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PERSPECTIVE-YRJÖ JAHNSSON FOUNDATION SYMPOSIUM

From Proteomics to Prescription—The Search for
COPD Biomarkers

Benjamin L. Nicholas1 (B.L.Nicholas@soton.ac.uk), C. David O’Connor2 (doc1@soton.ac.uk), and Ratko Djukanovic3

(R.Djukanovic@soton.ac.uk)

1Division of Infection, Inflammation and Repair, School of Medicine, Southampton General Hospital, Tremona Road, Southampton SO16 6YD, UK
2Centre for Proteomic Research and School of Biological Sciences, University of Southampton, Bassett Crescent East, Southampton SO16 7PX,

United Kingdom
3Division of Infection, Inflammation and Repair, School of Medicine, Southampton General Hospital, Tremona Road, Southampton SO16 6YD,

United Kingdom

ABSTRACT

Biomarkers that describe the severity and progression of COPD and the responses of pa-
tients to treatment are a desirable addition to clinical measures of disease. In this review, we
describe the current state of knowledge of biomarkers used for the diagnosis, staging and ther-
apeutic response of COPD patients. The nature of these biomarkers is considered in relation
to their intended use, and the desirable qualities of such entities are examined. Examples of bi-
ased and unbiased discovery platforms for COPD biomarker discovery are given, and the major
findings of these studies are discussed. Cutting edge technology used for biomarker discovery,
quantitation in biofluids and imaging biomarkers in whole body systems is reviewed.

INTRODUCTION

Much hope has been placed in the discovery of biomarkers to
help understand the mechanisms of diseases such as chronic ob-
structive pulmonary disease (COPD), aid stratification and guide
treatment (1–5). It is also hoped that some biomarkers could
speed up drug discovery by serving as surrogates of disease that
are responsive to novel drugs within a shorter timescale than is
the case with current drug trials, in which the main outcome is
the spirometric measurement of forced expiratory volume in one
second (FEV1). Although studies in patients with COPD have
identified several biomarkers, most of these need to be validated
and their prognostic value is unclear (6–10). Many of the mark-
ers have been identified in blood and, although it is recognised
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that there are non-pulmonary consequences of COPD, some of
which can be viewed as systemic (10, 11), biomarkers measured
and/or generated in the lungs are likely to be most informative,
as they will reflect local changes.

There is no conclusive definition of the nature of biomark-
ers, but the qualities that they should have are generally agreed
since they apply to all diseases (12, 13). A common miscon-
ception is that biomarkers must be proteins; the Biomarkers
Definitions Working Group, seeking to clarify this view, has
stated that biomarkers are: “a characteristic that is objectively
measured and evaluated as an indicator of normal biologic pro-
cesses, pathogenic processes, or pharmacologic responses to a
therapeutic intervention” (14).

Thus, the term also encompasses quantifiable clinical end-
points, genomic data and non-protein chemical entities such
as lipids. Biomarkers are, however, generally considered to be
substances that can be measured, and, in this respect, protein
biomarkers are particularly desirable. Not only are proteins di-
rect effectors of cellular processes, but they also permit mea-
surements relevant to disease in biofluids, where mRNA may be
absent. Furthermore, there is often a poor correlation between
mRNA levels and protein levels (15). The nature of a biomarker
depends to some extent upon the purpose for which it is to be
used, for example, novel bacterial colonisations are indicative of
exacerbation rather than of stable disease (16). However, their
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nature is clearly most strongly influenced by the method by
which it is discovered and/or measured.

COPD is, in many ways, a rather special case in that the af-
fected organ is relatively accessible and easy to sample directly
rather than indirectly via the peripheral circulation. Aside from
clinical endpoints, the single best diagnostic test at present is
for alpha-1-antitrypsin deficiency, which is the cause of only a
small proportion of cases of COPD. Measures of airways ob-
struction using spirometry, which is the most common method
of diagnosis and is currently used for staging of the disease,
can be confounded by co-morbidities such as the co-existence
of lung fibrosis and obesity. FEV1, which is the gold standard
lung function measurement in COPD diagnosis, is easy to deter-
mine and interpret, but correlates poorly with symptom indices
such as dyspnoea (17). High resolution computed tomography
(HRCT) scans can be used to identify the degree of emphysema
and presence of tumours, but provide relatively little informa-
tion on bronchitis, which affects more than half of patients
particularly in the early stage of disease. A further weakness
of this method is the radiation involved and the expense. Thus,
COPD diagnosis depends heavily upon patient history combined
with clinical measures of the disease for the vast majority of
patients.

