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Abstract Chronic obstructive pulmonary disease (COPD)

is characterized by airflow limitation that is not fully

reversible; this airflow limitation is both progressive and

associated with an abnormal inflammatory response of the

lung to noxious particles or gasses. COPD is undoubtedly an

umbrella term, and it seems unlikely that all patients with

COPD have the same underlying disease processes; thus,

there is a need for differential treatment of different sub-

groups. A potential solution is to find modifiable biomarkers

that can assist in drug development and distinguish sub-

groups of COPD. With the exception of lung function tests,

there are currently no well-validated biomarkers or surro-

gate endpoints that can be used to establish the efficacy of a

drug for COPD. This article discusses biomarkers of

inflammation (fibrinogen, C-reactive protein, pulmonary

and activation-regulated chemokine/CC-chemokine ligand-

18, serum surfactant protein D, interleukin (IL)-6, IL-8 and

tumor necrosis factor a, complement factor C5a), angio-

genesis factors as a part of the pathogenetic aspect in this

disease (vascular endothelial growth factor, angiogenin, and

IL-8), and matrix degradation biomarkers. Troponin and

natriuretic peptides are presented as biomarkers of cardiac

involvement in the light of COPD comorbidities. Trials

based on research on known clinical variables such as

FEV1, BODE, and 6MWT in combination with biomarkers

from lung and blood specimens will probably clarify part of

the prognosis and natural history of the disease. This will

also represent an additional step in COPD phenotyping and

new treatment possibilities.
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Introduction

Chronic obstructive pulmonary disease, the fourth-leading

cause of death worldwide, is characterized by airflow

limitation that is not fully reversible; this airflow limitation

is both progressive and associated with an abnormal

inflammatory response of the lung to noxious particles or

gasses (Pauwels et al. 2001; World Health Organization

2008). Forced expiratory volume in one second (FEV1) is

the traditional marker used to define the progression of

COPD and the strongest spirometric predictor of mortality

in COPD patients (Thomason and Strachan 2000). Factors

that affect the decline in pulmonary function viewed

through FEV1 are cigarette smoking and exacerbation

frequency (Anthonisen et al. 1994; Donaldson et al. 2002).

A number of risk factors have been associated with fre-

quent acute exacerbations of COPD: hypercapnia, previous

hospital admissions, current smoking, impaired health

status, pulmonary hypertension, hypoxemia, low body

mass index, and low FEV1 (Garcia-Aymerich et al. 2001;

Kessler et al. 1999; Oostenbrink and Rutten-van Molken

2004; Soler et al. 1998). In addition to pulmonary func-

tional defect, COPD is also associated with significant

systemic effects outside the lungs, such as malnutrition,

pulmonary hypertension, and peripheral muscle weakness

(Agusti 2005; Mahler and Criner 2007). COPD is thus

associated with both airway and systemic inflammation but

there is a lack of information on how this inflammation

changes over time (Donaldson et al. 2005) and during

disease exacerbation. COPD is undoubtedly an umbrella
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term, and it seems unlikely that all patients with COPD

have the same underlying disease processes; thus, there is a

need for differential treatment of different subgroups. A

potential solution is to find modifiable biomarkers that can

assist in drug development and distinguish subgroups of

COPD (Sin and Vestbo 2009). Moreover, COPD is fre-

quently accompanied by comorbidities such as heart

disease. It would be useful to identify a biomarker that is

disease specific, thus enable differentiating the progression

rate of each of the comorbid conditions.

This review highlights the role of COPD biomarkers,

which is believed to be involved in the pathogenetic process

of COPD at the level of inflammation, angiogenesis, matrix

degradation, and cardiac involvement. With the growing

awareness of COPD as a systemic disease and a shift of

biomarker research to blood specimens, this review pri-

marily discusses blood biomarkers. They are discussed in the

light of clinical outcome in these patients. FEV1, the BODE

index, and the 6-minute walk test (6MWT) are used as

measures of functional impairment or outcome markers. The

article also highlights study approaches such as the value of

adding a panel of biomarkers to clinical variables known to

predict mortality in COPD and a biomarker ‘‘network’’.

Biomarkers as a Tool to Evaluate Pathogenic Processes

in COPD

The National Institutes of Health define biomarkers as a

‘‘characteristic that is objectively measured and evaluated

as an indicator of normal biologic processes, pathogenic

processes, or pharmacologic responses to a therapeutic

intervention’’ (De Gruttola et al. 2001). Bucher et al.

(1999) proposed two essential criteria for assessing the

validity of biomarkers. First, is there a strong, independent,

consistent association between the surrogate end point and

the clinical end point? Second, is there evidence from

randomized controlled trials that improvement in the sur-

rogate end point with a drug consistently leads to

improvement in the clinical outcome? Sin and Vestbo

(2009) propose that in COPD these criteria can be extended

to five essential questions, which are presented in Table 1.

The US Food and Drug Administration states that, cur-

rently, ‘‘with the exception of lung function tests, there are

no well-validated biomarkers or surrogate endpoints that

can be used to establish efficacy of a drug for COPD’’ (US

Department of Health and Human Services Food and Drug

Administration Center for Drug Evaluation and Research

(CDER) 2007). In theory, biomarkers can be obtained from

any source. In COPD, the most logical source is the lung.

