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Abdul Roda M, Fernstrand AM, Redegeld FA, Blalock JE, Gaggar A,
Folkerts G. The matrikine PGP as a potential biomarker in COPD. Am J Physiol
Lung Cell Mol Physiol 308: L1095–L1101, 2015. First published April 10, 2015;
doi:10.1152/ajplung.00040.2015.—The lack of a well-characterized biomarker for
the diagnosis of chronic obstructive pulmonary disease (COPD) has increased
interest toward finding one, because this would provide potential insight into
disease pathogenesis and progression. Since persistent neutrophilia is an important
hallmark in COPD Pro-Gly-Pro (PGP), an extracellular matrix-derived neutrophil
chemoattractant, has been suggested to be a potential biomarker in COPD. The
purpose of this review is to critically examine both biological and clinical data
related to the role of PGP in COPD, with particular focus on its role as a clinical
biomarker and potential therapeutic target in disease. The data provided in this
review will offer insight into the potential use of PGP as end point for future clinical
studies in COPD lung disease. Following PGP levels during disease might serve as
a guide for the progression of lung disorders.
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CHRONIC OBSTRUCTIVE PULMONARY DISEASE (COPD) is a progres-
sive disorder that causes major problems worldwide (3). The
prevalence of COPD is high and it is associated with increased
morbidity and mortality (13). It is now globally ranked as the
third leading cause of mortality with more than 300 million
people suffering from the disease and nearly 3 million deaths
each year (21, 39). COPD affects people of all social classes all
over the world, with a prevalent increase in developing coun-
tries. The lifetime risk of developing COPD has been estimated
to be as high as �25% (13).

COPD is characterized by the progressive development of
airflow limitation. It encompasses chronic bronchitis (chronic
inflammation and obstruction of small airways) and emphy-
sema (parenchymal destruction), which lead to progressive
narrowing of the airways and shortness of breath (5). The
inflammation is resistant to corticosteroids and there are cur-
rently neither safe nor effective treatments available (3). COPD
is directly related to the prevalence of tobacco smoking, but air
pollution and other inhalational exposures are also risk factors
for COPD development (28). Additionally, genetic risk factors
may contribute to COPD development or progression. �1-
Antitrypsin deficiency is the best-documented hereditary con-

dition associated with COPD although there is not complete
genetic penetrance for emphysema development in this popu-
lation. Additionally, the COPDGene study has identified sus-
ceptibility loci in genomewide association studies that may
contribute to disease progression or phenotypes (27).

Small airways disease and parenchymal destruction are two
striking pathological features of COPD. In patients, the small
airways are characterized by mucus accumulation in the lumen,
peribronchiolar bronchitis, development of lymphoid follicles,
and infiltration of both innate and adaptive immune cells (39).
COPD is characterized by chronic airway inflammation. Inha-
lation of noxious particles may cause pulmonary inflammation
and, in individuals who develop COPD, the normal response to
inflammation in the lungs appears to be augmented. This
chronic inflammatory response modulates ongoing tissue de-
struction in the lungs leading to emphysema. Additionally,
chronic inflammation could lead to disruption of the normal
repair and defense mechanisms, resulting in small airway
fibrosis that leads to air trapping and progressive airflow
limitation (35).

COPD is diagnosed when the postbronchodilator forced
expiratory volume in 1 s (FEV1)-to-forced vital capacity (FVC)
ratio (FEV1/FVC) is less than 0.70, which confirms the pres-
ence of persistent airflow limitation (35). The use of spirometry
is required for diagnosis and to assess the severity of the
disease; however, FEV1 is also commonly used as a biomarker
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in clinical trials. It is also the only marker widely accepted by
regulatory agencies for new drug approval. Although FEV1

represents a robust measure of lung function, it does not
account for the pathogenic processes behind the disease pro-
gression and the poor reversibility observed in COPD. Mea-
suring the degree of reversibility of airflow limitation (e.g.,
postbronchodilator FEV1/FVC) is therefore no longer recom-
mended (35, 39). Additionally, in COPD, the lack of modifi-
able biomarkers represents a major barrier to drug discovery.
Finding a biomarker that would permit therapeutic and perhaps
preventative measures to be introduced earlier in the disease
progression is therefore of utmost importance (22). In this
review, we discuss the matrikine Pro-Gly-Pro (PGP) as a
potential biomarker in COPD.

