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Abstract

Purpose of review—Despite decades of scientific attention, chronic obstructive pulmonary 

disease (COPD) remains a major cause of both morbidity and mortality worldwide with strikingly 

few effective drug classes available. This may be in part because COPD is actually a syndrome 

composed of distinct diseases with varying pathophysiology (endotypes), and therapies have not 

been designed to target the causal pathological processes specific to an endotype.

Recent findings—Recent work has begun to clarify the nature of these endotypes and 

characterize them. One promising field focuses on the central role of the neutrophil and the 

tripeptide matrikine proline-glycine-proline (PGP) in a subset of COPD patients. Two drugs with 

mechanisms of action novel to the COPD therapeutic arena (azithromycin and roflumilast) have 

been shown to reduce acute exacerbations of COPD. Intriguingly, recent evidence has linked both 

of these agents to modulation of the PGP/neutrophil pathway in concert with this exacerbation 

reduction, suggesting that a neutrophilic endotype is present and amenable to pharmacological 

targeting.

Summary—Further work characterizing COPD endotypes, including this neutrophilic endotype, 

will be important as we strive to understand the mechanistic roots of this disease in the hope of 

creating more effective therapies.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a syndrome defined by permanently 

impaired expiratory airflow and characterized by cough, wheezing and exertional dyspnea. 

Evidence is now mounting that this syndrome we call COPD is composed of multiple 

distinct disorders, or ‘endotypes’ [1■■,2–10]. Anderson [11] describes an endotype as “a 
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subtype of a condition, which is defined by a distinct functional or pathophysiological 

mechanism”. Further complicating matters, it is also evident that a given patient with 

COPD can have an endotype in isolation or in combination with another endotype and thus 

could be considered to comprise a unique ‘overlap’ endotype (e.g. the now well-recognized 

Asthma and COPD Overlap Syndrome or ‘ACOS’) [1■■,12]. This is in contrast to 

clinical phenotypes, which classify patients into groups that share meaningful characteristics 

predictive of clinical outcomes. The clinical phenotype of chronic bronchitis, for example, 

can occur both from chronic irreversible asthma and from an airway-predominant 

neutrophilic inflammatory process [12]. These clinical phenotypes may be enriched for a 

certain endotype, but are not necessarily descriptive of underlying pathophysiology and 

therefore are not necessarily predictive of response to potential (ideally curative) therapies.

Despite this disease heterogeneity, the traditional approach to COPD therapeutic 

development has been to treat patients using an approach derived from studies of the group 

as a whole [9]. This does have sound rationale; therapies that target disease aspects that 

are universal in the syndrome (such as airway obstruction) have a broad potential scope. 

However, as our knowledge deepens of the fundamental differences between endotypes, it 

is becoming increasingly apparent that such an approach is likely to limit us to disease 

management rather than disease modification, which is the ultimate goal. In light of this 

historical approach, we should not be surprised that no drug has been yet found to affect 

mortality in this common disease, and only a few drug classes exist with any proven 

efficacy, despite decades of scientific attention [1■■]. This disappointing truth supports the 

endotyping paradigm as a more promising way to achieve impactful progress in treating 

this syndrome. However, COPD endotypes have not yet been well classified and therapies 

specifically targeting the patients suffering from them are generally lacking; for this reason, 

some have gone so far as to call for COPD to be designated an orphan disease composed of 

several ‘small COPDs’ [11].

Endotyping can be used not only to predict response to therapy (and ideally to choose 

optimally tailored therapies) but also to identify risk of clinically relevant outcomes and 

inform prognosis [1■■]. The perfect endotype would:

1. Be readily identifiable (ideally using noninvasive or minimally invasive tests) 

[1■■,6].

2. Allow for detailed prognostication of clinically meaningful outcomes 

(symptoms, exacerbation, mortality and so on) [1■■,3].

3. Define pathophysiology that allows us to accurately predict response to specific 

therapies and/or design others [1■■,6].

Therefore, we must employ strategies designed to differentiate patients into meaningful 

groups using the tools at our disposal [1■■,3]. Such strategies include physiologic 

criteria, clinical characteristics, radiographic techniques, biomarker assays, genotype surveys 

including genotype/phenotype correlations, as well as metabolomics and proteomic analysis 

[1■■,2–6,12]. These strategies must also include longitudinal outcomes, as cross-sectional 

approaches cannot inform us as to whether a group of patients appears distinct because 

they suffer from a different disease subtype or because they are at different stages or 
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states of disease activity within the same endotype [2,7,9,13■]. Although work has been 

done and much more is ongoing to categorize COPD patients using approaches such as 

cluster analysis and longitudinal observation, the number and nature of COPD endotypes is 

presently unknown. However, early returns on such techniques [3,8,10,14■■] are sufficiently 

encouraging that such subclassification will be possible and may lead to useful endotypes 

that meet the afore-mentioned criteria.