Potential biomarker sources include bronchial biopsies and

bronchoalveolar lavage, which are highly invasive and thus

difficult to repeat. Exhaled gasses and breath condensate are

considerably less invasive, but results are highly variable

(Celli 2010). Breath condensate may be improved using

standardized methods and by performing sequential sam-

pling and averaging these results (Sapey et al. 2008;

Vignola et al. 2002). With the growing awareness of COPD

as a systemic disease, there has been a shift to biomarker

research in blood specimens (Malhotra et al. 2006).

However, according to the definition (De Gruttola et al.

2001), data from functional assessment of COPD patients can

also be used as a biomarker. FEV1, the BODE index, and the

6MWT are used in functional assessment of these patients, for

example. At the moment they represent clinical functional

biomarkers that are used in everyday clinical practice.

In addition to functional biomarkers for COPD, which are

used in everyday clinical practice, various biochemical and

immunological biomarkers might be introduced according to

their pathophysiological processes, including inflammation,

cardiac involvement, matrix destruction, and angiogenesis.

Some of these are present in clinical use, whereas others are

novel and emerging. These data are summarized in Table 2.

According to Cazzola et al. (2008), the term ‘‘bio-

marker’’ refers to the measurement of any molecule or

material (e.g., cells, tissue, etc.) that reflects the disease

process. It must be stressed that FEV1, the BODE index,

and the 6MWT are important outcome markers and

according to Cazzola et al. (2008) do not represent a pure

classical biomarker. They are included in this article as

biomarkers, but it must be stressed that they primarily have

the role of important outcome markers.

Functional Biomarkers for COPD

FEV1

FEV1 is relatively easy to obtain and is used to track health

outcomes in COPD (Sin and Vestbo 2009). However, for

Table 1 Proposed criteria for developing novel biomarkers or other

surrogate markers in chronic obstructive pulmonary disease (Sin and

Vestbo 2009)

1. Is there a strong biological plausibility in terms of its role in the

pathogenesis of disease?

2. Is there a strong, consistent and independent association between

the biomarker and chronic obstructive pulmonary disease?

3. Is there a strong, independent association between the biomarker

and hard clinical outcomes such as mortality and hospitalization?

4. Is there evidence from randomized controlled trials that the

biomarker is modifiable by interventions?

5. Is there evidence from randomized controlled trials that changes in

the biomarker status result in changes in an important clinical

outcome (e.g., mortality, exacerbation, rate of decline in FEV1,

health status)?
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short-term drug trials it is not an ideal surrogate because it

does not provide information on the underlying pathologic

process (Sutherland and Cherniack 2004), cannot separate

the various phenotypes of COPD (Calverley et al. 2007), is

not specific for COPD because it is also altered in other

comorbidities (De Gruttola et al. 2001), and it is relatively

unresponsive to known therapies that prolong survival

(supplemental oxygen) (Bucher et al. 1999). FEV1 is thus a

good marker for prognosis of COPD patients, but it is too

inexact and suboptimal in assessing the pathologic pro-

cesses in COPD. In terms of health outcomes for the

general population, low pre-bronchodilator FEV1 has been

found to be a predictor of all-cause mortality and cardio-

vascular mortality (Cazzola et al. 2008; Neas and Schwartz

1998). In COPD patients, post-bronchodilator FEV1 is

poorly correlated with patient-centered outcomes such as

dyspnea, exercise performance, and HRQol at baseline or

after pharmacological interventions (Hajiro et al. 1998).

An observational study of patients with COPD found

that the rate of decline in FEV1 over a 3-year period is

highly variable (Vestbo et al. 2011). Although COPD is

considered to be a progressive disease, only 38 % of

patients had an estimated rate of decline in FEV1 of more

than 40 ml per year. Current smoking was most strongly

associated with the rate of decline in FEV1. The mean rate

of decline in FEV1 was 21 ± 4 ml per year greater in

current smokers than in current nonsmokers. In the same

observational study they found that patients with emphy-

sema and patients with bronchodilator reversibility both

had excessive loss of FEV1. In emphysema the rate of

decline was 13 ± 4 ml greater than in those without

emphysema and in patients with bronchodilator revers-

ibility it was 17 ± 4 ml per year greater than in those

without it. At the same time they studied a number of

biomarkers [fibrinogen, interleukin (IL)-6, IL-8, tumor

necrosis factor (TNF)-a, C-reactive protein (CRP), Clara

cell protein 16 and surfactant protein D]. They found that

only Clara cell protein was associated with the rate of

decline in FEV1. But this association is weak and whether

it is biologically meaningful has yet to be determined.

Measurement of FEV1 is possible during exacerbations

of COPD but it does not seem useful for early detection of

exacerbations (Seemungal et al. 2000). The mean number

of exacerbations is generally related to the severity of the

baseline disease. If unreported exacerbations are included,

severe patients (GOLD III) have a mean of 3.43 exacer-

bations and GOLD II patients have a mean of 2.68 per year

(Cazzola et al. 2008; Donaldson et al. 2003).