Inflammation in COPD

Tobacco smokers with a normal lung function display in-
creased pulmonary inflammation. It is likely that COPD rep-
resents an enhanced response of the respiratory mucosa to
inhaled irritants (3). In mice, exposure to cigarette smoke
causes irreversible lung damage. The inflammatory alterations
in the airways are only partially reversed after smoking cessa-
tion, a phenomenon observed also in humans (8). Since the
inflammation in COPD patients persist after smoking cessa-
tion, it is also likely that the inflammation is maintained by
autonomous mechanisms (3).

The severity of the inflammation in COPD increases with
disease progression. Most inflammation occurs in the periph-
eral airways and lung parenchyma, with increased numbers of
neutrophils, macrophages, and lymphocytes present in the
lungs. The molecular mechanism behind COPD is complex
and not yet fully understood. In the case of environmental
factors, chronic inhalation of irritants initially activates pattern
recognition receptors such as Toll-like receptors (TLRs), lead-
ing to the activation of innate immune reactions. The innate
immune response is characterized by the influx of neutrophils
and macrophages to the lungs as well as the activation of
airway epithelial cells and mucus secretion. As the disease
progresses, the adaptive immune system becomes activated
with upregulation and activation of B and T lymphocytes (3).
In COPD, neutrophils are the most abundant leukocytes pres-
ent in the bronchial walls and lumen. Neutrophils have an
important role in the host’s immunological defense toward
pathogens. They are the hallmark of acute inflammation and
form the first line of host defense (14). Upon microbial inva-
sion, neutrophils are rapidly recruited to the site of invasion
where the invaders are being destroyed through phagocytosis
(16). However, neutrophils also release toxic products, and
cessation of recruitment and clearance of neutrophils is there-
fore equally important to maintain homeostasis. Without active
clearance, neutrophils are able to cause considerable bystander
or collateral damage to the host tissue because of their toxicity.
Chronic neutrophilic inflammation has been implicated in lung
diseases such as COPD and cystic fibrosis (CF) (33). The
increased accumulation of neutrophils in the COPD lung has
suggested to be caused by a combination of enhanced neutro-
philic recruitment and failure of clearance (16). Recruitment of
neutrophils to the site of inflammation is controlled and di-
rected by the release of chemoattractant signals that can be
both endogenous and pathogen driven (32). The major che-

moattractants for neutrophils are the Glu-Leu-Arg motif-con-
taining ELR� CXC chemokines. Classical endogenous che-
moattractants include CXCL8 and GRO-�, GRO-�, and
GRO-� (CXCL1, CXCL2, and CXCL3, respectively) in hu-
mans, and KC (CXCL1) and MIP-2 (CXCL2) in mice. Neu-
trophil migration is facilitated once the ELR� CXC chemo-
kines bind to specific G protein-coupled receptors on the
surface of neutrophils (primarily CXCR1/2) (19, 25, 36). The
mediators may be derived from macrophages and epithelial
cells but also neutrophils are major sources of CXCL8 (2).
Upon activation, neutrophils are recruited from the circulation
to the pulmonary circulation, from which they adhere to the
endothelial cells in the alveolar wall before they enter the
alveolar space. At the site, neutrophils secrete proteases such as
neutrophil elastase, cathepsin G, proteinase-3 and matrix met-
alloproteinases (MMPs). These contribute to the alveolar de-
struction, the tissue breakdown in the lung parenchyma causing
emphysema, and the mucus hypersecretion from mucosal
glands (4). Over the years, much attention has been given to
neutrophil elastase (NE) and proteinase 3 in the breakdown
of lung parenchyma. However, increasing evidence has
evolved, supporting MMPs derived from neutrophils to have
a critical role in COPD due to their ability to generate
chemotactic peptides promoting the recruitment of neutro-
phils to the lungs (5).

