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Chronic obstructive pulmonary disease (COPD) is characterized by persistent 

neutrophilic inflammation of the airways, which is associated with enhanced 

neutrophil extracellular trap (NET) formation of airway neutrophils (1-3). NETs are 

web-like extracellular structures consisting of neutrophil DNA components and 

degradative enzymes (e.g. neutrophil elastase and myeloperoxidase) which are 

released from azurophilic granules by activated neutrophils (4). Initially found to 

immunoregulate host defence responses during bacterial infections, emerging data 

indicate that exaggerated NET formation and/or delayed NET clearance may inflict 

tissue damage and organ dysfunction in a range of human inflammatory diseases 

independent of infections (5;6). Recently, we found NET formation of sputum 

neutrophils and extracellular DNA levels in sputum supernatant to be significantly 

enhanced in patients with stable COPD irrespective of the current smoking state or 

the purulence of the sputum samples (1). Several studies, including our own, show 

that the amount of NET formation and/or level of extracellular DNA in patients with 

stable COPD correlate with the airflow limitation, suggesting that NET formation by 

airway neutrophils may contribute to the lung tissue damage observed in COPD (1-

3). However, the underlying mechanisms inducing NET formation in COPD 

neutrophils are largely unexplored. Furthermore, it is unknown whether neutrophils 

undergo NETosis following migration into the lung tissues or whether neutrophils are 

constitutively poised to undergo this response in circulation during COPD-related 

inflammation. It is notable that there is an increase in the release of cell-free DNA 

and myeloperoxidase that are active constituents of NETs in peripheral blood in 

COPD patients (7-9). Here, we aimed to compare NET formation in autologous 

neutrophils derived from peripheral blood and sputum from COPD patients ex vivo. 

We also investigated whether the selective CXCR2 antagonist AZD5069, that has 



been shown to block trafficking of neutrophils from blood into airways in 

bronchiectasis patients (10) and more recently in a small cohort of neutrophilic 

asthma patients (11) could dampen NET formation in COPD-derived neutrophils ex 

vivo. 

 We evaluated blood and induced sputum samples from 12 COPD patients (7 

smokers; 5 ex-smokers; mean age, 67.8 ± 7.5 years; mean FEV1, 59.6 ± 12.4 % 

pred.; mean pack years of smoking 61.8 ± 20.5 years; no treatment with inhaled 

corticosteroids or roflumilast; no exacerbation or respiratory tract infection within six 

weeks prior to the study visit). This study was approved by the Ethics Committee 

[144/15] and all patients gave written informed consent. Peripheral blood (24 ml) was 

drawn from COPD patients and neutrophils were isolated according to Brinkmann et 

al. (12). Induced sputum from the same COPD patients were collected, processed 

and analyzed as previously described (1). Approximately 1x106 neutrophils 

harvested from sputum and blood were seeded on poly-D-lysine coated glass 

coverslips in triplicate. To assess the effects of AZD5069 on NET formation, cells 

were incubated with 100 µM AZD5069 for 1 hr at 37°C in air, 5% CO2. NET 

formation of blood neutrophils ex vivo was stimulated by incubation with sputum 

supernatant derived from the same COPD patient in an autologous manner (2 hr, 

37°C in air, 5% CO2). The potential effects of 0.1% dithiothreitol (DTT),  present in 

sputum supernatant  on inducing NET formation was assessed,  and no discernible 

effects was observed (data not shown). NETs were quantified using ImageJ software 

(NIH USA) by marking NETs as regions of interest (ROI) as reported previously (1). 

Concentration of extracellular DNA in cell culture medium was quantified using a 

NanoDrop 2000 spectrophotometer (ThermoFischer Scientific). Chemokine CXCL8 

levels in cell culture fluid were quantified by ELISA (R&D systems). The maximally 



effective concentration of AZD5069 [100 µM] in blocking NET formation in blood 

neutrophils was obtained in pilot dose-titrating experiments in vitro (data not shown). 

Statistical analyses were performed using SPSS version 20 (SPSS Inc; Chicago). 

Variables of interest (i.e. ROI, DNA and CXCL8) were skewed and presented as 

median (interquartile range (IQR)). Differences between groups were analysed by 

Wilcoxon matched-pairs signed-rank test. P<0.05 was considered statistically 

significant. 

 

 Purity and viability of isolated blood neutrophils was 98.9 (±1.0)% and 98.3 

(±2.2)%, respectively. Neutrophil purity in homogenized sputum samples was 84.3 

(±12.4)% with a viability of 89.7 (±8.4)%. Representative photomicrographs 

illustrating NET formation in isolated blood and sputum neutrophils are shown 

(Figure 1A). Spontaneous NET formation was absent in peripheral blood neutrophils 

after incubation for 2 hours at 37°C in air, 5% CO2 (Figure 1A, row 1). However, 

upon stimulation with sputum supernatant of the same individual, significant NET 

formation was observed (Figure 1A, row 2). Compared to naive, unstimulated blood 

neutrophils, NET formation was significantly (P=0.002) increased by 5-fold when 

blood neutrophils were stimulated with sputum supernatant (Figure 1B). Extracellular 