Functional Assessment with the 6MWT and BODE

Index

The risk of death in patients with COPD is often graded

with the use of the FEV1 (Global Initiative for Chronic

Obstructive Lung Disease (GOLD) 2011). However, other

risk factors such as the presence of hypoxemia or hyper-

capnia (1983; 1980), a short distance walked in a fixed time

(Gerardi et al. 1996), and a low body mass index (the

weight in kilograms divided by the square of the height in

Table 2 Biochemical/immunologic biomarkers chosen according to their pathophysiological process and their presumed role in exacerbation

and mortality in COPD

Pathophysiological

process

Biochemical/

immunologic

biomarkers

Evidence of role in exacerbation

frequency (references)

Evidence of prediction of mortality and

prognosis (references)

Inflammation CRP Yes (Dahl et al. 2007; Dahl and

Nordestgaard 2009)

± (Dahl et al. 2001; Dahl and Nordestgaard 2009;

Man et al. 2006; Donaldson 2007)

Fibrinogen Yes (Dahl et al. 2001) ± (Danesh et al. 2005; Gan et al. 2004; Witte et al. 2008)

PARC/CCL-18 Yes (Hurst et al. 2006; Pinto-Plata

et al. 2007)

± (Celli et al. 2012; Kraaijeveld et al. 2007;

Sin et al. 2011)

Surfactant protein D Yes (Lomas et al. 2009) Yes (Celli et al. 2012)

IL-6 Yes (Donaldson et al. 2005) Yes (Agusti et al. 2012; Celli et al. 2012)

IL-8 Yes (Agusti et al. 2012) Yes (Agusti et al. 2012)

TNF-a Yes (Agusti et al. 2012) Yes (Agusti et al. 2012)

C5a Yes (Marc et al. 2010) Insufficient data

Cardiac involvement Natriuretic peptides Insufficient data Yes (Chang et al. 2011; Marcun et al. 2012)

Troponin Yes (Marcun et al. 2012) Yes (Chang et al. 2011)

Angiogenesis VEGF Insufficient data Insufficient data

Angiogenin Insufficient data Insufficient data

Matrix degradation Desmosine Insufficient data Insufficient data

PARC/CCL-18 pulmonary and activation-regulated chemokine/CC-chemokine ligand-18, IL-8 interleukin 8, C5a complement factor C5a, TNF-a
tumor necrosis factor alpha, VEGF vascular endothelial growth factor
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meters) (Schols et al. 1998) are also associated with an

increased risk of death. Thus, although FEV1 is important

to obtain and essential in the disease staging in any patient

with COPD, other variables provide useful information that

can improve the comprehensibility of the evaluation of

patients with COPD (Celli et al. 2004). FEV1 does not

adequately reflect all the systemic manifestations of the

disease. It has, for example, a weak correlation with the

degree of dyspnea (Celli et al. 2004; Mahler et al. 1984).

Dyspnea is one of the most disabling symptoms of COPD;

the degree of dyspnea provides information regarding the

patient’s perception of illness and can be measured. The

modified Medical Research Council (MMRC) dyspnea

scale is simple to administer and correlates with other

dyspnea scales (Celli et al. 2004; Mahler et al. 1984).

The 6MWT is important in assessing functional exercise

capacity in patients with chronic respiratory disease. It is

reliable, inexpensive, easy to perform, safe, and it has been

standardized (ATS Committee on Proficiency Standards for

Clinical Pulmonary Function Laboratories 2002). The

distance walked in 6 min has been accepted as a good

outcome measure after pulmonary rehabilitation (1999).

The BODE index combines the four variables mentioned

(FEV1, dyspnea, body mass index, and 6MWT) by the

means of a simple scale (Celli et al. 2004). It is a multi-

dimensional index and it is a better predictor of the risk of

death from any cause and from respiratory causes than is

the FEV1 alone. The BODE index is useful because it

includes one domain that quantifies the degree of pul-

monary impairment (FEV1), one that includes the patient’s

perception of symptoms (the MMRC dyspnea scale), and

two independent domains (the distance walked in 6 min

and the body mass index) that express the systemic con-

sequences of COPD (Celli et al. 2004). A recent study by

Celli hypothesized that the addition of a panel of bio-

markers to clinical variables known to predict mortality in

COPD such as age, FEV1, BODE, or hospitalizations due

to exacerbations of the disease will improve accuracy in

predicting the risk of death in patients with COPD. Celli

concluded that the addition of white blood cell counts and

systemic levels of IL-6, CRP, IL-8, fibrinogen, Clara cell

secretory protein-16, and surfactant protein-D (SP-D) sig-

nificantly improve the ability of clinical variables to predict

mortality in patients with COPD (Celli et al. 2012).

Biomarkers of Inflammation

Plasma Fibrinogen

Fibrinogen is an acute phase reactant and a blood clotting

factor that is synthesized by hepatocytes and released in

large amounts into the circulation primarily in response to

IL-6 stimulation (Castell et al. 1989; Gabay and Kushner

1999). It is therefore possible that fibrinogen could be used

as a noninvasive measurement of ongoing airway inflam-

mation and lung tissue destruction (Dahl et al. 2001). Dahl

et al. have proposed that pulmonary inflammation in COPD

is associated with increased levels of acute phase reactants

in plasma, and that these reactants could potentially be

used to predict risk of future COPD events. To test whether

the acute phase reactant fibrinogen predicts future COPD,

they determined lung function and relative risk of COPD

hospitalizations in individuals with increased levels of

plasma fibrinogen. They found that individuals with base-

line plasma fibrinogen of more than 3.3 g/l versus less than

2.7 g/l had reduced lung function, increased cumulative

incidence of COPD hospitalizations, and an increased risk

of 1.7 (1.1–2.6) for COPD hospitalization during 6 years of

follow-up (Dahl et al. 2001; Dahl and Nordestgaard 2009).