MMPs, PE, PGP, and LTA4H in Chemotaxis of Neutrophils

MMP-8 and MMP-9 are two MMPs implicated in the
pathogenesis of tissue destruction in COPD. Although intrinsic
lung cells are able to produce MMPs on their own, neutrophils
are thought to be the primary source in chronic neutrophilic
lung diseases. They are zinc-dependent proteases responsible
for the breakdown of extracellular matrix (ECM) (38). It has
been recognized for decades that fragments of matrix protein
exert chemotactic activities on neutrophils and monocytes, and
that they possibly also exert additional proinflammatory ac-
tions (22). In 1995, Pfister et al. (26) first discovered PGP in a
rabbit model investigating alkali-induced damage to the eye. In
the study, it was demonstrated that ulceration of the cornea was
characterized by neutrophilic inflammation and led to the
generation of two tripeptides: PGP and its acetylated form
N-�-PGP. The collagen-derived matrikines were established to
be neutrophil chemoattractants. N-�-PGP was determined to
have the highest chemotactic potency (26, 38). MMP-8 and
MMP-9 are both able to digest collagen, an important compo-
nent of ECM. A final reaction of the digestion is driven by
prolyl endopeptidase (PE), leading to the generation of PGP
(11, 36).

PE is a serine protease that cleaves to the carboxyl side of
proline residues in oligopeptides. It is a proline-specific endo-
peptidase found in mammals. PE differs significantly from
classical serine proteases (e.g., trypsin) in both structure and
selectivity. It is selective for small peptide substrates only and
is not able to cleave substrates larger than 30–100 amino acids
(22, 30). Classical serine proteases are rarely involved in the
cleaving of peptide bonds containing proline residues since
they do not fit into the catalytic site of the enzymes. Because
many biologically active peptides contain proline, enzymes
that cleave peptides at the proline residue may have an impor-
tant biological effect (9). PE has been associated with the
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pathogenesis of neurological and cardiovascular conditions. It
has also been implicated in respiratory disorders with chronic
inflammation (22). Weathington and colleagues (36) identified
a novel pathway involved in the neutrophil influx signaling to
the lung in which PE plays a critical role. The most prominent
chemokine in the COPD pathophysiology is CXCL8 (4). How-
ever, antagonizing CXCL8 by use of an �-CXCL8 antibody
does not completely inhibit the neutrophil chemotaxis in
COPD patients. The involvement of other chemoattractants has
therefore been suggested (7). In recent years, the collagen-
derived tripeptide PGP has been proposed as a plausible
chemoattractant in COPD lungs.

Weathington et al. (36) elegantly demonstrated the molecu-
lar mechanism behind PGP’s chemotactic effects. In their
study, it was demonstrated that PGP shares structural homol-
ogy with ELR� chemokines such as CXCL8 and that it
activates CXCR1/2 upon binding, causing neutrophilic che-
motaxis, which consequently augments the inflammatory cas-
cade in COPD.

Generation of PGP from tissue breakdown was investigated
both in vitro and in vivo, and its chemotactic ability for
neutrophils was displayed by using a mouse model. Instillation
of N-�-PGP in murine models led to the recruitment of neu-
trophils to the airways and chronic administration of the
tripeptide led to the development of COPD-like pathology in
the lung (36, 39). Van Houwelingen et al. (34) confirmed that
PGP induces neutrophil migration in a dose-dependent manner
in vivo. They also demonstrated that PGP induces emphysema-
like changes in form of alveolar enlargement and right ven-
tricular hypertrophy. The complementary peptide L-arginine-
threonine-arginine (RTR) that binds PGP was found to impede
both migration and activation of neutrophils induced by PGP in
vivo. RTR also completely inhibited PGP-induced emphysema
in the lungs of the mice. In vitro, RTR impeded both PGP- and
CXCL8-induced chemotaxis.

Furthermore, recently we have shown that the PE inhibitor
valproic acid can diminish cigarette smoke-mediated inflam-
mation in an acute murine smoking model (1).

