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Radiation-induced pulmonary fibrosis develops following radiotherapy for chest wall and lung
malignancies, affects quality of life and is often lethal [1]. Similarly, idiopathic forms of lung fibrosis show
progressive accumulation of extracellular matrix leading to respiratory insufficiency [2]. Currently,
treatments for either radiation-induced or idiopathic forms of pulmonary fibrosis are limited and largely
ineffective. Immunosuppressive therapies may be harmful in idiopathic pulmonary fibrosis [3], and are
used in radiation-induced fibrosis with limited effect [4]. Growing evidence suggests macrophages are
critical regulators of lung fibrosis [5]; however, the subtypes involved and mechanisms responsible are just
beginning to be understood. Pulmonary macrophages are critical for innate immunity and response to
pathogens or injury, but also play important roles in resolution of inflammation and wound healing.
These versatile immune cells are composed of heterogeneous populations with different origins that reside
in unique locations within the lung.

Pulmonary tissue macrophages can be divided into subsets based on anatomic locations: alveolar
macrophages (AMs) and interstitial macrophages (IMs). AMs and IMs are separated based on differential
expression of CD1lc and CD11b [6, 7] and colony stimulating factor receptor (CSFR) subtypes [8].
Residential AMs originate from the yolk sac during embryogenesis and are long-lived cells that self-renew
during homeostasis [9, 10]. Additionally, AMs originate postnatally from circulating monocytes recruited
via a CCL2/CCR2 axis [11, 12]. A study comparing resident and recruited AMs during experimental acute
lung injury found recruited AMs enriched for immune signalling, inflammation and glycolytic and
arginine metabolism, whereas resident AMs were characterised by proliferation, tricarboxylic acid cycle,
amino acids and fatty acid metabolism pathways [12].

IMs are derived from both yolk sac macrophages and bone marrow-derived monocytes [13], and can be
replenished by circulating monocytes [8, 14]. Three distinct populations of IMs are distinguished by
surface markers [8] and turnover rates. Collectively, IM populations comprise ~9% of extravascular
myeloid cells in the lung, whereas AMs constitute ~75% of this pool of cells [8]. Notably, expression of
CSF2R is prominent on AMs while CSF1R characterises all IM subtypes which are long-lived during
homeostasis but do eventually replenish from circulation [8].
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Macrophages are often found in close proximity to fibrogenic sites and may contribute to chronic
inflammation to promote progressive fibrosis. Recent studies pinpoint roles of specific macrophage
populations in different forms of fibrogenesis, but use of different markers to classify AMs versus IMs and
different depletion methods in various studies make comparisons challenging. In addition, upon injury,
monocytes are recruited into the lung, and differentiate into monocyte-derived macrophages that can enter
both alveolar or interstitial spaces [11]. In bleomycin-induced pulmonary fibrosis, monocyte-derived
(recruited) AMs, rather than tissue-resident AMs or IMs, are required for development of fibrosis and the
transcriptome of recruited versus resident AMs differ significantly [11]. Conversely, in a repeated injury of
type II alveolar epithelial cell-induced fibrosis model, Ly6C™ monocyte-derived non-resident macrophages
drive fibrosis [15]. In this issue of the European Respiratory Journal, MEziant et al. [16] identified Gr-1~
IMs as the pulmonary macrophage population necessary for development of radiation-induced fibrosis. If
you are counting, that is three different forms of lung fibrosis implicating three different types of lung
macrophages found in both alveolar and interstitial spaces as drivers of disease. So, is it location, origin or
activation phenotype of macrophages that matter?

M1/M2 polarisation was originally defined by differential responses of macrophages to in vitro stimulation
with interferon-y or interleukin-4 [17, 18]. M1 macrophages mediate resistance to pathogens, but also
contribute to tissue destruction, while M2 macrophages are less toxic to microbes and host cells, have
anti-inflammatory and reparative functions [19], but are often implicated in aberrant wound-healing
leading to fibrosis in kidneys, bladder, liver and lungs [20]. However, this M1/M2 paradigm represents
extremes of the spectrum, while macrophages activated in vivo may obtain mixed phenotypes [11, 12, 21].
In addition, pulmonary macrophages are highly plastic and may obtain transient activation phenotypes
instead of achieving terminally differentiated states [5].