DNA concentration was approximately 8-fold higher and statistically significant 

(P=0.003) in stimulated blood neutrophils compared to unstimulated blood 

neutrophils (Figure 1D). CXCL8 concentration in stimulated blood neutrophil cell 

culture fluid was significantly (P=0.002) higher than in unstimulated blood neutrophils 

(Figure 1F). The effects of AZD5069 (100 M) treatment were assessed in 

stimulated blood neutrophils. Compared to vehicle, CXCR2 antagonism significantly 

(P=0.010) reduced NET formation in blood neutrophils (Figure 1B). Treatment with 



AZD5069 led to significant (P=0.006) decrements in extracellular DNA concentration 

in stimulated neutrophils relative to vehicle-treated cells (Figure 1D). Antagonism of 

CXCR2 with AZD5069 had no signficant (P=0.388) effect in CXCL8 concentration in 

cell culture fluid (Figure 1F). 

 

 Sputum neutrophils showed spontaneous NET formation and this response 

was significantly (P=0.034) decreased in the presence of AZD5069 (Figure 1A, row 4 

+ 5; Figure 1C). In contrast, treatment with AZD5069 induced significantly (P=0.006) 

enhanced DNA concentrations in sputum cell culture medium relative to vehicle-

treated sputum neutrophils (Figure 1E). CXCL8 concentration in sputum cell culture 

medium was significantly (P=0.006) lower in the presence of AZD5069 (Figure 1G). 

 

 In this translational study, we analyzed NET formation, extracellular DNA and 

CXCL8 concentration in the presence of CXCR2 antagonism using AZD5069 in 

neutrophils derived from sputum and peripheral blood from COPD patients. To our 

knowledge, this is the first study to compare the levels of NET formation in 

autologous blood and sputum neutrophils of COPD patients simultanously. We 

showed that blood neutrophils underwent NETosis upon stimulation by sputum 

supernatant, representing an inflammatory microenvironment conducive to the 

COPD airways (1-3). Consistent with the CXCR2-antagonising effects of blocking 

neutrophil recruitment to the inflamed airways (11), the induced NET formation of 

blood neutrophils could be significantly reduced by AZD5069 treatment. This 

suggests that CXCR2 has an essential role in regulating NETosis via CXCL8-

mediated mechanisms in blood-derived neutrophils from COPD patients. The 



regulatory role of CXCR2 signaling in NETosis in healthy subjects remains to be 

elucidated. 

By contrast, the effects of CXCR2 antagonism on spontaneous NETosis of sputum 

neutrophils were less pronounced, suggesting that in neutrophils that may have 

already undergone NETosis, subsequent reversal of this cellular process via CXCR2 

antagonism cannot be readily achieved. This would also explain why we observed 

partial effects of CXCR2 antagonism on extracellular DNA levels in cell culture 

during spontaneous NETosis of sputum neutrophils. 

We conclude that neutrophils from patients with COPD are likely to undergo NETosis 

upon exposure to inflammatory micro-environments conducive to the COPD airways 

and that the chemokine receptor CXCR2 plays an essential regulatory role in NET 

formation in COPD neutrophils. 



Figure legend 

Figure 1 CXCR2 regulates Neutrophil extracellular trap (NET) formation in COPD in vitro. 

 (A) Representative fluorescence images of NET formation in neutrophils derived from 

COPD patients. All specimens were fixed in phosphate buffered 4% paraformaldehyde. 

Immunofluorescence staining for detection of histone H1, neutrophil elastase (NE) and 

DNA with 4,6-diamidino-2-phenylindole (DAPI) was performed as described previously 

(1). Representative visual fields of all specimens were visualized (Nikon ECLIPSE 80i 

fluorescence microscope) and photographed (QImaging QCam FAST 1394) to digitally 

capture H1/NE/DNA-stained images using identical exposure times. Row 1: 

Unstimulated blood neutrophils; Row 2: Blood neutrophils stimulated by sputum 

supernatant; Row 3: Blood neutrophils stimulated by sputum supernatant after 

pretreatment with 100 µM AZD5069; Row 4: Unstimulated sputum neutrophils; Row 5: 

Unstimulated sputum neutrophils after pretreatment with AZD5069 100 µM. Original 

magnification x 100. 

(B)   Quantification of NET areas (ROI) in cultivated blood and (C) sputum neutrophils. 

CXCR2 antagonist AZD5069 reduces NET areas (ROI) of blood neutrophils stimulated 

by autologous COPD sputum supernatant. All assessments were performed three 

times and the intra-individual mean value was used for the analyses. 

(D)  Extracellular DNA concentration in cultivated blood neutrophils and (E) sputum 

neutrophils. CXCR2 antagonist AZD5069 reduces DNA release by blood neutrophils 

stimulated by autologous COPD sputum supernatant. Extracellular DNA 

concentrations also were measured three times and the intra-individual mean value 

was used for the analyses. 

(F)  CXCL8 concentration in cultivated blood neutrophils and (G) sputum neutrophils. 

CXCL8 concentrations were determined twice in each subject and the mean value was 

used for further analyses. 



 




