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At a Glance Commentary 

Scientific knowledge on the subject: Chronic obstructive pulmonary disease (COPD) and 

bronchiectasis are two diseases with overlapping clinical presentation. Co-diagnosis of both 

diseases commonly occurs in some patients (termed as the ‘COPD-bronchiectasis 

association’) but the mechanisms, risk factors and potential management options for patients 

with the ‘COPD-bronchiectasis association’ are largely unknown. We hypothesized that the 

‘COPD-bronchiectasis association’ syndrome would have an underlying pathophysiology 

different from COPD but similar to bronchiectasis, and the resulting molecular and microbial 

features would produce biologically informed patient classification. 

 

What this study adds to the field: We demonstrate for the first time that patients with COPD 

and the ‘COPD-bronchiectasis association’ presented different profiles in their lung 

microbiota and host responses, and that the underlying pathophysiology of the ‘COPD-

bronchiectasis association’ is closer to that of bronchiectasis. These results were validated in 

an independent cohort showing that neutrophilic inflammation, increased abundance of 

pathogenic proteobacteria and dysregulation of mucins are key processes associated with 

bronchiectasis and the COPD-bronchiectasis association. We propose here a biologically 

informed patient classification for airways disease patients according to their clinical, sputum 

microbiome and protein profiles.  
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Abstract 

Rationale 

Bronchiectasis and chronic obstructive pulmonary disease (COPD) are two disease entities 

with overlapped clinical features and co-diagnosis frequently occurs (termed as the ‘COPD-

bronchiectasis association’). 

Objectives 

To investigate the sputum microbiome and proteome in patients with bronchiectasis, COPD, 

and the ‘COPD-bronchiectasis association’ with the aim of identifying endotypes that may 

inform treatment. 

Methods 

Sputum microbiome and protein profiling were carried out using 16S rRNA amplicon 

sequencing and a label-free proteomics workflow, respectively, in a cohort comprising 

patients with COPD (n=43), bronchiectasis (n=30) and the ‘COPD-bronchiectasis association’ 

(n=48). Results were validated in an independent cohort of 91 patients (n=28-31 each group) 

using targeted measurements of inflammatory markers, mucins and bacterial culture. 

Measurements and main results 

Principal component analysis of sputum microbiome and protein profiles showed a partial 

separation between the COPD and the ‘COPD-bronchiectasis association’ group. Further 

analyses revealed that patients with the ‘COPD-bronchiectasis association’ had a higher 

abundance of proteobacteria, higher expression of mucin-5AC and proteins from the 

“neutrophil degranulation” pathway compared to those with COPD. In contrast, COPD 

patients had an elevated expression of mucin-5B and several peptidase inhibitors, higher 

abundance of common commensal taxa, and a greater microbiome diversity. The profiles of 

‘COPD-bronchiectasis association’ and bronchiectasis groups were largely overlapping. Five 

endotypes were proposed with differential inflammatory, mucin and microbiological 

features. The key features related to the ‘COPD-bronchiectasis association’ were validated in 

an independent cohort. 

Conclusion 

Neutrophilic inflammation, differential mucin expression and Gram-negative infection are 

dominant traits in patients with the ‘COPD-bronchiectasis association’. 

Word count: 244 (limit =250) 
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Introduction 

Chronic obstructive pulmonary disease (COPD) and bronchiectasis are two diseases with 

overlapping clinical presentation including cough, sputum production, breathlessness and 

increased susceptibility to exacerbations. Since bronchiectasis and COPD are defined by 

different criteria - clinical and radiological features for bronchiectasis and lung function and a 

history of relevant exposures for COPD, co-diagnosis of both diseases occurs in some patients 

(termed as the ‘COPD-bronchiectasis association’ or “overlap” (1)). Studies have shown that 

the prevalence of bronchiectasis defined by radiological evidence on computed tomography 

in patients with COPD is highly variable ranging from 4% to 72% depending on the criteria of 

bronchiectasis and study populations.(2) Conversely, around 20% of COPD were reported as 

an underlying diagnosis in both the US and European bronchiectasis registries.(3, 4)  

The COPD-bronchiectasis overlap syndrome has recently been recognised as a neglected area 

of research due to the lack of understanding of pathophysiology of this syndrome and the 

absence of guidelines for clinical practice.(5) Current evidence indicates that the presence of 

bronchiectasis in COPD is associated with greater disease burden and worse outcomes 

including a higher frequency of Pseudomonas aeruginosa infection (6), more frequent 

exacerbations (7), longer duration of hospitalisation (8), higher disease severity (7) and all-

cause mortality (9-11). However, the mechanisms, risk factors and potential management 

options for patients with the ‘COPD-bronchiectasis association’ are mostly unknown. 

Understanding underlying molecular and microbial endotypes and clinical phenotypes may 

help to guide treatment approaches for heterogenous conditions such as the ‘COPD-

bronchiectasis association’ (12). “Treatable traits” have been proposed as a new concept for 

the management of complex airway diseases by attempting to move beyond disease 

labels.(13, 14) The essence of this treatable traits approach is to identify biomarkers to allow 

targeted treatment. Currently the underlying biology of the ‘COPD-bronchiectasis association’ 

is poorly understood meaning that it is difficult to apply a treatable traits approached to find 

targeted therapies.  