ENDOTYPING CHRONIC OBSTRUCTIVE PULMONARY DISEASE

A number of COPD subgroupings have been described and are summarized in Table 1. It 

is interesting to note that, though patient groups can be parsed in many ways, only one 

subgroup (α−1 antitrypsin deficiency or A1AT) has been indisputably characterized to meet 

all three of the criteria above for an ideal endotype. Indeed, some of these subphenotypes 

are likely composed of patients with varied pathophysiology; that is some categories may 

be useful but not necessarily descriptive of the underlying disease process or endotype 

from which a patient suffer [6,12]. As shown in Fig. 1, A1AT serves as a useful prototype 

for our understanding of this concept. Although A1AT disease is unified by its reasonably 

well-delineated underlying pathophysiology, its manifestations vary between patients. It 

is classically characterized by lower lobe predominant emphysema with bronchiectasis. 

However, we now know that its presentation can vary because of exposures, risk factors 

including age and patient idiosyncrasies. A1AT deficiency can and often does present 

with apical emphysema, with spirometric airflow obstruction in the absence of significant 

radiographic emphysema, and, especially in younger patients, with bronchodilator-reversible 

airflow obstruction similar to asthma [15]. These discoveries underscore the difficulty in 

differentiating the underlying pathophysiology from the clinical phenotype of a patient.

This interaction of endotype, risk factors and time course/stage of disease is complex as 

illustrated in Fig. 2. Although not fully characterized, a few putative COPD endotypes 

do appear as themes in the literature. One is the TH2-driven group, which appears 

to display many features in common with eosinophilic asthma and may represent an 

advanced stage of the latter disease with or without concurrent smoking-related emphysema. 

The TH2 endotype appears to have a more pronounced response to corticosteroid 

therapy and promising TH2-targeted therapies designed for asthma could potentially lead 

to breakthroughs in this cohort [7,12]. Another is the subgroup with high systemic 

inflammation (as measured by any number of biomarkers especially serum fibrinogen), 

which may lend itself to further study of immunotherapy directed at suppressing what is 

thought to be a state of pathologic immune activation or perhaps autoimmunity [7,14■■,16–

21]. An additional important category of patient in terms of healthcare burden seems to be 

the highly symptomatic COPD patient with relatively intact spirometric lung function but 

a high number and severity of comorbid conditions [8,22]. This group suffers from high 

symptom burden and mortality, but whether it constitutes an endotype of COPD with unique 

pulmonary pathophysiology is not clear as their clinical course is not as well predicted 

by degree of airflow limitation as the other groups and could be driven by the comorbid 

conditions which happen to share risk factors with COPD [6]. Yet, another very important 

COPD subphenotype is chronic bronchitis. This group also suffers disproportionately from 

frequent exacerbations as well as a high symptom burden and high mortality [10,23]. 
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Chronic bronchitis is not felt to be an endotype per se; it seems likely to represent a common 

presentation of multiple airway-centric endotypes including irreversible asthma [12], but 

this phenotype does appear to be enriched for responsiveness to a novel-targeted therapy, 

the phosphodiesterase 4 inhibitor roflumilast [24,25], which suggests the presence of an 

embedded endotype with unique pathophysiology. Emerging evidence suggests that the 

activity of roflumilast may be mediated by modulation of neutrophilic inflammation [26■] 

begging the question of whether this roflumilast-responsive group may be an endotype with 

prominent neutrophilic inflammation driving the disease. Indeed, neutrophils have long been 

known to be important drivers of COPD pathophysiology [27–32], and that they may be 

especially critical mediators in a subset of COPD patients has been speculated for some time 

[33]. As recent data suggest that activity against neutrophilic processes may account for the 

effectiveness of two of the most important recent pharmacological breakthroughs in COPD, 

roflumilast and azithromycin [26■,34,35], this does seem likely to meet the qualifications 

of an important endotype when the underlying pathophysiology is characterized further. The 

remainder of this discussion will focus on what is known of this potential endotype and how 

it might be targeted.

THE NEUTROPHILIC ENDOTYPE

Emphysema is thought to ultimately be a result of imbalance between tissue destruction 

(especially proteolysis) and tissue repair leading to excessive extracellular matrix (ECM) 

digestion [36]. This aberrant proteolysis could be driven by any of multiple cell types or 

a combination thereof, and increased number and activity of several different cell types 

with capacity for such activity has been noted in COPD patients [36,37■]. In many COPD 

patients, this disease appears to be driven in large part by neutrophilic inflammation [27–32]. 

