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Innate Immune Reprogramming in Chronic Obstructive
Pulmonary Disease
New Mechanisms for Old Questions

The alveolar macrophage is an innate immune cell best known for its
phagocytic functions, especially in the context of infection. It is often
overlooked because immunology is a rapidly advancing field, with
mediators like IL-36 (1) and cells like type 2 innate lymphoid cells (2)
being relatively recent discoveries. However, the lung macrophage
family members are critical innate immune cells that can drive
pathophysiological processes in respiratory diseases and, in particular,
have been demonstrated as integral to the pathobiology of chronic
obstructive pulmonary disease (COPD).

Macrophage biology is complex. In the lung, there are two types
of resident macrophages: alveolar macrophages and interstitial
macrophages. Alveolar macrophages can originate from local fetal
monocyte progenitors that seed the lungs during development (3–5).
In contrast, interstitial macrophages represent a mixed phenotype that
can be self-renewing or derived from circulating monocytes.
Interestingly, during infectious or environmental challenges to the
lung, recruited monocytes can differentiate into cells similar to
resident alveolar macrophages, further complicating what should be a
simple question regarding the origin of the cell. The quote by
Douglas Adams, “if it looks like a duck and quacks like a duck, we
have at least to consider the possibility that we have a small aquatic
bird of the family Anatidae on our hands,” comes to mind here, but
even though macrophages may look like ordinary macrophages in
people with COPD, asthma, or cystic fibrosis, the intrinsic properties
of these cells can be radically different. For example, mediator release
is increased (6) and efferocytosis is defective (7) in macrophages in
COPD. However, the mechanisms driving this immune
reprogramming are poorly understood.

In this issue of the Journal, Salih and colleagues (pp. 511–522)
present data that begin to shed light on the complex innate immune
reprogramming of macrophages in COPD (8). They first
transcriptionally profile bone marrow–derived macrophages
(BMDMs) in an in vivomodel of COPD. This is an important
experimental nuance that needs to be considered. The differentiation
of monocytes into macrophages ex vivo occurs between 7 and
14days. Therefore, it is unlikely that, at this time point, they are
simply measuring the response to in vivo stimulation given
that maximal inflammatory responses in this cell type occur
approximately 24–48hours after stimulation, followed by a return
to baseline. Perhaps unsurprisingly, given the inflammatory nature of
COPD, BMDMs from cigarette smoke–exposed mice displayed a
proinflammatory phenotype. This demonstrates that systemic
responses to cigarette smoke exposure may alter intrinsic leukocyte

properties and that the altered macrophage phenotype observed in
the human lung in COPDmay be the result of different factors acting
on local and bone marrow–derived immune cells.

The authors demonstrate that several genes were alternatively
spliced following in vivo cigarette smoke exposure. Alternative
splicing of genes can enhance or suppress the activity of the gene
product depending on the translated product. Although 47–425
splicing events were found, none occurred in inflammatory genes.
Network analysis identified that the Notch 2 signaling pathway may
be dysregulated, suggesting a potential mechanism by which cigarette
smoke exposure could affect developmental processes.

Long noncoding RNAs (lncRNAs), which function as important
genomic regulators, can also be alternatively spliced, and the authors,
therefore, sought to profile the production of lncRNA. Only three
lncRNA species were upregulated following in vivo smoke exposure,
one of which was lncRNA (long non-coding RNA)-Cox2 (which
regulates Ptgs2, the gene that encodes the enzyme cyclooxygenase
[COX]-2). Macrophages self-regulate cytokine production via the
autocrine action of the eicosanoid prostaglandin E2 (PGE2), a
mechanism first described almost 35 years ago (9). PGE2 is a lipid
mediator that is produced in response to upregulation of COX-2. The
regulation of Ptgs2 is therefore critical for normal functioning of
macrophages.

To understand the sequelae of upregulation of lncRNA-Cox2,
a knockout mouse model was used, and cytokine production in
serum and BAL fluid was evaluated. Unsurprisingly, the lack
of lncRNA-Cox2 resulted in the dysregulation of several
inflammatory mediators in both body compartments, which
could be rescued via the overexpression of lncRNA-Cox2.
Overexpression was achieved by cross-breeding lncRNA-
Cox2–deficient and lncRNA-Cox2–overexpressing mice. To further
corroborate these observations, the authors performed ex vivo
experiments involving LPS stimulation of BMDMs following
cigarette smoke exposure. Interestingly, constitutive cytokine
release was not affected in either genotype; however, LPS
stimulation revealed cytokine dysregulation with enhanced
production of several proinflammatory mediators.

This is a robust and well-controlled study, but it does have
some limitations. The first is that the use of a global knockout or
global overexpression model to interrogate the function of an
individual cell type for a ubiquitously expressed gene makes it
difficult to draw definitive conclusions. Future studies may include
the use of conditional under- and/or overexpression models in
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macrophages or macrophage depletion in vivo followed by adoptive
transfer of the appropriate cell type. The second limitation of this
study was the lack of investigation of eicosanoids. There is a
complex relationship between the production and biological activity
of lipid mediators that depends on receptor expression and
differential and context-dependent activities/roles of PGE2 in
different cell types. Simplistically, eicosanoids can be divided into
antiinflammatory prostaglandins and proinflammatory leukotrienes,
both derived from arachidonic acid. Prostaglandins are produced
via the actions of COX-2, whereas leukotrienes are produced by
arachidonate 5-lipoxygenase activity. Inhibition of COX-2 may
result in the shunting of arachidonic acid metabolism into the
production of leukotrienes (10). Therefore, in this study in which,
presumably, and most likely, prostaglandin production is decreased,
there may be a consequential increase in leukotrienes, which will
drive different inflammatory processes. Furthermore, in our own
studies on the roles of PGE2, we discovered marked differences in
the amounts of PGE2 that are released by different lung cell types
(11). The profiling of lipid mediators and the use of receptor
antagonists can answer these questions in future studies.

Overall, this study provides new clues to the old question of why
and howmacrophage function is dysregulated in COPD. The study
raises interesting questions around the permanency of changes to the
bonemarrow niche, i.e., is this a transitory effect of systemic
inflammation in smokers and COPD, and which population of
macrophages is most affected? Several RNA sequencing and genome-
wide association studies of circulating inflammatory cells in COPD
have been performed, so it will be interesting to see if the same genetic
switch and upregulation of lncRNA-Cox2 can be observed in
circulating leukocytes.�
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