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Chronic obstructive pulmonary disease (COPD) is a major cause of illness and death globally; treatments
that effectively halt progression or reverse the disease, or reduce the occurrence and/or severity of
exacerbations, are urgently required [1]. The lack of effective treatments results largely from the
incomplete understanding of the mechanisms of pathogenesis of COPD. The pathogenesis of this disease
is driven by chronic inhalation of noxious particles, often cigarette smoke, that persistently stimulates
innate and inflammatory responses [2]. Over time, these responses cause repeated cycles of wound and
repair that result in airway remodelling with mucus hypersecretion, collagen deposition, and fibrosis and
emphysema. These combine to obstruct the airways and reduce lung function, which is characteristic of
the disease.

Toll-like receptors (TLRs) play crucial roles in initiating innate immune responses upon stimulation [3].
There are 11 TLRs that occur in humans, each recognising a specific set of antigens. TLR4 responds to the
ubiquitous bacterial antigen lipopolysaccharide (LPS, endotoxin) that occurs in high levels in tobacco. It
induces downstream inflammatory responses through the adaptor protein myeloid differentiation primary
response gene 88 (MyD88)-dependent pathway [3]. There have been surprisingly few studies of TLRs in
COPD. TLR2 levels are increased in monocytes and are associated with ageing, and sputum neutrophil
and matrix metalloprotease-9 levels in COPD patients [4, 5]. There is conflicting evidence for the roles of
TLR4 whereby some studies show increases whereas other show decreased expression in patients, which is
likely due to the cells, tissues or cohorts analysed [6–8]. COPD patients have increased airway colonisation
by respiratory bacteria [9], and consequently it is likely that this could contribute to COPD pathogenesis
through the chronic stimulation of TLR4. In this issue of the European Respiratory Journal, DI STEFANO
et al. [10] examined the relationship between TLR expression, bacterial load and bronchial inflammation.
They examined the expression of TLR2, -4 and -9 and the related intracellular nucleotide-binding
oligomerisation domain-like receptors (NOD)-1 and -2, as well as the downstream effector molecules of
these pathways, MyD88, TIRAP, pIRAK1 and 4, in the bronchial mucosa as well as the load of four
common respiratory bacteria, in the bronchial mucosa of severe, stable COPD, smokers without COPD,
and nonsmokers. TLR4 and, to a lesser extent, NOD1 expression was increased in COPD and correlated
with elevated numbers of CD4+ and 8+ T-cells, airway obstruction and increased Pseudomonas aeruginosa
but reduced Haemophilus influenzae load. However, surprisingly bacterial load did not correlate with
increases in inflammatory cells. Thus, TLR4 and NOD1 are independently associated with inflammation
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and P. aeruginosa load in stable, severe COPD. It is logical that in stable COPD airway bacteria stimulate
these receptors to induce cytokine and chemokine promoting inflammatory responses that control the
bacteria. These responses may inhibit the growth of most bacteria including H. influenzae, but not prolific
biofilm-forming bacteria such as P. aeruginosa. These changes may have a role in disease progression.

This study indicates the potential use of TLR4 inhibitors in COPD. However, further elucidation of these
observations and the mechanisms involved are needed. As with any discovery, study the findings here with
n=12–18 per group should be confirmed in larger patient cohorts. The nature of the stimulation could be
assessed that could be in the form of cigarette smoke components, bacterial antigens, autoantigens or
damage-associated signals (DAMPs). It would also be valuable to further examine the role of oxidative
stress, which is well known to be increased in COPD, and linked to TLR responses. An important question
would be does oxidative stress increase responses through these receptors and/or does oxidative stress
result from their stimulation in this situation, and how does bacteria load interact? Recently, NODs have
been shown to be activated by bacterial infection-induced endoplasmic reticulum stress: is there a role for
these processes [11]? The role of inflammasomes that promote inflammation and are associated with TLR
responses, would also be topical [12]. Furthermore, with the explosion of interest in the microbiome it
would be of widespread appeal to assess the relationships of changes in whole community populations
with these receptors and inflammation [13]. Macrolides have recently been shown to be effective in severe
asthma and have both antibacterial and anti-inflammatory responses [14]. Some benefits have also been
shown in COPD [15] but their effects on TLRs and NODs have not been examined. Additionally, the use
of animal models that recapitulate the hallmarks features of COPD [1, 16–18], and that utilise mice
deficient in TLRs or NODs [19], or the use of antagonists would be powerful tools to dissect out the
mechanisms and associations that could be validated in humans. They could also elucidate the effects of
downstream effector molecules and be combined with studies using ex vivo primary human cell cultures
[20], and antagonists and CRISPR technology.

This is an important study that substantially contributes to our understanding of the role of specific
bacteria, TLRs and NODs in inflammation and COPD that should be of substantial interest to basic and
clinical researchers and MDs interested in COPD. Its impact could be increased by other studies of the
associated mechanisms and interventions.
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