In 2010, however, de Kruijf et al. (10) published data
suggesting that N-�-PGP does not directly bind to human
CXCR1/2. In their work they showed that N-�-PGP was not
able to displace the CXCR1/2 radioligand [I125]CXCL8 from
its receptors on either human neutrophils or the cell line
HEK293T when incubated simultaneously. Also, with use of a
G protein-dependent phospholipase C activation assay and a G
protein-independent �-arrestin2 recruitment assay, N-�-PGP
did not directly activate CXCR2 (10). Because these findings
were in conflict with previous publications, other groups
started investigating the receptor of N-�-PGP. Almost a year
later, Kim et al. (18) using a fluorescein isothiocyanate (FITC)-
labeled PGP showed that N-�-PGP does bind to CXCR2 after
all. The FITC-labeled PGP bound to murine CXCR2-positive
RBL-2H3-transfected cells but not to empty vector controls.
To better understand the findings of de Kruijf et al., in 2012
Jackson et al. (17) published new data describing four chiral
isomers of N-�-PGP. They showed that the isomer N-�-L-Pro-
Gly-L-Pro (LL-N-�-PGP) is chemotactic for neutrophils,
whereas the isomer N-�-D-Pro-Gly-D-Pro (DD-NAc-PGP) acts
like an antagonist (17). Because de Kruijf et al. did not report
what isomer they have used, it could be speculated that this
might be in part the reason for the conflicting findings. Jackson

et al. added that N-�-PGP should have been preincubated with
neutrophils before addition of CXCL8 to measure receptor
binding because CXCL8 has a much higher binding affinity to
CXCR2 compared with N-�-PGP (10, 17).

The generation of PGP occurs after initial insult to the
epithelial layer leading to exposure of collagen and subsequent
collagen cleavage initiated by MMPs and completed by PE.
Increased levels of PGP and PE have been observed in COPD
and CF. The generation of the increased amounts of PGP in the
sputum of these patients was PE dependent (11). Since
MMP-8, MMP-9, and PE are present in neutrophils, and PE
activity is increased in COPD serum and sputum, it is likely
that the presence of these enzymes is responsible for the
generation of PGP and the self-perpetuating cycle of neutro-
philic inflammation in COPD (22). In neutrophils obtained
from COPD patients, the intracellular basal PE activity was
measured to be 25-fold higher compared with healthy donors.
Additionally, PE proteins were expressed not only in neutro-
phils and macrophages but also in epithelial cells (24).

In physiological conditions, accumulation of PGP in the
lungs is prevented by enzymatic degradation via leukotriene A4

hydrolase (LTA4H). LTA4H is a proinflammatory enzyme that
generates the inflammatory mediator leukotriene B4 through
hydrolase activity in the cytosol. However, LTA4H also pos-
sesses aminopeptidase activity; and PGP is its physiological
substrate. Although LTA4H is able to degrade PGP, its more
potent form N-�-PGP appears to be resistant to the enzymatic
degradation. The exact molecular mechanism behind the acet-
ylation of the NH2-terminal of PGP is still unknown but
cigarette smoke condensate has the potential to do so. Also,
cigarette smoke shifted the activity of LTA4H toward a proin-
flammatory phenotype since it appears to inhibit the peptidase
activity but not the hydrolase activity (33, 39). In a transla-
tional study by Wells et al. (37), alterations to the LTA4H-PGP
pathways in a murine model of chronic cigarette smoke expo-
sure were successfully translated into clinical disease. The
research group demonstrated a strong association between
N-�-PGP and current cigarette smoking across all levels of
COPD disease severity. Cigarette smoke selectively inhibits
LTA4H aminopeptidase activity that consequently initiates
PGP accumulation and chronic neutrophilic inflammation. In-
terestingly, inactivation of LTA4H aminopeptidase persists
after smoking cessation. Endogenous generation of the reactive
aldehyde acrolein at least partly causes the persistent inactiva-
tion of the aminopeptidase activity of the enzyme (37). In
Fig. 1, the pathophysiology involving PGP is illustrated.

Clinical Investigation of PGP

The role of PGP in the vicious cycle leading to self-
sustaining neutrophilic inflammation observed in chronic lung
diseases such as COPD and CF has received more attention
during the past years (39). The study of Weathington et al. (36)
measured PGP peptides in patients with COPD, although the
sample size was limited, consisting of 5 COPD patients and 18
control subjects. Nevertheless, detectable levels of PGP were
found in 3 of 5 individuals in the patient group with an average
of 363 pg/ml, and in 2 of 18 control samples with an average
of 22 pg/ml. The difference between the positive samples was
pronounced and significant (P � 0.01). Interestingly, two
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COPD patients negative for PGP were also tested negative for
emphysema (36).

