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Lung Fibrosis Finds an Unsung Hero in Neuropeptide Y

Pulmonary fibrosis is an incurable progressive lung disease associated
with the formation of scar tissue and impaired lung function. Lung
fibrosis develops in a number of diseases, including interstitial lung
diseases, idiopathic interstitial pneumonias, and childhood interstitial
lung disease syndromes, and in response to many types of lung
injury, including radiation and some chemotherapeutic drugs (1, 2).
Idiopathic pulmonary fibrosis (IPF) is a severe fibrotic lung disease
with a poor prognosis (3). Male sex and environmental exposure to
toxicants, including smoke and asbestos, are also strongly associated
with IPF (4). Features of IPF include interstitial pneumonia, excess
collagen deposition, fibroblast expansion, progressive dyspnea, and
cough. The mechanisms responsible for IPF are not clear, but
repetitive lung injury that results in the release of several
inflammatory and profibrotic mediators in fibrotic niches are
believed to be critical for the initiation and maintenance of fibrotic
lesions (5). IL-1b is a well-studied proinflammatory cytokine
that has been shown to be upregulated in several fibrotic lung
diseases, including IPF, and is implicated to play a critical role
in both wound repair and pulmonary fibrosis (2). In the puzzle of
lung fibrogenesis, identifying innovative ways to inhibit IL-1b
production or its profibrotic functions would be an important
step toward new treatment opportunities against severe fibrotic
lung diseases.

In this issue of the Journal, Itano and colleagues (pp. 654–665)
now suggest that neuropeptides are critical effectors of fibrosis
progression in the lungs (6). The team focused on NPY
(neuropeptide Y), a small peptide normally synthesized in the central
and peripheral nervous system and implicated in inflammatory
airway diseases, including asthma and chronic obstructive pulmonary
disease. They considered evidence that NPY can decrease IL-1b
(7, 8), thus leading them to form the hypothesis that NPY signaling
might modulate progression of fibrosis in IPF lungs.

To test this hypothesis, the authors studied genetically
engineered mice lacking NPY (NPY2/2) and exposed them to
bleomycin. Bleomycin causes pulmonary fibrosis in both humans (9)
and animals (10). The authors first examined the extent to which
bleomycin induced inflammation and fibrosis in mice lacking NPY
and found greater collagen deposition and fibrosis in NPY2/2 than in
wild-type control mice. Furthermore, NPY2/2 mice administered
bleomycin exhibited greater numbers of inflammatory cells and
concentrations of IL-1b in the airways than wild-type control mice
administered bleomycin. These data strongly supported the idea that
NPY played a protective role in bleomycin-induced fibrosis by
limiting inflammation.

To expand on this finding, the authors measured NPY
concentrations in the BAL fluid and found increased concentrations

in wild-type mice 2 days after bleomycin administration. However,
21 days later, bleomycin-exposed wild-type mice had significantly
decreased NPY concentrations compared with vehicle control mice.
These data highlighted a temporal regulation of NPY after bleomycin
exposure. To investigate the source of NPY in the airways, the
authors examined airway cross-sections and found ectopic NPY
expression in the bronchial epithelia and in some inflammatory cells.
Combined, these data suggested that local NPY production occurred
within the airway and that production was augmented acutely in
response to bleomycin administration, followed by an overall
reduction later.

The authors next tested the prediction that both prophylactic
and therapeutic NPY administration would ameliorate bleomycin-
induced airway inflammation and remodeling. To do this, they
administered NPY to mice either 24 hours before bleomycin
exposure or 7 days after bleomycin exposure. Both interventions
reduced the fibrotic changes associated with bleomycin in the
airways. Furthermore, NPY administration reduced the
concentrations of IL-1b.

This observation led the authors to hypothesize that unchecked
IL-1b signaling was responsible for the enhanced fibrotic and
inflammatory response of NPY2/2 mice to bleomycin. To test this,
they neutralized IL-1b with antibodies and found that doing so
mitigated the fibrosis associated with bleomycin in the NPY2/2 mice.
Furthermore, they found that activation of the NPY-Y1 receptor
inhibited release of IL-1b in human A549 cells exposed to bleomycin
in vitro. Blocking NPY-Y1 receptor pharmacologically prevented the
antiinflammatory effect of NPY.

Last, the authors examined serum concentrations of NPY in
patients with IPF and healthy control subjects. They discovered
a reduction in NPY serum concentrations in patients with IPF.
They also examined tissue sections from human donor lungs and
found NPY expression in the bronchial epithelia, mirroring
their findings in mice. Interestingly, the number of NPY cells
in the lungs of patients with IPF was smaller, also mirroring
observations in mice, in which NPY concentrations showed a
temporal decrease after bleomycin exposure. Combined, these
data directly linked NPY signaling to IPF and suggested that NPY
limits pulmonary fibrosis by dampening immune responses
mediated by IL-1b (Figure 1).

Although the results generated by Itano and colleagues
highlight a regulatory role of NPY in the establishment and
progression of IPF, there are questions that remain. For
example, the authors found that NPY expression was mainly
observed in the bronchial epithelium, although expression in
nerves innervating the airway has been repeatedly described.
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Therefore, it is unknown whether bronchial epithelial expression
of NPY per se exerts an antiinflammatory role or whether NPY
from nerves also contributes. Moreover, it is not clear whether
NPY expression is only reduced in bronchial epithelial cells in
animal models of IPF and humans with pulmonary fibrosis or if
other cells, including the nerves, are also involved. Furthermore,
it is unclear whether NPY administration or NPY agonists
would have a beneficial impact if administered during
established and ongoing pulmonary fibrosis in mice and
humans. Therefore, establishing the preclinical efficacy of NPY
using severe fibrotic lung disease models with repetitive injury in
aged mice is essential to transition toward clinical testing of
NPY against IPF or other fibrotic lung diseases. To date,
however, no U.S. Food and Drug Administration–approved
NPY agonists exist.

In summary, the results by Itano and colleagues open new doors
for the development of potential antifibrotic therapeutics. It is
possible that with more investigation, NPY could be the unsung hero
to prevent or reverse ongoing fibrosis in the lungs.�
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Figure 1. Schema showing the protective effects of NPY involve
inhibition of IL-1b–driven fibroblast activation and pulmonary fibrosis.
ECM=extracellular matrix proteins; NPY=neuropeptide Y.
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