III and IV. The mean (SEM) post-bronchodilator
FEV, % predicted for the asthma and COPD subjects
was 87% (4) and 54% (4), respectively. Sputum mediator
analysis using the MSD and Luminex platforms was
available in 37 asthmatic and 23 COPD subjects. The
clinical characteristics of these subjects with available
sputum mediator analysis are presented in table 2. Ana-
lytes with increased recovery in D-PBS-treated sputum
compared to DTT-treated sputum were IL-1p3, 4, 5, 10,
13, IFN-v, TNFRI, GM-CSF, CCL2, 3, 4, 5, 13 and 17
(online suppl. fig. 1; for all online supplementary mate-
rial, see www. karger.com/do0i/10.1159/000330667). The
mediators that were measured in the sputum and their
lower and upper quantification limits are listed in on-
line supplementary table 1.
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Correlations of all measured sputum markers are pre-
sented as a heat map illustration in figure 1. Sputum
markers that are closely correlated are identified as in-
tense bright colours (white: r = 1.0). There was a strong
correlation identified between TNFRI, TNFRII and IL-
6R (r = 0.93, r = 0.90 and r = 0.90); MMP8, MMP9 and
IL-1B (r=0.94, r = 0.91 and r = 0.87), and CXCL10 with
CXCLI11 (r=0.92).

Airway Inflammation in Asthma and COPD

Airway eosinophilic and neutrophilic inflammation
was present in 48 and 35% and in 45 and 59% of asthma
and COPD subjects, respectively. Sputum eosinophils
were higher in asthma compared to COPD subjects (2.6
vs. 1.2, fold difference 0.3; 95% CI fold difference 0.1-0.6,
p = 0.02). There was no difference in sputum neutrophil
counts between asthma and COPD (57 vs. 64%, mean dif-
ference -7; 95% CI -18 to 3, p = 0.18). Sputum neutrophils
but not eosinophils were significantly lower in mild asth-
ma compared to moderate/severe asthma (mean neutro-
phils 35 vs. 69%, mean difference 34; 95% CI -51 to -16,
p = 0.0004; and geometric mean eosinophils 4.5 vs. 1.6%,
fold difference 0.4; 95% CI -0.2 to 1.0, p = 0.15). Sputum
eosinophils but not neutrophils were significantly lower
in mild/moderate COPD compared to severe COPD
(geometric mean eosinophils 0.6 vs. 2.4%, fold difference
-0.6; 95% CI -1.1 to -0.1, p = 0.01; and mean neutrophils
60 vs. 65%, mean difference -6; 95% CI -26 to 14, p =
0.0004) (fig. 2).

Sputum Mediators in Asthma and COPD

Sputum mediator profiling between asthma and
COPD showed increased levels of IL-8, TNFRI and
TNEFRII in COPD compared to asthma subjects [mean
fold difference (95% CI): IL-8, 2.6 (1.3-5.4), p = 0.0L;
TNEFRI, 2.1 (1.3-5.4), p = 0.03, and TNFRII, 2.6 (1.2-
5.6), p = 0.02] and elevated MMP8 and 9 in COPD sub-
jects [mean fold difference (95% CI) 2.7 (1.1-6.6), p=0.03,
and 3.0 (1.3-7.0), p = 0.01, respectively] (fig. 3; online
suppl. table 2). No differences in sputum mediator ex-
pression could be determined in COPD or asthma sub-
jects according to smoking status. The effect of inhaled
corticosteroids (ICS) upon mediator expression was as-
sessed in subjects with asthma and COPD; this was per-
formed by subdividing subjects into high dose ICS
(=1,600 g beclomethasone equivalent), moderate dose
ICS (>400and <800 pgbeclomethasone equivalent) and
low dose ICS (=400 pg beclomethasone equivalent). In
all subjects, significantly different mediator expression
was found in CXCL10 and CXCLI11 only, although this
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Fig. 1. Heat map demonstrating correlations of all sputum mark-
ers measured. Perfect correlation (r = 1.0) is identified by white
colour.

Table 2. Clinical characteristics of subjects with measured spu-
tum mediators

COPD Asthma
(n=23) (n=37)
Males, n (%) 17 (74) 17 (46)
Mean age (range), years 71 (52-86) 55 (24-88)
FEV,/FVC (%)? 51 (3) 69 (2)
FEV 3, litres 1.4 (0.1) 2.5(0.1)
FEV| % predicted® 56 (4) 86 (4)
Reversibility, ml 154 (63) 151 (38)
Reversibility, % 10 (4) 6 (1)
Total sputum cell count®,
% 10° cells/g 5.1 (3.3-7.7) 3.8 (2.8-5.1)
Sputum neutrophil count, % 71 (5) 56 (4)
Sputum eosinophil count®, % 1.0 (0.5-1.8) 3.1(1.7-5.6)

Data are presented as means (SEM) unless otherwise stated.
a Post-bronchodilator. ® Geometric mean (95% CI).

was not in a dose-dependant way. The geometric mean
(95% CI) CXCL10 and CXCL11 mediator expression in
high dose ICS, moderate dose ICS and low dose ICS was
as follows: CXCL10, 214 (125-364) versus 562 (325-972)
versus 86 (25-300), p = 0.020, and CXCL11 9 (3-24) ver-
sus 40 (16-101) versus 4 (2-12), p = 0.043. These findings
were true for asthma and COPD subjects.