A later study confirmed plasma fibrinogen as a marker of

COPD prognosis. Gan et al. (2004) estimated a 0.37 g/l

difference in plasma fibrinogen between COPD patients and

controls. A longitudinal study by Donaldson et al. (2005)

with a well-characterized patient cohort with moderate to

severe COPD examined longitudinal changes in airway and

systemic inflammatory markers and prospectively related

levels of these markers to FEV1 decline. The conclusion was

that patients with high indexes that had stable plasma

fibrinogen, sputum neutrophils, sputum eosinophils, and a

sputum IL-8 had a more rapid decline in FEV1. The same

study was unable to show a relationship between stable

sputum IL-6 and plasma fibrinogen, suggesting that there is

no direct link between systemic and airway inflammation. It

suggests that the origin of the systemic response is not caused

solely by release of airway inflammatory mediators into the

systemic circulation, and further research is required in this

area. While exploring the relationship between COPD

exacerbation frequency and airway and systemic inflam-

mation they found that frequent exacerbators (exacerbation

frequency of [2.52 per year) were more likely to show a

faster rise in plasma fibrinogen and sputum IL-6 over time

than patients with a history of infrequent exacerbations. The

authors suggest that the mechanism by which these acute

events contribute to the chronic deterioration in FEV1

decline is by causing a faster rate of increase in airway

inflammation. The elevated systemic inflammatory response

in frequent exacerbators suggests that this group may be

particularly prone to muscle weakness with increasing dis-

ease severity and thus may be an important group to target

with pulmonary rehabilitation (Bhowmik et al. 2000).

Moreover, some very recently published data showed that a

panel of selected biomarkers that included fibrinogen and

CRP were not only elevated in nonsurvivors compared with

survivors, but were also associated with mortality over

3 years (Celli et al. 2012). Epidemiological studies have
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shown that more than 40 % of patients with COPD have

concomitant cardiovascular disease, where chronic heart

failure (CHF) is among the most frequent ones (Chatila et al.

2008). Patients with CHF and cachexia also have an

increased hepatic fibrinogen synthesis (Witte et al. 2008) and

fibrinogen has been identified as an independent prognostic

factor for cardiovascular morbidity (Danesh et al. 2005).

Therefore, the increased level of fibrinogen in patient with

COPD has to be interpreted carefully and in the light of

patient’s comorbidities.

C-Reactive Protein

The most commonly used acute phase reactant in clinical

situations, CRP, binds bacteria (Mold et al. 2002; Weiser

et al. 1998), oxidized lipids (Chang et al. 2002; van Tits

et al. 2005), and apoptotic cells (Gershov et al. 2000) and

facilitates their clearance via the innate immune system.

There is evidence suggesting that increased serum CRP

levels also associate with lung inflammation in stable

COPD (de Torres et al. 2006; Kony et al. 2004; Pinto-Plata

et al. 2006). In a cohort study of Dahl they tested the

hypothesis that increased concentrations of serum CRP

predicts increased risk of hospitalization and death from

COPD in individuals with airway obstruction. They found

that individuals with serum CRP of more than 3 mg/l

versus less than 3 mg/l at baseline had increased cumula-

tive incidence of COPD hospitalization and death, an

increased hazard ratio of 1.4 (1.0–2.0) for COPD hospi-

talization and an increased hazard ratio of 2.2 (1.2–3.9) for

COPD death. Absolute risks for COPD hospitalization and

death increased with baseline serum CRP. The data suggest

an important role for CRP, or its main regulatory cytokine

IL-6, in COPD progression and development (Dahl et al.

2007; Dahl and Nordestgaard 2009). Supporting a role for

IL-6 in COPD pathogenesis, IL-6 may stimulate inflam-

matory cell recruitment in the lung and leads to

emphysema-like airspace enlargement and respiratory

muscle wasting in animal models of lung disease (DiCos-

mo et al. 1994; Hierholzer et al. 1998; Johnston et al.

2005). In the future, CRP levels could be used clinically to

assess prognosis in patients with airway obstruction.

There are some reasons for caution in linking CRP and

COPD outcome (Donaldson 2007). First, CRP increases in

response to a number of infectious and inflammatory

conditions and therefore it is not specific to COPD. Second,

it has been estimated that 40–50 % of the variation in

serum CRP levels is due to inherited characteristics

(Wouters 2006). Third, although inhaled corticosteroids

can dramatically lower CRP levels by up to 50 % (Sin et al.

2004), the evidence that they reduce COPD mortality is

much less clear-cut and any benefits may be limited to

reducing cardiovascular mortality (Macie et al. 2006).

In patients with mild to moderate COPD, Man et al.

(2006) have recently reported a positive trend between

quintiles of CRP and increased cardiovascular, cerebro-

vascular, and cancer deaths, but not deaths from respiratory

disease. These results fit with a number of studies that have

shown that an elevated CRP will predict mortality from

cardiovascular causes in patients with other diseases, such

as diabetes or renal disease (Racki et al. 2006).