It has long been recognized that many COPD patients demonstrate increased sputum and 

peripheral blood neutrophilia and that a subset of patients with COPD has elevated markers 

of neutrophilic inflammation including the classic neutrophil chemokine interleukin 8 (IL-8) 

in blood or sputum [7]. There is evidence that neutrophils of these patients are, by many 

measures, in an abnormal state of excitation both locally (i.e. in the lungs) and systemically 

[33,38–40].

It is perhaps intuitive that such an inflammatory state could be driven by the noxious 

stimulus of smoking; however, this neutrophilic inflammation appears to persist after 

tobacco cessation in some COPD patients [41]. The impetus of this inflammation is 

unknown, but an intriguing hypothesis has been posited that this could be the result 

of parenchymal destruction (presumably initiated by smoke-induced local inflammation 

but self-perpetuating) leading to production of connective tissue breakdown products 

with activity at cytokine receptors (i.e. matrikines) [37■,42]. Such a pathway has been 

demonstrated for the tripeptide collagen breakdown product proline-glycine-proline (PGP) 

and its more potent acetylated product (AcPGP) [43–47]. These matrikines are potent 

stimuli of the CXC chemokine receptors CXCR1/2 (classically associated with IL-8) and 

carry the potential to perpetuate neutrophilic inflammation in areas of collagen destruction 

such as the emphysematous lung [48]. This powerful feed-forward process leads to 

recruitment of neutrophils to the area of ECM breakdown where the initial injury occurred 

(Fig. 3) [43]. The release of PGP from collagen requires initial cleavage of large protein 
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or protein fragments by matrix metalloproteinases (such as MMP-8 and MMP-9), followed 

subsequently by peptide digestion by a unique serine protease called prolyl endopeptidase 

into the active tripeptide fragment [43,49]. PGP acts as a chemotactic stimulus to the 

neutrophil. These cells contain all the enzymes required for this cascade to generate further 

PGP, neutrophil elastase, and other proteases from collagen, thereby increasing locally 

destructive potential [43–46]. The PGP is ultimately degraded in the healthy state by an 

aminopeptidase site found on the enzyme leukotriene A4 hydrolase (LTA4H) [50]. In the 

smoker, LTA4H aminopeptidase activity is abrogated by an aldehyde component of cigarette 

smoke called acrolein (and possibly other components), leading to the accumulation of 

PGP in the smoker’s lungs, feeding the positive feedback loop of neutrophilic inflammation 

[37■,51]. Acrolein can also acetylate PGP forming AcPGP which increases its neutrophil 

chemotactic potency and further protects it from LTA4H degradation [44,51]. Intriguingly, 

acrolein is also formed endogenously in states of inflammation from oxidation of serine 

and threonine, which could account for the observation that LTA4H aminopeptidase activity 

remains depressed and AcPGP levels remain elevated in COPD patients who no longer 

smoke [37■,51].

Supporting a pathogenic role for this matrikine-driven neutrophilic pathway, chronic 

intratracheal instillation of PGP leads to an emphysematous phenotype with right ventricular 

hypertrophy (RVH) in a mouse model, recapitulating findings of chronic smoke exposure 

[52]. In similar chronic smoke exposure models, selective inhibition of PGP with 

the complementary peptide arginine-threonine-arginine reduced neutrophilic influx and 

prevented emphysema and RVH [53], providing robust evidence that this pathway is crucial 

in the development of COPD.

There have been two recent drug advances shown to reduce the rate of exacerbations 

in COPD, azithromycin and roflumilast. In a randomized, controlled trial, chronic 

azithromycin therapy was shown to reduce the rate of exacerbations in patients with 

COPD [34]. An interesting ancillary study by O’Reilly et al. [35] using biological samples 

from this trial showed that patients treated with azithromycin had lower sputum PGP and 

myeloperoxidase levels than patients treated with placebo. Most intriguingly, PGP levels 

were found to increase prior to an acute exacerbation and decrease again (though with a 

higher nadir than before exacerbating) following resolution of the acute event. This is a 

unique observation among known COPD biomarkers and underscores the importance of this 

pathway in the pathogenesis of COPD exacerbations. Azithromycin has been shown to have 

a number of effects on neutrophilic inflammation and also has some MMP-9 inhibitory 

activity, though O’Reilly’s group did not detect a statistically significant reduction in 

MMP-9 activity with azithromycin treatment. Roflumilast, the selective phosphodiesterase 

4 inhibitor, has also been recently shown to reduce acute exacerbations of COPD [25]. 