 

A systems biology approach using multi-omics techniques may provide a holistic view to 

disease pathophysiology (15) and allow the search for biomarkers that are associated with 

certain phenotypes or endotypes. Biomarkers to guide the treatable traits approach can be 
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derived from either the host, through approaches such as proteomics, or from airway 

microbial communities through microbiome sequencing. By combining sputum microbiome 

and proteome information with clinical phenotypic data, we have recently found that a 

reduction in microbiome diversity and an increase in neutrophil extracellular traps proteins 

are associated with greater disease severity, exacerbation frequency and severe 

exacerbations, as well as a higher risk of mortality in patients with bronchiectasis (16) and 

COPD (16, 17). In this study, we took a similar holistic approach to investigate the endotypic 

differences between patients with COPD, the ‘COPD-bronchiectasis association’ and 

bronchiectasis, followed by a validation of key features in an independent cohort. We 

hypothesized that the ‘COPD-bronchiectasis association’ syndrome would have an underlying 

pathophysiology different from COPD but similar to bronchiectasis, and the resulting 

molecular and microbial features would produce biologically informed patient classification.  

 

Methods 

Study design 

Patients were enrolled from two separate cohorts which were combined for analysis. 

Bronchiectasis subjects were enrolled from the Tayside Bronchiectasis Registry Integrating 

Datasets, Genomics and Enrolment into Clinical Trials (TAYBRIDGE) observational study (18) 

and patients with COPD enrolled from the Tayside Allergy and Respiratory Disease 

Information System (TARDIS) registry study (19). Both of these studies allowed patients with 

overlapping COPD and bronchiectasis to be enrolled.  

 

Bronchiectasis patients had to be ≥18 years, have a high definition CT confirmed diagnosis of 

bronchiectasis and have clinical symptoms (cough, sputum production, dyspnoea or 

respiratory infections) consistent with bronchiectasis to be included. Patients were excluded 

if there was an inability to give informed consent or had active tuberculosis or lung cancer. 

Patients with cystic fibrosis or pulmonary fibrosis with secondary bronchiectasis were also 

excluded.  
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Diagnosis of radiological bronchiectasis in the bronchiectasis and overlap groups was made 

using the Fleischner society criteria (20) requiring a bronchial:arterial ratio >1.0, lack of 

tapering or visible airways within 1cm of the pleural surface.  

 

COPD patients were included if >40 years; if they had a FEV1/FVC ratio <70% at a screening 

visit, at least a 10-pack year smoking history and had a clinical diagnosis of COPD.  Exclusion 

criteria included the inability to give informed consent; primary diagnosis of asthma; and 

systematic immunosuppression (excluding prednisolone at 5mg or less daily).  

Patients in the bronchiectasis, COPD and bronchiectasis-COPD association groups all needed 

to be clinically stable and free of antibiotic or oral corticosteroid therapy for 4 weeks prior to 

enrolment.  All relevant medical history (comorbidities, current medications, significant past 

conditions, operations and diagnostic procedures) were recorded at screening.  

 

Patients meeting the inclusion criteria for both bronchiectasis and COPD groups indicating the 

presence of bronchial dilatation on HRCT, clinical symptoms, airway flow obstruction and a 

smoking history were classified as “the ‘COPD-bronchiectasis association’”. To be included in 

the “COPD only” cohort, participants therefore required a CT scan in the previous 5 years 

demonstrating no evidence of bronchiectasis. To be included in the bronchiectasis cohort, 

participants had an absence of a clinical COPD diagnosis and an absence of a relevant smoking 

history (<10 packs/year) and/or the absence of airflow obstruction on spirometry performed 

as screening. 

 

To validate findings in the initial patient cohort, a further 91 patients were enrolled from the 

same cohorts meeting the same inclusion and exclusion criteria with targeted measurement 

of inflammatory markers, mucin measurement and bacterial culture as described below.  

 

Patients gave written informed consent and the studies were approved by the East of 

Scotland Research Ethics committee 12/ES/0059 and 13/ES/0030.  

 

Clinical Assessment and Sampling 

Patients provided spontaneous sputum samples at enrolment, when clinically stable (defined 

as no antibiotics, apart from normal prophylactic antibiotics, in the previous 4 weeks). Clinical 
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and quality of life assessments were carried out as described previously (18). Severity of 

disease was evaluated using the multidimensional bronchiectasis severity index (BSI)(21) for 

bronchiectasis and the GOLD criteria (22) for COPD. Symptoms were evaluated using the 

quality of life bronchiectasis respiratory symptom scale (QOLBrss)(23), a validated instrument 

in bronchiectasis and the St Georges Respiratory Questionnaire (SGRQ) in COPD. The 

radiological severity of bronchiectasis was scored using the modified Reiff scale, which 

provided 1-3 points per lobe affected by bronchiectasis according to whether bronchiectasis 

is cylindrical (1), varicose (2) or cystic (3) as previously described (24).  

 

Cohort matching 

Bronchiectasis is more common in females and COPD is more common in males in many 

cohorts. Lung function and radiological parameters are different between the groups and 

the bronchiectasis/COPD overlap syndrome is associated with greater disease severity than 

COPD or bronchiectasis alone. It was therefore determined a-priori not to attempt to match 

the cohorts, which would select a non-representative sample of these diseases. A flow chart 

of patients included in the current study is shown in Suppl. Figure 1. 