Pulmonary and Activation-Regulated Chemokine/

CC-Chemokine Ligand-18

This is a 7-kD protein that is expressed by monocytes/

macrophages and dendritic cells and is predominantly

excreted in the lungs (Gunther et al. 2005). In a small study

of patients with mild to moderate COPD, serum pulmonary

and activation-regulated chemokine/CC-chemokine ligand-

18 (PARC/CCL-18) was significantly associated with

reduced FEV1, increased risk of exacerbations, and an

increased BODE index (Pinto-Plata et al. 2007). There is

also recent evidence that elevated levels of PARC/CCL-18

are associated with increased risk of cardiovascular hos-

pitalizations or mortality in the lung health study (LHS)

cohort and with total mortality in the ECLIPSE cohort (Sin

et al. 2011). Circulating levels of PARC/CCL-18 have been

found to be associated with acute exacerbations (Hurst

et al. 2006). It should also be noted that although the

expression of this chemokine occurs mostly in the lungs,

other organs including the prostate, bone marrow, blood

vessels, and liver also express this protein. Its levels also

rise during ischemic myocardial events and these levels

predict the future risk of cardiovascular morbidity and

mortality (Kraaijeveld et al. 2007). This may explain why

researchers have observed a significant relationship in the

LHS between serum PARC/CCL-18 concentrations and the

risk of cardiovascular hospitalization and mortality (Sin

et al. 2011). PARC/CCL-18, with the addition of other

inflammatory biomarkers such as white blood count

(WBC), CRP, IL-8, fibrinogen, and SP-D, significantly

improves the ability of clinical variables to predict mor-

tality in patients with COPD (Celli et al. 2012).

Serum SP-D

SP-D is a large hydrophilic protein that is one of the col-

lagen-containing C-type lectins. It is found in the

endoplasmic reticulum of type II pneumocytes and the

secretory granules of Clara cells. It contributes to surfactant

homeostasis and pulmonary immunity (Kishore et al. 2006;

Mori et al. 2002). The ECLIPSE cohort was used to

evaluate serum SP-D as a biomarker for COPD. The

median serum SP-D levels were significantly higher in

current and former smokers with COPD than in those

Arch. Immunol. Ther. Exp. (2013) 61:469–481 473

123



without airflow obstruction. Moreover, the risk of exacer-

bation increased with increasing baseline serum SP-D

concentrations. There was no significant increase in serum

levels with increasingly severe disease as assessed by

GOLD score. The largest difference in serum SP-D levels

occurred between nonsmokers and current/former smokers.

The authors concluded that serum SP-D is a powerful

biomarker for smoking and that it reflects intrapulmonary

inflammation, which would explain the higher levels in

smokers with and without COPD. Moreover, there was a

rapid and marked fall in serum SP-D levels while indi-

viduals with COPD were receiving oral corticosteroids

(Lomas et al. 2009). This reflects the role of SP-D in lung

inflammation and is a possible target of anti-inflammatory

therapy for COPD.

IL-6, IL-8, and TNF-a

IL-6 modulates the number and/or activity of important

inflammatory cells (Chomarat et al. 2000; Suwa et al.

2001). IL-6 is synthesized by airway epithelium, macro-

phages, and several other cells at sites of inflammation in

response to environmental stress (Martin et al. 1997), such

as smoking. It is involved as a primary cytokine regulating

the expression of fibrinogen (Castell et al. 1989) and has a

regulatory role in the synthesis of CRP.

IL-8 is a chemokine that is produced by the bronchial

epithelium and macrophages and is a potent neutrophil

activator and chemoattractant, and TNF-a is a cytokine that

is produced by many cells (e.g., macrophages, T cells, mast

cells, and epithelial cells). Elevated circulating levels of

CRP, IL-6, IL-8, and TNF-a were found in patients with

COPD (Agusti 2007; Gan et al. 2004; Fabbri and Rabe

2007). Several authors have therefore suggested systemic

inflammation as a potential factor in the development of

complications and comorbidities, including cachexia, in

these patients (Agusti et al. 2003; Barnes and Celli 2009;

Nussbaumer-Ochsner and Rabe 2011).

A recent study hypothesized that the persistence of

systemic inflammation in COPD constitutes a novel COPD

phenotype (Agusti et al. 2012). It examined the prevalence,

temporal stability, and network pattern of the six inflam-

matory biomarkers most often studied in COPD (WBC

count, CRP, IL-6, IL-8, fibrinogen, and TNF-a) and their

relationship with clinical characteristics and outcomes at

the 3-year follow-up. This study is based on an ECLIPSE

cohort and provides three relevant and novel observations.

First, it characterizes the systemic inflammatory network

pattern in patients with COPD and distinguishes it from

that of smokers with normal pulmonary function and

nonsmokers. Second, it shows that systemic inflammation

is not a constant feature in all COPD patients because about

one-third did not have an abnormal biomarker baseline

level and about the same proportion remained ‘‘not

inflamed’’ after 1 year of follow-up. Finally, there was a

subgroup of patients with COPD with persistently elevated

levels of biomarkers and significantly increased all-cause

mortality and exacerbation frequency.

The idea of a study approach to the biomarker ‘‘net-

work’’ in COPD is particularly interesting. Eagan et al.