There is a recognised need for biomarkers for COPD for
several reasons. First, the importance of the disease is well
accepted, as it is predicted to be the third major cause of mor-
tality worldwide by 2020 (18). Second, while its major trigger,
smoking, is declining in the developed world, the incidence
of smoking and hence COPD is increasing in the developing
world. These locations, which are less likely to be equipped
with the specialised equipment necessary for correct diagnosis
of the disease, underscore the need for robust and readily as-
sayable biomarkers. Third, existing diagnostic methods are not
yet routinely supplemented with further diagnostic information
such as that obtained by endobronchoscopic examination and
sampling (bronchoalveolar lavage fluid (BALF) or bronchial
biopsy/brushing), and/or analysis of inflammatory cell and me-
diator load in induced sputum. Such methods, while relatively
standardised, are not routinely used in the clinic for the diagno-
sis of COPD. In part, this is because of the lack of biomarkers
specific for COPD that can be measured in these samples.

Biomarker discovery methods for COPD

Following a reasonable number of studies searching for
biomarkers of COPD, it has become apparent that a number
of key factors influence the specificity of the biomarkers dis-
covered. Namely, the clinical criteria used for selection of the
patient cohort is critical to enable correct grouping of the cohort
and reduce the influence of co-morbidities, and the choice of
control groups for such studies (i.e., smokers without disease
but with comparable smoking histories are the proper control
group in studies of current smokers with COPD) is essential
for proper comparisons to account for the widespread effects of
smoking itself.

Biased studies

An array of biomarkers have been described for COPD
and these have been described in detail in excellent reviews
(19–22). Their provenance has generally come about inciden-
tally or by logical extension from the literature. For example,
COPD is known to have a systemic inflammatory element,
and a number of biomarkers related to systemic inflamma-
tion and lung function have now been described with varying
specificity for different lung diseases, including CRP (23–25),
fibrinogen and IL-6 (25, 26). Furthermore, COPD is recog-
nised as having a tissue remodelling element (27–29), either
through destruction of the alveolar walls in emphysema, or
through thickening of the submucosa in the large and small
airways in chronic bronchitis. Consequently, a number of stud-
ies have described changes in systemic MMP/TIMP levels (4,
30), fibronectin (24), collagens (31), or SNPs affecting func-
tion of cytokines associated with remodelling such as TGF-β
(32, 33).

Of increasing interest, however, are biomarkers which reflect
local pulmonary changes since systemic indicators of disease
are inherently more likely to reflect more general responses to
ill health or sub-pathological co-morbidities (34). Large num-
bers of biased studies have, therefore, looked for changes in
markers produced locally (i.e., the pulmonary environment);
sample types such as exhaled breath and its condensate, BALF,
induced and spontaneous sputum and even the lung tissue itself
have been investigated.

Most of these studies recognise that the discovery of any
biomarker is not an end-product in itself since, having identified
the target, one has to be able to sample the airways reproducibly
and with little invasion to make a biomarker clinically relevant.
However, a biomarker discovered by invasive means may turn
out to be measurable by non-invasive methods. The principal
non-invasive method for sampling the airways remains induced
sputum Despite the ease of collection of sputum, the relevance
of its derivation (i.e., sampling of the central airways), and the
standardisation of methods, remains a challenging medium for
the quantification of mediators (35).

In an attempt to bridge the gap between biased and unbiased
studies, multiplexed analysis of biofluids has been utilised to
catalogue changes in disease from a list of potential biomarkers.
Limited protein array proteomic analysis of serum biomarkers
has been performed and correlated with clinical biomarkers (7).
Selected biomarkers found to be associated with FEV1 included
MMP-9, TNFα and IFN-γ . However, the limitation of such
methodologies becomes apparent in that the panel was selected
according to prior knowledge and thus cannot identify any novel
proteins associated with disease.

A meta-analysis of markers of disease severity in COPD
(1) identified only arterial oxygen tension, sputum neutrophils
and IL-8, and serum TNF-α and CRP as showing a trend to
separating disease stages in COPD. Other measures such as pack
years and St. Georges Respiratory Questionnaire separated only
health from disease.
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Unbiased studies