 

Sputum proteomics 

Protein profiling of sputum supernatant was performed using a label-free proteomics 

workflow nano-flow (see Supplementary File).  

 

Sputum Microbiome 

DNA was extracted from sputum and the V3 and V4 region of the bacterial 16S rRNA gene 

sequenced as previously described (16). Alpha diversity was measured by determining the 

Shannon-Wiener Diversity (SWDI). Further details are provided in the online supplement. In 

the validation cohort, sputum was sent for standard bacterial culture.  

 

Targeted analysis of sputum proteins 

Neutrophil elastase activity was measured using an activity-based immunoassay 

(ProteaseTag, ProAxsis Ltd, Belfast, UK). MUC5B and MUC5AC were measured by stable 

isotope dilution LC-MS/MS method (see Supplementary file). A panel of inflammatory 
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cytokines were measured by a multiplex assay (MSD, Maryland, US), Interleukin-8 was 

measured by ELISA (R+D systems) and sputum DNA was measured by Picogreen assay.  

 

Statistical Analysis 

Chi-square analysis with Yates correction was performed using SPSS (version 22.0, IBM). 

Protein identification and label-free quantification were carried out using Maxquant (version 

1.4.1.2) against Uniprot-human database (version 2014-07-09). False discovery rate (FDR) for 

protein identification was set to 1% at protein level. Principal component analysis and partial 

least square analysis (PLS-DA) were carried out using SIMCA-P (version 13.0.3, UMETRICS). To 

avoid overfitting in PLS-DA models, procedures including PCA (25), random permutation of 

dataset rows (26) and CV-ANOVA(27) were used. For statistical analysis, the dataset was log2 

transformed before subjecting to t test using Perseus (version 1.5.4.1). A permutation-based 

FDR method  (9) was used and corrected p values of p<0.05 is considered significant. 

 

Results 

Differences in sputum microbiome and proteome among COPD, bronchiectasis and the 

association 

We carried out protein profiling and microbiome analysis in 43 patients with COPD, 30 

patients with bronchiectasis, and 48 patients with the ‘COPD-bronchiectasis overlap 

syndrome’. Demographic characteristics of the patients are shown in Table 1. Among the 

bronchiectasis participants 18 were classified as idiopathic, 5 post-infective, 5 had connective 

tissue diseases and 2 immunodeficiency. The participants in the COPD and the ‘COPD-

bronchiectasis association’ groups had similar age, smoking status, FEV1, blood eosinophil 

counts, MRC dyspnea score and quality of life scores. The COPD group had a higher proportion 

of male participants and lower FEV1/FVC ratio as expected in the disease population. The use 

of inhaled corticosteroid and oral antibiotics in the previous year were higher in the ‘COPD-

bronchiectasis association’ group. Between the bronchiectasis and the ‘COPD-bronchiectasis 

association’ groups, the participants in the bronchiectasis had a lower bronchiectasis severity 

and higher lung function indices, whereas the age and gender distribution were similar.  
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Sputum microbiome and protein profiling were carried out using 16S rRNA gene amplicon 

sequencing and a label-free proteomics workflow, respectively. After quality control, a total 

of 741 variables comprising 127 variables from microbiome (120 at the genus level, 6 at the 

phylum level and SWDI) and 614 variables from proteome were included in the analysis. The 

abundance of microbiome at the phylum level and microbiome diversity were compared 

between the groups. Patients with the COPD-bronchiectasis association had a higher relative 

abundance of proteobacteria (p=0.001) and lower abundance of Bacteroidetes (p=0.002), 

Firmicutes (p<0.05) and other phyla (p<0.001) (figure 1A), as well as a lower SWDI 

(p<0.001)(figure 1B) compared to those with COPD alone. The significance for Proteobacteria, 

Bacteroidetes and other phyla remained after adjusted for previous use of oral antibiotic, 

inhaled antibiotics, ICS and gender. No clear differences were observed between the 

bronchiectasis and the ‘COPD-bronchiectasis association’ groups. 

 

Principal component analysis (PCA) using all 741 variables showed a partial separation 

between the COPD and the ‘COPD-bronchiectasis association’ groups (figure 2A), with the 

bronchiectasis and the ‘COPD-bronchiectasis association’ groups largely overlapped (figure 

2A). The partial separation was driven by higher abundance of Proteobacteria and lower 

abundance of Firmicutes and Bacteroidetes and a higher SWDI, as well as increased expression 

of lymphocyte cytosolic protein 1 (LCP1), catalase (CAT), metalloproteinase 9 (MMP-9), and 

cathelicidin antimicrobial peptide (CAMP), and lower expression of tissue inhibitor of 

metalloproteinase 1 (TIMP1), polymeric immunoglobulin receptor (PIGR), and 

immunoglobulin kappa chain (IgK@) (figure 2B). Excluding the phylum variables and SWDI did 

not affect the model (Suppl figure S-2). These data implied that the underlying 

pathophysiology of COPD and the ‘COPD-bronchiectasis association’ may be different.  