(2012) very recently prospectively studied the relationship

between the systemic inflammatory biomarkers CRP, TNF-

a, IL-b, and IL-6 and loss of lean body mass over a 3-year

period. Multivariately sustained high levels of TNF-a, but

not CRP, IL-b, or IL-6, significantly predicted loss of lean

body mass; however, this was true only in patients with

established cachexia at entry. The study therefore does not

support the hypothesis that systemic inflammation is the

cause of accelerated loss of lean body mass in COPD

patients, but suggests a role for TNF-a in already cachectic

COPD patients (Eagan et al. 2012).

On the other hand, TNF-a production was associated

with muscle loss and weakness in COPD (Di Francia et al.

1994; Schols et al. 1998). Based on facts known about the

role of TNF-a at the level of inflammation and systemic

effects, TNF-a was considered a possible target for new

drugs in COPD. Anti-TNF-a, infliximab, has been studied

(phase II, double blind, multicenter, placebo controlled) to

evaluate the safety and efficacy of infliximab (Rennard

et al. 2007). It failed to demonstrate improvement in the

chronic respiratory questionnaire score and other secondary

clinical outcomes after 24 weeks of treatment. Recently the

study sought to evaluate the systemic inflammatory profile

associated with COPD and to access the impact of tumor

necrosis factor neutralization on systemic inflammation

(Loza et al. 2012). It was concluded that treatment with

infliximab (anti-TNF-a) did not significantly impact the

expression of COPD-associated inflammatory markers in

serum.

Complement Factor C5a

C5a is an activated component of the complement system

that in addition to playing an important role in the defense

system contributes to the amplification of inflammation if

activated in excess or inappropriately controlled. C5a is a

very potent molecule, and it has been shown to have the

potential to promote innate and adaptive inflammatory

responses in many tissues, including lung tissue. In addi-

tion to its chemotactic role, C5a is involved in enhancing

production of various cytokines, enhances vascular per-

meability, regulates vasodilatation, and influences the

adaptive immune system by stimulating Th1 response

(Köhl 2001).

Generation of C5a in the airways may occur through

various mechanisms; C5a may be cleaved by proteases
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released from mast cells and pulmonary macrophages, or it

may be cleaved through the activation of various comple-

ment pathways (Fukuoka et al. 2008; Wills-Karp 2007).

In vitro and in vivo experiments suggest that C5a may

be involved in disorders including adult respiratory distress

syndrome, systemic lupus erythematosu, rheumatoid

arthritis, septic syndrome, ischemia reperfusion injury, and

psoriasis. Based on our previous studies, C5a could also be

involved in the pathogenesis of COPD (Marc et al. 2004).

In this study in patients with stable COPD we found ele-

vated in vivo levels of C5a in induced sputum compared to

healthy non-smoking subjects. In our later work (Marc

et al. 2010), we studied the airway and systemic levels of

C5a and C3a in patients with COPD during the stable phase

and during acute exacerbation of the disease. For this

purpose we analyzed induced sputum and plasma samples

of 28 patients with COPD. In 13 of these patients, we also

obtained samples during acute exacerbation of the disease.

Compared to healthy controls, we found higher C5a con-

centrations in the airways of patients with stable COPD

that significantly negatively correlated with FEV1 and

TLCO (lung diffusion capacity). We also documented

significantly higher systemic C5a levels in patients with

stable COPD. Most importantly, local C5a concentrations

significantly increased during acute exacerbation of COPD.

This increase was not associated with the plasma C5a

values. This evidence suggests independent local C5a

production during exacerbation. Our findings support the

importance of C5a in the pathogenesis of COPD. They also

support continued investigation into C5a for the develop-

ment of new treatments that might affect COPD

exacerbation.

Biomarkers of Cardiac Involvement

Natriuretic Peptides and Troponin T

Atrial natriuretic peptide (ANP) is a peripheral and pul-

monary artery vasodilator that is released from myocardial

cells in the atria, and in some cases in the ventricles, as a

response to increased cardiac wall stress and volume

expansion (Adnot et al. 1989; Espiner et al. 1995). The

discovery of ANP in 1984 was followed by B-type natri-

uretic peptide (BNP) later (Lainscak et al. 2009).

Nonetheless, only BNP and its precursor, N-terminal pro-

B-type natriuretic peptide (NT-proBNP), have been

accepted into clinical heart failure guidelines (Swedberg

et al. 2005). They both are established markers of left

ventricular dysfunction and are associated with increased

mortality in acute and stable heart disease (de Lemos et al.

2001; Kragelund et al. 2005). Cardiac troponins are spe-

cific markers of myocardial necrosis and are used to

diagnose myocardial infarction (Alpert et al. 2000). Ele-

vated troponin levels may also occur in pulmonary

thromboembolism, congestive heart failure, tachyarrhyth-

mias, myocarditis, pericarditis, sepsis, and stroke (Mahajan

et al. 2006). Troponin elevations in these conditions

probably reflect general myocardial injury rather than

coronary arterial occlusion. Some data indicate that cardiac

troponins are frequently elevated in COPD exacerbations

and appear to be associated with the severity of the exac-

erbation (Harvey and Hancox 2004).

Epidemiological studies have shown that more than

40 % of patients with COPD have concomitant cardio-

vascular disease, of which CHF is among most frequent

(Chatila et al. 2008). The degree to which cardiac disease

contributes to mortality during exacerbation of COPD is

unknown. Recently some investigators focused on this

topic with an investigation of NT-proBNP in patients with

acute exacerbation of COPD without coronary ischemia.