To further assess PGP as a potential biomarker, Gaggar et al.
(11) examined N-�-PGP and PGP levels in sputum from CF
patients with moderately severe lung disease (n � 10) com-
pared with healthy controls (n � 10). Eight of 10 CF patients
displayed N-�-PGP levels above detection threshold compared
with 1 of 10 in the control group with average concentrations
of 3.78 and 0.13 ng/ml, respectively (P � 0.01). For PGP,
mean values were established to 204.8 ng/ml in CF samples
and 16.2 ng/ml in sputum from healthy volunteers (P � 0.05).
Additionally, a correlation between N-�-PGP and PGP levels
was recognized, demonstrating a strong relationship between
the presences of the collagen peptides in clinical samples. The
initial results led to inquiries regarding the involvement of
specific proteases involved in PGP generation in CF patients.

PE was found to have a fivefold increase in activity in sputum
of CF patients compared with control and increased PE activity
was confirmed with PGP generation (11).

As described previously, MMPs have been assigned an
emerging role in the destruction of ECM in the pathogenesis of
chronic neutrophilic lung diseases. Together with human neu-
trophil elastase (HNE), MMP isoforms have an increased
proteolytic activity in sputum of CF patients. MMP-9 was the
predominantly active MMP isoform (12). Its presence corre-
lated with the decline in lung function in CF patients (29).
Since both HNE and MMP, together with PE, have an in-
creased activity in the sputum of CF patients, Gaggar et al. (12)
hypothesized that CF sputum contained the required compo-
nents to generate PGP from collagen. By incubating CF and
control sputum samples with either type I and type II collagen,
it was demonstrated that CF sputum indeed did generate
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Fig. 1. Illustration of the Pro-Gly-Pro (PGP) pathology in neutrophilic inflammation. 1: Cigarette smoke inhalation causes tissue resident cells such as
macrophages and epithelial cells to release several mediators, including prolyl endopeptidase (PE), IL-8, leukotriene A4 hydrolase (LTA4H), and matrix
metalloproteinase (MMP)8/9. 2 and 3: The neutrophilic chemokine IL-8 attracts neutrophils from the capillary via binding with CXCR1/2. 4 and 5: Neutrophils
subsequently release MMPs and PE, which cleave collagen from the extracellular matrix to release the tripeptide and neutrophil chemoattractant PGP. LTA4H
can cleave and inactivate PGP. However, components of cigarette smoke, such as acrolein, inhibit LTA4H and can acetylate the PGP to form the more potent
acetylated form of PGP (N-�-PGP). Moreover, N-�-PGP cannot be cleaved by LTA4H. PGP-generating enzymes can now be released by neutrophils after
recruitment and activation by PGP: a self-sustaining neutrophilic inflammation. ROS, reactive oxygen species; P�GP, proline � glycine-proline.
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significantly more PGP from both collagen I and II compared
with control. These findings led to consideration of whether
this tripeptide could serve as a biomarker in chronic neutro-
philic disease. Sputum samples from a CF inpatient cohort
were therefore collected in the beginning of exacerbation
(within 48 h of admission) and subsequently after �14 days of
standard inpatient therapy at the end of the hospitalization.
Over the course of treatment, PGP levels were significantly
reduced. Also, a trend toward significance was observed in the
correlation between PGP decline and improvements in FEV1

and FVC. Upon discharge of the patients, PGP levels were still
fivefold higher than those of healthy controls. The elevated
PGP levels after recovery were proposed to indicate ongoing
inflammation and matrix degradation in the lungs of CF pa-
tients (11).