 

To further examine this possibility, we carried out partial least square discriminant analysis 

(PLS-DA) which displays the largest difference between the two groups with all variables 

included. The scores plots showed an almost complete separation of the COPD patients to 

those with the ‘COPD-bronchiectasis association’ (figure 3A). The loadings plot indicated that 

the participants with the ‘COPD-bronchiectasis association’ had higher protein expression of 

Mucin-5AC (MUC5AC), orosomucoid 1 (ORM1), bactericidal/permeability-increasing protein-

like 1 (BPIFB1), myeloperoxidases (MPO), and neutrophil elastase (ELANE) (figure 3B). In 
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contrast, COPD patients without bronchiectasis had an elevated expression of MUC5B, IgK@ 

and higher abundance of Fusobacterium and Veillonella, which are common commensal taxa 

(figure 3B). As expected, higher abundance of Proteobacteria and lower other phyla and SWDI 

were associated with the COPD-bronchiectasis association (figure 3B). These observations 

were confirmed by t test with FDR correction (Suppl. table S-1). Similar results were found 

when excluding those who had long-term oral antibiotics use in the previous year (Suppl. 

figure S-4) and similarly, gender did not appear to have a significant effect (Suppl. figure S-5). 

Pathway analysis of differentially up-regulated proteins in the ‘COPD-bronchiectasis 

association’ group revealed an over-representation of the “neutrophil degranulation” 

pathway (p=2.8E-4, corrected by the Bonferroni method) whereas the down-regulated 

proteins were over-represented with “peptidase inhibitors”. Taken together with the data 

from microbiome diversity and distribution at the phylum level, these results indicate that 

the presence of bronchiectasis in COPD is associated with proteobacteria dysbiosis, 

neutrophilic inflammation, lower expression of peptidase inhibitors and differential 

expression of MUC5B/MUC5AC.  

 

Between bronchiectasis and the COPD-bronchiectasis association’ groups, a lower expression 

of GSTP1 in the bronchiectasis group was the only noticeable difference (corrected p<0.01, t 

test). No clear differences were observed among the first seven components of PCA (data not 

shown).  This is further confirmed by projecting data from patients with bronchiectasis 

without COPD to the original PLS model shown in figure 2B. The data showed that 

bronchiectasis and the ‘COPD-bronchiectasis association’ shared similar sputum proteome 

and microbiome profiles (Suppl. figure S-6).  

 

Validation 

The main findings were validated in an independent cohort of 32 patients with COPD, 31 

patients with bronchiectasis and 28 patients with the ‘bronchiectasis-COPD association’. The 

characteristics of the patients are shown in table 2. Consistent with the original study, we 

found dysregulation of mucins with an increase of MUC5AC/MUC5B ratio in bronchiectasis 

(p=0.02) and the bronchiectasis-COPD association (p=0.02) compared to COPD alone 

(supplementary figure S-7A). Neutrophil elastase activity was also significantly higher in 



11 
 

bronchiectasis and the association compared to COPD alone (p≤0.001, supplementary figure 

S-7B). Gram-negative bacterial infection, predominantly P. aeruginosa and H. influenzae 

infection were more frequent in bronchiectasis and the COPD-bronchiectasis association’ 

compared to COPD (supplementary figure S-7C). 

PCA was repeated integrating the targeted and inflammatory and microbial data in the 

validation cohort. The PCA plot in figure 4A shows a clear separation between COPD and 

bronchiectasis or the COPD-bronchiectasis association’ group. No obvious effect from the 

previous use of oral antibiotics was observed (Suppl figure S-8). The loadings plot in figure 4B 

confirms the key features of the endotypes with bronchiectasis being most strongly 

associated with MUC5AC, DNA, neutrophil elastase and IL-8. Predominant COPD was 

associated with increased MUC5B.  

Endotypes based on sputum microbiome and proteome 

Several key features revealed in the PCA and PLS-DA may be useful for identifying potential 

endotypes. The most dominant features observed were neutrophilic inflammation, mucin 

secretion, microbiome diversity and proteobacteria described above. Another feature is 

shown in the second component of the PCA (figure 2), which identified a small cluster of 

patients with high levels of actin and actin interacting proteins (ACTG1, EZR, AHSG) including 

gelsolin, the release of which is regulated by interleukin-4(28). Hypothesising that Th2 

inflammation may be related to this cluster we observed clustering of eosinophil peroxidase 

(EPX) and galectin-10 (CLC) in these patients (figure 2B). This Th2 endotype was further 

confirmed in the validation cohort where a cluster of patients with predominant Th2 

inflammation reflected by increased interleukin-4, interleukin-5, thymic stromal 

lymphopoietin (TSLP), thymus and activation-regulated chemokine (TARC) and eotaxins 

(figure 4). This endotype was observed in a subset of COPD, bronchiectasis and overlap 

patients. Additionally, features that drive inter-patient variability as shown in figure 3 would 

provide further subtyping information.  These include two groups of variables with opposing 

influences: one with a cluster of proteins including metalloproteinase-8, MMP-9, LCP1 and 

Haemophilus relative abundance, and the other group with SLPI, PIGR and IgJ (figure 3B). 