These recent interesting data published by Chang et al.

(2011) showed that elevated NT-proBNP and troponin T

were strongly associated with increased early mortality in

patients admitted to the hospital with exacerbation of

COPD. Moreover, patients with abnormalities in both NT-

proBNP and troponin T had 15-fold higher mortality at

30 days than patients with normal values for both markers

(Chang et al. 2011). It is unclear whether elevated levels of

NT-proBNP were due to left or right ventricular dysfunc-

tion since BNP and NT-proBNP might be elevated in

patients with the diseased pulmonary vessels as in pul-

monary arterial hypertension and pulmonary

thromboembolism (Nagaya et al. 2000; Tulevski et al.

2001). It is known that the pathophysiology during the

exacerbation of severe COPD includes hypoxemia, hyp-

oxic vasoconstriction, aggravation of pulmonary

hypertension, and right ventricular dysfunction (Chaouat

et al. 2008) and, in combination with tachycardia, it thus

might represent the source of elevated NT-proBNP and

troponin T. The authors concluded that although both

biomarkers predicted mortality independently of other

prognostic indicators, it remains unclear whether cardiac

involvement is a direct cause of mortality or whether these

biomarkers just reflect the severity of exacerbation. This

theory is absolutely watertight, but the gap between clinical

practice and theoretical points is sometimes very wide.

What do we actually do in clinical practice in patients with

severe exacerbation of COPD? If we decide to measure

troponin T and NT-proBNP and we find them elevated we

usually do everything we can to rule out conditions such as

pulmonary embolism and serious acute heart disease,

searching for heart failure or an acute coronary event. Only

after ruling out such serious events, which might mimic

acute exacerbation of COPD, can changes in biomarkers be

attributed to acute exacerbation of COPD. Therefore,
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elevated troponin T and elevated NT-proBNP in acute

settings (without pulmonary embolism or acute coronary

event or obvious heart failure) might help clinicians assess

prognosis, but at the moment there is insufficient data for

making recommendations about their influence in changing

the treatment of acute exacerbation of COPD. In a very

recent study, Marcun et al. (2012) reported that discharge

troponin T predicted hospitalizations (hazard ratio: 2.89,

95 % confidence interval: 1.13–7.36) and that admission

NT-proBNP predicted mortality.

The mid-regional pro-atrial natriuretic peptide (MR-

proANP) has a much longer half life than mature ANP and

has been suggested as a more reliable analyte for mea-

surement. In a study of serum levels of MR-proANP in

patients with COPD, Bernasconi et al. (2011) reported

three major findings. First, MR-proANP was elevated in

patients hospitalized for exacerbation of COPD compared

with their levels during recovery and the stable phase of the

disease. Second, MR-proANP levels at exacerbation were

increased in long-term nonsurvivors compared with survi-

vors. Third, MR-proANP and PaCO2 were independent

predictors of 2-year survival in patients with COPD. These

indicate that MR-proANP might therefore have had a

prognostic value in this group of patients.

Biomarkers of Angiogenesis

The Role of Angiogenic Factors, Vascular Endothelial

Growth Factor, Angiogenin, and IL-8

Angiogenesis is a prominent feature of the structural tissue

remodeling that occurs in the chronic airway diseases

including COPD, and local production of vascular endo-

thelial growth factor (VEGF) has been implicated as a

major driver of angiogenesis in the airway component of

COPD. VEGF production is up-regulated by several fac-

tors, including hypoxia, acidosis, and growth factors

(Kanazawa et al. 2003; Kasahara et al. 2000; Walters et al.

2008). VEGF is one of the most potent mediators of vas-

cular regulation, angiogenesis, and vascular permeability

(Ferrara 2000; Papaioannou et al. 2006).

VEGF and its receptors have been detected in alveolar

type II cells, airway epithelial cells, macrophages, and

neutrophils, as well as airway smooth muscle cells (Kaner

and Crystal 2001; Kazi et al. 2004; Mura et al. 2004).

Studies on VEGF in the pathogenesis of two different

pathological entities of COPD (emphysema and chronic

bronchitis) suggest a paradoxical role for VEGF. Studies in

animal models suggest that VEGF and its receptors play a

protective role in the development of emphysema

(Kanazawa et al. 2003; Kasahara et al. 2000). Increased

VEGF concentrations in induced sputum in chronic

bronchitis and enhanced bronchial expression of VEGF and

its receptors on the other hand point on VEGF involvement

in airway remodeling process in COPD (Kranenburg et al.

2005; Rovina et al. 2007).

Other growth factors involved in the angiogenesis pro-

cess include angiogenin and IL-8. Angiogenin was first

isolated from conditioned media from colonic carcinoma

cell cultures (Fett et al. 1985; Polverini 1995). In vivo,

angiogenin induces vascular endothelial cell proliferation,

migration, and tubule formation (Kishimoto et al. 2005).

IL-8, a chemokine that is produced by the bronchial epi-

thelium and macrophages and is a potent neutrophil

activator and chemoattractant, was found in elevated con-

centrations in the induced sputum of patients with COPD

(Broide et al. 1992; Jatakanon et al. 1999; Mazzarella et al.