The greatest potential for novel biomarker discovery lies
in unbiased (i.e. true proteomic, genomic, metabolomic and
lipidomic) analysis, whether it is targeted at systemic or local
biofluids or tissues. This is because, even though a biomarker
ideally has biological relevance to disease, in a case such as
COPD, the mechanism of susceptibility is currently unknown
and therefore useful biomarkers cannot be easily predicted. The
limitations of proteomic analysis have so far been related to
some degree to restrictions in throughput and the inability to
achieve sufficient coverage of the proteome when working with
demanding samples, i.e., those with complex cellular make-up
(e.g., bronchial biopsies), very dilute samples (e.g., BALF or
exhaled breath condensate), samples composed of a few very
abundant proteins and relatively low quantities of other poten-
tial targets (e.g., serum, plasma) or those with biochemically
unfavourable characteristics (e.g., induced sputum). Therefore,
initial proteomic studies have focussed on proof of principle
analyses, generally through a ‘shotgun’ approach, which gener-
ate protein lists describing the known proteome, often with an
unvalidated examination of changes in disease in a small cohort
of patients. Noel-Georis et al. published a large BALF proteome
database determined using 2-dimensional gel electrophoresis (2-
DGE) (36). A proteomic investigation of changes in the BALF
proteome triggered by smoking used a combination of shotgun
methods and 2-DGE to extend the known BALF proteome (37);
however, these authors did not validate any changes observed
with smoking using independent tests.

Our group has catalogued the proteome of sputum (38) and
improved 2-DGE analysis of this biofluid (Figure 1), while oth-
ers have described the proteomes of other oropharyngeal com-
partments, including saliva (39–45), epithelial lining fluid (46),
nasal lavage fluid (47–51), pulmonary fibroblasts (52–54), pul-
monary epithelial cells (55–57), and alveolar macrophages (58)

Recently, as technology and thus reproducibility of the anal-
yses has improved, proteomic searches for biomarkers of COPD

Figure 1. A typical 2-DGE profile of human induced sputum from
a COPD patient demonstrating the distribution in molecular weight
(MW) and isoelectric point (pI) of proteins in this biofluid.

have been increasingly described. Using surface enhanced laser
desorption ionisation-time of flight (SELDI-TOF)-based mass
spectrometic analysis, Bozinovski et al. identified serum amy-
loid protein (SAA) as a novel blood biomarker of acute exacer-
bations of COPD (59) and confirmed their results using ELISA.
One caveat of this study is that many of the patients were using
steroids to control disease.

The authors found a relationship between SAA and infection,
indicating a role in infection/exacerbation rather than purely in
COPD itself. This is understandable as SAA is thought to act
as an opsonin during microbial infection. SELDI-MS analysis
of BALF identified several biomarkers, including Clara Cell
Secretory Protein 10 (CCSP10), neutrophil defensins 1 and 2,
and calgranulins 1 and 2 (S100A8 and S100A9) as altered in
smokers with COPD when compared to asymptomatic smokers
(8).

Mass spectrometry-based proteomic methods with ever in-
creasing throughput are being developed. One such method
utilised Matrix assisted laser desorption ionisation (MALDI)
Fourier transform ion cyclotron resonance (FT-ICR) mass spec-
trometry to identify isoforms of SP-A in BALF-samples from
patients with cystic fibrosis, chronic bronchitis and pulmonary
alveolar proteinosis (PAP) separated using 2-DGE (60). Qual-
itative differences in SP-A isoforms were observed in patients
with PAP compared to the other diseases examined.

SP-A has also been identified in lung tissue as a potential
biomarker of COPD using 2D-gel electrophoresis (61), results
that were confirmed by immunohistochemistry and Western
blot. Increases in SP-A were initially observed in severe (GOLD
stage 4) patients, but were subsequently shown to also be re-
flective of changes in milder disease also. Increased SP-A pro-
tein expression was also observed in α-1-antitrypsin deficient
patients and ex-smokers, indicating a relationship with emphy-
sema and/or bronchitis rather than with smoking.

Importantly, increases in SP-A in sputum from COPD pa-
tients were also observed when compared to both non-smokers
and healthy smokers, demonstrating the utility of sputum in
reflecting changes in the lung tissue with disease.

Casado et al. (62) have performed a comparative study of
sputum proteomics in health and COPD using liquid chromatog-
raphy followed by mass spectrometry. They found a number of
interesting changes, including a reduction in Clara cell-derived
proteins (such as CC10 and Zinc-α2-glycoprotein), as previ-
ously reported (63). However, this was not a quantitative study
as such, and results were not confirmed by an independent (dif-
ferent) method, so further analysis is required to determine the
specificity of these markers.

Gray et al. (64) performed probably the most extensive pro-
teomic study of induced sputum samples from patients with
cystic fibrosis, bronchiectasis, asthma, COPD and control sub-
jects using SELDI-TOF-MS.