Overall, these key features can be plotted in 3-dimensional space with x axis driving 

predominantly by neutrophilic inflammation and microbiome diversity, y axis by innate 
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immune activation, proteases and Haemophilus, and z axis by eosinophil inflammation (figure 

5). 

 

As many of these features are known to be of prognostic value in COPD or bronchiectasis (see 

Discussion), we proposed five endotypes based on these key features (figure 5). Firstly, an 

endotype we refer to as diverse and protective, associated with high microbial diversity and 

commensal taxa, and increased MUC5B, protease inhibitors and immunoglobulins. A second 

endotype was termed “Haemophilus proteolytic” with Haemophilus in the microbiome and 

high levels of MMP8/MMP9 and low MUC5AC/MUC5B. Endotype III is associated with high 

levels of IgJ, PIGR, SLPI, and MUC5AC/MUC5B and shows low microbial diversity with 

organisms such as Stenotrophomonas and other proteobacteria and is referred to as the 

“infected, epithelial response” endotype. Endotype IV is dominated by neutrophil 

extracellular trap proteins and Proteobacteria abundance. Endotype V is driven by Th2 

inflammation. 

 

Discussion 

The results from this study demonstrated for the first time that patients with COPD and the 

‘COPD-bronchiectasis association’ presented different profiles in their lung microbiota and 

host responses. Importantly, our data revealed that the underlying pathophysiology of the 

‘COPD-bronchiectasis association’ is closer to that of bronchiectasis. Based on these results, 

we propose to classify patients with COPD, bronchiectasis, or the ‘COPD-bronchiectasis 

association’ into four endotypes according to their sputum microbiome and protein profiles 

which show evidence of different underlying host response and microbial profiles. 

Importantly, the distinction between these groups was not evident from clinical features or 

disease labels alone indicating that disease labels alone do not accurately identify potentially 

treatable mechanisms of disease. 

These endotypes detected in a clinical stable state may represent potential “treatable traits” 

that could align with current treatment options in COPD. The diverse-protective endotype are 

likely to have the best prognosis (29) and may not require anti-inflammatory or antimicrobial 

treatment.  The Haemophilus-proteolytic endotype is associated with Haemophilus infection 



13 
 

with a higher MMP-8/MMP-9 driven inflammatory state so antibiotic therapy targeting 

Haemophilus and anti-inflammatory treatment (e.g. PDE4 inhibitors) could be considered 

accordingly. The identification of this endotype is intriguing as tetracyclines are effective 

against Haemophilus and have activity that blocks matrix metalloproteinase activity, which 

may therefore be a theoretical option in this group. Tetracyclines are currently being tested 

in COPD trials (NCT02305940). The infected-epithelial response endotype has features of 

bronchiectasis, Gram-negative infection and MUC5AC overexpression. We speculate that 

such patients may benefit from macrolide treatment which has been shown to be effective 

against P. aeruginosa infection (30), and macrolides have also been shown to inhibit MUC5AC 

release from epithelial cells independently of their antibiotic effect(31). The proteobacteria-

neutrophilic endotype also has a feature of bronchiectasis with increased MUC5AC and 

features of excessive neutrophil activation, which we recently linked to the formation of 

neutrophil extracellular traps (32). We have recently shown that macrolides may also be 

beneficial in this group (30). In addition, recent evidence shows that this mechanism may be 

targeted in future with dipeptidyl peptidase-1 inhibition which was found to prolong the time 

to first exacerbation in bronchiectasis patients (33). The Th2 endotype may benefit may 

benefit from inhaled corticosteroids or other treatments targeting Th2 inflammation if they 

experience frequent exacerbations.  These proposals are hypothetical and need to be tested 

in appropriately controlled clinical studies. Nevertheless, they demonstrate the potential 

value of identifying linked mechanisms of disease.  

Several endotypic biomarkers proposed in this study have been shown to provide prognostic 

information in the context of COPD and bronchiectasis although they have not been reported 

in the COPD-bronchiectasis overlap syndrome. For example, Pseudomonas and Haemophilus 

infections have been associated with increased risk of exacerbation and death in COPD. (34, 

35) In bronchiectasis, Pseudomonas infections have been associated with more hospital 

admissions (36, 37), worse quality of life (36, 37), and a rapid decline in lung function (38) 

compared to those with infections with other bacteria. Recently, we have also reported that 

reduced sputum microbiome diversity, associated with Proteobacteria (predominantly 

Haemophilus) dysbiosis is associated neutrophilic inflammation and a significantly increased 

risk of mortality in COPD (16). In bronchiectasis, Pseudomonas- and Haemophilus-dominated 

microbiomes have been shown to be linked to severe disease and frequent exacerbations 
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(39). Likewise, the sputum protein biomarkers including MPO (40), ELANE (18), MUC5AC(41), 

MUC5B(41), CAMP (or LL-37) (42, 43), and SLPI (44) have been shown to be pathologically 

relevant and prognostically important in COPD and/or bronchiectasis. For example, sputum 

MPO levels were higher in COPD than controls and further pronounced during exacerbations 

(40). COPD patients with more frequent reported exacerbations had lower sputum 

concentrations of SLPI (44). Circulating antimicrobial peptide LL-37 levels was shown to 

associated with high risk of frequent exacerbations in COPD (43). These previous reports 

strongly support the relevance of using these biomarkers for endotyping patients with COPD, 

bronchiectasis and the ‘COPD-bronchiectasis association’.  