2000; Ordonez et al. 2000).

Angiogenesis also plays a role in asthma airway

remodeling, where an imbalance in favor of angiogenic

factors leads to the abnormal growth of new blood vessels

(Puxeddu et al. 2005). In vivo results also suggest

increased airway angiogenesis in patients with rhinitis

without asthma as well as in corticosteroid-treated and well

controlled asthma (Kristan et al. 2009).

In previous studies only the up-regulation of blood

levels of VEGF has been reported during the acute exac-

erbation of COPD (Valipour et al. 2008). Our research

group has confirmed elevated concentrations of VEGF in

the airways of patients with COPD, but we have not found

any additional elevation of angiogenic factors at the time of

exacerbation of COPD (Kristan et al. 2012). Moreover, we

also demonstrated a negative correlation between FEV1

and levels of VEGF, angiogenin, and IL-8. These results

therefore showed the impact of angiogenic factors in the

severity of airway obstruction and suggest the important

role of angiogenic factors in the process of remodeling and

angiogenesis in COPD. These results support continued

investigation of the process of angiogenesis in COPD.

Biomarkers of Matrix Degradation

Desmosine

Elastic fibers are significant structural components of the

skin, blood vessels, and lungs, where they provide physical

recoil to distorting forces and contribute to normal physi-

ological function (Mecham 1997). Elastin is the principle

component of elastic fibers. In COPD, elastic fibers in

emphysematous lungs appear distorted and fenestrated

(Wright 1961). In the lungs and other structures, elastin is

produced by smooth muscle cells, myofibroblasts, meso-

thelial cells, endothelial cells, and chondroblasts (Sandberg

et al. 1981). Elastin synthesis involves secretion of
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tropoelastin into the extracellular space and then cross-

linking of monomers by two amino acids, desmosine and

isodesmosine (DI) (Foster and Curtiss 1990). The cross-

linking transforms the tropoelastin precursor into the

insoluble mature elastic fiber. DI occurs only in mature

elastin and their presence in body fluids is a chemical

indicator of the degradation of mature elastic fibers. Some

turnover of mature body elastin occurs in normal adults,

because low detectable levels of DI in plasma and urine

(Ma et al. 2003) are usually present. DI has not been

detected in induced sputum in healthy individuals, which

suggests the stability of this bronchial and lower airway

elastin (Ma et al. 2003).

The detection and measurement of DI were recognized

early as a means of investigating the state of elastin deg-

radation in disease (Darnule et al. 1982; Goldstein and

Starcher 1978; Luisetti et al. 2008). The presence of these

amino acids in sputum can be a consequence of elastin

degradation in the lung. Measurements and detection of DI

in sputum is possible with new analytical techniques (Ma

et al. 2003). In previous studies the authors have demon-

strated that smokers with normal lung function and patients

with COPD excreted more desmosine in urine than healthy

nonsmokers (Harel et al. 1980). Smokers who have stopped

smoking had elevated excretion of desmosine but lower

levels of excretion then those that continued to smoke

(Stone et al. 1995). Gottlieb et al. (1996) showed that

smokers with a more rapid decline of pulmonary function

had higher levels of desmosine excretion than those with a

slow decline of lung function.

A very recently published study by Huang et al. (2012)

evaluated the validity of urinary and plasma total desmosine

in patients with COPD and asthma and their relationship to

exacerbation status and lung function. They showed that

urinary desmosine levels are raised by exacerbation of

COPD whereas blood desmosine levels are elevated in a

subgroup of patients with stable COPD and reduced lung

diffusing capacity. The authors speculate that a raised blood

desmosine level may identify patients with increased elastin

degradation suitable for targeted therapy. Despite being one

of the most promising biomarkers linked to the pathophysi-

ology of emphysema, the clinical validity and utility of urine

and blood total desmosine as a biomarker for COPD remains

unproven. The major reasons are factors related to the ana-

lytical validity of assays, small study groups, and the lack of

large longitudinal studies to determine the predictive power

of desmosine for patients’ clinical outcomes (Huang et al.

2012; Luisetti et al. 2008). As has already been stated in a

paper by Turino et al. (2011) we therefore have the means of

determining concentration and changes in concentration of

DI determined by the overall state of multi-organ systemic

inflammation as well as the level of degradation occurring in

the elastin of the lung. Thus, this marker may be used as an

indicator of changes in the state of inflammation as well as

effects on lung elastin determined by the course of disease or

by responses to therapy.

Conclusion

Research on biomarkers has been extremely active in

recent years, because there is an urgent need to clarify the

heterogeneity and natural history of COPD as a serious

disease. This is an important approach and opportunity to

develop new and useful therapeutic targets that might

affect disease progression. With the exception of lung

function tests, currently there are no well-validated bio-

markers or surrogate endpoints that can be used to establish

the efficacy of a drug for COPD.

In large part, biomarkers that can be measured from

blood specimens reflect the state of systemic inflammation,

which is influenced by comorbidities as well as the primary

disease. Thus, how blood levels are related to the lung

disease still requires clarification. Moreover, trials based on

research on known clinical variables such as FEV1, BODE,

and 6MWT in combination with biomarkers from lung and

blood specimens will probably clarify a part of the prog-

nosis and natural history of the disease. This will also

represent an additional step in COPD phenotyping and new

treatment possibilities.
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