O’Reilly et al. (22) further evaluated N-�-PGP and PGP as
a biomarker for COPD. PGP concentrations were determined
in sputum samples of COPD patients (n � 16), severe asth-
matics (n � 10) and controls (nonsmokers with no history of
lung disease; n � 10). Sputum N-�-PGP levels above the
detection limit were identified in 13 of 16 COPD subjects but
not in the control or the asthma cohort. Positive PGP levels
were detected in all COPD samples and in a minority of the
controls (3 of 10). The PGP levels in sputum from COPD
patients was reported to be significantly higher than those of
asthmatic and healthy controls, further supporting the appreci-
ation of N-�-PGP and PGP as potential biomarkers distinguish-
ing COPD from other health states. In ex vivo experimentation,
COPD sputum was incubated with collagen type I that was
predialyzed to remove any necessary enzymes to thrive PGP
generation de novo. Since much smaller amounts of N-�-PGP
were generated, it was proposed that acetylation could be the
rate-limiting reaction for N-�-PGP formation. In further ex
vivo experimentation, the same group established that inhibi-
tion of MMP-1, MMP-9, and PE but not HNE reduces PGP
generation, supporting the role of MMPs and PE in PGP
generation and consequently COPD pathogenesis. The macro-
lide antibiotic azithromycin was also able to reduce the PGP
levels. Additionally, PGP levels were found to be twice as high
in serum samples of COPD patients compared with control,
with acceptable correlation (r � 0.71; P � 0.11) between
sputum and serum levels considering the sample size (n � 6),
suggesting its potential usefulness as a serum biomarker as
well a lung-based biomarker (22).

In a multicenter trial of azithromycin in addition to normal
medication in stable COPD outpatients in 2013, an ancillary
study was conducted to investigate whether sputum levels of
PGP were altered by the treatment or associated with the
frequency of exacerbations (23). Macrolide antibiotics accu-
mulate in their host cells (e.g., macrophages and neutrophils)
and exert anti-inflammatory effects via inhibition of inflamma-
tory cytokines (e.g., CXCL8), reduction of neutrophil activa-
tion and induction of phagocytosis of apoptotic neutrophils
(31). In a blinded fashion, O’Reilly et al. (23) performed
several ex vivo experiments to examine PGP, myeloperoxidase
(MPO), and MMPs and their ability to generate PGP, as well
as the correlation with azithromycin use once the parent trial
was unblinded. It should be noted that all patients were non-
smokers or ceased smoking at least 6 mo before the study since
smoking is a known hypersensitivity to macrolides (23). Treat-
ment with azithromycin successfully lowered the levels of PGP

in the sputum of COPD patients compared with placebo,
particularly when taken during a longer period and, as a result,
the neutrophilic burden was reduced, measured as decreased
levels of MPO. Also, the clinical response was improved with
a reduced exacerbation frequency. However, most striking was
the indication of elevated PGP levels exceeding acute COPD
exacerbation for as long as 35 days before the onset of
symptoms observed in a few specimens. Although no conclu-
sion could be drawn on a functional relationship, the data
suggest the idea of PGP as a possible important player in
COPD pathogenesis, particularly in exacerbations (23). In
the parent study, add-on treatment with azithromycin dem-
onstrated a trend for reduced number of exacerbations as
well as reduced number of neutrophilic airway inflammation
markers (31).

In the study by Wells et al. (37), never smokers (n � 18),
control smokers (no airflow obstruction; n � 18), current-
smoking COPD patients (n � 13), and former-smoking COPD
patients (n � 10) were investigated for alterations in N-�-PGP,
LTA4H, and aminopeptidase levels. LTA4H levels were in-
creased in sputum of control smokers compared with never
smokers; however, a decrease of �65% of the aminopeptidase
activity was observed for the control-smoking group. Since the
LTB4 concentrations were higher for smoking subjects, it
could be concluded that cigarette smoke selectively inhibits the
aminopeptidase activity of the LTA4H enzyme without affect-
ing the epoxide hydrolase function. Also, the neutrophil marker
MPO was significantly elevated in control smokers compared
with never smokers and PGP levels were threefold as high in
the smoking population. Furthermore, in a pilot study, sputum
LTA4H was significantly increased in COPD patients com-
pared with smokers and never smokers. The LTA4H levels did
not differ between current- and former-smoking subjects. Al-
though enzyme concentrations were elevated for the COPD
subjects, aminopeptidase activity was further inhibited com-
pared with smokers and never smokers (P � 0.02 and P �
0.015, respectively). There was no difference between current
and former smokers in the COPD groups. Sputum PGP levels
were significantly higher among COPD subjects compared
with never smokers; however, no statistical significant differ-
ence was found between COPD subjects and control smokers.
Nevertheless, significantly elevated N-�-PGP levels were es-
tablished in the sputum of all COPD patients compared with
control smokers. The N-�-PGP concentrations remained ele-
vated also in former-smoking COPD subjects compared with
smoking controls. Additionally, sputum LTB4 and MPO levels
were elevated in COPD subjects compared with never smokers
and similar to those observed in smoking controls. A correla-
tion was found between N-�-PGP and MPO levels. No corre-
lation was observed between PGP/N-�-PGP and LTB4