One of the striking observations in this study is the contrasting expression patterns of mucins, 

where MUC5AC was over-expressed in patients with the ‘COPD-bronchiectasis association’ 

whereas MUC5B was up-regulated in COPD patients without bronchiectasis. MUC5AC is 

found predominantly in the goblet cells in the surface epithelia throughout the central 

conducting airways, whereas MUC5B is found mainly in submucosal glands of central airways 

(45). Evidence from animal studies indicated that MUC5B but not MUC5AC is a dominant 

regulator of homeostatic microbial elimination (i.e. mucocilary clearance) in the airway (46). 

Loss of MUC5B inhibits innate inflammatory responses with suppressed interleukin-23 

production resulting in an accumulation of alveolar macrophages with impaired ability to 

phagocytose and clear Staphylococcus.(47) Therefore, a lower MUC5B expression in the 

‘COPD-bronchiectasis association’ group implies that these patients may have a compromised 

mucocilary clearance. In contrast, MUC5AC is known to confer resistance to viral infection 

(48) but is detrimental for allergic airway hyperreactivity (49) and acute lung injury (50) with 

enhanced neutrophil trafficking and inflammation. Similar to the latter, the over-expressed 

MUC5AC in the ‘COPD-bronchiectasis association’ observed in this study was associated with 

neutrophilic inflammation, which is likely to have a worse outcome as seen in patients with 

bronchiectasis in our previous studies.(18, 44) A recent study from the SPIROMICS consortium 

also showed a striking increase in MUC5AC concentrations with COPD disease severity.(41) 

The increase has been shown to associated with disease progression. (51) 

The study has several limitations. First, this is a cross-sectional study and the study was not 

designed or powered to demonstrate the prognostic implications of these endotypes. 

However, some of biomarkers (e.g. ELANE, CAMP, SLPI, MMP-9) described have been shown 
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to provide prognostic values in bronchiectasis and COPD. Second, the demographics of 

patients with bronchiectasis were not well matched to COPD patients, as expected. However, 

the PLS-DA analysis employed has taken into account the contributions of those demographic 

variables and various sensitivity analyses have shown that patient characteristics such as sex 

and age are not associated with sputum microbiome or protein profiles in this population. 

Last, the current study focused on data collected during a clinically stable state so the results 

may not be extrapolated to patients during exacerbations.  

In summary, our study indicates that the presence of bronchiectasis, lung microbiota and 

differential host responses are important determinants for endotyping patients with COPD, 

and the ‘COPD-bronchiectasis association’. This information may be used for biologically 

informed patient classification of COPD and the ‘COPD-bronchiectasis association’. 
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Table 1. Demographic details of study participants in the first cohort. 

Data: Mean (95% confidence interval); n.s: not significant; n.a.: not available 

 COPD 
The ‘COPD-

bronchiectasis 
association’  

Bronchiectasis 

p value 
(COPD vs the 

‘COPD-
bronchiectasis 
association’) 

p value 
(the ‘COPD-

bronchiectasis 
association’ vs 
bronchiectasis) 

N 43 48 30   

Age 73 (70-76) 72 (63-81) 72 (69-74) n.s. n.s. 

Gender (m/f) 31/12 24/24 15/15 0.03 n.s. 
Smoking status 

(never-/ex-
/current) 

0/7/36 0/6/42 19/10/1 n.s. <0.0001 

Smoking (pack 
year) 44 (34-54) 36(32-39) 17 (7-27) n.s. <0.0001 

Body mass index 29 (28-31) 27 (26-29) 28 (26-30) n.s. n.s. 

FEV1 (litres) 1.6 (1.4-
1.8) 1.4(1.2-1.6) 2.0 (1.8-2.2) n.s. <0.0001 

FEV1 (% pred) 69 (62-75) 64 (57-71) 85 (76-93) n.s. <0.0001 

FVC (Litres) 3.1 (2.8-
3.4) 2.6 (2.3-2.9) 3.0 (2.6-3.3) 0.03 n.s 

FEV1/FVC ratio 51 (48-54) 54 (51-57) 67 (61-72) 0.01 <0.0001 
Blood eosinophil 

(%) 
0.2 (0.16-

0.24) 
0.17 (0.13-

0.20) 
0.17 (0.13-

0.22) n.s. n.s. 

MRC dyspnoea 
score  

2.2 (1.8-
2.6) 2.2 (1.9-2.6) 1.4 (0.9-1.9) n.s. 0.02 

Exacerbation 
frequency* 

2.7 (1.9-
3.4) 2.8 (2.2-3.4) 2.0 (1.3-2.7) n.s. n.s. 

SGRQ 51 (44-58) 53 (46-60) n.a. n.s. - 

QoL-B RSS NA 56 (51-62) 63 (56-71) - n.s. 

CAT 20 (18-23) 22 (20-25) n.a. n.s. - 
Bronchiectasis 
severity index n/a 8.2 (7.1-9.3) 6.9 (5.4-8.5) - n.s. 

ICS use* 67.4% 77.1% 50.0% n.s. 0.01 
Long term Oral 

antibiotics use* 4.7% 50.0% 34.2% <0.0001 n.s. 

