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Chronic obstructive pulmonary disease (COPD) is a severe and progressive lung disease characterized 
by destruction of lung parenchyma and chronic airway inflammation.1 A major cause of COPD is chronic 
exposure to noxious gases and particles, including cigarette smoke (CS). During exacerbation, COPD patients 
experience a worsening of symptoms that coincides with increased inflammation and accelerated decline in 
lung function, resulting in a decrease in quality of life and increased healthcare costs. Approximately half of the 
COPD exacerbations causing hospitalization are associated with respiratory viral and/or bacterial infections.2 
However, the underlying mechanisms causing COPD exacerbations are unknown.3 Molecules derived from 
viruses and bacteria during airway infection can trigger the activation of pattern recognition receptors (PRRs) 
on lung structural and innate immune cells, and may thus contribute to the aggravation of inflammation during 
COPD exacerbations.1 Interestingly, damage associated molecular patterns (DAMPs) released from damaged or 
necrotic cells are also known to activate PRRs, including toll like receptors (TLRs) and the receptor for advanced 
glycation end-products (RAGE).4 A role for DAMPs has been proposed in the pathogenesis of COPD, as various 
DAMPs have been found increased in lung fluids and serum of COPD patients.5-6 Furthermore, Ager, the gene 
encoding RAGE has been identified by genome-wide association studies as a susceptibility gene for COPD.7-8 
Moreover, the serum levels of soluble RAGE (sRAGE), a decoy receptor for RAGE, were shown to be significantly 
lower in COPD patients, while the RAGE ligand EN-RAGE (also known as S100A12) was significantly higher in 
COPD patients compared to smoking and non-smoking controls.9 It is currently unknown, however, whether 
DAMPs play a role in COPD exacerbations. Here, we hypothesized that the release of DAMPs is increased during 
exacerbations of COPD.

To address our hypothesis, we performed a post-hoc analysis on samples collected in a prospective 
randomized controlled trial on COPD exacerbations. We used a cohort of COPD patients with relatively mild 
disease who discontinued the use of corticosteroids or long-acting β2-agonists and had stable disease for at 
least two months after discontinuation.10 Patient characteristics are summarized in Figure 1K and the study 
design has been extensively described by Bathoorn et al.3 Serum and induced sputum samples were collected 
when the patients reported an exacerbation to the outpatient clinic and in the same patients during stable 
disease. Viral infection status was determined by detection of viral respiratory pathogens in sputum by panel-
based real-time PCR used for routine diagnostic purposes. Bacterial infection status was assessed using an 
algorithm to interpret conventional sputum culture results as described before.3 Eleven of the total of forty 
patients with an exacerbation were found positive for airway infection of which three patients had a viral 
infection, six patients had a bacterial infection and two patients had both a viral and a bacterial infection. A 
panel of six DAMPs, grossly grouped into TLR2-activating DAMPs (Galectin-3, HMGB1), TLR4-activating DAMPs 
(HMGB1, S100A9), TLR9-activating DAMPs (dsDNA, mitochondrial (mt)DNA) and RAGE-activating DAMPs (LL37, 
HMGB1, S100A9),4-5 and sRAGE were measured in serum (n=40) and induced sputum (n=35) of COPD patients 
in stable disease and during exacerbation, using commercially available ELISA kits (Galectin-3, S100A9, sRAGE; 
R&D Systems, Minneapolis, USA, HMGB1; Chondrex Inc, Redmond, USA, LL37; Hycult Biotech Inc, Plymount, USA, 
dsDNA; PicoGreen, Life Technologies, Carlsbad, USA, detection limits are respectively: 62.5, 31.2, 62.5, 800, 140, 
3900 pg/ml) or qPCR as described before (mtDNA).11 All ELISA kits were tested and found suitable for detection 
of DAMPs in both serum and dithiothreitol-treated sputum samples.  