Results were confirmed with either MS/MS or ELISA. Re-
sults showed a number of proteins that were altered in COPD,
including some found in other proteomic analyses, such as cal-
granulins a-c, CCSP, lysozyme C, cystatin S and haemoglobin
alpha. The most robust of these were the calgranulins, which are
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Table 1. Comparison of the relative merits of different methods for biomarker discovery

Method Mass accuracy Protein Identification Isoform identification Resolution Throughput Quantification

2-DGE ∗∗ ∗ ∗ ∗ ∗ ∗ ∗∗ ∗∗ ∗ ∗ ∗ ∗∗
SELDI-MS ∗ ∗ ∗ ∗ ∗ ∗∗ ∗ ∗ ∗ ∗ ∗ ∗∗
MALDI-MS ∗ ∗ ∗∗ ∗ ∗ ∗ ∗∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗
Antibody microarray n/a ∗ ∗ ∗∗∗ ∗ n/a ∗ ∗ ∗ ∗ ∗ ∗∗
LC-MS/MS ∗ ∗ ∗∗∗ ∗ ∗ ∗∗∗ ∗∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗
ICAT/iTRAQ ∗ ∗ ∗∗∗ ∗ ∗ ∗∗∗ ∗∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗∗ ∗ ∗ ∗

Scale from 1–5 asterisks denotes relative performance for each technique from worst to best.

neutrophil-derived proteins. Despite not being able to demon-
strate a relationship between sputum neutrophilia and calgran-
ulin concentration measured by SELDI, the authors were able
to conclude that neutrophils were the likely source. As has been
the case with previous proteomic studies using induced sputum,
a number of known biomarkers of COPD were not detected as
altered in this study. Due to the nature of the investigative plat-
form, this is probably due to technical differences rather than
negative results.

Despite improvements in the technology, the SELDI-TOF-
MS platform does not yet provide sufficient resolution or re-
producibility for use in clinical diagnostics (65, 66). As a pri-
mary screen, however, it constitutes a useful and relatively
high throughput method of proteomic analysis. Lorenz et al.
(67) have supported the change in calgranulins in airways dis-
ease, but also demonstrated their lack of specificity for COPD.
Table 1 summarises the benefits and disadvantages of the current
proteomic tools for biomarker discovery in COPD, and demon-
strates that no single technology yet combines high throughput
with simple quantitation, high resolution and reliable protein
identification.

THE FUTURE OF BIOMARKER DISCOVERY
AND QUANTIFICATION

Advances in technology should mean that ultimately, biased
and unbiased studies will coalesce as the number of targets (i.e.,
proportion of the proteome) measurable at one time is increased.
Increase in the antibody banks used in microarray studies, par-
ticularly for those identifying protein isotypes, means that a
significant proportion of proteins present in a proteome can be
measured using such methods (68, 69), and advances in mass
spectrometric design and data handling have led to an increased
ability to measure components in a fully quantitative manner
using, for example, multiple reaction monitoring, in which ions
from selected protein targets are measured using a mass spec-
trometer in a multiplexed manner (70, 71).

There is increasing interest in combining traditional and
emerging technologies using proteomic tools to enhance tar-
geting of biomarkers in situ. One example is the use of MALDI
MS imaging (72) where targets such as existing biomarkers can
be definitively identified with reasonable resolution within the
tissue itself, either as tissue sections, or, potentially, in vivo.
Whole body imaging of compound distribution in whole body

tissue sections has already been achieved (73) and images recon-
structed in 3D (74) or combined with MRI (75). The advantage
of such methods is that they provide definitive protein identi-
fications without the need for intermediate detection reagents
such as antibodies, which generally require extensive valida-
tion. The quantitative characteristics of such methods remain to
be determined.

A further challenge facing proteomic studies, conducted in
isolation or in combination with other -omics platforms, is the
analysis of very large and complex data. In particular, there is
a pressing need for the integration of identified markers into
disease mechanism pathways. Such integration with clinical
and physiological pathways benefits from a systems biology
approach, which provides a powerful way of looking at the
whole picture rather than at individual biomarkers (76, 77). In
the context of a disease with complex mechanisms, this is likely
to be very productive.

In summary, proteomic investigations undertaken to find
biomarkers of COPD are currently few in number and vary
greatly in their approach, both in terms of technology and in the
disease criteria used. Thus, comparison of their findings is diffi-
cult. The overlap observed, particularly in secretory products of
the innate immune system such as calgranulins, however, pro-
vides some evidence of the validity of the proteomic approach.
Whether proteomic approaches will answer questions related to
disease susceptibility, rate of decline of lung function and dis-
ease staging, and provides the much needed surrogate markers
of therapeutic efficacy in COPD remains to be seen.
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