Inhaled 
antibiotics use* 0.0% 8.3% 5.3% n.s n.s. 
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Table 2.  Demographic details of study participants in the validation cohort.  

 COPD 
The ‘COPD-

bronchiectasis 
association’  

Bronchiectasis 

p value 
(COPD vs the 

‘COPD-
bronchiectasis 
association’) 

p value 
(the ‘COPD-

bronchiectasis 
association’ vs 
bronchiectasis) 

N 32 28 31   

Age 62 (59-
64) 72 (69-75) 70 (66-74) <0.001 n.s. 

Gender (m/f) 23/9 18/10 18/13 n.s. n.s. 
Smoking status 

(never-/ex-
/current) 

(0/23/9) (0/24/4) (20/10/1) n.s. <0.0001 

Smoking (pack 
year) 

39 (31-
47) 45 (38-51) 5 (0-9) n.s. <0.0001 

Body mass index 25 (23-
27) 27 (25-39) 29 (26-32) n.s. n.s. 

FEV1 (litres) 1.2 (1.0-
1.4) 1.4 (1.2-1.6) 1.9 (1.3-2.2) n.s. 0.006 

FEV1 (% pred) 44 (38-
50) 62 (54-70) 76 (67-85) 0.005 0.02 

FVC (Litres)    n.s. 0.05 

FEV1/FVC %  38 (34-
42) 49 (44--54) 67 (63-71) 0.01 <0.0001 

MRC dyspnoea 
score  

3.2 (2.7-
3.7) 2.4 (1.9-2.9) 1.6 (1.0-2.1) n.s. 0.05 

Exacerbation 
frequency 

(previous year) 

1.7 (0.1-
3.2) 3.4 (2.6-4.1) 2.5 (1.7-3.2) n.s. n.s. 

ICS use (previous 
year) 

14 
(43.8%) 18 (64.3%) 17 (54.8%) n.s. n.s. 

Long term Oral 
antibiotics use 

(previous year) 
2 (6.3%) 9 (32.1%) 11 (35.4%) 0.01 n.s. 

Inhaled antibiotics 
use (previous 

year) 
0 (0%) 1 (3.6%) 6 (19.4%) n.s. n.s. 
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Figure 1. Relative abundance of lung microbiota at the phylum level (A) and Shannon 
diversity index (B) in COPD, bronchiectasis and the ‘COPD-bronchiectasis association’. 

* p<0.05; ** p<0.01.  
 
 

Figure 2. PCA of patients with COPD, bronchiectasis, and the ‘COPD-bronchiectasis 
association’ based on sputum proteome and microbiome profiles  

A. The scores plot of PCA. Each dot represents a patient. R2X[1]=0.08, R2X[2]=0.04.. 

Black eclipse: Hostelling T2 95% confidence.  

B. The loadings plot of PCA showing the key protein and bacterial species driving the 

largest variability within the dataset observed in the scores plot (A). LCP1: 

Lymphocyte cytosolic protein 1, CAT: catalase, MMP-9: metalloproteinase 9, CAMP: 

cathelicidin antimicrobial peptide, PIP: prolactin induced protein, TIMP1: tissue 

inhibitor of metalloproteinases 1, PIGR: polymeric immunoglobulin receptor, and 

IgK@: immunoglobulin kappa chain, ACTG1: actin G1, EZR: ezrin, GSN: gelsolin, 

AHSG:  alpha 2-HS glycoprotein, EPX: eosinophil peroxidase, CLC: galectin-10. Key 

protein and microbiome variables for principal component 1 are shown in red and 

blue, respectively, and those for principal component 2 are shown in green. 

 

Figure 3. PLS-DA of patients with COPD and the ‘COPD-bronchiectasis association’ based 
on combined sputum proteome and microbiome profiles. 

A. The scores plot of PLS-DA. R2X[1]=0.08, R2X[2]=0.04. Q2 [cum]= 0.50 (range = 0.42-

0.58 following six times of the random permutation procedure previously 

described.(26) p = 3.5 x 10-9 (CV-ANOVA). 

B. The loadings plot of PLS-DA showing the key protein and bacterial species driving the 

differences observed in the scores plot (A). ORM1: orosomucoid 1, BPIFB1: 

bactericidal/permeability-increasing protein-like 1 (BPIFB1), SLPI: secretory 

leukocyte peptidase Inhibitor: PIGR: polymeric immunoglobulin receptor; IgJ: 

immunoglobulin J chain. Green eclipse: key variables whose expression/abundance 

are positively associated with COPD. Red eclipse: key variables whose 

expression/abundance are positively associated with the COPD-bronchiectasis 

association. Key protein and microbiome features driving the separation in A are 
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shown in red and blue, respectively. Those labelled in black are the variables drive 

the within-group variability. 

 

Figure 4. PCA of patients with COPD, bronchiectasis, and the ‘COPD-bronchiectasis 
association’ based on sputum proteins and bacterial culture in the validation cohort 

Validation of key findings in the first cohort using targeted analyses in an independent 

cohort of 32 patients with COPD, 31 patients with bronchiectasis and 28 patients with 

bronchiectasis-COPD association. 