This effect could be mediated through the PGP pathway as well. Wells et al. [26■] 

recently published a randomized-controlled trial of COPD patients with chronic bronchitis 

showing that roflumilast therapy reduced sputum AcPGP levels and prolyl endopeptidase 

activity by about 50% compared with placebo along with a reduction in other markers 

of neutrophilic inflammation. Although this trial was limited to 12 weeks, potential for 

benefit from modulation of this pathway is not lost on the authors, as they hypothesized 
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that roflumilast might ‘alter the natural history of the disease’ through cessation of the 

feed-forward mechanism of neutrophilic inflammation driven by the PGP pathway.

Although exciting, the neutrophilic endotype needs prospective longitudinal validation 

and is currently in a primitive state of characterization. There is much left to study, 

but many aspects of the PGP pathway offer promise as means of defining and treating 

those COPD patients in whom neutrophilic inflammation may be driving exacerbations 

and/or disease progression as shown in Table 2. As with the other putative COPD 

endotypes, more research is needed. Breakthroughs are possible as new techniques 

allow for study of new and interesting aspects of this endotype. Of particular intrigue 

are metabolomic–phenotype and proteomic–phenotype interactions, pathogen colonization/

microbiome effects and immunological mechanisms including immune microparticle/

exosome pathway characterization, which all carry some promise because of recent 

advances in our ability to study them.

CONCLUSION

COPD is a complex syndrome composed of multiple ‘small COPDs’ or endotypes with 

distinct patho-physiologies. Current understanding of these endotypes is primitive and is 

hampered by the complexity of interactions of the underlying endotype with other aspects 

of disease such as risk factors, disease activity and stage of progression. A few putative 

endotypes are emerging from recent literature, with only one endotype currently being 

clearly defined (A1AT deficiency) which can serve as a prototype for study of other 

endotypes. The long-suspected central role of the neutrophil in the pathogenesis of some 

cases of COPD may explain the response of a subset of patients to recently studied 

drugs such as azithromycin and roflumilast, which hints at the presence of an important 

neutrophilic endotype. This endotype may be driven by the potentially self-perpetuating 

cycle of PGP generation from pulmonary collagen destruction leading to neutrophil influx 

and subsequent elaboration of more PGP, which is increased during exacerbations. Further 

prospective study is merited in characterization of this and other endotypes. New technology 

may allow for breakthroughs as new aspects of neutrophil biology can be studied and be 

applied to this important disease with an ultimate goal of modifying or ceasing disease 

progression rather than merely controlling its manifestations.
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KEY POINTS

• COPD is a syndrome within which exist different endotypes.

• Interactions of endotype with phenotype are complex and poorly understood.

• The neutrophilic endotype has emerged as an important, if poorly defined, 

endotype that deserves further study.
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FIGURE 1. 
Alpha-1 antitrypsin-deficiency endotype. Alpha-1 antitrypsin deficiency is the first well-

defined COPD endotype. Although the underlying pathophysiology of reduced or absent 

alpha-1 antitrypsin activity leading to unchecked proteolytic activity unifies the disease, 

its presentation can vary widely. It is now known that patients can present with reversible 

airflow obstruction (mimicking asthma), with upper-lobe predominant emphysema (which 

can be spirometrically silent), or with the phenotypes more classically associated with 

this endotype such as bronchiectasis and lower-lobe dominant pan-lobular emphysema. 

The interplay between numerous factors including patient age, smoking status, history of 

exacerbations and bacterial colonization is thought to influence the presentation and rate 

of progression despite the fact that these patients all share the same genetic defect. This 

illustrates the difference between clinical phenotype and endotype.
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FIGURE 2. 
Many endotypes of COPD. In the new paradigm of COPD, the many ‘small COPDs’ are 

largely separate diseases with distinct mechanisms but they share phenotypic characteristics. 

Phenotype varies within an endotype in part because of patient factors such as smoking 

status, bacterial colonization and comorbidities. Here are depicted a few candidate 

endotypes and some proposed biomarkers for each. Note that this is not a comprehensive list 

of endotypes, but the total number and relative prevalences are unknown so these are chosen 

as examples. Note also that there are patients who suffer from multiple endotypes (‘overlap 

syndromes’); these subgroups have not yet been defined adequately to know how much 

overlap there is and between which endotypes. Improved biological assays hold promise 

in allowing us to identify not only which endotype a patient belongs to, but also which 

subphenotypes they currently possess. As we unravel the underlying pathophysiology of 

these endotypes, we become increasingly able to identify a patient’s endotype and thus 

address their disease, with the ultimate goal of shifting their phenotype to a lower level of 

symptoms and slower rate of progression.
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FIGURE 3. 
PGP pathway. 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-α-PGP). Moreover, N-α-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. IL-8, interleukin-8; PGP, proline-glycine-proline. 

Figure and legend reproduced from [43].
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