Meziant et al. [16] found that both AMs and IMs increased at 20 weeks post-radiation when fibrosis is
progressing. The IMs display a strong M2 phenotype at 20 weeks as evidenced by up-regulation of CD206,
a 400-fold increase in arginase mRNA and down-regulation of M1 markers. In contrast, AMs show mixed
M1/M2 phenotypes. Taking advantage of the ability of clodronate given intranasally to deplete both
resident and recruited AMs versus ability of CSFIR neutralisation to specifically deplete IMs, this study
convincingly showed depletion of IMs from week 15-20 post-radiation exposure limits development of
radiation-induced lung fibrosis. The authors also found increased infiltration of macrophages with M2-like
phenotypes in parenchyma of human radiation-induced pulmonary fibrosis. Strikingly, in a co-culture
system only IMs isolated from fibrotic lungs, but not AMs, could induce fibroblasts to produce o-smooth
muscle actin and transforming growth factor-B, hallmarks of myofibroblast differentiation. Taken together
these data establish the critical role of IMs in this model.

Involvement of distinct macrophage populations in different pulmonary fibrosis models may reflect
different pathways of fibrogenesis. Radiation-induced pulmonary fibrosis develops over 20 weeks and
involves damage to lung parenchyma as well as alveolar spaces, while intratracheal bleomycin or repetitive
injury of type II alveolar epithelium leads to fibrosis in 2-3 weeks with damage likely limited to lung
epithelium. Furthermore, bleomycin-induced pulmonary fibrosis is self-limiting after 28 days and often
resolves in 8-12 weeks [22]. Interestingly, following bleomycin treatment monocytes continuously
differentiate to recruited AMs, but following resolution these monocyte-derived AMs become increasingly
similar to tissue-resident AMs in gene expression profiles [11]. Similarly, IMs increase during
radiation-induced pulmonary fibrosis [16], suggesting accumulation of monocyte-derived IMs. Thus, it
appears the common theme may be macrophages associated with lung fibrosis pathology most often derive
from the circulating monocytes regardless of location in alveolar versus interstitial space. We believe the
location and duration of the injury are factors which influence where these cells accumulate eventually in
the different forms of lung fibrosis.

If origin dictates pathogenesis, this raises the possibility of directed therapeutics by blocking recruitment of
monocyte-derived macrophages. CCR2 depletion was first shown to limit bleomycin-induced fibrosis in
2001 [23] and is also critical for the epithelial-injury model [15] and radiation-induced lung fibrosis [24],
so is CCL2/CCR2 the magic target? It may not be that simple. Recent work in a model of
interleukin-17-dependent herpesvirus-induced fibrosis post-stem cell transplant surprisingly showed that
CCR2 loss made disease worse [25], suggesting significant differences in fibrosis related to pathogen
stimulus versus sterile injury. Furthermore, a phase 2 trial of an anti-CCL2 therapy was stopped early for
poor outcomes in idiopathic pulmonary fibrosis [26] and unexpectedly resulted in higher levels of CCL2
in patients. Targeting the receptor is likely to be far more efficacious given that CCR2 can bind multiple
ligands, yet no reports of CCR2-directed therapy in lung fibrosis exist. However, there is a trial of a CCR2/
CCR5 dual antagonist being conducted in liver fibrosis [27, 28].
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Identification of IMs as a major driver of radiation-induced pulmonary fibrosis [16] provides new
CSF1R-targeted therapeutic strategies. CSFIR is also highly expressed in tumour-associated macrophages
which are thought to be tumour-permissive and immunosuppressive [29]. Clinical trials of CSFIR
inhibitors in cancer therapy are underway [30] and one could imagine this therapy repurposed for
radiation-induced lung fibrosis. It will be interesting to see if future studies in bleomycin and epithelial cell
injury models show benefit following CSFIR neutralisation to help further clarify questions of origin
versus location. While the Meziant et al. [16] study specifies the importance of M2-like IMs in
radiation-induced pulmonary fibrosis, IMs are strongly immunosuppressive, and a total elimination causes
hypersensitivity to asthma induction [31] and accelerates acute graft versus host disease in haematopoietic
stem cell transplant settings [32]. Thus, caution is warranted when considering IM depletion strategies as
therapeutics. While the jury is “in” regarding the role of macrophages in lung fibrosis, we still need more
research to understand how, when and where to target these cells for therapeutic benefit.
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