A. The scores plot of PCA on targeted sputum proteins and bacteria in patients with COPD, 

bronchiectasis and the ‘COPD-bronchiectasis association’. R2X[1] = 0.15, R2X[2] =0.12.  

B. The loadings plot of PCA showing the key proteins and bacterial species driving the 

differences observed in the scores plot (D). IL-4: interleukin-4, IL-5: interleukin-5, IL-8: 

interleukin-8, GM-CSF: granulocyte-macrophage colony-stimulating factor, TSLP: thymic 

stromal lymphopoietin, TARC: thymus and activation-regulated chemokine, DNA: sputum 

DNA content, NE: neutrophil elastase. 

 

 

Figure 5. Five endotypes based on proteome and microbiome profiles of patients with 
COPD, bronchiectasis and the ‘COPD-bronchiectasis association’. 

Key features observed in sputum proteome and microbiome are plotted in a 3 dimensional 

space with neutrophilic inflammation in x axis, protease inhibitors/immunoglobulins/ 

MMP8/MMP9 in y axis, and eosinophilic inflammation in z axis.  See Results and Discussion 

sections for further details. The eclipses represent hypothetical boundaries of three disease 

groups.  
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Figure 1. Relative abundance of lung microbiota at the phylum level (A) and Shannon 
diversity index (B) in COPD, bronchiectasis and the ‘COPD-bronchiectasis association’. 

* p<0.05; ** p<0.01 vs COPD.  
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Figure 2. PCA of patients with COPD, bronchiectasis, and the ‘COPD-bronchiectasis 
association’ based on sputum proteome and microbiome profiles  

A. The scores plot of PCA. Each dot represents a patient. R2X[1]=0.08, R2X[2]=0.04. 

Black eclipse: Hostelling T2 95% confidence.  

B. The loadings plot of PCA showing the key protein and bacterial species driving the 

largest variability within the dataset observed in the scores plot (A). LCP1: 

Lymphocyte cytosolic protein 1, CAT: catalase, MMP-9: metalloproteinase 9, CAMP: 

cathelicidin antimicrobial peptide, PIP: prolactin induced protein, TIMP1: tissue 

inhibitor of metalloproteinases 1, PIGR: polymeric immunoglobulin receptor, and 

IgK@: immunoglobulin kappa chain, ACTG1: actin G1, EZR: ezrin, GSN: gelsolin, 

AHSG:  alpha 2-HS glycoprotein, EPX: eosinophil peroxidase, CLC: galectin-10. Key 

protein and microbiome variables for principal component 1 are shown in red and 

blue, respectively, and those for principal component 2 are shown in green. 
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Figure 3. PLS-DA of patients with COPD and the ‘COPD-bronchiectasis association’ based 
on combined sputum proteome and microbiome profiles. 

A. The scores plot of PLS-DA. R2X[1]=0.08, R2X[2]=0.04. Q2 [cum]= 0.50 (range = 0.42-

0.58 following six times of the random permutation procedure previously 

described.(26) p = 3.5 x 10-9 (CV-ANOVA). 

B. The loadings plot of PLS-DA showing the key protein and bacterial species driving the 

differences observed in the scores plot (A). ORM1: orosomucoid 1, BPIFB1: 

bactericidal/permeability-increasing protein-like 1 (BPIFB1), SLPI: secretory 

leukocyte peptidase Inhibitor: PIGR: polymeric immunoglobulin receptor; IgJ: 

immunoglobulin J chain. Green eclipse: key variables whose expression/abundance 

are positively associated with COPD. Red eclipse: key variables whose 

expression/abundance are positively associated with the COPD-bronchiectasis 

association. Key protein and microbiome features driving the separation in A are 

shown in red and blue, respectively. Those labelled in black are the variables drive 

the within-group variability. 
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Figure 4. PCA of patients with COPD, bronchiectasis, and the ‘COPD-bronchiectasis 
association’ based on sputum proteins and bacterial culture in the validation cohort 

Validation of key findings in the first cohort using targeted analyses in an independent 

cohort of 32 patients with COPD, 31 patients with bronchiectasis and 28 patients with 

bronchiectasis-COPD association. 

A. The scores plot of PCA on targeted sputum proteins and bacteria in patients with COPD, 

bronchiectasis and the ‘COPD-bronchiectasis association’. R2X[1] = 0.15, R2X[2] =0.12.  

B. The loadings plot of PCA showing the key proteins and bacterial species driving the 

differences observed in the scores plot (D). IL-4: interleukin-4, IL-5: interleukin-5, IL-8: 

interleukin-8, GM-CSF: granulocyte-macrophage colony-stimulating factor, TSLP: thymic 

stromal lymphopoietin, TARC: thymus and activation-regulated chemokine, DNA: sputum 

DNA content, NE: neutrophil elastase. 
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Figure 5. Five endotypes based on proteome and microbiome profiles of patients with 
COPD, bronchiectasis and the ‘COPD-bronchiectasis association’. 

Key features observed in sputum proteome and microbiome are plotted in a 3 dimensional 

space with neutrophilic inflammation in x axis, protease inhibitors/immunoglobulins/ 

MMP8/MMP9 in y axis, and eosinophilic inflammation in z axis.  See Results and Discussion 

sections for further details. The eclipses represent hypothetical boundaries of three disease 

groups.  
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