All selected DAMPs were detectable in induced sputum and serum, both in stable phase and during 
exacerbation. The serum levels of the RAGE-activating DAMPs LL37, HMGB1 and S100A9 were significantly 
increased during exacerbation compared to stable disease, while no significant differences were found in the 
levels of dsDNA, mtDNA and Galectin-3 (Figure 1 A-F). The levels of DAMPs in serum did not correlate with either 
blood neutrophil counts or total leukocyte counts, indicating that the increased DAMP levels are not caused by 
increased numbers of blood leukocytes during exacerbation (data not shown). Furthermore, in an experiment 
comparing the DAMP levels in plasma with serum collected from healthy volunteers, no significant differences 
were detected for dsDNA, LL37 and Galectin-3, although the levels of HMGB1 were higher in serum compared 
to plasma (data not shown). These results indicate that the increased DAMP levels in serum of COPD patients 
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Figure 1: The levels of S100A9, HMGB1 and LL37 are increased in serum of COPD patients during exacerbation. The levels of 
the DAMPs A) dsDNA, B) Galectin-3, C) mtDNA, D) LL37, E) HMGB1 and F) S100A9 in serum of COPD patients (n=40) in stable disease 
and during exacerbation. The levels of G) LL37, H) HMGB1 and I) S100A9 during exacerbation in serum of patients with and patients 
without airway infection (either bacterial or viral). J) Serum levels of the decoy receptor sRAGE of COPD patients in stable disease and 
during exacerbation. K) Patient characteristics shown as mean (±SEM). Significance between stable disease and exacerbation was 
tested using the Wilcoxon Signed Rank test and significance between COPD patients with and without airway infection was tested 
using the Mann-Whitney U test. *=p≤0.05, **=p≤0.01 and ***=p≤0.001 between the indicated values. 
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during exacerbation are not an artefact from the coagulation process during serum preparation. In sputum, 
no significant differences were detected between stable disease and exacerbation for dsDNA (558.3±39.3 pg/
ml during stable disease and 524.8±37.2 pg/ml during exacerbation), Galectin-3 (1.14±0.0 pg/ml during stable 
disease and 1.19±0.0 pg/ml during exacerbation), HMGB1 (64.3±6.4 ng/ml during stable disease and 69.7±5.0 
ng/ml during exacerbation), LL37 (2.0±0.3 ng/ml during stable disease and 2.0±0.4 ng/ml during exacerbation), 
mtDNA (14.0±9.6 ng/ml during stable disease and 24.0±15.0 ng/ml during exacerbation) and S100A9 (0.79±0.1 
pg/ml during stable disease and 0.65±0.1 pg/ml during exacerbation). 

In serum samples, two subgroups of patients were observed for HMGB1, with one group showing increased 
levels of HMGB1 during exacerbation and the other group maintaining undetectable levels of HMGB1, i.e. below 
0.8 ng/ml. Of interest, females had significantly higher levels of HMGB1 (2.3±0.8 ng/ml for males and 7.2±2.0 ng/
ml for females, p=0.01) and S100A9 (13.5±2.0 pg/ml for males and 28.6±6.7 pg/ml for females, p=0.01) during 
exacerbation compared to males. Furthermore, we observed that none of the COPD patients with a proven 
bacterial or viral infection showed increased levels of HMGB1 (Figure 1H) or S100A9 (Figure 1I) during exacerbation, 
with a significant difference in HMGB1 levels between COPD patients with and without airway infection during 
exacerbation. Thus, our data suggest that infection status does not contribute to increased release of HMGB1 
and S100A9 during exacerbations. For LL37, no association with airway infection status was found (Figure 1G). 
Since we expected that PRR activation might play a role in the aggravation of airway inflammation during 
exacerbation, it is tempting to speculate that DAMPs contribute to PPR-induced inflammatory responses during 
exacerbation especially in those patients who do not have airway infections. 
Interestingly, all DAMPs that we found to be increased in serum of COPD patients during exacerbation are ligands 
of the RAGE receptor, suggesting that exacerbation may lead to increased RAGE signaling. However, most studies 
that suggest RAGE as a receptor for LL37 provide indirect evidence.12,13,5 Nevertheless, we observed that the 
LL37-induced IL-8 production by human bronchial epithelial cells can be partly inhibited by RAGE-antagonistic 
peptide (data not shown). Therefore, it will be of interest to further elucidate the role of RAGE in exacerbations of 
COPD. Multiple studies have shown that sRAGE  is decreased in serum or plasma of COPD patients, which may 
act to further potentiate the effect of RAGE ligands.9,14-16 However, in our study induced sputum and serum levels 
of sRAGE did not differ between stable disease (159.5 pg/ml ±18.7 for sputum) and exacerbation (164.0 pg/ml 
±21.5 for sputum) (Figure 1J). Similarly, we did not observe a correlation between decreased lung function and 
serum or sputum levels of sRAGE (Figure 1K), as previously reported.14-16  

In conclusion, we show that within a panel of six DAMPs, especially the RAGE activating DAMPs LL37, 
HMGB1 and S100A9 are increased in serum of COPD patients during exacerbation. The increase in S100A9 and 
HMGB1 was associated positively with the female gender and negatively with infection status. Although, none 
of the DAMPs were increased in sputum, serum levels of especially HMGB1, S100A9 and LL37 may be useful in 
the clinical detection of COPD exacerbations unrelated to infection. However, it will be of importance to confirm 
our findings in a clinical cohort of COPD patients with more severe disease. Furthermore, our data suggest that 
these specific DAMPs may play a role in the pathogenesis of COPD exacerbations, potentially by activation of 
RAGE. Therefore, it will be of further interest to explore whether this receptor may constitute a target for novel 
therapeutic strategies in COPD exacerbations. 
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