amounts. To further investigate the PGP/LTA4H pathway,
sputum samples from current- and former-smoking COPD
subjects enrolled in another study (ECLIPSE) were investi-
gated for N-�-PGP, LTA4H, and aminopeptidase activity. In
the ECLIPSE cohort, N-�-PGP levels were elevated in current
smokers compared with former smokers. No difference was
observed between current and former COPD smokers in
LTA4H levels or aminopeptidase activity. The results were
similar to those obtained in the pilot study. In further investi-
gations, log N-�-PGP levels were found to strongly correlate
with cigarette smoking. The N-�-PGP levels increased with
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disease stage (GOLD levels) for current smokers compared
with former smokers. LTA4H remained the same between the
groups despite GOLD stage. This suggests that the increase in
N-�-PGP is a result of increased N-�-PGP production and not
due to alterations in the PGP/N-�-PGP breakdown process.
Moreover, N-�-PGP levels were similar between current- and
former-smoking COPD subject with emphysema alone and
those with both emphysema and chronic bronchitis but trended
toward elevated levels in smoking COPD subjects with chronic
bronchitis alone. It can be concluded that smoke-mediated loss
of LTA4H aminopeptidase activity and elevations in PGP/N-
�-PGP amounts appear to have a role in chronic neutrophilic
inflammation and in COPD pathophysiology (37).

It should be noted that all clinical studies reported in which
PGP is measured have a small sample size. To better under-
stand the role of PGP in human disease and the potential role
as biomarker for COPD, more clinical studies are needed in
which a larger population is investigated. These studies should
point out whether PGP could be used as a more specific
biomarker for certain patients and perhaps as a predictor for
exacerbations as was suggested by O’Reilly et al. (23).

Also, several other diseases have been reported to show
elevated PGP levels, such as CF, bronchiolitis obliterans syn-
drome, and inflammatory bowel disease (11, 15, 20). We
speculate that PGP might be significantly elevated in any
disease with a neutrophilic inflammation and a high cellular
matrix turnover (11).

Although O’Reilly et al. (22, 23) have directly compared the
PGP levels in COPD patients vs. patients with severe asthma,
it could be useful to include other lung diseases as well. For
example, the role of PGP in lung fibrosis as seen in in some
types of interstitial lung disease (ILD) has not been investi-
gated before. It would be interesting to see whether PGP plays
any role in ILDs to further examine the specificity of PGP.

Currently, further studies are needed to investigate whether
PGP could be used as a (prognostic) biomarker reflecting the
progression of the disease rather than as a biomarker to
diagnose a disease. This will require larger well-phenotyped
COPD patient cohorts and examining PGP peptide levels and
clinical parameters to accurately assess the sensitivity of this
biomarkers with changes in disease status. Fortunately, such
large cohorts are now available and present a unique opportu-
nity to prospectively study PGP in various COPD phenotypes
(i.e., chronic bronchitis vs. emphysema, frequent vs. nonfre-
quent exacerbators, etc.).

Conclusion

COPD remains a prevalent pulmonary disorder with high
attributable morbidity and mortality. The determination of a
robust biomarker that is easily measured, is highly reproduc-
ible, trends with clinical progression, and may serve as a
surrogate marker for appropriate therapeutic intervention is
critically needed in COPD lung disease (6). To date, PGP
peptides have fulfilled all features of this paradigm of an
biomarker in a COPD population and warrant ongoing evalu-
ation in this deadly disorder. However, further clinical inves-
tigation with larger COPD patient populations and studies in
additional lung disorders are needed to further examine the
utility of PGP as potential biomarker.
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