Respiration 2012;83:36-44 39
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Sputum Mediators in Airway Inflammatory Discussion
Phenotypes
Differential mediator expression was present between In this study we have shown that sputum cellular pat-

eosinophilic and non-eosinophilic airway inflammation terns of airway inflammation are distinct across disease
(tig. 4). There was no difference in mediator expression severity in asthma and COPD. However, sputum cell pro-
between subjects with asthma and subjects COPD after files are similar between severe asthma and COPD. Like-
dichotomising for eosinophilic or neutrophilic airwayin-  wise, the sputum mediator profiles are largely similar be-
flammation (online suppl. fig. 2). tween asthma and COPD, with a few mediators increased
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in COPD. Importantly, differential mediator expression
is more marked between eosinophilic and non-eosino-
philic sub-phenotypes, which is independent of disease.

Mediator expression between COPD and asthma has
confirmed elevated levels of the pro-inflammatory me-
diators IL-6 and IL-8 in COPD [19, 20], whilst there is
increased expression of Th2 cytokines such as IL-4, IL-5
and IL-13 in asthma and allergic disease [21, 22]. Bron-
chial biopsies studies have shown predominately neutro-
philic inflammation in COPD and eosinophilic inflam-
mation in asthma [5, 23]. However an overlap in cellular
inflammation exists [24]; indeed we have shown a similar
overlap in airway cellular inflammation with little differ-
ence in airway inflammation and in particular airway
inflammatory phenotypes between moderate-to-severe
asthma and COPD. It has been recognised that in persis-
tent severe asthma there is often neutrophilic airway in-
flammation with elevated levels of IL-8 [25] and this type
of inflammation confers steroid non-responsiveness [10,
26], albeit this maybe confounded itself by the effects of
inhaled and oral corticosteroids [27], which have been
shown to alter mediator expression [28]. Here we have
shown that the neutrophilic airway inflammation that is
present in severe asthma is similar to the degree of neu-
trophilic inflammation that exists in COPD. The identi-
fication of airway inflammatory phenotypes has been ef-
fectively used to reduce exacerbations in asthma and
COPD (29, 30], whilst cluster analysis has determined
airway inflammatory phenotypes within clinical pheno-
types of asthma [14].

We have also validated a sputum processing method
that improves the recovery of previously difficult to mea-
sure cytokines [13]. The use of multiplex platforms has
provided the opportunity to assess inflammatory media-
tors in small volumes. In our study the initial incubation
of selected sputum plugs with D-PBS followed by stan-
dard sputum processing techniques improved the recov-
ery of cytokines including previously difficult to measure
Th2 cytokines [8] and improved the recovery of several
cytokines satisfying the European Respiratory Guide-
lines on mediator recovery [17].

In our study we have shown that the chemokine and
cytokine expressions in asthma and COPD are broadly
similar, with a few mediators increased in COPD. Indeed
the differential expression of mediators between eosino-
philic and non-eosinophilic airway inflammation is
more marked and we could not demonstrate any differ-
ential expression between asthma and COPD after strat-
ification for inflammatory airway cellular phenotypes.
This mediator expression between airway inflammatory

42 Respiration 2012;83:36-44

phenotypes has been demonstrated separately in COPD
[8] and asthma [10]. Although it has been widely per-
ceived that asthma and COPD are distinct entities [31],
the observation of similarities in their clinical pheno-
types [2], and airway inflammometry [1], increasingly
suggests that one needs to view these airway inflamma-
tory diseases together as a spectrum of disease with sim-
ilar clinical symptoms, airway inflammation and physi-
ology [32, 33]. A phenotypic approach can propagate the
development of targeted treatment strategies including
the development of monoclonal antibody therapies [34]
and further the understanding in the pathogenesis of the
disease [11, 12, 35, 36].

A limitation in this study is that we used subjects with
asthma and COPD and did not compare the mediator re-
sponse with relation to healthy controls, and in particular
smoking and non-smoking controls. However we have
been able to investigate asthma and COPD across all se-
verities and applied our analysis to a widely observed
clinical spectrum of disease; smoking healthy controls
have previously demonstrated mediator expression and
airway inflammation similar to subjects with COPD [23].
In this study we did not fully characterise the airway dis-
ease phenotype using computed tomography or gas dif-
fusion, and this and the effect of treatment could affect
the inflammatory profiles seen. Serum and bronchoal-
veolar lavage cytokine expression with radiological char-
acterisation of COPD have previously shown that media-
tor association is independent of lung function [37] and
Th2 cytokine expression is higher in subjects with radio-
logical emphysema [38, 39]. Thus, it is interesting to note
that similar mediator expression was seen within inflam-
matory groups in different disease expressions.

Although we were unable to do so in this study, inspec-
tion of mediators that are released, expressed on the cell
surface or act as a surrogate measure of cell activity would
provide further characterisation of eosinophilic and neu-
trophilic airway inflammatory patterns in COPD and
asthma above that already shown using sputum mediator
analysis in this study.

In conclusion, we have described and validated a nov-
el sputum processing method which improves recovery
and detection of several cytokines and chemokines, in-
cluding that of previously difficult to measure Th2 cyto-
kines. We have demonstrated that there are limited dif-
ferences in the expression of sputum cytokines and che-
mokines between asthma and COPD, and there is greater
differential expression between eosinophilic and non-eo-
sinophilic sub-phenotypes, which may be independent of
disease. Whether these airway mediator phenotypes con-

Bafadhel et al.



fer a particular pathogenesis and clinical phenotype, and

subsequent responses to treatment, needs to be further

investigated in larger cohorts of subjects with airway dis-

€ase.

—
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